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Energy and Mass Balance of a Closed-type Transplant Production System (Part 3)

—Carbon Dioxide Balance—

Keita YOSHINAGA, Katsumi OHYAMA and Toyoki Ko0zAI
Faculty of Horticulture, Chiba University, Matsudo, Chiba 271-8510, Japan

Abstract

The CO, balance of a closed-type transplant production system with artificial lighting was
investigated. Sweetpotato (Ipomoea batatas(L.)Lam. cv. Beniazuma) plants were grown for 15
days at photosynthetic photon flux on the tray surface of 100, 200 and 300 xmol m~2 s~! on days
0-2, 3-11 and 12-14, air temperature of 30°C, CO, concentration of 1000mol mol™, relative
humidity of 80/100% (photoperiod/dark period)inside the system and photoperiod of 16h d=*.
The CO, concentration inside the system during dark period was increased with time because
of the respiration of plants. The daily amount of supplied CO, on day 14 was 10 times larger
than on day 1 due to the increasing in net photosynthesis of the plants with passage of days.
The amounts of supplied CO,, assimilated CO, by the plants through net photosynthesis and
released CO, by ventilation to the outside during 15 days were 6.1, 5.6 and 0.5mol m™2,
respectively. These results show that the CO, utilization efficiency is more than 7-30 times
higher in the closed type transplant production system than in the open type system(i. e.
greenhouse), and the closed-type transplant production system is profitable for minimizing the
amount of supplied CO, in plant/transplant production.
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T5, Zh®wz, YATLAHRANANENICCO, BH#EL
WS, BHCB T2 Y A7 AN CO, BEITHEY
HBONERIZEIDETL, DWLWTRZFOEFMFEISH
ZZEBTREND, AFREEEY R T ACBT 51H
W& ETIE, EFMHEEH ST TIERL, &£F
BEB LU AN RAEEED 2/ DICH, YAT
LAHAD CO, #HRRLETH 5.

Y RAT AHAD CO, Bk 2 E L, EYEER D
b5 CO, HEERHIRT 2 LT, YA740CO, X
XREETLZILREETHE. IhE TR, ATHE
TToeVEREEBERELED CO, BES AP, [
HELEBEGEOMASHEFECE LIZTEE R L,
WEER L Z0BRTRKRE DR CO, Xz EEH LT
MR RE S B8, ¥ AT LD CO, I 28 L 724l
BRHZ57%0,

AP TIE, BASEBBEE Y X 7 AND CO, BIEH
HE X HEBEERC»»b 5 CO, HEEDHIHKD -
HDOHMBEZELILE2ENELT, YAT7TARHAD
CO, BE, YATALAHNADCO, HIGEB LUV R T A4
AARID CO, EELXZFhFhAED L B#EE L.
BT, Y AT ADCO, FIASIES L UXFBRHE%
WEL, BEKBT2IhE TOWRE LHELL.

MRELURE

1. tEEMS & Ut FIEEHF

BT X, VY <~ 4 € (Ipomoea batatas(L.) Lam.,
BE R=ZT7X)E Lk REREMLEFE
(Photosynthetic Photon Flux, J\F, PPF), %Ki, #H
SHEE, CO, BE X L UBHIAKM, 25, ThZ£h 100-
300 gmol m~2s7?, 30°C, 80%, 1000 umol mol~* B & U
16 h d' O&BETT16 HEBER L 24y ~ 1 Sk
POEINEEDEMEYWE:0.1010.02g, EH
B :21.343.5cm?) 8D o CEREMAK L Lz, 38X
P4 (38T o kv, BEBERIESREMR, 533(L) X
267 (W)mm, ¥ /AR : 100cm®) iz, wvEKEHAEEH
(F7 %L, vor~—EBRER)2FTEL T, HEEE
2G5, 20%, KB HxEE CO.BES &
UVEAHAREE 2 7 h Z . 30°C, 80%, 1000xmol mol™ B
U716 h A RELHHBEBEEES AT LAHTIS
HEWE 2 ER L. A0 0-2, 3-118 XU 12
-l4HED bV AE EKBIT S PPF X, £h T h 100,
200 38 L U300 mol m? s WRE L. 2L, X
F3#2,5, 8 118X 14 HB W, PPEFXREZR?
ZETEBF BV AT LD CO, HEREZFARS T2

iz, PPF % 2 B[ $ %1 100, 200, 300umol m~2s~!

