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Table I. Questionnaire for COz enrichment in chrysanthemum

Contents of questions

1} Source of CO2?

2) Time of CO:z enrichment ?

3) CO: concentration ?

4) Periods of CO: application ?

5) Effects of CO: enrichment on the quality of chrysanthemum ?
6) Problems to be Solved for CO: enrichment in chrysanthemum ?
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Table 2. Periods of COz enrichment in chrysanthemum

CO: enrichment

Harvest month
Start End Number of days

Days before(—) or Days before(—)
after(+) the last day harvest
Days of lighting

+ 7 -21 28
December 10 28 18
+10 =21 25
+12 -21 23
-7 -14 49
January +10 —-28 38
+14 —28 42
-7 —14 49
+* 0 —-21 35
+10 —28 18
February +14 -21 21
+14 -7 35
+18 -10 28
+18 -14 24
—45 —14 87
+12 =21 23
March +14 —28 14
+18 —14 24
+20 -14 22
+24 -21 11
-20 —56 20
—45 =21 80
April —40 -21 75
+15 —21 20
+20 —14 22
+24 =21 11
May —45 =21 80




Table 3. Effects of CO- enrichment on the quality of chrysanthemum

Advantages Disadvantages
Weight of cut flower is increased. Leaves and stems become rigid.
Vase life of cut flower becomes longer. Length of flower neck becomes too long.
Colour of leaves is darkened. Internode length becomes too long.
Area of upperleaves is increased. Flowering is delayed.
Leaves grow upright. Stems with crooked neck are increased.
Etiolation of lower leaves gets fewer. Number of non-serrated leaves (upper
Stem becomes tough. leaves) is increased.

Table 4. Problems to be solved for CO: enrichment in chrysanthemum

. Effect of COz enrichment on growth

. Effect of CO: enrichment on flower—bud differentiation.

. Optimum CO: concentration.

. Effect of light intensity and CO: concentration on photosynthesis.

. Effect of temperature and CO: concentration on photosynthesis.

. Time and period of CO: application.

. Effect of CO: enrichment on different growing stages.

. Disorders caused by high CO: concentrations.

. Disorders caused by NOx from kerosene or liquefied petroleum gas.
. Sources of CO..
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Fig. 4. Photosynthesis of whole plant at different light intensities.
Air temperature is 20C and CO: concentration is 350ppm.
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Fig. 5. Photosynthesis of whole plant under different COz concentrations
and light intensities. Air temperature is 20C.
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Fig. 6. Photosynthesis of whole plant under different CO= concentrations
and temperatures. Light intensity is 36 Klx.
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Fig. 7. Photosynthesis of whole plant under different temperatures and
CO: concentrations. Light intensity is 36 Klx.
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Fig. 8. Measurement of photosynthesis of single leaf by a small
assimilation chamber. Nagaoka and Arai(1984).
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Fig. 9. Photosynthesis of single leaf at different CO= concentrations

and leaf positions. Light intensity is 30 Kix and air temperature
is 20C.
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Fig. 10. Relation between photosynthesis and SPAD value of single leaf.

Light intensity is 30 Kix and air temperature is 20C.
(SPAD—-501 Minolta)
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Fig. 11. Photosynthesis of whole plant at different plant age.

Light intensity is 30 kix and air temperature is 20C.
Plants were grown under 350ppm COs..
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Table 5. Effects of CO2 enrichment during 30 days on growth of chrysanthemum.
Data were obtained on the last day of long day treatment.

Fresh weight
T IS hoo}g Number of Leaf area
reatments  lengt leaves (crr) Leaves Stem Roots
(cm) ® ® (8)
cont. 42.1a* 31.4a 617a 17.1a 7.1a 4.2a
600ppm 45.0b 32.4a 667b 19.2b 8.5b 5.4b
1200ppm 45.8b 32.8a 677b 19.4b 8.8b 5.4b

“Mean separation within columns at P<0.05 by LSD.

Table 6. Effects of CO2 enrichment for 60 days on growth of chrysanthemum.

Shoot Number Leaf Fresh weight Dry weight
Treatments  length of area  [eaves Stem Roots Leaves Stem  Roots

(em) leaves (em) @@y B @ @ @
cont. 69.1a® 48.6a 1170a 42.8a 194a 17.2a 7.07a 4.56a 2.72a
600ppm 74.3b 53.3b 1370b 49.8b 23.2b 20.5b 8.52b 5.63b 3.64b
1200ppm 75.6b 54.2b 1370b 50.4b 23.6b 21.0b 86lb 571b 3.77b

“Mean separation within columns at P<0.05 by LSD.




Table 7. Effect of COz enrichment on
budding time of chrysanthemum.

Treatments Date of budding
cont. 10Nov.a *
600ppm 13Nov.b
1200ppm 13Nov.b

“Mean separation within columns at P<0.05 by LSD.
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Fig. 12. Photosynthesis of whole plant at different
growth stages and CO: concentrations ; 400ppm
(Open symbols) and 800ppm(Closed symbols).
The plants had been grown in ambient(O,@®-),
600ppm (A,a——) and 1200ppm CO: (LIW-*)
for 2.5 hours per day.

