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Yoshinobu Kawamitsu, Mitsuki NakA, Hiroyuki NAkAYAMA and
Fumiaki SekizukaA : Effects of elevated CO, on Crassulacean Acid
Metabolism in Phalaenopsis.
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Summary

Effects of elevated CO, on CO, gas exchange and phosphoenolpyruvate
carboxylase activity in Phalaenopsis (Phalaenopsis Casablanca Moo X P. Buera Flora)
were measured to get basic infomation on the CO, enrichment under green house
conditions. Results obtained are summarized as follow ;

Phalaenopsis exhibited a super-CAM type CO, exchange pattern. The CO,
exchange rate was saturated at 15kIx under 30/20C, 30/25%C, and 25/20C of light/
dark leaf temperature conditions. The maximum CO, balance was obtained at 25/20C
of light/dark leaf temperature. CO, exchange rate was saturated around 700ppm of
CO; concentration. Total CO; balance was depend mainly on the balance in phase 1.
Malate content and PEPCase activity in phase 1 were increased under elevated CO,
concentration. In light period, however, PEPCase activity was depressed.
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&, B CAM B ER D CO, RIXD HEEE) /S — ¥ IZEHICE VRO R S5 1 5 Phase 1, £
M HE BB E R OB VIRINY — 7 DPhase 2L, ZDHDO AL RV KU CO, BINAIFE A LR
HbNgviPhase 3, ¥ L CHHIZRFOBUBVIRINAR 5 L5 Phase 4124501} 5 b, CAM HEIZREHAIC
FILZ A S ERBRKEOHVEHICEFILL L TV 5 KA AEI I HBD THEV,

DX ITEEHIIZ COy RRINT A CAMAEWIC BV THEHID CO, BEII W ARBRICEREEY S5 2
HZENTFHEEINSE, CAMENXEREEL 7 7L/ TV ADHEERVEELYED S L THEBOR CO,
BREDOKEDHPBIFEFTIIERKECLDONH L, RIE, 77V /T AORERELYRBE L CEERY
BIZEO L) LA LRFRADPLRFT SN TV 5SS, MWERICET2HERICZL , I, BAREH
WBLTIZBEALYBBEINTLEL, FOHRIELEF>TVLRVONEFTH S,

FIT, AMRTRIERICEEBRORVED CO, ZTHRERE & BB LEMA L ORMFRIIOVTFHMIC
RAREFORBRFEMHLREL 72, BIZ, BCO, BEOLELHF, N7 AFHIIIBITSH CO, HALIC
DWTHIRETL 72,

MBERUFE

WEHAMEIET7 7L /TR (aF a3y 5 ) (Phalaenopsis Casablanca Moon X P. Buera Flora) % F
V72, 19924 4 A24BICKEBRERE DD 4. 55 FREKICH LT, REBAFT I AETERL
A7 AZADEERITF60~T70% Th o 720 BRIZICBIEE (KFENT R 1FRU2E) DL1000EFFR
WeBEl~200FETITo72, BRKIKBEDLEEGVERLZPOLBET 720 HATHROPEIZIZ
BEZHEWE L BUHRRAL 2.

1) CO, XMEENAITE : BIEIIRIRIHET (47—, LI-6251) # AV @RARILHEEY T
Toloe LUB=ZLERMELELE (727 ) VR EXBETEIXFEE=14.5X17.5X12cm) I+t v
ML, ADORELY—IIT57:07 7 2 EB s €72, HRIZHILIEE, BISR/EE Lz, B/
BHREOMAECDOEE Y AN ERTIE, #1#FN30/20, 30/25, 25/20, RU20/15CICHZE L,

¥ 72, BB H5HAEIL5, 15, 30, 45kIx IZERE L 72,

CO, BEOXEEPA/2KEKRTIZ, FLAEBEAZERANS0% CO, K ~Xp 6 L& L EMLEARE
%350, 700, 1400, 2800ppm (ZFEi, BE L /e BADEHET T2 HEIEIL S E TV AKENERE L
TDEBRLIBET -5 Lol BEGERIFMFEOLEA N OOBE X HMBEST N1 4 F4,
HMP-113Y) THIEL, K, & 512, CO, #BEE350ppm, 1400ppm T THOEDEI4ELSE & PEP
VEFXL 5 —+F (PEPCase) &ML BIEL 7,