LR ED T, BIEK TR, ZhZho PPF O
REBCRLE. HAMTHROHB AR, 3,6, 8,
11BLUCI3HEORMMBRICIIERA-2:1.2 g
7, B-2:0.6 g/, C:0.1g /™, BERITZEE
BR) %, ThZhEE», S5 2 7.

2. MR RLAEL AT LANELE I UL AT LAD

RIS &

ARFE T, AP R CHASRMEEEY X7 4 @
F:2.1mL)X1.3m(W)X1.9m(H), N&ER:4.6
md) EAWE. ZOYATAOKRIE, KB L UBEICI,
NETHEBLUEERY 7LV & 2 & DRI 5
NANEBOWE, YATADOEEAAN, CO, DRE
BEUKREEZB DI EZ LT A VAL OBEE LT,
IDYATALAEREBEHEL THRWLIHBEG. 0m(L) X
1.5m(W)x2.2m(H)) Dhic RE L 7-. AR EAERE
VAT AN, SHEOMNA BT EZEDTESE
A SERSREBE L7z, HEE L THEBEREEXT
(FHF 32 EX-W, A TFEMREZE M) 2 &2 DBEHMII
SABBE L. ZFEBEL LT, KEAL 71 (AS22
CHR 38X * AO22CHR, BRI ELB XA 7 V)2 AWV
7o, BEMOKIES & CKKH X, BEERY YLy >
ERI, BEMRORIE S & CEEORE I, i
7 4 VA (Silverlux, ()3 M) THELT:. BRMOM
W77 v EREBELT 0T LKA EE S
72, Y AT ANOHEMEEOHIE S L U Z OFIEI I,
Ea—3IF4RFy bEa2a—374 100, (B B=EEE
B & RO INESs (D-505, ¥—x A TEM#)) %
BAwiz, ¥ A7 ARNOD CO, BEX, FRABMHFR CO, 5
¥rEt(ZFPY9, E+EK#HR), 7—Fa>r bu—7
(Greenkit 100, (#%)ESD), k- ®lHHEY 7 v x7
(DL-300, (BRF)ESD &), X—V 1 arEa—FB&X
VEMF (AB 31-02-1, BR)ICKD) 2 ZhEhHvTon
-off AL 7-. HIE®B L UHIEIRIRIX, 20s & L7z, &
A7 LD CO, BEOREKRIZH L JE, ®ILCO,
RS CO, HFRAEY AT ARAHBT 52 LT,
BRI BT 5 v A7 AND CO, #E % 1000 zmol mol?
CHIBEL 7o, BREEABEREED CO, 7 AEIGEE, ¥
2w AT70—1 b a—F (model 3510, (Fk)/NEHE
PERR) % A>T 370ml min~' (2. 5X10~*mol s7!) iz FA &
L. BB 2257 LN CO, BEIXHEL &
molz,

3. FASRVEAES AT AICEITS CO, XK

BHSSRIE A EE Y A T AT, Y AT ANADY Atk

8, ¥ A7 LANOMEYHREEER L ORIESR L OO
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Table 1 Summary of variables and their meanings used in this paper
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Variables Descriptions Unit Eq.*

A Planting area m? 2

C Amount of absorbed CO, by walls per planting area mol m™? 1

Dy Dry weight per plant at the end of the experiment g m? 2

Dy Dry weight per plant(or propagule)at the start of the experiment g m2 2

Ec CO, utilization efficiency of the system — 3

Er Light utilization efficiency of the system — 4

I Integrated PPF mol m~? 4

N Amount of assimilated CO, by the plants thorough net photosynthesis per mol m~2 1,234

planting area

S Amount of supplied CO, per planting area MJ] m™? 1,3

|4 Amount of released CO, by ventilation per planting area mol m™2 1

K Conversion factor from dry weight to assimilated CO, MJ] m~? 2

* . Equation numbers used in the present paper

Ventilation (V)
Air conditioner
[ ] £
|| i
Lamps
[CO, transfer (V) ]
CO, suppl Plants
[ -
Humidifier

Fig. 1 Schematic diagram of CO, balance of the
closed-type transplant production system.