Table 8. Effect of CO2 enrichment for 57 days on
photosynthesis of upper, middle and lower
leaf under 350ppm CO:

Photosynthesis (mgCO:z-dm?-h™)

Treatments
Upper leaf Middle leaf Lower leaf
cont. 15.7a % 13.7¢ 11.6ef
600ppm 13.8bc 12.5de 10.5g
1200ppm 14.8ab 13.1cd 11.4fg

“Mean separation within columns at P<0.05 by LSD.
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Fig. 13. TTC reduction in roots at different growth stages.

n The plants were grown in ambient(@—).
600ppm(a ——) and 1200ppm CO: (M- -).
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Fig. 14. The relation between TTC reduction of roots
and top fresh weight. Correlation coefficient
(n=-0.1109.
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Fig. 15. The relation between TTC reduction and dry
weight of roots. Correlation coefficient
()=-0.4570*
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Fig. 16. The relation between TTC reduction of roots
and top fresh weight of whole plant.
Correlation coefficient (r)=0.6086**,
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Fig 18. Effects of CO2 enrichment period
on flowering time.
Lot no. : See Fig. 17.
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Fig. 19. Effects of CO= enrichment period
on length of cut flower.
Lot no. : See Fig, 17.
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Fig. 20. Effects of COz enrichment period
on weight of cut flower.
Lot no. : See Fig. 17.
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Fig. 21. Effects of CO: enrichment period
on flower diameter.
Lot no. : See Fig. 17.
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Fig. 22. Diurnal change of light intensities.
The figure shows the records on the
tipical fine day (27 October 1993).
———— :Out of the glass house

—-—-— :3. Under black cheesecloth
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Fig. 23. Effects of shading treatments during
CO: enrichment on floral development.

Floral stage

Flowering date (Day/Month)

O

1.Vegetative stage

2.Growing point expanding stage
3.Early stage of involcre formation

4 | ate stage of involcre formation
5.Early stage of floret formation

6.Late stage of floret formation

7 .Early stage of petal formation
8.Intermediate stage of petal formation
9.Late stage of petal formation.
—:Cont., @ ----- : COz enrmation.

Lot no. ; See Fig. 22.
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Fig. 24
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. Effects of shading treatments during
CO: enrichment on flowering time.
O :Cont., @----- ;CO:2 enrichment.
Lot no. : See Fig. 22.
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Fig. 25. Effects of shading treatments during

Flower diameter(cm)
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CO: enrichment on number of leaves
which increased from the end of

lighting to anthesis.

O— :Cont., @ ----- :CO: enrichment.
Lot no. : See Fig. 22.
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Fig. 26. Effects of shading treatments during

CO: enrichment on flower diameter.
O :Cont., @----- :CO: enrichment.
Lot no. : See Fig. 22.
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Fig. 27. Effects of shading treatments during
CO: enrichment on number of ray florets.

O :Cont., @----- ;CO: enrichment.
Lot no. : See Fig. 22.
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Fig. 28. Effects of shading treatments during
CO:z enrichment on number of tubular florets.

@) :Cont., @----- ;CO:z enrichment.
Lot no. : See Fig. 22.
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Table 12. Effects of CO: enrichment and day temperature on mineral contents
in leaf and stem of chrysanthemum.

CO: Day N P K Ca Mg
enrichment lemp(?ée)]lure contents (mg/100mg dry matter)
No - 15 2.97 0.33 - 3.00 2.12 0.43 -
20 3.36 0.27 3.09 1.98 0.43
25 3.31 0.24 3.69 1.93 0.40
Yes 20 2.33 0.22 3.79 - 1.54 0.33
25 2.95 0.26 3.79 1.55 0.36
Significance
CO:/No : Day temperature * * ¥ * NS
CO:/Yes : Day temperature * NS NS NS NS
CO: : No vs. Yes i NS NS " *

NS * ** Non significant or significant at P=0.05 or 0.01 respectively

DEBOEFHARMBME VHBICRIN TR LA CKMMNH S, #2T, BIRIT LY VT2 L
LT, ZOHIFCOUBAZIToIBEE, BECIToRBECBI24EE - HIERBICDVT
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(R & A BEBIMOMBREKEN o DELEILNS,

P EERE, COMAMMICLFIL THMT 3 Zeamrahizhs, HAKKS4EMBE T
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FARVIZEERIEIMT 2 L ERINT,

CO2hEF & Jestt
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DIEDRBEICXTE2HEIODOTHRITINTUL S, (Cockshull - Hughes, 1972; Karlsson,
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WL E, FAEHoERYE, KETEOHFLARBLIUCEEPOKFIEERICD
WTITo7 YIVTHEDRAFLE, 4A 164 EDORZPWHEL T60cmDREIICZESZ, ED
WAKAET LR, SBZRVITELLAZEN GAIEHBDOHFESIRE12.5~21.1TC) K&V
HiELBEEX, AR EEOER/PHELICOVTHRENICHR L, BEMEM 2 X5aHZ
TOWME L, EOEBMRS I, 4817 BICINE®E, Bl E»51~5%H, 6~15%H,
16~25%BHBLU26EBUTOARF AT, ERRIHF=VIEE, AV UL ANVIUL,



