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Changes in Nutrient Element Concentrations and Growth
of Cucumber Plants (Cucumis sativus L. cv. Joeun Baegdadagi)
as Affected by Nutrient Solution Composition
in Recirculating Hydroponic Systems

Mi Young Roh!, Gyeong Lee Choi', Han Cheol Rhee!, Tae Cheol Seo!,
Wan Soon Kim?*, and Yong Beom Lee?
! Protected Horticulture Research Station, NIHHS, RDA, Busan 618-800, Korea
’Dept. of Environmental Horticulture, Univ. of Seoul, Seoul 130-743, Korea

Abstract. This experiment was conducted to find out the effect of nutrient solution composition on the
growth of cucumber plants and the changes in macro-elements in nutrient solutions in recirculating hydro-
ponic systems. Cucumber plants (Cucumis sativus L. cv. Joeun Baegdadagi) were grown in closed perlite
cultivation systems supplied with different nutrient solutions developed by NHRS (National Horticultural
Research Station in Japan), Yamasaki, PBG (Proefstation voor Bloemisterij en Glasgroente), and NIHHS
(National Institute of Horticultural and Herbal Science in Korea). The concentrations of NOs-N, Ca?*, Mg**,
and SO,-S in the recycled nutrient solutions increased but that of NH,;-N decreased gradually in all the treat-
ments. The PO,-P and K concentrations were continuously reduced from the beginning of the harvest to the
harvest peak period. There were no significant differences in the concentrations of NO;-N, NH,-N, and Ca?*
in the recirculated nutrient solutions among four treatments, while the concentrations of PO4-P and K* were
lowest and those of Mg”>" and SO,-S were highest in the treatment of Yamasaki's nutrient solution. All
growth-related parameters of cucumber plants except for leaf number were not significantly affected by the
nutrient solution compositions. Due to its low concentrations of PO,-P and K" in the recycled nutrient solu-
tion, however, the number and yield of cucumber fruits were lowest in the treatment of Yamasaki’s nutrient
solution.
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Table 1. Composition of nutrient solutions used this experiment.

Nutrient solution

Macro-element concentration (me L.™")

composition” NO;-N NH,-N P K Ca Mg SO4-S
NHRS (all crops) 16 1.3 4 8 8 4 4
Yamasaki (cucumber) 13 1 3 6 7 4 4
PBG (cucumber, closed) 12 1 3 6.5 5.5 2 2
NIHHS (cucumber, closed)
Till 59 DATY 15 1.3 4 8 7 4 4
Starting 60 DAT 12 1 3 6 6 3 3

“NHRS; National Horticultural Research Station in Japan, PBG; Proefstation voor Bloemisterij en Glasgroente in the Nether-
lands (Research Station for Floriculture and Glass Vegetables), NIHHS; National Institute of Horticultural and Herbal Science

in Korea.
YDAT; days after transplanting.
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Fig. 1. Changes in the EC (A) and pH (B) of the recycled nutrient solution at different nutrient solution compositions in a
closed perlite culture of cucumber. Vertical bars represent the standard deviation of a sample (n = 3). NHRS (National Hor-
ticultural Research Station in Japan), PBG (Proefstation voor Bloemisterij en Glasgroente in the Netherlands), and NIHHS
(National Institute of Horticultural and Herbal Science in Korea).

-365 -



wwlo - o] - ol @ - AEE - Uk - o] 8

600 30
~O-NHRS A -O-NHRS B
-@- Yamasaki ~@ Yamasaki
500 25
-@-PBG --PBG
-O-NIHHS -O-NIHHS
2 400 20
= =
= )
£ 300 g 15
% %
W Y
% 200 z 10
100 5
0 0
30 40 50 60 70 80 30 40 50 60 70 80
Days after transplanting Days after transplanting
60 600
-O-NHRS C -O-NHRS D
-@- Yamasaki -@- Yamasaki
50 500
-®-PBG -®-PBG
-O-NIHHS -O-NIHHS
40 400
- =
20 =
E 5 E” 300
A £
Dt +
2 20 ™ 200
10 100
0 0
30 40 50 60 70 80 30 40 50 60 70 80
Days after transplanting Days after transplanting
300 150
-O-NHRS E -O-NHRS F
y5p | O Yamasaki ~@- Yamasaki
--PBG 120 { -®-PBG
-O-NIHHS -O-NIHHS
~ 200 ~
- = %0
e0 20
£ 150 £
& &
= T 60
© 100 = '/.\'/./Q
30
50
0 0
30 40 50 60 70 80 30 40 50 60 70 80
Days after transplanting Days after transplanting
700
-O-NHRS G
600 —@- Yamasaki

-8-PBG
<00 | ~O-NIHHS

400

300

SO,-S (mg L)

