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Analysis of Water Balance in Closed Transplants Production System
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Abstract.

This study was conducted to analyze the water consumption in closed transplants production

system (CTPS) for the production of quality transplants and to investigate the effect of relative humidity on
the water balance in CTPS. Potato (Solanum tuberosum L. cv. Dejima) plug seedlings were grown for 15
days at air temperature of 20°C, relative humidity of 70%, photoperiod of 16/8 h, and photosynthetic photon
flux (PPF) of 200 pmol - m™2-s™! following rooting for 5 days in CTPS. Amount of humidified, dehumidi—

fied, irrigated and evapotranspirated water were 67.9 kg- m2, 1969 kg m
respectively. Water content of media and plants were 1.2kg-m™2, 6.9 kg- m™

, 443kg-m™, 335kg-m
, respectively. Three relatlve

humidity levels of 60, 70, and 80% were provided to analyze the effect of humidity on the water balance in
CTPS. Amount of humidified, dehumidified, irrigated, evapotranspirated water and water contents of media
and plants increased with increasing relative humidity. Since the water consumption required to produce
plug seedlings in CTPS decreased with decreasing relative humidity, the available water utilization effi-
ciency of CTPS increased with decreasing relative humidity. CTPS showed high available water utilization
efficiency of 0.92—0.97 if dehumidified water in CTPS was recycled. The development of CTPS with recy-
cling system of dehumidified water will not only reduce the water consuming for the production of trans-
plants but contribute to the establishment of plant production economizing in water consumption.
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Fig. 1. Variables concerning the water balance in the closed
transplants production system.

AlZE Wie] B71Fe) - Wk FAR Ax2
Atk 714814 cHOhyama et al., 2002).

T+H+V=D+B (1)

A7 T FOR AT w2 RE ] S
kg m), H : 71719 A AlHINRE F
FHRHke - m?), vV : 7o o3 Aj2H] UlR-9}
R Aole] FHolFK kg - m?), D : FZ7)T 9
T AEF kg m?), B : YHOERE UEH $37)
FHkg-m2elth. o gNE] WEH FEVIFB)E
FAIE 4= Q)& Axg Foug 00 7PYslgs &
710l oJgt Al IR} o5 Alo]e) Eo)ERH(Y)
T 1Y ¥ 435 Vo= g

HAE A28 e} FE AT e B
< 0" /AT w2 RE Y] S AR
7} 73 Qe ESEe] W 2 FejEe]e w)
A7tz Qe R ) Aok /e o
thea 22 BAlo] A3t

I=T+Cp+Cy 2)

A7l 1 IR JRAT O e BerRFke -
m?), Cp . AEAVL 23 e FEFF ke m™),
Cs + WA} 2431 gle 7R3 kg - m)olTh

A (A el SEEFES L8P 5%
e HAZE A-EIT

[+H+V=D+B+Cp+Cs 3)

Bejmeeolel 24 B AAE T AR 1Y

O

BT DAY B5e B A% SelaEdl
A9} EejnEole] WAl SJsir] thedt ol £
AE

=5 (MM, @

A7 A 1Y HE B5EFkg m),
My, : B HY ZEOEHC] FAlg), M, : 5
o] ZHaEdo] FAlke), A : STHLEH0le] HF
(mAe]ct.

3 /R 1Y HE SRe A 59 2
o] Aol T Fo) ZIEH0] FAY r+1) ¥
o] g Ao ZaEH o] FAY AEHE ZA4YH
e ole] FA WHEE AR o] 4
et

Tt=%(Mat“Mbt+l) ®

A7 T, - AR 19 e SR ke m),
M, : B Fe] ZaEdo] FAlke), Mya: (t+1)
drje] Al ZYTED 0] FAlke), A : TEIE
glole] WA (mAHeltt.

273 TEA A2 FEIHCE 4Y dE3A
133 AAZTH 27 AN W] 159 AT Rl
Z, APV B¢ TR 152 AT S7HeIAM
AY 98AY] 159 PEF A WA we] 153
AEFH 2] F, AR7RE T IR 15T BE
9 Z71S W gl ANIUEE F3le v Ao
2 Akretact

Cp=P((Fy-F)~(D/~Dy)) ©)

A7l Fr: AR S8 15T AAF(ke), Fs:
A AXF 0gAY 157 RS ke, Dy A &
A9 159 DER(kg), D, : A% /MNE 072
153 285 (kg), P : AL =(m etk

54 TEAY uiA Y FREHCHS P FFA
9] ZemEo|e] A, Aol AHE S 2E)
9 ujx|e) BEF 2 4 F8A9 AEA Y YAS
ol oJa) Agdnt

_M-(M,+F)
A

Cq Q)

o7l M, - A FFAQ FeEdele] FA
(kg), M, : TH1EH0] Q@ iAo HAEF (kg), Fr

- 155 -



3= -

: 24 FEAE AEAL AAFke), A4 - EHOED
°)¢) BH(m’)elt}.