TIAYULBIUF M) YLK LA BICEFREA R, V) AR L D RIEL I,
¥, BLEOTFUTUoBIUENET A0 VHEBEC L VIR L
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HOABRICBFTEZARPOCOMER, MERTRRELREDOBREFHICI>TEGI R,
%3400 ~800ppm, B 250 ~400ppm D TEE L7z, 7/:,CO0EAHD 1,000k
X 762,000ppm XD CO B Zh £4H 1,000 = 200ppm & & 182,000 + 200ppm THER L 7,

FOORABEYIVEBEICRIZTCOUEHOFERFEIIRIST L, FHMERE, COHM
REMBROWTFRHA4A20HTEN Lok, LLLERE, MERDOI2.7cmiciL
CO21,000ppm X T97.6cm, 2,000ppmEXT97.5cm& VT bS5 R A>T, £/-EHEE
SUBERIE, MHEEEHBELT1,000F74:E2,000ppmiEAXTZEHRZH10.7~10.8%, 5.9
~T7.3%EML 7. HRIEEISNERBEDED b o> 7-h8, FIRTEEIICOMAXTHL B o7,
CO21,000ppm & 2,000ppm X & OMICR VIV TERBOEZRZRD 5Nl h o7z,

HEROENTHARNLKETHOARLABEI, NWBXTWE33.3HTHh»-DICH
L,C0O21,000ppmXTi336.4H, 2,000ppmETE36.1HEVThELS Lol JOHE,
EHHAZREKET IOHAELLEARDOERAMRDbR, THEOELPEMRL Y R ET
LBEMEES2 L TERE o, COUEAR T, HADERDOETHNEBX L V&I -T2,

INHERFIC BT 2 P DEBRASEER, ROV EREND T I L 2EERRZHE29MICTH
L. POBZEERE, M1 ~5EBIU6~10EHTCRUBRBMOENIZIEA Lo/
D, 16~258BELU26BUTOETE, COMARICBIZEZREEREMNBERLIVER
B.5WET L. oAV UL, 72XV LBIUFMITLICODOT Y, COMARTER
12.1~30.6%DHEHETETL, WTFhd THNEZERVEALRED LN, FRIINLTY B
VAN LEERE, | ~5EH#2K L, COARTEAZARF22.2%BLU11.1%
WL, LEEFOF VI ULEWEEERE, COARTZEIZAER26.0%B LU
11.6%ML, FICTREELZICBTAHMEAEHEI T,

Table 13. Effects of COz enrichment on flowering date and cut flower quality
of chrysanthemum.

CO: Average Shoot Fresh Number Number of florets Vase life
flowering length weight d
treatments date (cm) () of leaves  Ray floret Tubular floret ~ (days)
cont. 20 Apr. NS * 92.7a" 70.4a 40.8a 178NS 12.0a 33.3a
1000ppm  20Apr. 97.6b 78.1b 43.2b 172 15.6b 36.4b
2000ppm  20Apr. 97.5b 78.0b 43.8b 176 15.4b 36.1b

*Non-significant
YMean separation within columns at P<0.05 by LSD.
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Fig. 29. Effects of CO: enrichment on mineral, starch and sugars contents
in leaves and stem of cut flowers.
B: Cont.,, [E]:1000ppm CO- M2000ppm CO-

F2ff COdEREtIVRERE, BESEHIUEDCO2, TFL 2 (CoHl) £MRE
KBRS R

F7 ‘HFHEON EHHAL, FOAZENTERINFIZAEL 277 %OU 0 THk%, 1992
FI1I2A14BEE1HOBFERBKCNYAZL, HEITZRAVTEHREISFRE (22:00~1:00) O
BER»BHB LI, 20%, HSAREMCEZA M RL(IH2.6m, @32.0m, EZ12.0m)%2
EREL, 1ZOMANVHNECOEBERZKVITE MEKX), i 1E X CO8E % 1,000ppm
WCREL, 12A22H»54H15HZ CCO M #1To7:, MAAKIER] ERKE L,

HoABRENORERE, 12A22H»512A30HFCHM (17:00~8:30) REK 18T, 12
H31B»5HEE CTREMBEISTCE Lz, £/, 12H22HICIXVY > (GA3s) 100ppm %
EEBHALTEEFOMEZE L, EMEI2A8B FTTV, DBEMAEEZ CERBRL L,
FERE (B RAEekl (Fy Va7 100844 7) #8v, 12A22HE2A8BICZEhZ
n8kg/adOMEHL Iz,

FHGFEHFAER, MEROYVERE, KEJEOHBLHBBIUENLSDCO2E ZFV
VERBICDWTITok, YIV{EDBFLE, 4H12HIC4A%EDELZINEL TE0cmDEI IS
A%, BbHIT/KEFLEE, 7:000519:00 X TENXEE250 umol-m~2-sec” ' THRIR 25T,
19:009°57:00F CRBEEFEHETRBISCLLALENT, ER1 LEKOBETHELL, ED
COt=F UV AEKBOHER, 4R 12HCINMEL TEMMICI~5EH (EME), 11~15%
B (hir) BLU26~30EB(THE) AT, FNZIRE50DEFRICSETOANTEHENL,
—EREB X ICENBTEBRNEREZRMLTIT o7, FBRIARLABELFALENCEVTHER
EL, BERERLCKEBTANCHE L, COBEIBRRIZAIur /57 (GC—8A,TCD
B, T F L UBERREREIAIov 57 (GC—9A, FIDBRIME) #HV, #5401
RINw I -Q, FYVT7T—HAREXRLL, REER30n -min~'THEEL /=,
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FOOBRELEIVRBEICRIZTCOUHADHECOVTEI4RIR LI, AERTE, B=
OMEFHBAHMI2A22B» S THRIFH LKL TIIHEL, /-ERBTLUYEHI9BE,M-
fetesh, EHBREEVEIHOBELVELS LY, YIVHEBEOES ZEHICKRE ko7,

