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Relations between solar radiation inlensities, air temperature
and CO,, concentrations inside and out of carnation greenhouse in
winter, and influence of CO, concentration in the greenhouse

on the photosynthesis of carnation.

SO0 IR A DB TN, W R A
[ i = TCRPPIRIRI 20 2 T 000, SN O BRI AT 2 ) 2% {5, |\~
L, D HNIZE L bl s bEz2 515,

AVLOORRE Ty ko 2 ARECUL, 4 6 1 L T AT = Fo= g W OGN & A
LllJWbi‘i%’xHa‘)J FCYIE Mugw'é, Wik b A4 e85 C & d s, 3BTRS B D /\M @
DR LTH B, COMO S -y vy H %Jw, BT & WO SRR T RO B Al % A
B, F122~28°CCD, N DR sh, Ak Ly SIS e v VIR ORIEO X ”‘““ -7
AT P RUEY R 2 17 - "Clerzy L L 00T A &, B AT A e e fr sl L B e
W & G TP o ERIRI S | I&z Wi S 4 By VYOI L To S OREUBIATIRES \.MJ/UL/J/J‘OM
i, LR E XR0HOAE, UH[;II[O)‘(‘JQ‘/J\/‘; Lo % KOOI B 7 o 22007C, a0 F & Tt 5,

2%
ww /wuum SR 2, BuntO Wik,
RO LCUA L 0 U TR sk & <, [T I MEds ks

A oocal cm” aday”‘ PORoins, bhb14~15CLoi

L MRS S R G F P S DRI S aE O o8 I 1. REARNOBHE, SRLOTICENRET AR
U o EORTHA ) ZTURAT0 [P o054 18 EDREOHE
CIZLC, BB ECloi i 1°CF 0wl e e 5 ik B 6 1B HII M ooms (83008, kB oiso
DAL A6, ey, ML, Lt Y B8R I - ey v A
BLEOZ &b, [ SO GBN 00a0 Y) AGEMNL g 824K 2, B U OIS N b T
2 R A e e A y&:z;'.-z’.;- I LI By AT MBS 20, 60, 100em s L UFE X 60emad I, ks,
DL ST NI A DT A, WS A Tk PUAN 0D B3 7 AP & AGR00 Pl 4 s U 7o NG 2T
BN & T

7 Ay JIU /} )/l\ “}J /\ 4 ul; /x(f(.(}n&.
F I BATORRAECLL, A 7 <SPS L kit

i

D A L B S e S 4 1 200
VL B R ORI OO B B L Ol L 7

RGO BRI TR S B S R R R O 2. BRBEALBTS h—%—2 a - OXEaHE LU
L7, BoEEDRE




$s 5 9 - - VIR ’j‘l}h}‘d)' 1 5 1" 4, un?}‘/’(l"{/‘ A IKJU D HEC OB R,

BN E 3 W il

i
Vo /h(M\ Tk 451N m;‘“"fﬁw AP I R E T 55
BAE 3 H 2211 0 B3LE ¢, BRI 1k HEL AR Oed e HR oo R
S Y X A vt (ERIBe X [EX 120 i B v W \{L\ﬁ), i 'T‘E
o, ARI2L. 2 L OPIRE) 1A, B NlE 2T g ot g 2 g
B U 00s, B SRIE 50 L min~t, SRR B L U EERENTS 96. 6 1601.3 1.1 15.3 45.1
BHI20 L min=t O 4 41, F o v NS ELE W 1502 25. 4 2.6 6.8
/AN I O W Y N B i I Nl U A
Nt O M L LRI AT AT s &8, U WA, AT OREE S (gm™®), Qb (m?3/
AN LN LR IF AP JE T2 05 3R 12, WD 4o d, 20 B2E NI (g, HlOdm~2he= 1) 13(2)4
ZEHCHA TS SUIA D L1omG, WO & P S Cff(ﬁ TR - & SEITRY (dm®) TR L, 30474 D O
SPWLE 2 T L, ALY OO W e A ELTTH L, b, SR A 1 ioukl 7
TR T ST O [ R I RRWNREN), 2
GG N m bt
X S 1.293 %X 0. 522 ......... ) ) .
760 1-+0.00367 t 1. CREASNOHSER, SRS CIRARER TR
COTCXUE L Cgm ), e LUk (mm g O B AE(LORE
Hg), 1.29314760mmHgo> 0 °Clo b A g oo [ 82412 B 3 Ol oot i B, WO
(kgm™3), 0.62213 KRIEADEEIZTT A W, 0. 00367 SHI6 &4 KO3 20 oMM ~, 1, 2
VIS 1 °CH 4 5 OB, I ORECC) PR L T,
AT, Bk EE ) e 1EAngotdd Il L S, 36 Oy, Bl 2T AL VAT 6 Y E T RT
T (Ko Xi) Qrereerens &) 800 ppm Ty - 7278, II}J'vl!OJJ’Iﬁ')\ IO

