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Abstract

The aim of this study was to determine the effects of different compositions of environmental substrates on hydroponic
tomato cultivation. Three different substrates were used in coir chip:dust (v/v=50:50; CP1), coir chip:dust (v/v=80:20; CP2),
and rock wool cube with CP2 (CPR). The amount of irrigation during the cultivation period was 190 mL/(plant-time) in all
substrates. The pH and EC were 5.8-6.2 and 2.6-2.9 dS/m, respectively. The drainage rate in CP1 was 31%, in CP2 was
36%, and in CPR was 29%. The growth of tomato plants in terms of height was higher in CP1 and CPR. The leaf area was
greater in CP2. The fresh and dry weights were greater in CP2 and CPR treatments. The net photosynthesis in CP2 (19.31
umol CO,/m’s) and root activity in CP2 were higher among all three treatments. The soluble solid content of fruit was not
significantly different among treatments. The yield per plant in CP2 and CPR treatments was 17% greater than the yield per
plant in CP1. Therefore, the most suitable substrate for hydroponic tomato cultivation is the substrate mixed with coir
chip:dust (v:v=80:20; CP2), i.e., CPR.
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S AR iR =AY 23Rt Eedat ssh S 7t
A|aL glow Fojof Aot 7HE 55 ERU%t dust@t
Y FEE A2 chipo® FTAETHEvans and
Stamps, 1996; Nazari et al., 2011). ZZ oA =
STojo] HjA| o] ARgo] SofuftaA] ErEE QFoAHRA] HY
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H31 294 TESL, ot 3 141 711 4ot
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Conductivity, EC 1.8 dS/m, pH 5.5)2 & 3311
o} QAR 2ol 107 W)= A7 20181 8 16
o] FH AU HIAEH| S0l ASHct AufEA]
= FFTE 4eH(100x20x10cm, Daeyoung GS,
Korea)o]| Fo]o] chip@} dust H[EZ 5:5(CPl), 8:2
(CP2)2 3111, 8:2 AgtE 9jof ' HF-E(rock wool
cube)= =7 HiX|(CPR)Z SI3ik(Fig. 1). A5
17} &2hE 3709 HHge Ear AAsI e, g4 1
FUHo| I E SeE Yol 55 525 "ol &5
A713L, FHo= vE fsliAl 370 il e E 3L
o, Aol Agst FHalEe] Tolof chipe] Al
1.0-10.0 mm7} 78%, $~Eslke- oF 9%, ECx= 0.7
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=90 97% Ar=olqirt NS ErntE -8 ek
H(Coseal Co., LTD., Korea)S ARE3IS=H|, 4%
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Fig. 1. Different substrates were used in coir chip:dust (left: v/v=80:20; CP2), and rock wool cube with CP2 (middle: CPR)

and cultivated picture (right).
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135 200 mL, ¥H4 B]7]ofli= sl5e]l 5~73] 13]g
190 L= Faelch. 42 ol 257 Al 51
a1, 7ef AEaeiet el degell Ekglom Al
A Az A 24 Ho|Ee|2#(HOBO® weather
station data logger, Onset, USA)E o]-85}o] 1A]7F 7F

202 712, Ak, B EPRATS 245K

G AR, GEARE YA L DBRS 2SI
t}h gHA 24L& JHA =4 7|(LI-3100, Area meter,

LI-COR Inc., USA)E Ag-310] AJAPE A 5-8HA] &)
FoH LE ek olg Sl e Tk
2 AEAL =%7|(SPAD 502, Minolta Co. Ltd.,
Osaka, Japan)E ARESlo] FUTH 9179 QL& e
27 QIS 5518 2slo] Hhe LRSI 42
3410] 90% ol 2papEl FAL 710 s, AT
4= S8t TIF 100 g oAl AL ZAIL vl
AT 100 g Hlgiel Ak, ), 7|8 sl
ARG AR SHeleulA] JukEo 2 5
R, Y AR WhERH 254 kR0 2 Z2AfS}