BHIEHEMBE T4 148>zt L, COHARXTIZ4B 158 Edgkh oz, L
LEEE, WHEED103cmici L TCOMHART6.8%E ML, F/A-EHRIZ9.9%MmMLL, ¥
BICIMBRXBTEELRE ko l, E5C,COMARICET3 LM I0EDES & EmMBFEE,
WMEREX LB L TEFNZNIE5.5%BLT14.5%8mL 7,

B/%iB%25/15CICBREL, BIHLIVFEHKELZRLLEZERNCBI YV TEOBRFH A
X, HEED25.30HL,COMEARXTIE28.6HEKNIARL Lo/, KETFHDOY Y DK
B, FIHOHALALZY, BARAOERLEOHL - E2REHIZIXFERICHETL, BIEMES L
STBREE -/, E&Z60cmicfiiz IV EnERE, KEGEIBEZTHEMLAY, 20
BEEFMEOTHBLL (B30, ZACHLTHRBIESL»LBMEZTRL, THRCEH
15cmicELTIRIZTHAE koo, YIVREREERE, VW TFhd COMARXINEE %% LH
S>THBLI,

Table 14. Effects of COz enrichment on flowering date and cut flower quality
of chrysanthemum.

U 101
CO: fﬁ)vvsga:ﬁe ]i 200}: ‘S;?S}]:t Number ppfer eaves Vase life
treatments & 8t & of leaves ~ Fresh weigh  Leaf area (days)
date (cm) (® ® (cni)
Cont. 14 Apr. 103 111 43.7 11.0 290 25.3
1000ppm 15 Apr. 110 122 45.0 12.7 332 28.6
Significance z NS * * NS * ' *

“NS: Non-significant, * ** : Significant at P<0.05 or P£0.01, respectively.

nr

Fresh weight(g)

Flower diameter (cm)

Time after placing in vase {days)

Fig. 30. Effect of COz enrichment on flower diameter and
fresh weight of cut fiowers after placing in vase.
O:Fresh weight, @ : Flower diameter,

—: Cont., ----- : 1,000ppm CO:



INEBDEICBTSCO BLULF VIV OBAEERBZFEII IR LA, CO20EKIT, EAL
AMTREAX, MBEEXTHwThd ENERESS, TUET E»ok, /2, COHERARCE
FAERBENBREREL TV OERASEDLNI, ZRIEMLTZF L OAEKE, NE
ABH B SR TESZ LT Y, FICTNETSLERMBRDLN/, L L, COHMEAK
EXREOEEIHLN TR,
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Fig. 31. Effects of CO: enrichment on cumulative carbon dioxide(CO-)
and ethylene (CzHa) production in leaves of cut flowers.
CO: production : Upper leaves(O), Middle leaves(2),Lower leaves([]).
C:H. production : Upper leaves(O), Middle leaves(A),Lower leaves (H).
: Cont., ----- :1000ppm CO:, 1 : Standard error
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EREEICHBIZCOUMADHRER, BLOMBICHBELTYVER, YVKER, BH, %
H#ED B VEEEROEME 2> THRLA, ERA%IRIVILHHEIN TS (Hand, 1984;
Heins,1984; Mortensen,1987), L» L, ChALDEBROZ JFIATAY ARz —ay il
DEBENS TERINI:SDTHY, COMHARADOE»LHEE THELEL TITOATV S,
FRCHLT, DHBEICBIIZXEBOMBNORBRBERBCEI0CTE2ERL S0, BRZITD
DERHY, TOIEDBCOMMAREZHIRL, IRELFRECTIERLL>TWVS, HFSH
(1991)ick 2 &, MFENBETFTTHOHI0AHIA S 10KFEZ T/ COMAZITo /R, I
BENMNBEXDE88.7~136.9% L FKETH Y, HOBBEPLHRE, REFHCI>TRIGHVELS
CLEBDTVE, LEIAMNTAYADIRY ZMTITbII:Mattson - Widmer(1971) 56 D%E
BT, "SOWNEMNI4~22%EMT245E, BELILHMEVELATV S,

AEBTR, BRERFIOFEFETHS ‘FEFOHN XL, 1,000 F7:i32,000ppm D CO2
PEIH 2BEI0SMEALN. FORERVVIEESS.3~5.8%, IVERHI.9~10.9%, ¥
H33.0~5.9%HmML, EMBEOEBELEMBIEMTZ4E, REMLICANTHS ZLHHE
BEINIz, NTEHEBTRE, F7RMERTXTHYDRL L TOEENTHY, KEHIZED



BONIELEDOERICHED LW EMEAMROHER TV —RHEEL LN S,

FATERICRIZT COMADHE X, ERAPBKEL LTORER»SBZRDLhEro, LL,
BARFE2HOER» S, BRITLU V&2 SOMATHIEMMS R Ko/l E, F-H3IHDE
BRTHHEAOBSCRENR S kol eh b, MAFEPHROBEICL > TRERBECE
WTHHRTEMREI NS EFZ NI,