HAERE, HRICL 2 VAT LARNEON ZABXRB
JUBHEZ ENOTAORES L URHEORIT ¥ &
5. CO,KELTR, YAFARNDCO, HtikE
(S), ¥ A7 LARNOEYHEBEEREE 2 OEAZES L O
D CO, HZEREN), BT L2 A7 LARAF D CO,
BXE(V)B L UBEER 8D CO, DRE B X OHE

BO)»s, YATLAANOEXREELT 2L, (DR
DEIweEah3 (Fig. ).
S+N+V+C=0 (1)

7220, RPEEET TR, BEREADCO, D%
EBLUVHHBIZERLS 21 38/h2 0 (C=0) & L7,

MEESUVERE

1. AT LRAD CO, BES L UL AT LHRAD CO,
e
Y AT AR CO, BE I, KRR CO, s
PRWTHE L. 72720, Y A5 24800 CO, BRI,
SRS A A T AR BRE L HEOSMITOHIEM
Eliz. YATLAHRANDCO, HEE R, BRAOEE

EBROSHBLIUOY—<A~ A T7u—a>Y bu—5TH
BLLCO, RErOEFELR.
2. PPFHBRUEZEHGETICHEITEL AT LAAD CO,
BHEEE

WX AT 02 5 8 118 LU 14HBE &, PPF %2
SRS 2 242 100, 200, 300 #mol m~2 s L BRI E D
T, THFNDEBETTO Y AT LARNNDF¥E CO, fit
WBERERFNI, Y AT LARNNDOFEY CO, HAEAHE I,
1 BB 72 0 OBHAHOBBREOGEB L U —~< v
RA7u—a>v ru—S5THELLCO, gL >EE
U7z, PPF 2% %#, RO 1EHO T —5 3 Eb T,
BEDIFHOADT —F 2HOTY AT ANAND
CO, ipHEREE L. HWEKRTER, ZhFho
PPF O EEICRE LTz,
3. AR ET, SEYEAD CO, #kR
AL ER D S EME~O CO, Bk &id, HE
BB S PUAERE (A 2.2m?) b1z D OEYHE
DEMEMME (D, D) w BE R (K : 1.56gC0./
gDW)"2FEUTHEELT.
B K'(DA—Ds) (2)
AP BRIBLIVCUHBR, ZhZPEED10H
EOEYEE IR, HREEBNT3 HU EGES ¢
718, WEMEDI: D ORMEERRE L. b0
DEMERINE 2 HLERECRL T, SREEH-D O
WYERIMBREHEE U, BRI, RERoBBRKE,
RECHEIE D E TR & VLT 2R H 2 58
TR TR EROEEAVE I L L,
4. |RUZ L B AT LARSED CO, BrxkE

BRI L B AT ARSD CO, Bk EIX, Y AT
LARAE D CO, BEE, v X7 LDOWMREME L VERE
DOMEET S ENTRETH S, Lrl, KAEDSRME

N=
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Tk, BREHROEIHEI/NES < #0.1hY), BASY
HEEEY AT LARBREHAL CuiuHEOTICRE
LizZ s, BASBIMAREY X7 AOBKEIEE EFE
WHET 3 EBREETH -, 22T, #aKic L3y
27 AWAE D CO, kR i3, CO, 8RB L ULy
EREME» SHE L EMEE ZOFAIEK[ L OB O
CO, X BOBMAMOBEMEL Y (DRNEHVTHEEL
7z,
5. AT LD CO, FIR%EE L UNFIRE

VAT LDCOFIART(EN X, Y AT LHAAND
CO, B (S B L UHEMk L TORAER EDOED
CO, BMXEN)DLS, UTFTOLIEHEL:.