photosynthesis system, LI-COR Inc., Nebraska,
USA)E AMgsto] Enfe AehilofA 8-10H7 & A
PR 274 3UkE.0 2 2ARBISILE S 2 &
= 25C, AtEE 60%, CO, 5= 400 ppm, FHS
500 pmol/m’sZ 3}¢rk &% ZAR= Berridge et
al.(2005)%] W o2 siQle=t), AearEE 254 3t
o= SASI0I: ] e FATeE SHeE
{7 50 cm, z10] 30 em F-919] FE}E sl S5
ol A2 - S o}k Hel Al Al of
0.5 cm Zo|2 Hesto] FUshA EFet 0.1 g& 7
3] 2 mL test tubeo]] YRtk 1 & 1 mLO| S$H4-E 3
7¥5te] &5 & Premix WST-1 cell proliferation
assay system (Takara Inc., Tokyo, Japan) A|2F 10 uL
E 7RIS o7k o JEI= 25 CoflA 3ARE 59T HkS-
A]Z1 3 ELISA reader (Microplate Spectrophotometer,

Moo

EonTM, BioTeklInc., Vermont, USA)E ©o]&3}o] &
= 420 nmoA EA8F9ITE Premix WST-1 cell
proliferation assay system A|2F 10 pL& S50 &
$51e] blank 2 31T

2.4, A=A

EAEA L SAS 2 TH(SAS 9.2, SAS Institute
Inc., USA)S o831 7t A2l A, S 34
U 28k xjolof| el 95% AlF4==EollA] Duncan’s
Multiple Range Test (DMRT) A2 AA5I3ch

3. Zih Y nF

3.1, HfeHo| EC L pH 24

O el QN EC Fles 270l Be
Aeltollx 2.8 dS/m Ak FA| = Lo 37
Al =7t &2l 85 Aolli= CP12} CPR A2l+h=
8.0 dS/m7IX] ol aL, ZA} oAt 1553 E =
5.0 dS/m == WobA] FESHA A= 3l=d] CP2+=
5.0 dS/m7kA] tzobA] AWkA o2 CP2 A7 | &
A= Ick(Fig. 2). viHe] pH= 5.5-6.8 A=o]glow
CPR A7} 27)ofli= A fA1=aL, $7]ok= %
Al FA= =8 CP2 Ae|77} 2 Alo]& HolA] ¢t
TS A =R A o= UERdt) st Al et
R BISgt Aok B o=t CP2 A7t yY] &
AejqtET} vjeio] wol Eli= Z o= UkERial, weba
HIA] W o] S AL 08 LR AufA f 4
5= 60-83% HE2 FAEQAL 25 18-29T
A GAEATHFig. 2). Lee et al.(2006)-2> Fo]o] vl
21| pH QFYSHE QlaliA HAH 22 49 Aofuiar uf
FHOoR 3U HojPE off pH= 5.5-6.0 BI9IE A5}
Qrar Bk up 152 ARE S5 2 5167 i
of| 27]olli= pH7F A USHAIRE =5 egol H o=
A7t

3.2, MeEN

HiR|E EnbE S-S ZARE A= Table 13}
At EnpEe] 243t A7Ee CPRY}; CP1 A2}
CP2 At} Zio} 1efuf JHAof §lojAl= CP2
257} 13,654 cm¥F22 71AF 7o CPR #glql=
10,854 cm*/35 CP1 A2}72=9,171 cnt/Z= 0|k A=
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Fig. 2. Changes in weekly drain EC (A), drain pH (B), drainage rate (C), absorptivity (D) and temperature & humidity in the

greenhouse (E).

