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Abstract. Recycling of drained nutrient solution in hydroponic cultivation of horticultural crops is important in the
conservation of the water resources, reduction of production costs and prevention of environmental contamination.
Objective of this research was to obtain the fundamental data for the development of a recirculation system of hydro-
ponic solution in semi-forcing cultivation of ‘Bonus’ tomato. To achieve the objective, tomato plants were cultivated
for 110 days and the contents of inorganic elements in plant, supplied and drained nutrient solution were analyzed
when crop growth were in the flowering stage of 2nd to 8th fruiting nodes. The T-N content of the plants based on
above-ground tissue were 4.1% at the flowering stage of 2nd fruiting nodes (just after transplanting), and gradually
get lowered to 3.9% at the flowering stage of 8th fruiting nodes. The tissue P contents were also high in very early
stage of growth and development and were maintained to similar contents in the flowering stage of 3rd to 7th fruit-
ing nodes, but were lowed in 8th node stages. The tissue Ca, Mg and Na contents in early growth stages were lower
than late growth stages and the contents showed tendencies to rise as plants grew. The concentration differences of
supplied nutrient solution and drained solution in NOs-N, P, K, Ca, and Mg were not significant until 5 weeks after
transplanting, but the concentration of those elements in drained solution rose gradually and maintained higher than
those in supplied solution. The concentrations of B, Fe, and Na in drained solution were slightly higher in the early
stages of growth and development and were significantly higher in the mid to late stages of growth than those in sup-
plied solution. The above results would be used as a fundamental data for the correction in the inorganic element
concentrations of drained solution for semi-forcing hydroponic cultivation of tomato.
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Fig. 1. Changes in temperature and solar radiation during semi-forcing hydroponic cultivation.
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Fig. 2. Increase in dry weight of above ground plant tissue of
‘Bonus’ tomato measured at flowering stage in each fruiting
node. Vertical bars represent SE (n=3).

Table 1. Growth characteristics of ‘Bonus’ tomato measured at flowering stage in each fruiting node.

Fruiting Plant height No. of Leaf length Leaf width Accumulated
node (cm) leaves (cm) (cm) leaf area (cm?)
2nd 54 12.7 31.9 26.2 1,795
4th 91 17.8 48.7 44.0 6,656
6th 125 229 50.6 483 9,692
8th 181 30.0 51.8 50.9 12,434
LSD* 4.55 1.15 2.28 5.50 2,493
Linear *xk ok * k% sokok Hxk
Quadratic sk ok *kk ok Hkk

“Least significant difference test at 5% probability.
***Significant at p <0.001.
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Fig. 3. Changes of inorganic element concentrations in ‘Bonus’ tomato leaves collected at flowering stage in each fruiting node. Vertical

bars represent SE (n=3).

ErlE AEA APdRe 1EF HIE UEpd Zo=,
233 shl sl 3 AEFS 18-23g <o
4-53PF Aol 3.7 3713 67-68g ©)UTt. e3P
Nepr) olfelle BEZFo] A S718k 8ahd 3]
e 168g2 2 93u} F7lsIth & A3 dAy= o8
2] DejolE FAAmiA] A5 Z7]dle AEFo] BUS
W(Rhee 5, 2003a, 2003b) A5 F7]dle Ath= B
I(Kim 5, 2001)9}, ‘Trust FE5S 10702 A7)AuRs}

A M0 A =SE, M28A H1= 20194

A Ao 800g7HA F7FFATE Eal(Bellert 5, 1998)
o} ztol7} AeH, WELERE WS4 FAAIA] A
5 Hslehe frAlet Aol dtk(Lee 5, 2017).
AP sPo] Aslele Al7lell AEA s A
st} Thgda ks AR Ad= Fig. 3% 2tk T
2 S 27190 28P AMsel 4.09%2 ko] 7
ESko, o]F 33PE] A} wobd 4shl s
321%, 63PY 73l 3.18% 2vjar 83Pd 7iEIQl

41



olew - T - oBE - I8 -

2.97%Z Wolx, o s ErfE ujgd S AR A
- N 3.0-3.3%9} BIs=3I o (Seo 5, 2003), W<
AW F=2 BY E=tK(Kinoshita®t Masuda, 2011).
254 P FF Al K =70 28R AE)el