OO AR (H,0, g B - B, Xo, Xild L, P9 WBFIZEE 830ppmIsZs o 1oy oy S OORME

28 -
%
i 900 35
(e
800 .. 30
e i
1
Ay 6 4
700 3 o5 4]
o .
<u< HE
Looo X boo
.ppm o
500 15 %
100 10
300 5
200 0
I i A1 (‘8?/-"» NI 128 DR N Aol & IRz & UL 2l

COqyt e 12k
L : COQ(}JUQ, 2 ,W«mv LIS |5t (.IU,L ~1m) L8 RANVEG, 4 AR HSEEL, 5 Y B

kL



56

i
(c)

L rCO¥8 1, 2 0 s/ Gt m) |, 3 oMl 4 JEAMEIE RS, 5 ¢ sy Bl S

i 900 4
wh
e 800
i3
s
2700

S
fleg

JE
fvom’ 600

AR AR 980y

800 B p GO

2 ¥ FH U824 3 FI20 H) 10540 s NAAOLU & HEHEZ B ULy
CO P 1AL

TRV
G 9006

\ -\(s
6 o7 800 46 ¥ 7

N el

‘M\!\“ 7 \\\
s N 700 § 7%
/ 22N \
/ N

<20 N 6500

i H
o -
Lo 4 peso M
fhe
) fit
600 (ppmy P40 ..
2.
g
500 P30
100 - 20
P 300 1o
200 0
5

500 500
400 400
300 300
200 : ¥ »” v ¥ 3 200 ¥ ¥ ¥ ¥ ¥
12 14 y ,I,(_> , lh N 20 22 24 (O 10 20 30 A0 50 5()
[ S N I () S i (eal em #h B!
A8 K 36 H L 20 IS B DA NG, A EH B & CO L SO L2 L
CH2ft s 36T, AU 3 2000, [IAHC sl 45554
Wil 20°CH: A,‘n“ NG DB FELT, A 213 750ppm bl L,
20"(21\1;&"/3,5) ) 7 *‘f“-] U217 F ¢l 2o 3H2HD /},} ,’;&t ST 6 HFOD 800ppmM 20 By A1 T LIEY
RS 4~Jl;/:;0>f);3{fl;" H AP IR O 200ppmsL, BERRAT AP D DR LN L 22




SRR A st Z) Py K

- VIO O BB, &L & R 2 AR 0> A o BAGR,

T G N O KR 77 A("" BRI Je i3 i 57
FAREOBM L - T 0
<RI B00pPM T il
"f}’~ L, )\/f‘ f~»| i no o ° 8o
1M
EHURE L7, " 0 e v
A 00 o o
75 s b 10)”/4 1 20 e e b o e e o e oD e e o e e o e s
Tt — 9.0 © o
OGRS & 2 el A A (¢ e g °° ; ® w&, ©
L]
Yf"')x\/[liwb’)( NE Do 15 ] @ smz 22@ 8
) @ o P
7z
—— R
REHE N ORI TTT 9 0 ; . . ; . . ; ,
”J‘/j\ sy 124 ',J: E ;L},k‘ﬂ!\ljf;i 200 220 266 260 300 320 340 360 380

RoREE 1ol A 5 161
F P - 7o,
F PN ORE S Bl
A&, HIE s oW -
FCHERKRELAY, ]
WU N ~\’ﬂ[s LSS A o Ty L L 14EELIER S
HE O Mook, Ao L B85 x e o 7,
EUAE T b«@/y |5 NN/ A A

SHIH D 6 524 FTE, 3 H2HD 625
18I & TG,  FIah (Riah) &g A Ao
AL OB & 55 3 ok l/ o

3 H16 OB UL AT 9 IR 20 & 8 4 18 & CE 2720
CRLLTd - ol s, K BicRE S oy, ;K‘i’/i‘

ZPEJELL 800ppm DL [0 o 1o, FIBEE PR
V3iF20cal em™2hr=! I} LO)()“’}KWUI:! S_cb) P

3 W20 H OB A G TTIRF Sl 20°C 123 L

U, R AT AR T L A,

()

RO
E oo TUREHU D &, RS AP L 250ppm [ Fh 1
EN L=, S omies i 10cal em™2hrt BUF T4
N