9 AEZo] Qlojal= CP2 A2}7e} CPR A 2)TolA]
Zlom CP1 A7} 22 Z1 o0& et Zurz o

2 AS2 HiA] UEV*EFOI oFd CP2 A&7} CPI,
CPR A g]7-Hr} £& ek Bt Park et al.(1999)
O LA Sl A 24 0]3 w2 = XQo| oby, FH 1|

Ersajo]E Aei7) o wixlRr} 2 Ao s ws)
%rk

3.3, LM U Jaky 2
HAISTE IS = ES CP2 At

7}19.31 pmol COy/m’s 2 714 =90 CPR 2|77}k
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Table 1. Growth of tomato as affected after transplanting 130 days by environmental substrate composition

Plant Stem Root Internode Leafarea  Chlorophyll
. . . Fresh wt. Dry wt.
Treatment height diam. length (@pl) (@pl)
(cm) (mm) (cm) (cm?/pl.) (SPAD) &P P
CP1 371 a¥ 10.12 a 793 a 27.7 a 9,171 ¢ 450 a 1,034 b 125 b
CP2 325 b 10.87 a 81.6 a 238 b 13,654 a 416 b 1,181 a 144 ab
CPR 372 a 10.67 a 86.6 a 275 a 10,854 b 412 b 1,174 ab 149 a

“CP1; Coir chip 50%+dust 50%, CP2; Coir chip 80%+dust 20%, CPR; CP2+rockwool
Mean separation within by Duncan’s multiple range test at p=0.05.

Table 2. Photosynthesis and root activity of tomato as affected after transplanting 130 days by environmental substrate

composition
Treatment® Net photosynthzesis Stomatal condu;:tance Transpiration rzate Root activity
(pmol CO»/m’s) (mol H,O/m’s) (mmol H,O/m"s) (Absorb., at 420 nm)
CP1 1295 v’ 0.45 b 6.45 b 0.13 b
CP2 19.31 a 0.66 a 8.06 a 0.24 a
CPR 17.30 ab 0.70 a 840 a 0.17 b

“CP1; Coir chip 50%+dust 50%, CP2; Coir chip 80%+dust 20%, CPR; CP2+rockwool
Mean separation within by Duncan’s multiple range test at p=0.05.

17.30, CP1 #2}57} 12.95 pmol CO,/m’s & 71 v
UK Table 2). 7|54t W A Egof ¢lojA= CP1 A
gltollA] Wokth 2o QoA B ST} AL
1A CP2 A8]57}0.24 Absorb., at 420 nm= 7} =
9kl CPR #2]77}0.17, CP1 &{2]77}0.13 0.8 e}
stk 32o]of chipo] 80%7F S22 50%Lt o
o] S0tk A2jof| HlsiA] Ao Fak] Wl
2]l CP2 Hej5t7} of& Al tEct g3/ d=) 4=
o] 9k Zlo =2 AR ELE o]7& Yang et al.(1999)0]
Heto| B4+ T E WA o]z} et |uf bl of] H]
A F=Ee] =of HEErRE He| WSo] itk

k- Skt o]k

34, MEY I 8

TAEAS ZARE A= Table 33 2t} 2P
5.79-5.88 cm& HE7F GO} Qiglon FRE oA
6.93-7.01 cmZ  X}o]E Ho|x] kit vl
UoA= CP2 #2171 164 g © &= CP1 #|2}4-2] 157 ¢
B} of 7 gt FARAE FA oS fIlck

on

o] Qloja= CP2 AE]5t7} 4.2 °Brix, CP1 #&]+
7} 3.7 °Brix, CPR *|2]77} 3.9 °Brix °|3ic}. o|A&
S5k 40k ool Buko] $& Heto|=ult
o2 v R B}t e 7| =9 a1(Park et al., 1999), T7|Aj
HiA] Hejo| &, sEHR A, Fofo] chip} dust HIE 5=
Z5eto] Aldet A vix| 2/ R Feolls Fake vl
Z]|A] XeItH(Jun et al., 2006; Lee et al., 2017)= U-&
& % uj 2 Ajo)7} olis 20w Lkt 1 Ao
A AR ool gits A0 Uepgr), et un
et al.(2006)->- 2712 Mg} w72 Fo]ofufjx|et Ho]
ojufx+Eelo|E uix]olA 7}t =9kem™, An et al.
(2009) w=ze|7tolx] 25w E uix|7} FHufA] o] H]
o #hilo] 2 Alom wiste] W ER 48 wgelo]
0L, 9 HiEE 22 At apd vt gl =
2702 Qeglot 1 ARlolAE Solko] gist