0.5%= 7FF =431, o Haf gobx] 4-88P 5]
o 0.32-0.4%%Z Ao}, AdAT4 ErleE ujjklal

HlwE of oid #2 Agollrh. K e TN g
HE S 27190 2878 Jiglele 2.0%2 &l
Ao}, 3-580 SR 2.24-2.43%F °FF o}
AL, 6-83P ME7)elE 2.51-2.90%= 3ko] Z7)E]
o, Y74 ErfE Higd 3.9-53%HETE e &
4SBT

Ca e 28P A3lrloll 238%.ou, 33P) 2 4
st sl okt At ssb ASIRE o
Al 7RI AlRBKaL, 53] 8shd Zisirlolle 3.32%
2 BAEN. 8P Al Ca s 28h A3}
7] B} 14 VKl A V2 A5E ko] =
o= AgoIqlt). ol YAdTa EFE HjYAS
AREE 79-0.6-0.9%) BT}t =2 Aot Mg
= A AF7IZE 0.77-1.09%2] HAAZ A=Y 6-8
3P Jisle] gafo] ot = Ao dodTAh E
vl HjoklS- A8 739-(0.3-04%) BTt =94t} Na2
281 7sl7lell 0.07%2 71 vigkont, 38l 7|8l 1R E
3] F7Vet 3Pl Aslelle 0.21%7F S7Fs15
o} 71 9] Cus 28PY Jislell 1imgkg'ollA spde] 5
TRE A&H o R 7hasle] sshy sl 3mgkg!
o] o™, Zne 15-26mgkg’ ©|IT} (data not shown).

EnlEe] wEA AiAl A=A TN} P ke &
AL SRl wet HaEE BPolo, Ca #

2o Zylshe Ao w WS ENE(Lee 5, 2017)8] 2
o} fARIATE 1y IWEREE K, Mg 3 Na
ghgo] 5ol AADFE TRy, HEErES
9 Zpol7) A2 Holrk. Wilcox(1993)= Erf
E EZAE Al Apjrite] Al wel 9o i
2 Qlak geREnt olle}, K, Ca E Mg ko] HA
Aol sl o, B A= K, Ca, Mg ¥ Na
o] STk AdS Hol e 545 EAth o
ARgSE Wi T ThFAS] FF Apoldl YIIskE
Ho=z A7FeHH(Seo 5, 2003). HESH  Sonnevelde}
Voogt(2009y= ErFES}F Qo] Al =QETH 4199
N 2 K o] =31 Cat Mg AlgHTE =ollA &
o] 953] o P2 Z o7} gl RHuslgith
aYu B AFA K o] Eole AEE Hlo
m ol AW 21 R AP, FE Apold] 7IQIgH AR
A7, o}y FFEe dY F NES K Caol
U @] AMEAL, FAAm] 7|3te] Hojd4E ujA|e]

42

CEOIS MR - PHS - HEY

i

A= K, Ca B Mg 5 ¥l F7F woA A
Ao Fdo] S7ke WA S0]%] NO-N ¥ PO,-P
Al A §g=]o] Apmy7|Tte] Hipde] w
Aoz A (Lee &, 2017).

AnkEnfES] ASTAE FFdhs A} vjde] EC
HE AR A3k= Fig 49} 2o 3399 ECe
2 IRE @A 1.7dSm'E, o] A $77}
A 2.0dS'm'E B F2 T S 2719 49 5
WA FFAEG vjde] ECrF oz YA vlsss)t

o
)

o1 T

ek olF 59 1097H] wile] ECE 25dSm™7HA] A
A3l 71eIeH, s 17dRE 8 FEA] Ha

3.0dS'm 7k F7FEIAT L o% FErt T 7hAslATt

A2l 259 o]F EC7F molkl A ofe] At Har
(Lee &, 2017; Seo 5, 2003; Zhang 5, 2010b)2} A}
sHAl AiAIZ 17 AEHolar th71 ot EobAHA] 2
9 i el S8 Ao] Wklelgiar Azt
(Fig. 1). Sonneveld®} Voogt(2009) oJshd &3} F7]
o 7] tE2a, 2 )4 T dad
2 F71Fe] gaLh B AqlMe A5 279k $7]
2 sl Qs ECE 2 dis 3H3EIA

o Pt =) 2~ =
7R o] 9do] | R I ST A
35
A ——Supplied
30 | —O—Drained
T 25
72}
S
Q
m 20 -
15 A
1.0
7.5
B
7.0
6.5
£ 60
55 A
5.0
4.5
4.0 —
0 < o wn o~ (<)) O o o ~ < — ~ < — 0
— N o > — - N ~ — — N o™ o= — N N
A ee YT FITIITY SIS SY &0
Date

Fig. 4. Changes in EC (A) and pH (B) of supplied and drained
nutrient solution during semi-forcing hydroponic cultivation of
‘Bonus’ tomato. Vertical bars represent SE (n=3).