Days after transplanting

Fig. 2. Changes in the concentrations of NO3-N (A), NH,-N (B), PO,-P (C), K* (D), Ca** (E), Mg”** (F), and SO,-S (G) in the
recycled nutrient solution at different nutrient solution compositions in a closed perlite culture of cucumber. Vertical bars
represent the standard deviation of a sample (n=3). NHRS (National Horticultural Research Station in Japan), PBG
(Proefstation voor Bloemisterij en Glasgroente in the Netherlands), and NIHHS (National Institute of Horticultural and
Herbal Science in Korea).
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Table 2. Growth responses of cucumber plants grown at different nutrient solution compositions in a closed perlite culture 82

days after transplanting.

Nutrient solution composition® Plant height (cm) Leaf number (no./plant) Top dry wt. (g/plant) Leaf area (cm*/plant)

NHRS 696 a*
Yamasaki 696 a
PBG 692 a
NIHHS 703 a

58a 119.7 a 26,607 a
55ab 1148 a 27,078 a
54b 119.5a 27,245 a
58a 120.6 a 27,263 a

“NHRS; National Horticultural Research Station in Japan, PBG; Proefstation voor Bloemisterij en Glasgroente in the Nether-
lands (Research Station for Floriculture and Glass Vegetables), NIHHS; National Institute of Horticultural and Herbal Science

in Korea.

YMean separation within columns by Duncan’s multiple range test at P < 0.05.
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Table 3. Yield responses of cucumber plants grown at different nutrient solution compositions in a closed perlite culture har-

vested from 43 to 82 days after transplanting.

Nutrient solution composition”

Fruit number (no./plant) Fruit length (cm)  Fruit diameter (mm)  Fruit yield (g/plant)

NHRS 8.6 ab”
Yamasaki 83b
PBG 9.3 ab
NIHHS 9.6a

25.6a 319a 1,801 ab
252a 330a 1,662 b
253a 31.7a 1,946 ab
259a 33.8a 2,026 a

“NHRS; National Horticultural Research Station in Japan, PBG; Proefstation voor Bloemisterij en Glasgroente in the Nether-
lands (Research Station for Floriculture and Glass Vegetables), NTHHS; National Institute of Horticultural and Herbal Science

in Korea.

YMean separation within columns by Duncan’s multiple range test at P < 0.05.

q
W3 75, 9H5E] BRF gl e )
POPS} KO FES AU £EOE AT
o BFS ZMAL T A0

l‘

o
f
il

9
n
]

A

oo

ML

1=
0

B AP £32 FAANNA wjkelzAdo) vkl
U oda =] Hsh @ Qo] Akl nAE 9
&S TSt SR Ul 7] ek, =
U AA wgA, oplay] o] wjdel, PBG 20
<) v 2 Y Qo] 8k ko] T
s =3k Geo|E AAMIAIR A Qo)
) F5)5 Aistact. vl 71 ez A
2l BFolx &gl NOy-N, Ca®, Mg 3
80,89 FE= F2FUg7t 7R we} F71E3
3L NHyN9| 55 A o2 74E0th 3l
Y PO,-PS} K9 sE= 38 FRA 7 1RE 2
T8 27 AlgH o & FHAE ).
NOs-N, NH,N % Ca’'®] FEE Hjgdzy 71
Z Aol5 YA gsiet. 18y, o] wil
S o]t Qo] =F AN Al T2 Al 7R
ez del] vigte] PO,-Pot K] Tk 71 wtol
23 Mg*9} S0379 FEE 71 olle Ans
Ueiith. G548 AlQlek 25 S wljoklzA 2t
off Frolgt AJolE HolA| ket 18}, 2o]9] T
o} FAGERL o)) wljklzd AElellA 71 A
e, 22 Eehlgay po,pe} Ko FEr)

S FAE7) e
FAO] : T v, v, vl AR, AN

o] 2
[=]

—_

o
o

1. Bando, K. 1991a. Recirculating rockwool culture of
tomato [1]. Agr. Hort. 66:61-66 (in Japanese).

2. Bando, K. 1991b. Recirculating rockwool culture of
tomato [2]. Agr. Hort. 66:68-72 (in Japanese).

3. Bando, K. and H. Machida. 1992. Establishment of the
productive techniques of rock wool culuture on toma-
toes V. Effect of nutrient solution compositions on the
quality and yield in circular solution system. Bull.
Tokushima Agric. Exp. Stn. 28:35-42 (in Japanese).

4. Bando, K., H. Machida, and H. Kodo. 1988. Establish-
ment of the productive techniques of rock wool cul-
ture on tomatoes . Effect of nutrient concentration on
the quality and yield of tomato in circular solution cul-
ture. Bull. Tokushima Agric. Exp. Stn. 25:27-35 (in
Japanese).