710 o3 A2/ iRe) o)) FRolERRe 4
BAVRAIES) SE, 71, Als T, A2A9 wiA|
o FEH 7zl A 3)e2FE FHE o,
A B AR o] B FEE AL Wl
ERE WEE $3571%0] A7) g2 B dvelMs
FAIBIA.

AGE B8 B8 Fx 7RFEOE Aol83IE
7% Ee18 S Aol dAlE EAMS e HAE Al
25 Wiz 339 89 FAETH 7ot As
e Ajolol] o AHHEt

Uyg=I+H-D ®)

7NN Uy -
FHkg-m ).

AGE B 353l Aol 8 A9 BALE A=
9] Bolrls g AGH, Alad U2 35E B
FA@TE 7Rl ol o de elan
(Ohyama et al., 2002).

Eejage| A #AE BAMS:

D
EWR= m{ (9)

71N Eve: ANE A2 B0l 87Fs &I

3. &8 4080 X

HHAE Al2E iRl A} Zuiahe] Aso] o]
FolAE Bt AlzE Ule] e ool @l A&
Ao} vix| 2] B PSR} B HBF] A
£ AAAE(AD-05, CASYS ZA43159ct. 7157190 2
3 7} 3Rl o3 Al 22 543817
sl Al Q)R HF 0L BFL XS] 7}
T AsHe A SY1EH |2 REY F
ke wy) A A5l FAE S8l 1Y B
SRS 3T AF M9 F8A) wiA)e}
AEA7} 21 e FEAEHS SsA A4S
(AB204-S, METTLER)S ©)-§-3}o] uix|e} 2)E#]9]
AAFH EFS ZFsI

4. A EE % Y =A
B Ao A" FAAEE 23] aldE 24
(Solanum tuberosum L. cv. Dejima)3-24] Kim et al.

Hed - Hh3) - olBt

(2002)°] 7Est HAE Aj2EelA &5 20°C, ATh
4% 70%, BF7] 16/8h, PPF 50 pmol- m™-s']]
A 719} EjaEol $A e F Al o
srEaRio s FAEA. 503 FelaE= ol 3
AE AAEE A8 F 3F 240709 9F1E AH
2URRE 16/8 he) FF718elx 447 A e A
Hok. o] v} 71L&, AiEE, PPR= 42 20°C, 90%,
50 umol - m2- 5”12 FAEAYCE. B F 1593 AT
S 3EPAA, AF7IE 9 AHE AlzE e 7)
2, 357 2 PPFE 242t 20°C, 16/8 h, 200 pmol-
m2 182 ZAEG. AuigEd e HHE A=
Mgl FEpAIe} BolRrbeasS B8
F(60%, 70%, 80%)] FFEE 2F3irt.

a3 9 g

HAE Al=d U9 7, AdsE, 3571 %
PPEZ} 24zt 20°C, 70%, 16/8h, 200 pmol-m?.s™
2 289 oA Al2E iRE 399 Ve
F2I)7l o3 AFEe 242 1679kg-m”, 1969
kg- m?2 JERTE T3 S Eo|d] rd BT
e 443 kg m 20|, F1E AT WX =S
Blo) ZHbaEke 33 5kg- mE YERITH o] o A&
A} wiAZE A RIS A7) 12kg-m?, 69
kg-m22 YERSTE. SRR $)el ofafx] Al i
o} 9 Aojo] FROIFHL 45kg - mE HERITH
(Fig. 2).

A A" e ANERE 42 60%, 70%,

Humidifier 'J:?
>
Air H (167.9) 4
conditioner

Lamps
K\ D (196.9)

V(4.5) <+ >

/T(33.5)
Cp(12)
<

1(44.3)

Plants

C,(6.9)

Fig. 2. Water balance in the closed transplants production
system (unit: kg - m™2).
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Fig. 4. Amount of irrigated and evapotranspirated water as
affected by relative humidity.
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Fig. 6. Amount of total water used in recycling and non-
recycling as affected by relative humidity.
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Fig. 7. Available water utilization efficiency in recycling
and non-recycling as affected by relative humidity.
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