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Tomato (Lycopersicon esculentum Mill., cv. Momotaro) plug transplants were grown in a
closed-type (CTPS) and an open-type (OTPS ; i.e., greenhouse) transplant production systems
during summer (11-15 August to 1 September, 2000). The quality of transplants and water
consumption in the CTPS were compared with those in the OTPS. Electric energy consump-
tion per transplant was estimated in the CTPS. The CTPS was a system designed to produce
transplants under artificial light in a relatively airtight structure with thermally insulated walls,
and to produce high quality transplants using minimal resources. The CTPS employed a
sub-irrigation system. Air temperature in the CTPS was maintained at 28°C during a 16 h
photoperiod and at 19°C during an 8 h dark period by using an air conditioner. The OTPS
employed an overhead irrigation system. Air temperature in the OTPS was partly controlled
by using roof and side ventilators, but varied from 23 to 43°C depending on the weather
conditions. The quality of transplants was higher in the CTPS than in the OTPS. Electric
energy consumption per transplant in the CTPS was 0.7 MJ (0.2 kWh), which corresponded to
a cost of 2.9-3.2 Japanese Yen. The amount of water consumed during the transplant
production period in the CTPS was 1/12-1/16 of that in the OTPS. These results suggested
that value-added transplants could be produced at a lower water consumption of resources in
the CTPS than in the OTPS at low electricity consumption.

Keywords : artificial lighting, electricity cost, Lycopersicon esculentum, water utilization
efficiency of the system

2002 £ 1 A 21 HZAT 2, YATFLANOBBICEEINEI LR, VAT
LARORE* BB R TE 50T, HEREMOE

WrEOBMIEELY, BEL COMBEEEEY

ARSI AEEY A7 4 (LT, BBy X74) T AFA UT, BHREYRFA) 2AOREELHAN

Ui

Corresponding author : Katsumi Ohyama, fax: +81-47-308-8949, e-mail : ohyama@green.h.chiba-u.ac.jp

Vol. 41, No. 1 (2003) (57)57



TRETH 3 (Kozai, 1999), BRI AT ALK, A
TIHERHANT, YAFARMAEOLINFBLUY
BN A BECHEIE D L Biffl s nTw» 2=/
T, BELEETLVYATFATHSE, ThETIED,
BASERI S A 7 A BWT b+ b (Kaneko et al., 1998),
/N7 ¥ A4 (Ohyama et al, 2000a), 7 A (Ohyama et
al,, 2001) O VEREBHOETRFHENEHETES L
P, HERKPBTOBEBEORS2HAHITLI LD
ESOAY VLYY VEBIEOT, EREREOMZVE
%I T% 2 (Chun et al., 2000) % & OE{H0{HiEE
BEETEDLIENREZINTVS,

A, rerERECBCT, ERCEEINIEE
SROWEYEDE | {LEOMEENI o ER KL T,
REOVHNENETIZ e LTS
(Tto and Fujita, 1959 ; Obana, 1998), Ih E Tz, B
BREOBIHC B 28R ET52E7T, b= b
WPEDSE | TEOMESIMLIXMET 35 2 L5150
Ty % (ltagi et al., 1992 ; Obana, 1998),

BAGSRL > A 7 ARDORBPNIEE, PElL ©omE
BiErAVIIcEELIEE, BBV TLE IEE
DIMEELMEVITEIE /L L NFHWTE R L
2 5n5 (Kaneko et al,, 1998), BASSEIS R 7 4T
X, BRERDBIME Y X F A LT, BEEIRA M
%L LLRBYT LI EBNTFHENT VS, BH
AR PR EOMEE B RVEOEEIX VB ERL
BETY, ERO XD EOEMIMEELE &bk
SHORFMEDOLERIC LD, ZHEFHA D AREM
» 2 (Kozai, 1999),

AT, R Y R T AZBWCEBMANEE 2
LOBEBEETHILEENELT, ERCBYS b
< M VEREIEEERFE UTHRY £, BA#ERB X
VBME Y A F LBV T e N2 VEREIE 2 EE
L, 2ORTHOLETE, BHEEOSE | TEEOSLERL
BIXUKEEBELHRLL:, dbET, BAHEB 2T
AT, BHBERCLLLEIERTANTHERRHAN
7z,

MEEIUFHZ

HESHEYIIZ, = b (Lycopersicon esculentum Mill.,
FLEE BRAER) L7z, 128D VA (128
S/ VA4, BEBLIEZGEE, 028x055m, LT,
FuAq) K VREIEAS (F778 L, Pre—

B (5R) 2HRELILR, S VvicETE LRTO%
L.