¥DOKEEBESE & PEPCase i3, IR, BERU CO, BEZFEFICHHTEL /70— XF ¥ 2 )N—
AMIZH ¥ & AR, CO, i % 350ppm & 1400ppm (ZFEI L T 2 ~ 3 BIEIL L 72 Br o9 > 7)) o ¥
2TV HlE L 7o,

2) BRERSBORIE 1.8X1.8cm DEF ZRIL, £E (FW) g Lok, FEKEANIGH
i L% ERL, 3500rpm TLODMERLEEL 2. ZOLEEBEARME 7 1 V7 — (FL120.45.m) T&
BL, BEA*A— M PSR E0ERBEE IO T 7 1 — (BESIEFT, RIEEE CDD-6A,
K> 7 LC-10AD, #1724 SCR-102H) 2V THEREEE L, 4> 7V OREIZ18 1 00, 21 : 00,
24 100, 3:00, 7:00, 10:00, 13:00, 17 : 00Ft 8 E4T » 7=

3) PEPCase ;EMBIFE : /2 — A F v o N—NTHNE{L X788 55 1.8X 1. 8cm DEF 2RI L 7,
FREUIZ % Phase #12, Phase 11321 : 00, Phase 2137 : 00, Phase 3{1211 : 00, Phase 41317 : 00i24T » 7o
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HKERIEHEZRCBBERTEREEE L 72
SBHI5mI i AR B £ 0. 2mg RV A DX T, WK TSR TERMME L7z, J 0B8RI THRT
L7, iR E oMK 12, 200mM Bicine (pH8.2), 0.2mM EDTA, 0.5mM DTT, 2mM 3 — NEE
B, HO (KUY ZFL ) a—120000) Thole FOMEBEHMEY 1BDIF 1R (CALBIO
CHEM #) TH#@ L7, ZO®BEOA, Iml 212,000rpm TI15~20 R E LS8 L, £ LEABED
1001 %2, 9001 @ G HIZ AN 2 25°CF T NADH O Z{b 2 340nm DR FE THRIE L (BEB{ERT, UV
-2000), PEPCase &M % K& 72, RIGH DR 1225mM Bicin-KOH (pH8.5), 25mM MES-KOH (pH
8.5), 25mM MOPS-KOH (pHS8.5), 5ml MgCl,, 2mM NaHCO;, 0.1mM NADH, 10units MDH, 2mM
PEP TH o7, MIET COBBEH2HFLUATET L7z, #E#ED0.5m 227007 1 VEEDHE
AR L2, 85121 ¥ TERIZ X % PEPCase {EMFAEDOREL A 5 72D RISHIC Y » TERZ 2mM i
LR & ERINOK % 5517 [F4%1C PEPCase D&M & € L 72
708074 VEEOREIZS0% T £ b LB ECHEY, 0.5ml OEEE2ml DI9% T & b SR 7z
#%, 3,000rpm T10% &L 578 L, L& A% EE663nm & U°645nm AR LR % % L 72, PEPCase &
# (pmol - mg' Chl - min?) (T XK & )R/,

_ AOD340>< V X vt
PEPCase = X dXBXv

2T, AODao (ZEAIEERI O NADH OZfl, VidF a2y FAORIGEE (ml),

£ 13 NADH o4
FRHHEE (6.22cm? - pmolt), diZF 2y FOXKKEE (LIVIE)

o rzuau74VEE (g), vidRe
CERALZHEEE, vt B EEERRT. B SN fEd gmol - m? ST TR, 2, VTR
\C X BRAEDRE, 7213 PEPCase ) ¥ TEEREEZ M J|IRINX O PEPCase &% I248 ¢ 52mM ) v T
BANMXOBEEOFETRL, KRN Lh KD,

1)>j@@%ﬁ:u-2mﬁ%§£§2¥;ﬁ&>*mo

= =23
25°C 30°C
a,o_
YimERURE,REEEF T PL S T T st —
320 CO, TREEICRIITHE E 6 i
77V /Y ADCO, iz, A g 4
I CO, HIRILL THEMIZ BT 2 G, §2
C,HEM L 13 R7% 0, BEH (Phasel) |2 bl