3 H16H 252000 F TP 5 FITHORT L0 A 5 4% 4
W 3 C305y T & O IR A AP E SR OBR & 3 4 Y
PRk L g DRI VR OB S O 2 11 B 2t )
$, SO pHE AT kIS 280ppm LT o 7o
XL, 20°CLLF ool 14 300ppm LU O il 4t &
200ppm BRI T 20 L b - 7oy F B

G, L S b D B0 2 e (I
SR 1L, 200ppm FCAE R L /2,
2. EBREHT DA q L OREKE LU
s OB E

834E. 3 H22H 5 3 H3IHE ‘M)iﬁﬁ'»\i‘
SR H B H27H S WG K T 3 J131 H ool
BTNy

3 H2TH OBt 2 s N A320°CLIs L e o /2 729

I BT,
It

(%5, 6

SN COy
"3) 161 (7)\"')20
05 & & OWLE RN & el AT AP HEOBIR
SEPNENE M PN

FCONHIL0M 2 b 415 % T

, ) 7 >1 VIR S i B9, S oo IR A
LR 6 HEe> 500ppm A D ARG TILT LG, 410
BT 150ppm 2 L e, JOBBSTRE R PET
it % & i" Woo BERLC, 1 290ppm &R L /-,
L DLOBRI R A B D & OIS L, 1k 2800
100ppm % 55 L /=, JLL}@% TR f‘j['~ L7C, 18l
V21d 270ppm L5
S I O N AT 7
LI BRI LG, R 8 LD
RGN0 7 W HEE D R LT, TR
130, 17g dm~2hr~t oL, Llfi‘a@yg&’/)\iu[lk [N/
15012013 €, 171020, 04 £ )l L
3 HBLHOWELL, A0 6 SEUO)H
FAB AU L s, &
TCHILE 300ppm @25 |
J,./)xi*)(/))‘(-/\)l\g g

W oIhE Y, Ihnbige
I s,

T il A7 2

VAT R DY

7B B b '}' - IS, P
PECRMAT LA L, PR LI E I L 2

1/0) B, PR AT wm AN ﬂil e HOLD

Ry IR AT R L

it & 1%
T 6

L=,

EW AR T W A 5 128 F TR R
CHE R O

AR IR ECIAEHE L, BB eI E T
ML,

32711 &SI/ 6 Wi S/ 6 W Tod, T I
1290 7 913 O R H I & 2 OO W00 B Tl L
T, R R D Ot R A R 1 R R M
BT BUIAAT L0, SLH OB AT T LA
FEORNTIT0. 25mg dm~2hr-lcal™ 255 L, Yed At
B S TRl SO0 D D 2 U, 2T H
Wl 240 RT 8 B G L, 11~ T2 2 L L



58
7Y, R3S 0.1 mg
dm™#hr=cal™l b 31O
o400 S F L7, 2o
SO E, PR AT AP I
Uz B Clt, ety ki) s

VR DAL ORI & - O
HS IO I E &L,
AT 8 W 0 0 48 4 0y
;r@wtnmmwuoww‘n&
FURRCIR L ¢, THHY
D 2 b T 2 M
L7, 8J)i27H (/)JL,V*H/[‘.‘UJ
a0 CiiiE 6 mg dm™2
hr~ical~! D RBPAY RN
L7ze =0y 8 H81H OB

YR 8 OO 12mg T v A o0

KL ¢, fl’»?&Mﬁz'ztzes
T2 B U AL
v % b

SRR W B, B R

— 3y V\JU)}'/A\'W“ A A

SOOI K EOT L

I/ N A N A 11 31
RGPl F S Y R (A
PNEIEESE SO/ RN ¢
Z DMWYt 8 FEoD
- LT & B AR J
FEBEE Pyt fa i 4 1o
VI A e L =i,
R B I B T I O et ik
JEVE I NS A o Foa T

o 4 ’J"i< U/Wl'("?'r‘l)\}
DOHANONATIE, T W4
D S 4 YT \-)\‘5\"0

5D RO L %
CIPE I R O R &, Sedrk
DEIFRL DT M
DN d 2,

A AT ORI pil 71 A

PRGN R B e il 230Y

N H

6 16:ppm

[§ 0.3

BB NI B 2 WA IO, R B O — e
¥ YR, Aok onF AL (83, 3.27)
Lo s N C Ol s, 2 @ i l\/l‘xk(m'm 3 = l)\J Sk

AT, 5 e, 6 0 ARy

cath’
60
scdnith
50 Lo ¢ 7X 107
H [ .