KEGRICBIZF 7YV FROBEMECRDLIFT I, EKRACEECOHIERPERAIEVLD,
MM EAOERAIRICH OIS, FHRICHLT, REMCEEQOELPEAVIEALDERLY
B, HERLBHMOELS 25D S, 22T, FIHOERTREROEN, F2H TR
BRA#25/15CE, FIHLIVIBLBRELLENTHRLHEAZRAE L L3, BAPED
ZH - AILOBRbNFRWE TRE -, OTh COMARDHFLAMBX L VHIAEL
%Y, BRFHLEEOWEIRD LN,

FIOORFL EHEMBRNOMBRS & OBEBICOVTHMBE(1984)E, EZBITAYYLER
RYPFLRY, AVOLERERMETLT, BHRNCHYED IN+K/Cal OLEEMEDT
ZLHRLMBET TSI LZEML T %, 0, WEBEBORELZDOEBRIBLIVT Y, £
BEERZHUEB LARKR, COHAICLVEDER, AU L, 77XV LBLUF NI DA
BEEMNMNBRIVETLLOKNL, VoE8LUINI T LEERICOMAR TR ko7
YYREBDER, AIVVLBLIUANYULERRBICDVLTRERSEMEL T W), IN+
K/Cal OH¥BLDOHEMTEL VA, COUMARTHIBEOMBRAEEROELLHREL L
DOBEFIEE, MBORBRKE BT 2LBbhd, 2/, T VELEMEERICOMARTRAL,
FHCTMNELEETHMENRL kolc, BESH(1992)13, FZ7OERICFEETEI NI XD
WTHNR, KRETHE, BIEVELICORNTEDO IV ZUNEICBHT el 2EH L TV 5,
FUTEHOEEANDERIEE, COLOREAZBLTHRIEL B LICHEL, 25 DRAE
RKHUBBRLERDOMREZ IS5 LI eHHllIN S,

COERAMHEBEDT > 7 EB/RICRIEFTHEICOVLTE, Fa27U Y (Peet et al.,1986)%
F 4 744 (Spencer + Bowes,1986)/k ¥ ZAVW /- KEMH Y, COMEHAICK VT T UE5FEMN
BMTaL058EHE 0, L2L, EERACELTR, 127 PATRREAEDEEERN
{EF L7=(Porter - Grodzinski, 1984), &7 4 b A—2(Quercus alba L.)TIIER, L&
UFRVEDEERNKRELLETL, VIV LETTRIULBPRETLLDY, VEAVDL
BIZEAEENR>7z(Norby et al.,1986), £/, F2 DY TRANVIULLEREGRIK
TFULZD, AVIL, T2V LBIUY OEERIZEML 72 (Peet et al.,1986)% &,
EBMOBEICE D CO AT ARIGNBLR TV S, L2303, iKY TIRA - EHEK
SOBRNEE, FERCHEBRLLESLEELY, LEOVWThOBE IOV TH COHMMAIC X
STHEMLTEILbrb, T4bb, IEHCL>THAEERICENDH S DI, COEH
IS & > THPME E & bIAT B 720010, BRAMBARE O8N A 16 B B DRI I 3 L T KL 35
BICEEEEVETL, AEPZVEGREERMNEDLRVY, B L2bDLELLNS,

AEBTR, COUMAICEZAINIYLBEEROHMBEDLNIH, CORBEREFT TR
ELLDEBSTEHINIFERELT, ~BHUCEEEROETHEMEIL T35 (Norby et
al.,1986; Peet et al.,1986), L»L, KEBRO LS B4/ 2B 305 BED COERT
i, RABHADBEELIZEL Y, ZENRHBEL2BRELEILNE LYY LARKREOERT B
BE, 1984) BEULL-olbDL#EEINL,

HA—3—ar i EEL OEEETE, MIE»50F VI EARPEERYIVTEDORFLICK
<5 LTW5B(Hyodo et al.,1990 ; AKE5,1991;HH 5,1985; Reid et al.,1989), & CO2
BETFTCEIA-HEYOLF VI ARBOTLICOWT, HMAS(1989)RPEH 5(1989)iX, CO:



BRZTo IRV IV OEHTTIF VUV ERBBEML, EOBIEVEZ-AIEZHELT
W5, CORRKEZ, BCOBETICBIZENLDERMOMHY, BEROLBICLZEINS,
AEBRTE, COERCLE2FVVERBOHLLLEMIRD LA eI, 7, ED b
DCO AR, COMMARXRTHER L VEL LI ENS, BEOEAPELALIEICEI>TR
FLEIMR & { o /caliEtE (5#,1988) »MEZ SN,

UEDZ Eh s, 1HHLY 2BHI0SEEDCOHMAER, EoxF v U ER%REL TEL
ZRDZ L LL, LAYV EBOEOTR ZIMH L TKEFEOBAF LVBR( LB IEME
Zbhiz,

wm =

AAMLEBF 7095 COMEAMNF 7OV EHE, Bifh, EEOEERY, 77U

JUEHEEER, BOTCEDCO L F VIV ERBICRIZTHEICOWLTHN,

1. 1,000%7:32,000ppm D COMEFA 285 2303175 C kit kY, F7OMTERDER,
BEEBIUEHTBREEHELT3.0~10.9%#EmML, F/AYVEOHFELMHNIHELL &
27,