CO, #RIXLBAHAIZ CO, BRI % 1L &
4, Phase 4% 7R & 72\ super-CAM o
HARBERT VB ELR o7

(W1, 2)o TDEHIHTT7V /TR
D CO, RHIIxt LB D KREATE D
VKB LRZT OB, £D
R, CO, RXHEE DK KEIX30/25
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Fig. 1. Effects of light intensity on CO, exchange and leaf

conductance in Phalaenopsis. Measurements were
made at 30/25C of leaf temperature.
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Fig. 2. Effects of light intensity on CO, exchange and leaf
conductance in Phalaenopsis. Measurements were
made at 30/20°C of leaf temperature.
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Fig. 3. Effects of light intensity during light period on
total CO, balance at different light/dark tem-
peratures. CO, concentration was set at 350ppm.

67.48, 44.77mmol - m? day' Cdh - 72 (K
4), F7:, BB 30CICEE L TR
BEOHEYRLY, BBEOKE VAL
XELBL LA AERETR L, T/, BBE
HNE5CELIMETTRIER RS L,
25/20 CIX T#: CO, INX BIIMAIEL R,
ZOL3IH EREEOEE T LTI
KELD LD EBL 7,

(1995)

< 30/25, 30/20°C D WiRE X TR %
BEERLA, £/, 1BDOIKE
$15~45kix T EHE %= R L, CO;
REHEE 15k & W) FFVREET
BMCETAILEFHALMII ko
(B3)o

Kz, 77V P ADRICME
DHERLEOVWTRET 5, 22T,
R[ILCME & I RILAMABELRL,
ZOEFEVERILIIALEVHEI
AWwTWnwaZesRLTWE, M1, 2
PHoBLPDEIE, TPV TR
DFRILIBEHICHE, BHBICEES
MLC%CAM B E D BEIL/NY — &~
ZR L7, 72, RILIE CO, ZTHERE
EEBICEELTED, CO, THERE
DERVBRONBHEICIFRILCEE
bE L, TILVBENTWBE I EERL
Twb, 5, CAMiEmid, B%
BEEICE o TCAM BB EHEATK & L
BT 2 LPBHMONT WSS, 77
V7 AICEL TR, BEHIC
CAM Bl 3 &{L¥ 2K D CO, EEN
XS EPEE)L 72

Z T THEBEE ¥15kIx [CEE LBE
DEBERARIE T A, CO, IHEIZ
iR B $%20/15, 25/20, 30/20, 30/25°C
D4 HEETENEFNT. 2L, 76.11,

w- L. 5t o
] II
0
3020 30725 2520  20/5

Light/dark temperature (°C)

Fig. 4. Effects of light/dark tempera-
ture on the CO; balance. Mea-
surements were made at 15klx
of light intensity and 350ppm
of CO, concentration.

€O, balance (mmol-m?phase’)
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CO, MERUNBMEN 1 BN CO; RXBIRIEITER

B B HAIRAE %25/20°C, Jei@BEE % 15kIx (2R E L T
CO, BEODEE Y 5L, COy ZZH#EREI2350ppm D8y
mol - m? - s 2 5700ppm D 1lymol - m? st 2 ER L 7z,
LA»L, 35128 E%1400ppm K U°2800ppm & k& ¢
THKREREMARILE L, 700~1400ppm O FE THEFIL T
WwpheE2ZbLbhA, ElL72LH1C, 77V /7 TV R
BOWTIZBELEHICE > TCAM R CO, KH#IZIZLA Y
ZlEL Az EFrHmsnTwb, LaL, CO. EUL
FEILECOBREEEFRIZTO, 2 FEMIITANLEIISL
L, FOERIFHETH L, H5, 605HL2R LD
12, CO, YN EIZ700ppm T TIZ LR L 7245, ZhllE
DBETIIKELELIR O 2hot, 22T, Kl
EANEROREER IR > TWA L FEINLDT,
FIEE F BERAIICIE R T CO, BEOREX*REIL: (K
5, 6)o