L6 L
10 ! 0.2 3
| ‘z k
0 0 L 0 Ly
1511
76 !i;‘f}(Hl» SEP DB AN O, TR L o — 35—
e %W MOt i, ARG OG22 83, 4. 2, BBy

S

ft’j;b



SRR AN RS e e
To & GRS N O R 1R o7 /\/‘“’) YA

Pmg i hrtealt

0.1

TR 3 H27H EB1HIC
Moty W g o1l
1 32T, 2:

IV RANRE b5 & R

3 H381rl

3H2TH 311

W2k 29
AL O LA (O

SRR SR R

i mgrdm‘“%d “throl)
A 3)JZ/H 3)]3“[
8 8.3 12.3
9 5.5 1.1
10 6.4 10. 4
11 6.3 13. 6
12 6.0 14.2
13 5.5 13.6
14 6.4 17.0
15 7.0 216
16 6.3 25.0

e L600~800ppml SEL, RENE S GO ﬁu RIS
|';;‘17J\»> Tod, CAUE AL LORE OSSO L S b
DEEZ LMD, TR Y s i,xki%"l‘/lﬁﬁ‘l’; 54, O
D700 e 77 A I L L, e R L 7
Lk z His,

BRI AR E B — =y O,
OV Holley & CODOHEA S Y, 500ppm F Cli i
i AP SEDOBE I DL, W E LI BT S 2
EWIHITON D HAH GG T CE N O R T AP
ot "’:{ffll'J'-'WfL,“(% AT RN, A g YOEEILC
VR Sl & iz b,

DS Ui o s i s i s B L, 8 g
WFOMN RIS S AL D, Z 07w F o g 2y
FEVESMGIZHE <, LTVE 300ppm M L 7, T
VISR LSO X0 0 CORE A e, R T R I
N Ume  F 7 R A AQRIED 200ppm

B OBIARLE

100ppm BiERIC

H‘,\[J\ Vi Xo%:

F G, Sl & R A PE O Lo B
)M\r.}xu S 59

POt /s o BT, TR 1 00 A

PAUN U222 B0, BRI ARRIEO LR 29068 4 i <
IJISKL [ RV 5 P (u\/)o

Yt A & ASHCH)E & IR 2 WA & L Lo
I sE 7z 5, L L H Y i’)mym;,wm Ntz
D O, GRS T L » 72 2 &, :"wxww/
PR X o Ol g e s’ii IS AT (RALRN
VLY B A AR EOALF L/>fJnr5<J‘n’ 5‘
5o

# oz b

H o T TR BT BB et & LT
b, R AT ARSI eohs & /xi\/llw(/)n'/f’ﬁs/ﬁ')\‘ R
OO BRI EE L 200l ROl el o AL

S TCONEIRHE P 2 b0 D 7 ?5/>{;, D ])\ T4,
WO P 5 G560 7 L WP O K 247 &, S VT O Ik
B R A, Rt 150calem 2 day ™t BUF 01318~
L COMLRA T W & 4 5 BuntCD O, Ty
LD LD EHEZ BiID,

SO R B AT, HE R R A AR &,
T = o oy YOWEFIIK & S ’j"ﬂ'/ﬂ‘azl‘v‘v‘ % #B5E
—U:"J‘L:, IR E N L 1| B R AW R Gt 1N e Y
V% EHRRE S e A A P ) »’4,7 L 7 S M/} DA
EFEZ LD, BHTORM BT, n.;J\H bV ]
T AHURDFEANLE 75 ?T’L/[[h Y, RN ST SRR 00 1
B s, Hands<6) 1 71w o ¥y Y0 245 4 5
i, A7y *-f"unzfvmc w,m VAT 3 Ty
OB S0 E LO0d, BT TSR E M
RES & WY G, BT AR A B <2,

SHMERS U OB A X & [T 25 0008, i 034y
Vet B O ey, & DR ORGE & A
DU 7 SR 2 W B L D Ry B

S, H AL & ORI E R O o0 T,
G M,,J T HRENDH B,

Vo YO

/Xk(lkld & Ixxlx'f
P,
K

Vi =

STRIII) e Ko g VRSO 2 A e A O
& FINL, BTN B B A YL FL S,
L E I N D PN T A SO P A AL, X Bl
T Fom Wy VIR NORIR O f BSOS T2 &
BRI AT A B DS Y s B R d BT L
7=

Lo WE N B AT AR Z600-~800ppmi |-
FELZ2OY PR 6 W S RS N L e R AR
BRI O PSR LD L8l - e BRI




60 FUEAINIES E g 15

BRI TIRK N, CAN G A N O 1Y [ A 91}5'-0711'”&‘)\’
P&, II@;’)& U 77 A8 LT 300ppm iR & Ay
Ak YIRS e A D, R
VIR P Ol ka.n RREE 0, B H A Pk B
100ppm JiRIC LT 28 G 0sd - 7o,