Ecz% (3)

ZZT, BRI LB Y AT AR D CO, #@ix BT
bhiwigs, Ec=1k7%3%,
KFAZE(ED 1L, AEBEHPOBEEPPFU, v
A B % PPF X HH) 8 X CHEMMA L % 0 B2 E&
L DE®D CO, g (N) o H#HEEL 12,

EL=T (4)

6. IREn CO, FiA%E
FASSRIMEBES X 7 A L BE R EORBBIE EES X
5 A EDCO, FIAASIR 2B T 20, HAYOR%
A TBED CO, FlAsiR 2H#EL 2. BED CO, 7|
RshEEHET D H2 D, DBREDKEREIZ 1000 m?,
AHRIZ 3000m® TH B, 2)BREOHBKESE, 0.1, 0.5,
L 28 XU10h ' (#KZHK0.3, 1.5 3, 638 & *30m?
m?2h)Th3, NBREANNDOCO. BERZLETH
1000 B & 1F 350 #mol mol~ TH 3, 4)BEANNDOKRE
X 27°CTH %, 5)BENKE I T CHYE TS
nTwz, ORENOLEPRIZEEL 2L, L.

®w R

Bl BT 5 v A F AWND CO, BEE1X#7 100030
pmol mol™! TH - 7z (Fig. 2), BREFF D on/off iZ & b
2z, YAT AR CO, BEZABHNIC LR B L ME
TREVRL, HZAUBBROZBRICE DR, ¥
AT LADCO, BEDEAB I METORRREL &
otz. —H, BEHIZBT 3 Y AT LAROCO, BEFIT&E
B ER U7z, A0 BOBROEEIC &by,
BEHIC BT 2> AT AND CO, BEMMEE XK E L
RLERBAR SN, AT 13 HEUBEOREK
TEIZWE, YA FARODCO, BE i 2000 #mol mol™!

2500
(@)

2000 Photoperiod

b)

1500 |

1000

(wmol mol

500 N

CO, concentration

0 -
2500

2000

—
w
(=3
(=)

1000

CO, concentration
(umolmol™)

500 R oI

2500

2000 |

1500

1000 - L

(pmol mol™)

CO, concentration

500

L L)
0 6 12 18 24
Time after the start of photoperiod

Fig. 2 Diurnal courses of CO, concentration inside
and outside the closed-type transplant pro-
duction system on days(a)2,(b)8 and(c)13.
The solid line and dotted line indicate CO,
concentration, inside and outside the system,
respectively. PPF was set at 100, 200 or 300
umol m~% s7! on days 2, 8 or 13, respectively.

BEwekxot, 185120 DY AT LAHANDCO, it
83, H2AUBARORERI L LBV T A EAS
Aohi:(Fig.3). #HAMUI#I12-4HED1IHSLY
DY AT LAHRAD CO, HigE L, 2R 0-2HE
DENDIFLE o7z, MzTT#2,5 8 118X
14 Bt HlE L7 CO, i E X, PPFBE<< k3K
SR THEAYT BEARA SN, FEAFTEREKORRL
Eh w0 L Y EEE R 57 (Fig. 4. HIE#E
HD Y AT LAAND CO, S EDOREHEIX 6. 1 mol m™2
TH-o7-(Fig. 5). 5, HEYUMEKOEHERMED S H#
E U 7 iR R OB S0 o iR~ D CO, Hik & DO
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Fig. 3 Time course of daily amount of supplied CO,
per planting area. PPF was set at 100, 200 or
300 gmol m~2 7! on days 0-2, 3-11 or 12-14,
respectively.
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= Days after planting
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Fig. 4 CO, supply rate per planting area as affected
by PPF on days 2, 5, 8, 11 and 14.

Ventilation (¥)
0.5
Air conditioner
L ]
;0% TH]
l:D Lamps

A

Y Wi N

Fig. 5 CO, balance of the closed-type transplant
production system. Numbers indicate
cumulative values for 15 days at the end of
the experiment. For the variables and their
meanings, see Table 1.