FOER, 1 BOPRFZEIIHHEEICRER% < Phase 112
WIELTVD I EXFh oz, BIZ, 5kix BLF Tid CO,
BEY EVFTONHERI LR, SRR TIIHEES
HAZBOREERE 2o TWB I EMWREN, F72,
15kIx LLE Tz e E a2 LI T X ED ERIZR O
T, FRLULEOKXBEETIICO, BED LHIZHE > TH
CO, UXBRHEICHALT AERI XA SNz, 512, 45
kx DBBETEL{NXEORIPR LN, NXE
% Phase T & A TA S LBHBIZBWTZOENOE &
BREDPo7 (F1)o s

Table 1. Effects of light intensity and CO; concetration on the CO, balance at different phases.
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Fig. 5. Effects of CO, concentration on CO;
balance at different light intensities.

Relative values®

Light Co, Absolute values®
(klx) (ppm) Phase ]| Phase2,3 Phase4 total Phase ] Phase 2,3 Phase 4 total
5 350 41.21 1.97 0.29 43.47 74.5 55.8 31.1 74.5
700 39.20 1.97 0.28 41.45 70.9 75.8 30.1 70.5
1400 . 42.36 2.64 0.28 45.28 76.6 101.5 30.1 77.0
2800 42.25 3.56 0.51 46.32 76.4 136.9 54.8 78.7
15 350 55. 30 2.60 0.93 58. 83 100.0 100.0 100.0 100.0
700 69.29 3.19 1.05 73.53 112.9 122.7 112.9 125.0
1400 70. 38 4.74 0.47 75.59 127.3 182.3 50.5 128.5
2800 72.82 5.02 1.50 79. 34 131.7 193.1 161.3 134.9
30 350 43.03 2.29 0.58 45.90 77.8 88.1 62.4 78.0
700 52.37 4.43 1.23 58.03 94.7 170.4 132.3 98.6
1400 66.43 3.78 2.17 72.38 120.1 145.4 233.3 123.0
2800 65.98 3.76 2.19 71.93 119.3 144.6 235.5 122.3
45 350  49.87 1.91 1.21 52.99 90.2 73.5 130. 1 90.1
700 59. 84 2.65 2.99 65.48 108.2 101.9 321.5 111.3
1400 58. 28 4.71 1.92 64.91 105. 4 181.2 206.5 110.3
2800 45.56 4.59 1.75 51.90 82.4 176.5 188.2 88.2

Note : ® (mmol - m? - phase).
Y relative to the data obtained at 15kix and 350ppm.
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CO, REHY > IBSE & PEPCase
EMCRIZTEER

CAM H# ¥ 12 BF |2 PEPCase o X
WE-oTCO,L ZEELRERA4D) ~
TEREOF CHBLO WL ICERT 27,
ZLT, BHMRRILLHA CREAAICER
L7z > TEEA» L HHKER LA U 7z CO,
TEEOANECRIBTHUREEL T
BRRNEEBREYOESLEREERT 5
TZHOBERIC) C TRREEIIMMNT 5,
$7:, AIRILEZMA L IREETHRR
BREATS o8, RO v THREER
WAL CAM B 2 BELERT 2
ENHLN TS, KAHD CO, B
T & %350ppm 7> 5 % DED1, 400ppm
ZER & B L, CO, BN EI58. 8
3% 575. 50mmol - m? - s A#28% b 1
miL7, ¥RD) > ITHREE L CAM
BAEOBELERL, BO®wOT
RAIEDS5.587>58.3Tmg - g ' FW & 72
D, HL5EDHEMAASL NI, D
MO DE/MEDL. 224 52.26mg - g!
FW & BT CHIMEM 2R L 72,
T/, BHIIBVWTCO, YBEET A
PEPCase {5 1% % Phase B IZHIE L 72 &
A, BMIRETTIE PhaseliZB VT
4.157%*%11.19xmol - mg'CHL - min™ |2
ER L, BB TIRBEIZERTY
AlEMEFRLZ (W7, £2),

DE, 77V /773 RBWTHER
Tii®E CO, #@ET TCO, K#EERE,
) o TEEEE, K& U PEPCase {EM A%
b EmEERL,

£ %

AHFETIE, FEBESMHICL-T
77V /7Y ADCAM Bl CO, ZZ#fahs
EDEHIRICT ADOh 5 AEER
BERELHLMIL,

3, 77V /7 T RAORBEIIN
FTAHERIBIZOWVWTEET S, 771V /
T AD CO, I DI 115

8

0 500 1000 1500 2000 2500 3000
CO, concentration (ppm)

CO, balance (mmol-m-2-day-')
8 8 8 8

Fig. 6. Effects of CO, concentration on total CO, balance at
different light intensities. Measurements were made at
25/207C of light/dark temperature.