5. Benoit, F. 1992. Practical guide for simple soilless cul-
ture techniques. European Vegetable R & D Center,
Belgium, pp. 28-37.

6. Bohme, M. 1995. Effects of closed system in sub-
strate culture for vegetable production in greenhouses.
Acta Hort. 396:45-54.

7. Choi, E.Y., H.J. Lee, and Y.B. Lee. 2001. Mineral ele-
ments control of the nutrient solution in perlite culture
of cucumber. J. Kor. Soc. Hort. Sci. 42:497-500 (in
Korean).

8. Ishihara, Y., H. Hitomi, and Y. Yamaki. 2006. Effect of
nutrient composition used in the closed hydroponics
system with capillary uptake method on nutrient ele-
ment concentrations in the organic substrates and yield
of tomato. Hort. Res. (Japan) 5:265-270 (in Japanese).

9. Isozaki, M., N. Konishi, M. Kuroki, Y. Nomura, and
K. Tanaka. 2004. Growth of tomato plants and changes
in nutrient element concentrations in the rockwool sys-

-368 —



10.

11.

12.

13.

14.

15.

16.

:—)\1

iy

tem with a device to recycle used nutrient solutions. J.
Japan. Soc. Hort. Sci. 73:354-363 (in Japanese).
Masuda, M., T. Takiguchi, and S. Matsubara. 1989.
Yield and quality of tomato fruits, and changes of min-
eral concentration in different strengths of nutrient
solution. J. Japan. Soc. Hort. Sci. 58:641-648 (in Japa-
nese).

Roh, M.Y., W.S. Kim, Y.H. Choi, and Y.B. Lee. 2008.
Water uptake, growth and yield response of cucumber
(Cucumis sativus L.) to nutrient solution concentration
in closed hydroponic systems. Hort. Environ. Biotech-
nol. 49:78-84.

Roh, M.Y., Y.B. Lee, H.S. Kim, K.B. Lee, and J.H.
Bae. 1997. Development of nutrient solution suitable
for close system in substrate culture of cucumber. J.
Bio. Fac. Env. 6:1-14 (in Korean).

Sasaki, K. and I. Toshitaka. 1978. Study on the estab-
lishment of hydroponic techniques on fruit vegetables
IV. Effect of nutrient solution concentration on growth
and yield of tomato. Bull. Kanagawa Hort. Exp. Stn.
25:52-58 (in Japanese).

Savvas, D. 2002. Nutrient solution recycling, pp. 299-
343. In: D. Savvas and H. Passam (eds.). Hydroponic
production of vegetables and ornamentals. Embryo
publications, Athens, Greece.

Savvas, D. and G. Manos. 1999. Automated composi-
tion control of nutrient solution in closed soilless cul-
ture systems. J. Agric. Engng Res. 73:29-33.
Sonneveld, C. 1981. Items for application of macro-

T3 A A wf Az ol

M) T

17.

18.

19.

20.

21.

22.

-369 -

3}

o0] 4%

pal

1T o

elements in soilless culture. Acta Hort. 126:187-195.
Sonneveld, C. 2002. Composition of nutrient solu-
tions, pp. 179-210. In: D. Savvas and H. Passam
(eds.). Hydroponic production of vegetables and orna-
mentals. Embryo publications, Athens, Greece.
Sonneveld, C. and N. Straver. 1992. Voedingsoplossin-
gen voor groenten en bloemen geteeld in water of sub-
straten (Nutrient solutions for vegetables and flowers
grown in water or substrates). Voedingsoplossingen
glastuinbouw, No. 8, p. 15.

Stanghellini, C., W.Th.M. Van Meurs, F. Corver, E.
Van Dullemen, and L. Simonse. 1998. Combined
effect of climate and concentration of the nutrient solu-
tion on a greenhouse tomato crop. II. Yield quantity
and quality. Acta Hort. 458:231-237.

Yamashita, F. and G. Hayashi. 1997. Studies on the
year-round production system of tomatoes in water
culture iV. Effects of the nutrient solution prescription,
density and quality of supply in the circulation sys-
tem. Res. Bull. Aichi Agric. Res. Ctr. 29:103-110 (in
Japanese).

Yamasaki, K. 1984. Hydroponic culture. Hakuyu-Sya,
Tokyo, pp. 34-55 (in Japanese).

Zekki, H., L. Gauthier, and A. Gosselin. 1996. Growth,
productivity, and mineral composition of hydroponi-
cally cultivated greenhouse tomatoes, with or without
nutrient solution recycling. J. Amer. Soc. Hort. Sci.
121:1082-1088.




<<
  /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