2 .4*“{%7‘{4;&*}!%»*‘?[50)}} e 3y IR e R
DU ZPE L7285, WEEHII ‘l"l‘; 7 W

g (IIHO> ]‘jl‘/}‘

{8 LV( AR LI 2 L/I 122 TRtk &2y, 4
T AW F O IL L, TR R R o
chxs)dl VAR 7 R S 1R O s L e o

By, A2 HAPEE 6 W TR L N L 7,

3. /‘ﬁéf’ A Xd“’ €77 300ppm BL OB AL, LAY
D OVt O VR 0. 25mg dm~2hrical vt b - 7
%%, 300ppm u POl BEOIE MIZ o Ok
LA L, 100ppm Cl30. Img dm~2hr~ical™ "Cd - 7=,

4o FUREER Y oo ZE o 2k 7\31"&:1“ B s n
3, K 6 mg dmPhroical™t, K
dm~?hr~ical=t #3551 /=,

5. FUHHE S 20cal em=Zhet DUF &l R0 s
BHRCHIE 2 14~ 15"CIZ MY 5 2 10k -0, R AL
e <o & uré Erbis,

12 14 mg

50 B X W

1. Abou Dahab, A. M, (1967).

and temperature on growth and flowering of carna-

Effects of light

SEIgRS 0%

tion (Dianthus caryophylius 1..).

2. Bunt, A. C. (1972).
carnation (Dianthus caryophyllus 1..). 1L
rate. Jour. Hort. Sci., 47, 467-477.

 JR -(1980). . 1L, Flower
quality. Jour. Hort. Sci,, 53, 75-84.

4. JHENPREaA s E W e AR BRI (1979).
BRBEIHEN S L Dl - o v ARBTG5
Og, FHP SO, KlME e s
—~fiff¥ 28, 81~88.

5. Goldsberry, K. L. and W, D. Holley (1960).

Carbon dioxide in the greenhouse atmosphere.

Effect of season on the

Growth

==
=S
o)

Colorado Flower Grower Association Bulletin, 119.
6. Hand, D. W. (1982).
benefits and problems. Scientific Horticulture, Vol.

33, 14~48.

COy Eanrichment, The

7. Holley, W. D. and R. Baker (1963). Carna-
tion production. W. C. Broun Co. Inc., Dubuque,
lowa.

8. Koths, J. 5. and R. Adzima (1967). Carna-

tion quality as influenced by carbon dioxide enriched
atmospheres, Proc, Amer. Soc. Hort. Sc¢i. 91, 612~
616.

9. EEEAH (1982). AV Ve AT Z YD
486 H'JIUJ Moot A, WRISE AR ERE & Gl

ML (BECRGND 35-~36.

Summary

L. Atmospheric COy concentration in the green-
house rose up to 600-800 ppm at midnight, and on
clear days fell down to 300 ppm between 6 and 8 AM,
and after that time to 5 PM the concentration was
about 300 ppm by being opend roof ventilation which
was sel to operate at 20°C. On both of cloudy and
rainy days, greenhouse temperature did not rise to
20°C because of low solar radiation intensity, so that
the ventilation was closed throughout the day and
COy concentration fell down to about 100ppm in the
afternoon.

2. Photosynthetic rate of a whole plant of carna-
tion C.V. Scania standing in the middle of canopy
increased from 7 to 11 AM, and decreased from 1 to
6 PM. On clear days maximum photosynthetic rate
was ldmg dm=2 h=1 in 60 cal h~! solar energy.

3. When COgy concentration was higher than 300

ppm, the photosynthetic rate per | cal of solar radia-
tion was almost constant at 0.25 mg dm~2 h~l. On
the otherhand when it was lower than 300 ppm, the
rate decreased with decreasing the concentration,
and in 100 ppm the rate was about 0.1mg dm~% h~i.

4. Change of CO» concentration had no affect to
transpiration of the plant. On a cloudy day trans-
piration rate per 1 cal solar energy was about 6mg
dm~? h~1 throughout the daytime, though the con-
centration decreased from 300 to 100ppm. It suggests
that photosynthetic rate was inhibited not by stoma-
tal resistance but by decreased COs concentration.

5. When solar energy is lower than 20 cal cm™?
h-t, roof ventilation should be opened at 14-15°C
in the greenhouse temperature, and opening the
ventilation will save carnation plants from CO, defi-
ciency in winter season.