=
Humidifier

1.0 Number of j
air exchange 0-1h

0.8 I

0.6+

0.4t

CO, utilization efficiency

0.2

0.0 l& ! - - ‘
0 5 10 15 20
Net photosynthetic rate per planting area
(umol m?s™)

Fig.6 CO, utilization efficiency of the greenhouse
as affected by net photosynthetic rate and
number of air exchange of the greenhouse.
The greenhouse’s dimension and environmen-
tal conditions were assumed as follows: 1)
The floor area and volume of the greenhouse
were 1000m? and 3000m?®, respectively; 2)
The number of air exchange were 0.1, 0.5, 12
and 10h™'; 3)CO, concentrations inside and
outside the greenhouse were 1000 and 350
umol mol~!, respectively; 4)the air tempera-
ture inside and outside the greenhouse were
27°C; 5)the floor was all covered with plants/
transplants; 6)Soil respiration was negli-
gible.

HEE5.6mol m2 &Y, YATFALAAD CO, #14
BEOWEMD 92% Lx-7. ORL D, AEPEFO
BRI LEYRATLARADP LY AT LHAD CO, HikE
OFEEfEIX, 0.5mol m™2 L#EE L. )5, BEIEHR
FORBEPPF I, 17lmol m2 Thotz, TNdDE
BIDHEEL VAT LD CO, FIEZIES L U%FH A
X, FhEFN0.928 X 00.033 Th 7= filLA,
BED CO, FIE%IER I, HEEE0.1h ! TRERD
WA OMCESREE 20umol m2? s DL X2, £
KT0.90 &% -7 (Fig. 6).

z =

BED CO, FIAZIEIZ, BKEHH0.1h TREN
OREPIE DM EBEEHS 20pmol m™2 s7! D & &1,
RRTO0.90 &2 ol HHERET OISR
B3, WEPREFOEYERIIE» SHE LR, 6.
5umol m™* s~' (REYMERIZELH & WA~ D CO, #i
KEODOEEMES. 6mol m~2)/8BH B D & 2 (864000
S THoTz, BKEESH0. 1h~! THEYE OSSR
HEH 6. 5umol m~? s O & &, |ED CO, F|H%I=
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20.74 %3, BERMUEOBREFCBSWT, fidORE
D &S RBREBB/NE ORET TEHEETOHES
i, £FEOILKBoNLEHAZDTHD, TSR
HTRBERO[BIEMEOET CH L -K[BREID B
B2l RS DBESTON S, EBORE
DOBIEHIZ2-10h ' THhs T 2L, BEDCO, F
RZIEIZ, FEETHOWHAHEESEEY AT LDZH
E0 b 1/7T-1/30 2B, BECERHEEZEDZTHWED
HEIIERETH 208, ZOFER» S, PABEMNEEES X
7LD CO, M ARIE L, HBRBEHEES AT LDZN
IDBHREVEWVZ B,

IRETI, VI 5 F e VERBEORILD CO, B
AEOHLIETHOEBTRREESNS Z LBHESNT
W39, BETE, EMEOLEBTREZEHNL L RS
WO CO, BELED 2 I LI, HIRICEICLXEDT
{Roh-BEDZ VT, #R T 2LENHBHIC
v, BRIEOBEDKECEETTRERD CO, BE
PEOIZEECE, BERNADCO, B R&IZ% < kD
(Fig.6), ZHick b v, EMEERIC»»b 3% CO,
TAMBSKELZ->TLES, 2oz, BRTE, M
FEIZ BT S CO, MADLERFWUEINTVBRICH
b 6T, TOEMOERITEATHRWY, T,
FASSRUE A E Y A T AT, Y AT ARAOWERZEI
NERCHETE S, T2bb, YATARDCO B
BEARBCRAHT LI LN TE L. PEMEEEV AT
LTI, YATLHNDCO, BERED /DDA
X, HPBOBERC» P BENIA N LR TAME
¥, WPHOEERZEET S I L CHMED T
DOBEIANVFHBREERTEZLHFLONZDT,
FASNBIE R EE > A 7 A BT B HEYMERLERE T, TN
w2 CO, R 2 BAT2EERND S EF 2T,