Protected Horticulture and Plant Factory, Vol. 28, No. 1, 2019



‘Bonus’ EPHE Wi 57l A H3baslel whe ABA), T 2 wjojs) FoEE w v

Aol F-71Q947 FAEE Alo] Ho wjde] EC7 A 5, 2000). B AR 2FAE FHEAY pHE X
b sovlal Hdsi), ol B AFe] B Ay A SHR| o} wideY] pHYF =3 o]F FFle] pHE
HIEDLEA] wjde] Hil ECE 3.0dS'm'Z Y 2 5.6-6.4 92 Y5o] FF3 A, 3-8F7A= <]

R Ao ZE] S 98] FAe] pHE 5.5-6.5¢]  F= EolA|AL pHE F2] ¥ 7597 EHobHoht
Mg - AL sk AokNelson, 2012; Yun  oFtkar Bagk v} QJth. Zhang 5(2010b)yS HQgAx

W ErE 45dSm 'Rt S3k=d(Lee 5, 2017), 1= pHZF 2 sl AES HAL, oF o3 HEE ¥
EnE FF 9 A5 Aol wet - 2 FUIEE & F9EG widY pr WolRle AEIIT Seo T
ol A7k WASSI7] wite = AR (2003)2 W54 9 EnfE FelolE Al Al AF F
g0 A4 HE F5o 2 9dFE vAE pHe 9% 39 FEOA 8l Ece A I @
s

7}

1400 55

—eo— Supplied
—O—Drained 50

1300
1200
1100 45

1000 40

¥ 35

NO3-N (mg/L)
o O
8 8
PO4-P (mg/L)

~
o
S

30 A

@
S
S

25

[
=3
S

IS
o
S

20

500 260

240

220

200

180

160

140

120

100

150 80

110 12

100 4
10 4
90
80

70 A

Fe (mg/L)

K (mg/L)
5} 2 & & 5 &
Ca (mg/L)

Mg (mg/L)

60

wn o~ o o om o ~ < — ~ < — 0
£ 3 2 &€ 2 28 58 &8 835 3 &8 7 £ 9 2 8 £ 828 5 8 &5 3 =5 3 &
< ~ ~ ~ 2} ~ ~ ~ (o) = ~ N < =~ ~ ~ wn ~ ~ ~ ~ (o) ~ ~ ~

< < < a) wn w wn o) ) <) < < < w wn wn wn [ (o) (o)
Date Date

Fig. 5. Changes in inorganic element concentrations of supplied and drained nutrient solution during semi-forcing hydroponic cultivation
of ‘Bonus’ tomato. Vertical bars represent SE (n=3).

Ao -A=25, M2sd 15 20194 43



o 11

olew - Pt - ogE - ol3F - 7
71E HIEE o83 EvfE IRAN] Al S 3=

s EC7F =oAL pH7h Selilthal Barsigict

Lee 5(2017)= WEERIE WA F4A oA fAlSH

ATE Bk v o}, o] Aol A3g ST

NO;-N & +°]29] 53] Wol pHp w2 Hhdo,

o] Wsh= A7 K, Ca® 5 G714 dol

29 F57t SRkl Y ERE FiolH) B 7]

b ol WEs] Wil Aoz AZEd(Jun 5,

2005; Park®} Kim, 1998).

