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fig (Kawamitsu ef al., 1987) TixA 2 BHE¥ %
HoT2OEENEREE, REEEL X UVEREGE
BrRigTERBEOFELREL 2. ZOKRE, X
EREECT 2 BEORERTEL LICKEL, #
T G C, I ERBEORENE L D

7o, AHTIRL D 1 DORENZREBEERELHET
% CAM (Crassulacean Acid Metabolism) f#i2&
BL, 20 CO. R¥HE, Bl s & CEBEEE
KRIZTERBEOBE DO TRET 5.

—#ic CAM I BHERRORE VIR T, &
HEREOWL T AHEMICEIL 2 E CO: #RILL
Fapmor cRiatickz, BREIEREERNZ 2/
DEAEFAL X 2 HBEL S CO KRR L TH
NVEVERBIZRYAAR —BOXERETERET S

(Kluge and Ting, 1978 ; Ting and Gibbs, 1982), <
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3L THBE, CAMBEYOKFIRAZEIED THE<,

fEM LS5 s, o ARStho YoM L b LiEhn
REEEELTVWALEELS, Lo LAws, CAMAE
MIEKEBECHNLTED LI RRIGERT O, &
DA 28 Cy, CAEMICLEANTE D AR A8
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7, BRI CEDEER AT, —HAZX PR
Db 2 & A FFRES CAM Bic shift § 2 f¥H
»2 (Winter, 1974),
linum D57 OEYTE 03, #DONERHEK® shift X
LRRICRTEREBES ORERE»RIFL T3

Mesembryanthemum crystal-
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#EMEHT full CAM 2 LTHBTST o b1
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EEOHEY GO T v 724 BRVEL,
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/¥y b (80X40X10cm) 2Ky b % 6 A~ HikO
IVEABERT 2L LTHF2%, 22T, 3%
NaCl i3 ¥ D T 5 At O M8 2 VuE L, EC
Tk 2.54msem™ EEERICE S, ZDL I RRET
HIELTHEFIRIERT I OEYOFEEREHE 2
5.

Z v ht4 (Arachis hypogoea L. cv. Chibahand
achi) # 70X 7 #FIE L 72 1/5000a DT 7 A VK Yy
MCHEZ AT, +aEF S 872% NaCl 4L (0.5%)
ZREA L o, ALK, M. crystallinum OBS EEL

Th3.
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TITDhk, FRBLAEBEOFE RN T 220, FD
O3 HMIEEERGE, B3 B ERZEL52
7o, BEEH & HIZEERD /S — 2Rz, 2
ITR3HEOTF -y —%2HATIZ L7z, ¥iBE
DR R CEIE R EICBEL TIZETE (Agata ef al.,
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Fig. 1. Diurnal patterns of CO. exchange rate, leaf conductance and transpiration rate in control plant
(A) and stressed plant withholding water for 12th days () and 34th day (@) of M. crystallinum.
Measurements were made at 25/20°C day/night temperature and 1061 xmol m~? s™' photosynthetic photon

flux density during the light period.
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1. M. crystallinum O CO., ZHEE D BEMICR
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Fig. 1l 3 H2METTETFLIRLY A7 v F 27 xt
LEAREET S EIREDTKRA MLV ALEESZ
CAMAEBELZ M EI e A O THS, HER
FEVREA A 25°C, WEHAL: 20°C CHAMAD XEE K
1000 gmol m~? s~ TH o7, /2, HEIZ 11.5 BRI
BRELT.

WEBH TR C N BRAL R/ — > 2R L
7o88, MEAERELTZE 2AEE»SBEHOKRY
CO, DRI s % LB D Eh a5 CAMAEL T
WHDOHED SN,

Sz, U % 26 HRGRkEE T 5 L BHHAIC B 1T A RINE
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fr. Thbb, 20 CO.RBEEOHEM Y- D
b CO.BERIF Cs Mo CAM B shift L7z
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BEAERLE, 25T, CO. REEE, HEBIEE
BBk UERBEESAPEL ETT 201 I0MHEY
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{LEFE > TEEZ 222 L XV REFR D CAM
BADENERTRBEOL S CRARTI SN D,
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2. 27, HIESME Fig. 21213 3% NaCl # 34 B
FiLs L -tk = B¢, fERCREERORE
5 0BRBICEZ THELBEORE L EROBE %
Fuy bl BERIEEHE (VPD) TRHEL:
75, VPD OFWIHE 282K (Dry), BVWiHE £8E
K (Wet) L7, EBIZIVPDIcHEFZBHES
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Fig. 2. Measurement conditions for the effects of leaf-to-air vapour pressure difference on CAM ability

in M. crystallinum. Photosynthetic photon flux density during the light period was 1,000 zmol m~2s™".
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Fig. 3. Diurnal patterns of CO. exchange rate, leaf conductance and transpirafion rate in control plant

of M. crystallinum.