2. COMER%#IToI:FI7DEDER (N), #UYv L K, ?7F>0L Mg) BLUF MY
L (Na) #HFE, NEREEBELTELS, FETUECBILETHE (BFE30.6%) K
Ehofe, FRIIHLT, V2 (P) &AM YL (Ca) EERERLD, 3 COAEARK
TRl &ole 21, T/ EHOABERICOUMBAR TR, FICHNUTOELETH
(ot

3. NEEOEDCO AEKEEE, COHMARTMEBERL Y b DAaho7hd, TF VI ERRICKE
HEDLRENRED ML oI,

4. PEDZed b, COMRACIB2FI/UYIVTEOHFHLERDOTRE, NHERBROED CO2ERK
BOET, AVIVULERERINTIERL AV VLSEROYEET, kb Fr7res
BEEROEMEENBESE L TWELEL LN,
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FIDOYVTEETIE, BEOEEBIUHNIDOERBE SBOEDS, MRk & 2 BELER
HOWILH»RITSNEVREE L >TV 5, REELAEPRENCITONS 2DICTIRT R & HE5R
RERELT, EEORR - WXL ZEDER - BHENKMD 2,

ZXEOWRF 7EECBIS2SHE TOMARER, RHOREIBLHEHREICHE T2 HDH
RLOTHo7, UL, 52500 EREOALLEEEOHNELZANE LT, COMEHARH
HBEEOH L ORMHECRIE» 5 BAZINL I E LTS, %I, MEREMOBELICEL
LT, MER, COREF*FIJOEBFTCRBLELZ LD CEETIHSBRENBENORM
RPEDLNEHBDETHINSG, BMRIBZFDLDOEBRIMEDO—EE LT, CO\EL L
HICHPERBERLF IONEREET - BAERINCRIZTHECOVLTHLMCL IS E L,

CatiD% < Tid, XEHEEDCO2M 531,000~ 1,500ppm & RT3 A5, F 7D
BICRBEZ1,200ppmTETHSZ Zehbhoi: (H2HE), JDIe&h b, 1,200ppmEEB 2
PRETHALTHZNAULOFREAMFBHTE T, L12rdRCOBEICLIAETREOEHI’Z
CEE 3N TEH Y (Hand,1984; Mortensen, 1987), RiETOMAICBEEMNLETH S, F1
BETHRELLF7EMICBT2RERAETE, BB LOEEEH1,600ppm LA L DEE Tt
LTWaIEDS, +anBEREUBENRDLNS,

ZFEOHERERL10~30kIxDHATIE, COEE% 1,100ppm i'@%&bf; HilEo
HEREEOEMMBHR IR b (H2H), +oLBAMRBATEIRTLIL, J0BE,
—RENC I EREEENEREED COMMENETTE2LE0DORATVE I L, BEETR
ZOPHOHOCO BEZRREBLTE5DMNIVEINSE, LIL, SEMKEFTLI10~40kIxD
MEGEATE, COMMEADETIEHLLTEL, F7/4COE 350ppm & LK L /2 1,000ppm
BETICBT2AEHNEEOEMRE, BEBEEERE{ Lok, ThbDI s, FI/7DBE
({3 10kIx R OERERHTSH, 1,000ppmBEDCOMERICL VY +ALHMEMBLEAZ H D
EEZ2bN5,

EZAT, COMEAPOBEREDRTIFHERLS (F48), 15 2~3kIxEBEOHMETRIER
ZRILHELT, YVRROBEPEREDOHIMICNTA2HRBEDLDTEO EVERI N,
STHBERCECTIRFE TR, KRBOUECZVE—DERTHY, JOBE HWRNON
ROZFABLICRETOCOMASERINTINIES S,

FIORERBEEDOHERIBIZ15~20CTHY, ChZCOBEXF/L LELBACHELLLE
Dol (F2E), LIANZBLDCHYTE, CORENERTZEEXEROBRIIEL &
Z32EMBMENT VS (Brun - Cooper, 1967 ; Enoch-Hurd,1977; 4 #,1988;
Larigauderie et al.,1986), ¥ 7 DH &L, MOCHEMEHBEL TRCOBETICBIT 3K
DERBBBIITHOIEHER, CO20ENNDHVAAMMETTE I LI L > THREBEEHK
TFLEHMI N,

FAET, COMAPDRBIRELET - REL DBEFIC OO TEBNICHRITLA L 25, BEBAR
PICBFHYDTEEREDOEMOIODORBREEIIE, XEREZEOBBLELL 15~20CTh-
7oL, COMAZT-IBEDOBERIZ20~25CTERRER L, SO LI, F2EH S
HRINLKEROBREIBE PPELLIERDIITHS, LIrL, COliATDOF70EMK
JGWBIL TR, ERMUNCBNORBMBEZDOLOMNEBL TV IENTFHER, CDXS5E
HREOLLELIEEZLNI:,