57 Bt FFdT vje] Frlole wEE

g A= Fig 59 2ok A 2rdle 3HY
] NOsN F& Apol7h 4] @A, B4 55 34
S WA wlde] =7t %9k, 53] A2 1259
= TEA718mg L )ET HiH(1,215mg-LhellA 1744
7V =3t POPE AS 271Q1 BA 67 A=
T o] Frrt HISEIRoH, o]F AlSo] 21
A ot R FE7F Fobdar, B4 & 13515
Foll= 45-50mgL'e] EEE EAFTh K& PO,-P
I 2 AFgor FFHF wjde] F=rt fFARIH}
Hjole] T} G} =olA], 62 7Y olFolle TFAR
o vl FE7F 148 E=9keH S TR ARdde 3
Hh7 o] nlszERATh. Ca B Mg A2 25974
49 97l FE9H wY FEr) RIssEia S
F712 ZE wjdoA] mobdlnh. Egh mRRIAS] Fe,
B 3 Na® A& 2715 ufdolx JheFo] =9tomn A
F 37 o =2 73|t (data not shown).
7] &8 AR Al BSTIRE B9t 194
37F A9 gitkar sldEdl(Jun 5, 2005), £ A
59 109 o]F FFAHRT} ujol A 704
=2 Agolder), olE ERIE(Kim 5, 2001),
ErlE(Lee 5, 2017), 3Z8]7H(Zhang 5, 2010a)#]
a7lle AEAY 2 Sl kL, HiE
Hjelgko] ZhAadtol] wet iR el FZAE Fr1d
o] VI fRlow oL, o]t Frjole
HSl= Fig. 1914 Be vie} o] 712 2 dAl
JAAA =& Aoz AZHEL). ofgy Fele=
20 FAHHE S Fr1dA g e oigh
7} A7 o3 Aoz A7)

= o
1%

R

le)

==

-

oL

B

A

2 Ae

X
fr
=

OH-‘ U% o4
gl
b

O
o

H

Mo
b1 do rr

ol by

o

>
_LL,O
i

o

e

_{

T AN Al=RE o]89
A B Ak 27k S8 e RS flshed
wEpA] R
ApstEx A3
e TE

7]
7N

.

44

&)5)

o

RS SN ISR

R

2 9% 71% ARE FusA B ATE SUYsct
Aagel e el TN TES A% sl of

41%Z %o A5 FVI2 AeF Yopd 8shg )
Plolls 3.9%= Solth P g x4 Eokom,
3-78P7RA = WISEEllaL, 8aPdell M Bttt Ca, Mg
5 Na2 AS27|R 7|2 255 o] #obd 8
i 7ishrlell 71g E=okth EntE Al 7I7to] Zaek
FA} wjdle] NOs-N, P, K, Ca ¥ Mg &
55 F7HAe S 270 vissiiont
E 25 FRdR el Fr=7t wopA
Atk B, Fe B Nao| 73 5 Z7]ol= i
ot =gkom F7] ol HH FFAHG
=30 olde] A= EviE 9 Rl

J LSS T N S
2198 FEE agH] 9

> i

1

B
3%

0

Ho ‘Elr J

—}

e

@« = 12
oL _l:?:s ﬁ

o J

N,

F7F FAS: 1EZF, EC,

Iycopersicum L., A4 =F

, pH, Solanum

A=k

R

Literature cited

Bellert, C., J. Le Bot, M. Dorais, J. Lopez, and A. Gosselin.
1998. Nitrogen accumulation and growth of fruiting tomato
plants in hydroponics. Acta Hortic. 458:293-301.

Benoit, F. 1992. Practical guide for simple soilless culture
techniques. p. 33. European Vegetable R&D center, Bel-
gium.

Jun, H.J., D.H. Kim, J.K. Hwang, M.H. Choi, I.G. Kim, M.J.
Son, H.S. Kwon, D.H. Heo, B.W. Moon, D.S. Han, J.J. Lee,
and S.W. Min. 2005. Development of an elevated-bench
hydroponic system and its media for ergonomic and envi-
ronment friendly strawberry cultivation. Ministry of Agri-
culture and Forestry. p. 236 (in Korean).

Kim, H.J., J.H. Kim, YH. Woo, W.S. Kim, and Y.I. Nam.
2001. Nutrient and water uptake of tomato plants by growth
stage in closed perlite culture. J. Kor. Soc. Hort. Sci.
42:254-258 (in Korean).

Kinoshita, T. and M. Masuda. 2011. Differential nutrient uptake
and its transport in tomato plants on different fertilizer
regimens. HortScience 47:1529-1535.

Lee, M.H., S.E. Kim, S.D. Lee, J.E. Lee, H.S. Kim, S.K. Cho,
S.Y. Sim, and Y.S. Kim. 2016. Development of drainage
water disinfection system by electric shock in recirculating
soilless culture. Protected Hortic. Plant Fac. 25:49-56 (in

Protected Horticulture and Plant Factory, Vol. 28, No. 1, 2019



‘Bonus’ EPHE Wi 57l A H3baslel whe ABA), T 2 wjojs) FoEE w v

Korean).