&F 5%, HRAEBIUAIXRT T VA
BEBELBOXHASEE, Thetn0.022 850
0.03l THD I EEHEL, APE T, NEFIHEME
i, 0.033THY, EF5ORELLELIFRACTD
27, 1570 CO, 2BRINT 2D LELNHERER
KEFHIS THEDT, BTFINEOHEHRN 2 mAMEIL
0.125(1/8) TH 3™, 177 L, ZOERNTRSE L VR
R EERELZVIBEOETHE. KETHO» I HEY
RED R o EYEAD CO, HiXEDHEEMITHEY
HOMNERE BAEGERE, KERES L UREITRE
oM 2FT., Ihi TOWET, CHEMOETFNER
FEHT0.052 TH B Z EBHESNTWS (BI2E, Eh-
leringer, J. and Bjokman, 1977)'%, XF|AZEL &F
IR DBRIZRAMEI E TED D Z L REL VY, &

iy

%, C;HEVIOETICROFYEE TIIED s 5 Ak
HHH B,

A 517 2 EASRIES ABE > R 7 AN D CO, B I3,
WYEORIC L DA LT, By 27 AN THEY %
BELLEE, BHCBT 2y A7 AW CO, I
Wiy 3 2 &3, Corey and Wheeler'® 8 &L U8
Wheeler'® I & » T#HR&E SN TWw 5, KAETIE, B
R TRRICLAKZEDIEECI D VAT AD T %26
WLz, ZOREETCO, BERZABIETL .
HIERRG P 7 2Bk L 2 hiE, ¥ X540 CO,H
AR I VEL TEREz NS, i, EWED
BEREIEH, Y X7 L0 F 7 2EKRL R 558113,
BYMEORESRIZLID Y AT ARD O, BERERT 2
rEZHND, WYL EDE SR C,EYTIE, O, B
ENRTBE QI U EITERT % £, HIFRENEZ
370, EYEOMNEHESET T2, %7z, M
ROV AT LTI, TF VYR EDHMEST ADER
&0, EMEOLEFNHRHMNS B s h 30N H
%18, REBRTHOWIHHENEEEY AT LIV BV A
7 AP EOMEERESIFI SN TS Y AT AR
LEECE, O, BIUMEF AEOBEENAKCHET
BRENHDEHEZ D,

PSSR A E Y R 7 A TR, Y AT ARAD CO, fit
RBEE S L RIS X 3 ¥ R T LR D CO, #kHE
Ehs, EORREEOMNEREELHET 228
T& %, WMYEEEEOMYEREEOHECID, H
AR OSSIEIEE O#E, VL TREFTOTFH
WTE 5, RPEEBT TR, BB ESCYAT
LOBFEES L ULBETREOIEHESEEN TE 2o
Slzlebiz, EPEEGFEOMNEREELH#EL k2
ot Ldl, 1)YATARAEOD CO, FXizdizn,
) FBIRE XA R, JEBTFHINBZDT, B
EEEBEOMESREE 3, Fig 412wk CO, fit4a
FHELIZAREOETHZ LA SRS, 5%,
VAT AN CO, EE B L O HBETERE % 1E
R U7 £ S EGEEOMEREE 2 #E T
BLENDH D,

&

AEE AW RSB EEY R T LTI, EMERH
WELD SHEMEAD CO, MXBOBEMLE S AT A
D CO, s B OREE & DIL(Y AT 4D CO, Fl
B 1X, 0.92 £ 2> Twize, —F, BEDL S b
BEEAEY X7 AT, BREHE2-10h' TH S
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EREL T CO, FIAZIE 2 HE LR, A EE
BEYRTLADZEND 1/T-1/30 kx5, ®ZIZ, BAE
BHEEY AT AT, EOEEECL»D S CO, ¥
BEZ, BETOZERELLENT, KiBHETE2 2L
BREhi, 5%, HEVELZORAEREDEOD
CO mXEMXAEREE) 2 LV ERCHEL, Y
BOEBEY AT ANOBERERM L OBEKRE2EEL
TWFETH 3.

-

FEAFZOAMERYENE L2 s> CeeER LI,
F—S R EDLBIERRIERZVEE W, £
MTEL®) O LEERLL s> FcEEAKIZE, B
BRIWEEY AT LADERICHT- D, BHBEOHES
® P OEME L s wi P wh, 22, BEo
BErET.
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