CO:fEFHFDREEL F 7 DEE - HELOBEFBRZHELMICT S X, COMAMN2ELY



B MRBECHR*RET L LTEELRETHS, BITOBREBEETE, BRITHY)
DBDOTEFEMML - FEMIC BT 2 BR[BER20C2ERICITOATV S, BE5BOHERZHEZ
2% &, COMARICIE25CA2ERICHEZToTY, VVHEREOKTRIFLAERHIES
R A

FIOOER, EELBOER, X, EEH, L8, MBL2EOIxIZ2YI0EREDOH
T,COMADHPREZELBOERBEMICHZCRbLDAL (583, 4, 5&), Fic, HOERK
MBBHOKREL ol lh b, REREVOY UV I/IBREL L TRBREIIEFALTVAE I LD
hibhil, i, MEYLY TRALBROEBEE LM ERER L OMICE, FELIEOHE
BRDLNT,

F7OREHE, ERITHUVELSDOCOMAREBTVLL ORHMAIC L VIS CH
HU (B4E), L2588, ERAMNGESERICIVEBTVRIL LA 2REI0SDEHAZ1T->
IEEICE, AL LRERENREIEBDLNE Do/ (BEE), JOILhH, MAFEKILE
ZMROBEICL T, FAEHORELBHFRTEIETLZ I TLEVEELMDHE LI TH S,
LHL, ERABETCOERBRER»HI, YVBCLELEERERTA-HOERITLY OB
BLTEAMREMNRIN, BGRINCEBTHROEMICHES TEELLELLNS,

CO[RDBHELHMRELT, BE (BR) FELOoHBERAICLY, BRIDOREERRL
BRIV BOAEMERMICBIZZDODRLZRIGHE DN, Thbh, BRHBMPOER,
EEOHBBIUEREOBMLHBEACHLT, COMARBRICLY /53N BEOKE
ZRATABCERT D, FREBECENERZEF SIBECHL TR, COHMEHARERIC
DY INBHEORERZILICHATELICERALLE, COZLE, REIREIDIH> L
BEHREL, EHFSILROBEBELEZHEIENBELCNLT, COMERAEBEEMNZRZNM
B H 20 EENNCERAT2IEHELLN5,

COMERYIVTED AR L 2R TH MR DH o/ CORICDOVT, FI7DEAMSTEDE
HWh LR LIRR, COMMICLVEDER, HVULh, 97X YUL HBVWIEIFNITL
FOMBRABERMBETTEAILBHLh LRI (BSHE), IVIDLDEERE, CO48
HEATRHALLICETULLD (B4F), 2HE30FBETCOHATREELETEALhL Y
ofz, #di(1984)3, BEXBLUHR VUV LEGERNRLLY, AIVZULEERMBETLT, &
RWcHEDED IN+K/Cal ODHBEEMBBLVTILFIOHRFLMET TSI L2EHLTHL S,
BABEBSEORRELI L, EREFROETHEOIREVILA2ERIT S L, YIVIHOHFLIE
BEORREZ, MBOHERHETFELLEY, 35612, CORICL2ZEETDF VI LEHEEER
DM, BLUYIREROELLOFRBOEKTRYE, ChLMHEDERICL>THHLEREMR
DHEUEHMI NS, HPCRELTOAE D F VI EKBOMME, ZOZLICL3H
FHLOETREREI L7,

COEDZ R, MABREPHHOHARME, »20REF70EFERBICK U ARHP
HHRFBICE>TRLZ S, EMHEH S 1,000ppmDOBETCHRHERL/ABEE T (F4FE), A
RELBELTHEROEREENFEATI26%EMLI:, /o, ERANZESERICL>THAFD2
R 3047, 1,000ppm CHEAL7:2BNCH7: 2 ERTIX(ESE), MIEROXEHFIMERX D
10.7% B L U9.9% ML >/, HROEGHALHAR2.5BOMBATE, MARKREE &b IC
MEAPOXREGEDBOUBRKELFALTIDI I LEMN LI NILELLNS,

CO:li A DORAPIAM E AR E OBF T, EEHSMAMBECIE U THAMICEMYT 3
LWL RSN (B4E), £/, ERCNULTREBPOEERBICK T 2 EAMNESR
VOICHTL, RTEDREPTEZEL L P ENEOHE RN L TR, AERMOMAMRVEL Lo/,
FITOMALETIE, YVERE2RO2BNTEERAOAMBE L>oTW5H, HRNLE



EPRAROLL S, EBEWM» 5 OMiAZBBHNCITORETHS S,
PLEDHERY L, F 71319 5 COHMADHHEZUTOL S ICRTET 3,
1. HERfER
AHBEVETT211A»S53AETCOMMET, FRE LTRERIMIZALLLL48HL
ETHEDTHS,
2. FMERRE
ENOREHSKIxU ETHIIE, 1,000~ 1,200ppm THIFAT 2 2 &1k Y Y BAE & ik
LT3~4BDONERBEVMETES, ZAUTORETRCOMADHBSMETEL VD
T, MRNDONIERY ZRMLTHESEZ L TEIEHERTHS,
3. HERIFRH
HOWBRY»LMRATE2ETORBTH L, ROBEHAMEIEL 42, BROHICIKA
MRAbLAHETH 2, HhIzHOBMRBEL, BEEPE25~30C, BRITLYV#%E20~25T
£9 5, EL, MM 25CTULDBEDOMFABEEIX800ppm % LR ET2Dh &1,
4. LEHBRRE
LR (BRP) OARERLEROMMCHENDY, A EEEY (BRITLYVE) o
HEFEBATEDRE & A%, TEROERICHREI T, Y EERGHEARFEPHRICHALT
|my 5,
5. CO: ¥4
EHARITH, TanHRALEBDY, ZhAZIICER, REHH2, COMERRBE»
DHIRELT, BIERE2T3 I LBAYITHS,
6. MERRIER
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Summary

Studies on Improving Photosynthetic Capacity and Cut Flower Quality
by CO2 Enrichment in Chrysanthemum

In winter seasen, the light intensity in the area along the Japan Sea is 20 to 30%
lower than that on the Pacific coast of Westlapan. It seems that poor light limits the
growth and development of many crops.