Lee, E.M., S.K. Park, GY. Kim, B.C. Lee, H.C. Lee, Y.U.
Yun, S.B. Park, and J.M. Choi. 2017. Changes in inorganic
element concentrations of drained nutrient solution and
leaves compliance with numerical increment of fruiting
node during hydroponic cultivation of cherry tomato. Pro-
tected Hortic. Plant Fac. 26:361-367 (in Korean).

Ministry of Agriculture, Food and Rural Affairs (MAFRA).
2017. 2016 Statistics of vegetable production under pro-
tected cultivation. p. 155. Sejong, Korea (in Korean).

Nelson, P.V. 2012. Greenhouse operation and management
(7th ed.). Prentice Hall, New York. USA.

Ohtani, T., A. Kaneko, N. Fukuda, S. Hagiwara, and S. Sase.
2000. Development of a membrane disinfection system for
closed hydroponics in a greenhouse. J. Agric. Engng. Res.
77:227-232.

Park, K.W. and Y.S. Kim. 1998. Hydroponics in horticulture,
Ist ed. Academy Books, p. 76-90. Seoul, Korea (in Korean).

RDA. 2003. Manual for agriculture investigation. p. 439-479.
Suwon, Korea (in Korean).

Rhee, H.C., K.H. Kang, GB. Kwon, and Y.H. Choi. 2003a.
Effect of the particle size of perlite and irrigation amount on
the growth, root activity and mineral contents of tomato in a
recycling systems. Journal of Bio-Environment Control
12:77-82 (in Korean).

Rhee, H.C., K.H. Kang, G.B. Kwon, Y.H. Choi, and H.T. Kim.
2003b. Supplement method of drained solution in tomato
cultivation using recycling systems. Journal of Bio-Environ-
ment Control 12:89-94 (in Korean).

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

Schwarz, M. 1995. Soilless culture management. Springer

Ao -A=25, M2sd 15 20194

Verlag. p. 117-121.

Seo, T.C., Y.C. Kim, J.W. Lee, HK. Yun, and S.G. Lee. 2003.
Optimal supply amount and strength of nutrient solution for
ripe-harvesting tomatoes grown under perlite culture sys-
tem of semi-forcing cropping. Kor. J. Hort. Sci. Technol.
21:79-85 (in Korean).

Smith, D.L. 1997. Rockwool in horticulture. Grower Books. p.
25-27. London, UK.

Sonneveld, C. 1997. Hydroponic growing in closed system to
safeguard the environment. Australia Conference Hydropon-
ics, Melbourne. p. 21-36.

Sonneveld, C. and W. Voogt. 2009. Plant nutrition of green-
house crops. Springer. p. 83-102. New York. USA.

van Os, E.A. 1994. Closed growing systems for more effi-
cient and environmental friendly production. Acta Hortic.
361:194-200.

Vincent, P.G. and L.E. Kay. 1990. Nonrecirculation hydro-
ponic system suitable for uptake studies at very low nutri-
ent concentration. Plant Physiol. 95:1125-1130.

Wilcox, GE. 1993. Tomato. p. 137-147. In: F.B. Bennett (ed.).
Nutrient deficiencies and toxicities in crop plants. APS
Press. St. Paul. MN. USA.

Yun, H.K., X.R. Li, [.S. Kim, and K.C. Yoo. 2000. Physico-
chemical properties in the sand-based media. Inst. of Agr.
Sci, Kangwon Nat’l. Univ. J. Agri. Sci. 11:12-19.

Zhang, C.H., S.Y. Lim, HM. Kang, and [.S. Kim. 2010a.
Effect of nutrient solution concentration on the growth and
quality of paprika grown by fertigation using waste nutrient
solution. Kor. J. Hort. Sci. Technol. 28:46-50 (in Korean).

Zhang, C.H., Z.H. Xu, HM. Kang, and I.S. Kim. 2010b.
Effect of waste nutrient solution and fertigation nutrient
solution on the growth and qualities of tomato grown by fer-
tigation. Kor. J. Hort. Sci. Technol. 28:574-579 (in Korean).

45