CO, exchange (umol-m2-s-1)

Malate content (mg-mg1FW)

PEPcase (umol-mg'Chl.-min?)
N )

i n

8262‘22.42‘ 4l é 8 10 1.2 1l4 1l6 1é
Time of day
Fig. 7. The diurnal changes in CO, exchange rate (A),
malate content (B) and PEP carboxylase activity (C)
at different CO;, concentration. Light intensity during
light period was 15kIx.
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kixfFiki2dH o7 (82 ~4[K), = Table 2. Effects of elevated CO, on PEPCase and malate content in
i, EE%&z'“@lSklx 2 KESDI5 Phalaenopsis.

Kix TEFIT B & v HED L L ¢ —  Sampling PEPCase? Malate content™

Ht 2, toksiEa TrL )T time 350ppm 1400ppm 350ppm 1400ppm

2 AHBEBRE DOSENLMIZEIE LT Phase 1 4.15+1.48 11.19+1.01 1.84+0.96 3.50+0.85
FILLAEM TH L ZLICEBRAL T by
hrtEzZObNAE, T/, EEBIEILE
CTEB SR ShAB AT Phase 3 3.10+1.27 2.81+1.24 4.89+1.39 7.26+1.07
Y AN EGETELLEBETHSL Phase 4 6.68+1.17 5.40+1.57 1.86+0.61 3.57+1.11
EVI)RERE —FT B,

ABFFEIIBED H AZHREE % HIE
LEAERTH Y, HWEEIIOWTORABOZ EPH Y TOo0E»BE2 T2 v, Lo L, EfEFEIC L
ML EIMREEROERBEDOHI0% LD, MOFTOEREOBVETH- 22 b, BEESEFICEL
THEBTHBEELZOND, HESYIE, AROXLEGRIIEB LENEL ) ESVATCO, RINEICR
ZTEEP THNEOFETHERITL, ROL) LHRLETVE, T4bb, BBKIIBV THEESR
% (44klx, FHAZEEIZH11.3kIx) R U§SHEM (27kix) T CO, RINFRE L 72 & & AEHAETHHITIL
NI E b CO, BUUTE C, T/, TELERLTLEESZTLEEL S, B/ (Phase4) (2B W
THEIELDFHREHT THEVRINEZ R L2, Jhid, EAZEICH L CIEEILEARTHY, THE
W L TRRELRERICD D COTHNENDKDOENKRD CO, RINBIZKESEET LI L2 HE
LTwa, FHFETIR | BEOEKI 3 ~4HBETHHVEOEL ) BEGVHIRERIIRIZT ZEIC
WTIIEII o2 v b, LL, 77V /T AOEFTEEEEDL S CO, BINEIIDNWT,
BEND CO, WAKBONKICF FMCFAGRERL L TEDRENBRBEIIT NEPRIATILED
HoH, HEPELBOEL THAEORELRFLLZEZS, BHREEIHE L DD CO, INFZEIISKIX F
TIT%BEH L T WD I EAF0D, 771 77 ZTI5kIx [ETIEE A LBAIL TV L EZDT
Lbhs (K3),