58 (58)

FAgHRIS A 5 1 & LT, Ohyamaetal. (2000c) &[5
Uy AT A2, BEEEER 17 B L L, B
BO3BIUA~IGHED VAT LEICE T 320G

- BEMNETFR (LT, PPF) &, ZhE¥h0B8LU

320 umol m=2s™* WEFE L 72, | HH 2D OBAEHIE 16
Bl e L7, COB/AOBEMBEPPF (1 Hb/2 b OB
HIXPPF) % 17.3 mol m~2 & 73 b, Kaneko et al.(1998)
DRL T3 9 AHAORRIFC B 2 BENOEH
B PPF tiZBZRILCTH 5.

VAT ALANOTEE, ltagietal. (1992) O S
CRERLERERLY o> o®EGEEIZ LY, B
HAflZ@ L T 28/18°C (BRHA/HEHA) WBEL . v A
FLHNDOERIE, EROEE (7~9 H) Bl 3%y
KR (23~27°C, 1961~1990, Tokyo Astronomical
Observatory, 2000)icd & 7&, 25C K&EEL . ¥
A7 LRD CO, BE X, #HER 7 HEUREDOBEATIX
1000 pmol mol~* 1B E L 7z, HAMEE IHIFEL &
Mmooz,

BEEZOBIUSHERRKAE, 9, 12, 4 BLU 16
H B O UEHABRMAEIC 358 (KR A LG, KiENY
AR LS 107517, 25 105 g1t RERIBZE ()
®, ThF¥FRIVvAER»S527:. 22T, AKX
FHEELT, REIAS X OS5 b TEEHKR
ERUEFIA T 2ERABR»AKEZAVS 2 L%
FEE LT,

BA Y A7 4L LT, TEREREER (Jui&
35.5°, B 1 139.5) wH B AT ARE (HEAEH) £ H
Wiz, BB Y A7 LB 5 ERERIZ, 2000 £ 8
Bll, BRIVISHA»SIH 1 HETOEAERN,
21, 9 BXU ITHEE L, 22T, BB AT A
BT EEE L 3IHRBI DI, KRB IVEE
AESEEIND O TH S, FRELY R T LHOY)
BEBEEHEL L UL AKFER, BB AT LATO
BT T, BRI, REBLUCHRIZIZIZS
MThot. BB RTFLAHAOERIE, KEBLUY
HIEORREEW & D FEITHISEL 72, PPF, HxHBE B &
U CO, BEIZGHEL kot BERO~8HBEZT
iBAk%E, 9 HELREIEERZ P vA LA»oEES
21z, T2T, REIKB L USSR TBESK
OEIZ, TRbRWI EE2BELL,

% 1 {LEOSLE % BERTHERT 2701, MY
AFLTOEHBERETHRQ0EI A 1RH), KR
HHEHEARELIEZE RmO 7S X Fy 780
Ry MCEHEBHEL T, TERFEEFH S5 7

HEIRIEFET (Environ. Control in Biol.)




ABENTER L. Bl KR EE
Hz7e.

EERRTEI, 15SEXOLERE, EWE, TEE
OB AT, B BLIUEREPAELL:, BiE
%N B, B 1EEOMEEIRI%E 15 BiFOEYHE
WWOWTHRE, 22T, EHEOSE | {EEDEE

(2)

Water transferred to the outside by ventilation (V)

f l —_] D
I

Evapotranspiration (E)

Dehumidification (D)

Water stored in transplants (C,)
Water stored in substrates (C,)

Irrigation (I)
I=E+C,+C=V+D+C,+C,

(®)

Water transferred to the outside by ventilation (V)

Evapotranspiration (E
p piration (£)

Water stored in transplants (C,)
‘Water stored in substrates(C,)

[V R R J

_/

i trates (D
rrigation (1) Drain from substrates (Dr)
I-Dr=E+C,+C=V+C,+C,

Fig. 1 Schematic diagram of water balance of (a) the
closed-type and (b) the open-type transplant
production systems.
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Table 1 Growth of tomato transplants grown in the closed-type (CTPS) and the open-type (OTPS)

transplant production systems.

Means =+ standard deviations of 14-15 samples are shown.

System g:gging‘;é Dry weight Percent dry Stem length No. of unfolded
period (d) (mg) matter (mm) leaves
CTPS 17 16020 102+1.4 112107 39403
OTPS 17 100+20** 6.7 1.0** 130+ 1.4** 3.9+0.38
19 140+20* 6.2+0.4** 172+ 1.0** 404040
21 180+ 30N 7.1+0.6** 200+0.8** 4.510.5%*

Ns+xx Non significant or significant difference from transplants produced in the CTPS at P<0.05 or

0.01 by t-test, respectively.
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Table 2 Number of nodes below the first flower cluster of tomato plants originating from
transplants produced in the closed-type (CTPS) and the open-type (OTPS) trans-
plant production systems at 32 days after transplanting into the pot (n=15).

System Transplant production

Number of nodes Coefficient of variation

period (d)
CTPS 17 8.9 14.7
OTPS 17 10.6** 7.8
19 11.6** 4.4
21 11.7** 6.8

** Significant difference from transplants produced in the CTPS at P<0.01 by t-test.
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