VIEDWLTRT, BooiZ Gl E R/ $Y —
ZRLle, ZOBOCO, REEE, IBESEB IV
EHEEORAMIZA AF C Y (Kawamitsu  ef
al., 1987) OEENCH B,

Fig 4 i3 B%R 4 HEHOERERLI:. 2D LD
WA R 34 B SL T 5 L R8T A=Y —ICHBD
ETBREBNZEDL SN, Fig, FIUHEIETLERS
ML, VPD AT 2 LB CRIBEEE K
FL, 20&8, CO.0ERNELELIET LR, %
7o, BEEATII BT CO: BRI % LE D Eh 7z
26 CAMAEL T2 00T s i, BEEHE

VPD 8K & WEBWHEERLH, BHEI12EI AW
BLETULRATEREASELECMEERL.
FME% 70 HRgkE L /EE& Tk, B0 CO:
BAVE IS SIET L, BB 2 RINEIIK
H&% DT CAM BpgEE o2 D% (Fig.5). #i
B & E#EIC VPD »38 K3 2 L O REEE 1 E
LLIETL, 208EE2%Z T CO DIRINES KE L
BTFULE 2L, BT VPD SKELEET TR
B CHIE a2 22O 20 & 5 i CO, DBRINH
BitE EED CAMAEL TV 3 2 2300 5. EE
EBERZCO.TBEE L2 AUELERL, BT, B
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Fig. 4. Effect of vapour pressure difference on diurnal patterns of CO. exchange rate, leaf conductance
and transpiration rate in M. cwystallinum with 3% NaCl for 34 days.

BRI 2HEBOBEN L —HLTWD I 05,
SAOEENKRTHLEELOND,

Fig 6l ci3at8ic > THEBELALENCO.BE
(CHoREM Xy —>%Fay b L7 CREAD
BEERIBRVWEEND CO BELEZ SN D40
Bk 34 BEOEYHATIE, VPD AR & D IksE
BHEBMETLTHCIRIBEALEER L., 0 B
BOWYETIE, VPDEAX T4 AT CisAE
%D, $bb,MHEBF TRAFICELDTCi
FfE N T A 70 BEED & CO RIEE W LD
TCREEShTwE I Litbh s, 12, BHOE
McEHT 5L, M OB TIE VPD AR E W E & 400

pl I ETIERTLTW 22, TOHETREHELRL
200 ! I FCETLE»ICPEP AV EF Y I —¥
PEE CAM (RBBEEEL TWwWob Z a2 5.

UEXD, VPDiZ M. crystallinum 5 Ci Bl o
CAM BI~CELAEERE % shift & ¥ 2B EENTHE
PRET L PHEEIREIR:,

2. M. crystallinum O CO, THGERE, REEEL
T UGS L TREEROYE
KA Cy B 5 CAM B~ shift 3+ 2 BB T
CO. THGHE, EEEES L UEMEENHEREE
RWizxt L CEOBERIGT 52D, BEILORIESK
TURBETRERT DR, 7, LEECHTER
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Fig. 5. Effect of vapour pressure difference on diurnal patterns of CO. exchange rate, leaf conductance
and transpiration rate in M. crystallinum with 3% NaCl for 70 days.

67253, CAMALIZELRAEESHEE (Pmax) B &
U BIC BT 235 B0 L {{ET L7 (Fig.
7)., 22, KFEES (CO RIMEEM Y TITR D
£) FECEmnT a2 EmE R L, AEFTO L O
et USRS 2 R L oL, LEXKIELTR
3 2000 umol m™?s™' & TRAFMBMMBRERL 2,
AHGEE L EBEEE b U TR RIG L
7z,

FRICNT 2 RIG TR, LEBEA CAM 1bosHEfT
TEE, HEDDZ L, RERBBERENSRR, S
{EEM~ shift L7 (Fig.8). CAM k& stz
YR O BEBE L 20°C » 5 10°C &Rz H Y, &

NIRAEO CGHEMEACEFRBETH S, Pmax 2
BoTiEBc ks 2RI S, BEREYAE
2 EEBICET U, BEEE I NaCl i B
BLBEFRCHECARBCETL, MHETRER
30°C TiFF¥ oz rLALNL D22 VU TERK
W2 TWB EEZONS, AEEEIIHEATTIZE
BEFZE S RWERCEML 7248, CAMALDHR
Hon-EDTCIRME R TR L.

VPD izt L ik, B BfFE2 <, 237 A—F —
ELBBCRIGL, Db T0BETE VPD A3 3.0
MPa Ll bz 2 L S EEIIZIZE QTR 20
BEE2ITTCO.RBHEEL Y itk D/ (Fig.9),
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Fig. 6. Effect of vapour pressure difference on intercellular CO, concentration in M. ¢rystallinum with
3% NaCl for 34 days (A) and 70 days (B). Data were obtained from Figs. 4 and 5.

Fig. 10 i CO. BE (C) KT 2R T A —5 —OD
RiG% &7z 6 D120, HBEERE G C kBRI RIG
L, MBORES VPD OXNOHEITFhiE A
v, ZOEICKIAOBERWOKRE, MKk
WIZB3 5 COBE L CO.ZHBEE L DlFRE 22
&, WERNCETELS D IZIEFACES R L.