CO:z2 enrichment of greenhouse atmosphereis introduced as the technique for improv-
ing the productivity of florist crops with high value e.g. chrysanthemum and rose.
However,influence of high CO: atmosphere on growth and development of major cultivars
in cut chrysanthemum have not yet been studied in Japan.

The study was carried out to clarify the effects of CO2 enrichment on growth,flow-
ering and cut flower quality, and to find out a useful and practical method of CO:2
enrichment in chrysanthemum. Results obtained are summarised as followes.

1. The questionares were sent to 25 growers in Yame city, Fukuoka prefecture, who
were applicating CO:2 gas to greenhouse chrysanthemum. Application hours of CO:2
were mainly from 3~6 o'clock to 7~8 o'clock in the morning. Growth period of
chrysanthemum during CO2 enrichment was almost between flower bud differentiation
and anthesis.

2. Rates of CO: assimilation of potted chrysanthemum plants (cv.Shuhonochikara) were
measured under different CO2 concentrations, light intensities and air temperatures.
Photosynthetic rate increased significantly with increasing CO2 concentration, and the
ratio of increase in photosynthetic rate was highest under 10klx compared to 20 or 30
kix.

3. Optimum temperature of photosynthesis was 15~20C under various CO2 concen-
trations.Assimiration rate increased progressively with increasing CO2 concentration at
10 and 20°C, but it decreased at CO:2 concentration above 850 ppm at 30C. Also, in
1,100 ppm COg2,photosynthetic curve showed a sharp reduction at temperatures above
20C.

4. Photosynthesis of lower leaves of the stem was lower than that of upper and middle
ones. CO:2 saturation point of upper and middle leaves was about 1,200 ppm.

5. In the growing stage of 4 and 7 weeks after planting, photosynthetic rate of the plant
did not change at the same light intensities and COz concentrations.However, in the
stage of 11 weeks, photosynthetic rate under high CO2 conditions reduced significant-
ly.

6. To assess the effect of CO2 enrichment on growth of greenhouse chrysanthemum,
the plants were grown in the phytotron with 300, 600, and 1,200 ppm CO2. CO:
enriched plants showed a significant increase in stem length,number of leaves, leaf
area, and fresh and dry weights.The greatest rate of increase after 60 days of CO2
enrichment was observed in the dry weight of roots (39%).

7. No difference in photosynthetic rates of the plant was observed among those grown



under high CO2 (600 or 1,200 ppm) and in ambient air (300 ppm), when the rates
were measured at 400 and 800 ppm CO:z and on 30th and 60th days after the begin-
ning of CO:z enrichment.

8. TTC(2,3,5-triphenyl tetrazolium chloride) reduction of roots decreased under CO:
enriched atmosphere, but it increased on a plant basis because fresh weight of the
roots increased. There was a high positive correlation between TTC reduction per
plant and the fresh weight of the top (aerial part).

9. Stem length and number of leaves were increased by enriching CO2 during the first
half of growth; flowering date and flower diameter increased by enriching CO2 during
the latter half. Weights of the plant was heavier as CO: application term was longer.

10. Flower diameter increased when the light intensity is more than 10 kix under CO:
enriched condition. CO2 enrichment was supposed to have greater effects on growth of
chrysanthemum under high light intensity and long term of COz enrichment.

11. Flowering date was faster under CO: enriched condition compared to the ambient
one.

12. Under CO: enriched condition, there was no significance between day temperature
and the quantitative growth (e.g. weights, number of leaves, and stem length ) during
the long-day period. Whereas, the day temperature had significant influence on the
qualitative growth (e.g. length of flower neck and number of tublar florets ) during the
short-day period.

13. By enriching the atmosphere with 1,000 and 2,000 ppm CO: for 2.5 hours each
morning, stem length, fresh weight and leaf number of cut flowers were increased by 3
to 11%, and vase life was extended 3 days compared with flowers grown at ambient
CO2 concentration of 350 ppm.

14. N, K, Mg and Na concentrations, especially in the lower leaves were lower, whereas
P and Ca concentrations were either the same or higher in leaves of the CO2 enriched
plants than those of plants grown in the ambient CO2. Starch and sugars contents in
the leaves and stem were increased under CO2 enriched condition. From these data,it
is proposed that the decline of [N+k]/Ca ratio (Funakoshi,1984) and the increase in
starch and sugar contents of the leaves and stem as a result of the COz enrichment
effectively prolonged vase life of cut flowers.

15. CO2 production of the leaves just after harvest was significantly reduced under CO:
enriched condition; C2Hs production was unaffected.
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