3.5, 2=
EnlE 58} 27|54 3HU7IR) S & S8kl
L CP2 A5} 18.8712 Wekon] CP1 X2l 18.071,
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Table 3. Characteristics of tomato fruit as affected by environmental substrate composition

Fruit length

Fruit width

Fruit weight Soluble solid content

Treatment” (cm) (cm) (g/ea) (°Brix)
CP1 5.79 @ 6.93 a 1579 a 37 a
CP2 588 a 6.97 a 164.0 a 42 a
CPR 5.80 a 7.01 a 163.8 a 39 a

“CP1; Coir chip 50%+dust 50%, CP2; Coir chip 80%+dust 20%, CPR; CP2+rockwool
YMean separation within by Duncan’s multiple range test at p=0.05.

Table 4. Number of harvested fruit, normality percentage and yield as affected by environmental substrate composition

Harvested fruit

No. of normality

Percentage of Yield Yield

Treatment” Fruit no. weight (g/pl.) normality (%) (g/pl.) index
CP1 18.0 a* 3,080 b 148 b 82.5 2,541 b 100
CP2 188 a 3,324 a 89.4 2972 a 117
CPR 172 a 3,151 ab 94.2 2,968 a 117

“CP1; Coir chip 50%+dust 50%, CP2; Coir chip 80%+dust 20%, CPR; CP2+rockwool

YNormality fruit is over 100 g weight.

*Mean separation within by Duncan’s multiple range test at p=0.05.

CPR A2+ 17.27] s£22 CP2 A&7} CPR A2+
Hr} L6713 = Wo| 48|t Table 4). 15 114!
FAZE100 g o)l B/daa== CP2 #2517} 16.871
2 714 wWoron] CPR He|7= 1627}, CP1 He| 7=
14.8710]%ic} AFETRE-S CPR A2 H= 94.2%E 7}
2} =9k31, CP2 A #]9M=89.4%, CP1 A2+-82.5% &=
o]Qirt. g =k CP2 X271 2,972 g/3, CPR A
2|7 2,968 /7=, CP1 A2]7Lo] 2,541 g/Z=Htt 17%
AE =T 7] AL iR o] SRR oo
HiZ|7} efolu Hefo|E ok vix|Het o] =2
Zo =2 BH3il(Jun et al., 2006; Lee et al., 2017)3}o] &
Aol A= Holo] vjx|e] 2/dE chipy} dust HlEZ
8:22 ZAJBIAY 8:2+QHuR|E AJE F=E0]
EolA] B st Z&E o] Fobx]7] wiizof] 5:5 &
Tt o] 2 Ao Vet webi] ErpE
HAuRA] Fo|ofui R[S ARG 79 F101¢] chipi} dust
HIES 82 He= 2ilsto] ARgSEALE 8:2+ A
T 2o & o= wekEch

4 2 E

EnlE oFNHlA] B A EFS Fo]o] chipi} dust H]
£-250:50(CP1), 80:20(CP2) L 80:20+F#(CPR) =
3T sto] HiREFE ST RS v A
of A 5 SAFEEE e Aok Hdom
190 mL/5/3]0]9aL, 39 ECE 2.6-2.9 dS/m, pHE=
5.8-6.29] WIS FABKES Sworltt Bia&=2 v
AR kel Zpolzt QISi=Hl, CP1- 31%, CP2+=
36%, CPRL-29% o|gjch 24-S- CP1x} CPR A2+
7} CP2 At Zia1, HHAE CP2 A7t 71
nom AAlE 9 =gl lojis CP2 A+t
CPR AHg|77} Zick FRMIEAE g e CP2
2277} 19.31 pmol COyY/m*sE 713+ 2™ CP1 A
277} 12.95 pmol CO/m’s 2 71 Wk, f1gke] o
A] CP2 #g]77} 0.24 absorb. at 420 nm= 714 =9F
t}. 7Alo] ghe = CP2 A2 F7}4.2 °Brix, CP1 g+
L 3.7 °Brix, CPR Ag]7= 3.9 °Brixo|¢lou EAA
Qo qiglek Enke 150 ke dtd s
o] E9IW CP2 A2j5t7} 2,972 g/ CPR A2t
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