PIE, EE)aJgecEY (faculative plant) W T
ZOCO XBABICRIZTT VPD N iCfh D BB E
HOEELAHTE, RIZ, TECAM /% — 2 %R
TRAF v NTIE VPD OEEREDRETH LD
Bitd sz ricd 3,

3. N4 FyTo CORBEREDAELC R

TEHPAEDE

R Fy PV EREL RO MGIERSEIET
30°C, Bs#iT25°C, VPD 2 &% X TH 8 233.0
MPa, BEHA%t 2.0 MPa, 128X CHHH#2S 2.0 MPa, B
A 1.0 MPa o BE L 7., HRIZIHM 11.5 B8 TT
7.

NRAFy7VERERCAMEBR2EL TV 3
(Nose et al., 1977) 729K A b v A %5 2 TEEIRE

TERL, MERCEEE2E L ZORE2F N (Fig.
1), B eBebhnk 5z, B, BHCHED 0 8L
CO; DR Th By %2 CAM X5 — > %2R L
2. Lo, BRVEET 2 L 8B0D M. crystallinum
D35S L Ak, B0 CO. TWEE B & Bz EE
FEHERCENELET L., VPD BEWES, F
AP @ CO, TBMEE D H 2> & BRI EE U 2 Bt
2EEEEEN ;. BETCIREENBIC L 22T,
AEBE»D, 1, CO. THKE - HBEEEDH
AL ¥y — v L A EEI B 2R U 72 0D AVER Y
Ths, REEEIHB CROABEBOERRFIEY
RELC L, BYPTRRE kD7,

Fig. 12 i KFIHZEO BRI/ Y —> %2 Ty
FU7:. VPDRBREWLEAFBYMERIELETL,
LY bURHICEIT 2 VPD OBEBATH L. KF]
ABEOES A 2 RHEW L LK T 2 &, C Y6
smol mmol™' AT, C, #8#543 15 zmol mmol ™' LT
HY, 4Ty IVOBERITIE CEDI, BT
& CoE ST 2R R L.

4, 944D COXREEDAEMICRIZT
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Fig. 7. Light response curves of CO, ex-
change rate, leaf conductance and tran-
spiration rate in control plant (O) and stres-
sed plant with 3% NaCl for 34 days (@) and
70 days (A) of M. crystallinum.
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z £
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Fig. 11. Effects of vapour pressure difference on diurnal patterns of CO; exchange rate, leaf conductance
and transpiration rate in pineapple plant. Measurements were made at 1.0 MPa () and 2.5 MPa (@) of

vapour pressure difference.
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Table 1. Effect of vapour pressure difference on CO, balance and CAM ability (a ratio of absorbed
CO, at dark period to CO, balance) in M. crystallinum and pineapple plant.
. CO, balance CAM ability
Species VPD level (emol dm-2 day-?) %)
M. crystallinum* Low (Wet) 1178.2 1.3
High (Dry) 529.1 16.2
Pineapple Low (Wet) 536.6 48.6
High (Dry) 381.8 68.6

Note: *Treated with 3% NaCl for 70 days.
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Summary

To make clear the effects of air humidity on diurnal patterns of CO, exchange rate, leaf
conductance and transpiration rate in crassulacean acid metabolism (CAM) plants, pineapple
(full CAM), Mesembryanthemum crystallinum (weak CAM) and peanut (non-CAM) growing
under field conditions in Fukuoka were examined. Gas exchange measurements were
performed under two different leaf-to-air vapour pressure difference (VPD) conditions.
Results obtained were compared with the humidity responses of C; and C, grass species.

1) Induction of CAM in M. crystallinum in response to water stress was observed 12 days
after withholding water. The plants exhibiting CAM-like CO, exchange reactions ac-
companied by distinct depression of CO, exchange and leaf conductance at the midday.

2) M. crystallinum exhibited its mode of carbon assimilation from C; photosynthesis to
CAM when plants were exposed to high NaCl content in the soil for 34 days. At constant leaf
temperature CO, exchange rate and leaf conductance of the plant were depressed during light
period when the VPD was increased. So the reduction in CO, fixation during the light period
was largely due to stomatal closure in response to the increased VPD.

3) M. crystallinum was remarkably induced CAM-like CO, gas exchange pattern by
treatment with 3% NaCl for 70 days. When VPD increased, the plant showed a marked
reduction of the daytime CO, fixation, whereas nighttime CO, uptake was only slightly
reduced. Consequently CAM mode was pronounced at high VPD conditions. From the VPD
response pattern of leaf conductance, it was suggested that stomata of the stressed-plant was
very sensitive to the air humidity.

4) Pineapple plant performed high CAM ability when VPD increased. CO, exchange rate
was significantly correlated with leaf conductance not only during light period but also during
dark period. However, slope of the regression line obtained from nighttime data were steeper
than that from daytime one. On the other hand, VPD had no effects on the slope. The role
of the stomatal responses to VPD in determining the patterns and rates of CO, exchange and
transpiration in the light or dark are significantly different.

5) In peanut plant, leaf conductance was closely correlated with net CO, exchange rate.

These results suggest that stomata of CAM plants are more sensitive and strictly
regulate the CO, exchange as compared with C; and C, grass species.