KD, BEOEEBIOWTEET L, 77L /7Y AD CAME CO, K|IZBEICL > TKRELE
fbE$, BHED CO, EN/NT » ARE (1 HORIKE) U0 EE L7z, JME % 15kx IZEE L
TREOFELAL L, BHBEIS0COBE, BEOHEZOKREVAPPRLEIFH ZHMEMEIIH -
72e —HXIZ, CAMBIHERIZE VTR HIBECHBITEREBGICT 2 LD CO, DEEE
BT A vbhTwa, 30/20CK TREMORBRGICRIBINT) > ITRERPEES N, IX
TEFENLCEEZIONS, 72, BEENSTCL 2 AMAEGETHET 5 &, 25/20T4* CO, YUK

ko TRETH-7 (M4d), LAL, KESIE, 25/20CK £ 925/15CRICB VT CO, BERE
uﬁmLfaﬁiwa% AEFZECI225/15C LV ) BREIZEC, FHHBOLRIEEHN25/15CE T
BEF42IE, HEENFIOCELZAMAELYI IR L2REL TV W E R ERL, 77V /T
YADCO, P EIIRIBTEREOEEOERELIIEHTICEI SIS 2 IRFAVLETHS ).

—%, KESE, BE—ERBETII20CMHEICEEBLSD ), SHICZORKICERER, REKEOKIR
£BETTLNEVCO, RIEARONE ERRTHYN, AHEERE DT 5, $7-, A#ESYLI1312
FIRGERTHREL, 77V /TP ADEAFTORBRELIZIZ—HIT HILIRINT,

B2, CO, BERUVELBEN 7 7L/ 7P AD 1 BOPRXEIIRIZTERIIOVWTEET S, R
£, REPBOTHEREBL 7 7L/ TVADEEYBDL-OBA L AP SR EIN TS, LaL,
FOKEIHIERE, BE, K5, EEZECREOEFNLBBIIMLTL2INZEDTHL, EDOR
ERDOELTHLERPD CO, BEFKERRVERIIRIZTEREIIODVWTOT-234%L, 20
FEHIIEE S T2 v,

2 3.57%£0.99 5.84%0.43 5.58%2.28 8.37%1.00

Note : g - mg'Chl - min" ; mg - ml"!
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WAL T v TIVERRT 7L/ 72 RIIBERBIC CO, # RIS 5 CAM BHEESE 1T 5. CO, iBRE %
EZTCO, ZWEEXHET AL, BRET TldPhase 10 CO, ZFHEENEH L (M5~7), &
DT &1, Phase 1T CO, RN LEET 5 CAM FEHIZ BT, CO, i8R % &  M3F 3 hiT CO, TRIX
PRESNERATDEEZEZOND, LA L, 1,400ppm L ETI2IZ & A L Z{LEF, #700~1,400ppm
HETRAMLZ, BHONZEICEE* RIZTHHORMEE 2 LS4 CO, BEOHELRIT L L
5, BEEGTRIINEEOHIMIBIEIN 20072, #o T, 5kix 12 BV TId D FAH O H)
FRERIZZ > TWBEEZ LN, 72, 15KIx LLEDKRE TIZ, HEEOHMCE D - TITE
DL I HLNTz, I, 45kIx TIEHEFICKRA, 2OFERE LTHPICBITA2EEBEDO LENEZI LN
o BEDERTERMEDENT2F0S, ASEPOERT CO; HEHBENEEL SITH CO, &4
OO TRMAD) » THEEEDS T FITHLNTRCO, WEEIKT LA bDEEZ NS, $77,
BT 2N EBDOEMOEEHLKEL, CO, 2EHEHINVE AR AATHEREITR->T
WEHEERLND, LLELD, BCO, BEIZL > TINKEF BRI EL-01213, HIRAEIZ15KIx 117
PRETHDHEEZOND, T, RIUZEEIZCO, BED LFIZL Do TRIT AEBMIAL R
o SHIE, BADCO, BEDLERIIRIELCRILPHMLALzOLEZONS, LAL, ERMHICI
6 CO, BERGT CAFIHMEN BT o AFE2REL TV 5,

KT, ERNOELIZDOWTEET S

L, CAM Hif\3BE 501 PEPCase i2 & 100 [N
TCO;, &) v TERICEHR LMW R sol /——0\0
FILEET 2. 77V TYROEN
D)y IHMERIECAMBHE L HEL  J 6o} .
£RL, ®CO, METTtY » TBE §4o_ - ”
BEOWNAA SRz, ARZERIRI o
WoVHSA 2Ty I BeTHE g
LTwa, $72, BHICBV TGERIC ob—s .., .
18 20 2 24 2 4 6 8 10 12 14 16 18

CO, #[E%E ¥ 5B #*, PEPCase [N
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