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Summary

Pineapple (Ananas comosus (L.) Merr.) is a main crop next to sugar cane
in Okinawa. This plant is a rare crop belonging to crassulacean acid
metabolism (CAM) plants. CAM is one of the three types of carbon fixing
process observed in higher plants, and it is known to be favorable to arid area,
since CO, exchange in CAM is done mainly at night. CAM is gaining an
increasing interest with the discovery of C, photosynthesis, and studies on
photosynthetic process were started in the 1970’s. In CAM plants including
pineapple, much has been left to be studied on the mechanism of matter
production system. The productivity of CAM plants is generally low, but
pineapple plants show a high a productivity as well as other usual crops do.

In the present study, the authors first examined relationships between
light intensity and CAM type photosynthesis, which is the most basic factor in
plant matter production system. An approach adopting the above mentioned
relationships was used for other experiments in this study. Secondly,
relationships between day-length and CAM type photosynthesis were
examined; and effects of light conditions were discussed from the view both of

day-length and amunt of radiation. Thirdly, since CAM type photosynthesis
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is well known as a carbon-obtaining type tolerable to drought, relationships
between soil moisture condition and CAM type photosynthesis were also
examined. Forthly, the authors studied the effects of nitrogen nutrition which
may be said to be the most important basis in agricultural technics. In other
words, the effects of nitrogen concentration in culture solution and leaves on
CAM type photosynthesis were examined. Fifthly, commenting on the carbon
flow and the basic regulating mechanism of CAM type photosynthesis in
pineapple plants, the authors discussed the possibility and limitation of matter
production control in pineapple plants. On the base of the results obtanined in
these studies, last of all, the growth of pineapple plants in Okinawa was
analyzed in view of solar radiations for matter production.
Results obtained in the present studies are summarized as follows:
1. Relationships between light intensity in the light period and CAM type photosynthesis.

1) As average light intensity in the light period increased, both the CO, efflux rate and the
CO, efflux duration (phase 3) decreased. In addition, CO, influx rate in both the later half of light
period (phase 4) and the dark period (phase 1) increased. As a result of this process, daily CO,
balance increased as the average light intensity in the light period increased up to 30 to 40 klx, and
the balance attained a steady value under the average light intensities higher than 30 to 40 klx.

2) The effect of solar radiation on the daily variation in malate content in leaves was found
as follows: The increase in solar radiation in the light period lowered the malate content in leaves
in the end of the light period and it heightened the content in the end of the dark period. The
disappearance rate of malate in the light period attained a steady value under the solar radiation
of 100 to 150 cal/cm?/5 hrs. The accumulation of malate in the dark period increased as solar
radiation in the light period increased. In this study, however, the upper limit value of the
accumulation was not observed. Solar radiation of 100 to 150 cal/cm?/5 hrs in which malate
disappearance rate reached a steady value corresponded to 20 to 30 klx of average light intensity.
In other words, saturated soral radiation for malate disappearance in field experiments was almost
equal to saturated average light intensity for CO, exchange obtained in laboratory experiments.
2. Effects of day-length on CAM type photosynthesis.

It was found that CAM type CO, exchange in pineapple plants was activated under short day-
length conditions. Under the short day-length, daily CO, balance increased, and these results were
obtained by increasing CO, influx in phase 1. On the other hand, under the long day-length
conditions CO, influx rate in phase 4 increased, and daily CO, balance decreased. It was concluded
that the increase in CO, influx under the short day-length was derived from the increasing CO,
fixation ability of leaves in phase 1.

3. Effects of soil moisture on CAM type photosynthesis.

Pineapple plants exhibited a positive CO, balance even under the soil moisture stress between
the first wilting point and permanent wilting point where other photosynthetic type plants wilt or
perish. Therefore, it was concluded that pineapple exhibited a strong drought tolerance. Since
transpiration ratio as an index of water use efficiency exhibited low values such as 20 to 150, it was

concluded that water use efficiency in pineapple plants was high. On the other hand, maximum
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daily CO, balance was observed when soil moisture condition was at total readily available
moisture condition (pF 2 to 3). Consequently, it appeared that keeping soil moisture under suitable
condition is necessary for the vigourous growth of pineappe.

4, Effects of nitrogen nutrition on CAM type photosynthesis.

Maximum CO, balance for full one day was obtained with the nitrogen treatment of 277 ppm
culture solution. Daily CO, blance showed statistically significant positive correlation with total
nitrogen content, soluble content, and chlorophyll content in leaves. CAM ability, the ratio of CO,
balance in phase 1 to CO, balance for full one day, also showed a significant positive correlation
with total nitrogen content in leaves. It was concluded that the increase in CO, balnce following the
improvement of nitrogen nutrient was derived from the increasing CO, influx in phase 1.

5. Possibility and limitation of matter production control in pineapple plants.

It was conjectured that, based on the characteristics of CAM type carbon flows, the
improvement of matter production in pineapple plants should be attained via the increase in CO,
influx-in phase 4. Using the CAM ability as an index, the authors examined the ways with which
environmental factors affected the CO, balance in pineapple; and it was found, as it" had been
expected, that the environmental factors affecting the improvement of daily CO, balance may be
classified into two factors: the one to reduce CAM ability and the other to contrary strengthen CAM
ability. Soil moisture showed both the characteristics in the CO, balance improving scheme.

6. Analysis of pineapple culture in Okinawa in view of matter production characteristics.

Based on the light saturation point obtained from CO, balance experiments using the single
shoot, calculations of some solar radiation parameters such as directly utilizable solar radiation
(DUSR) and duration of saturated solar radiation (DSSR) etc. were done, and an analysis of
environmental characteristics viewed from the solar radiation conditions in Okinawa was made.
From DUSR, some deficiency in solar radiation during December and February, winter in Okinawa,
was found. Since CAM type CO, absorption of pineapple was activated under short day-length,
however, it appeared that sufficient growth rate may be insured even in winter by the accelerated
CO, absorption, although light saturation was not attained. Solar radiation conditions in Ishigaki
island were almost equal to those in Hawaii, an advanced pineapple growing area in the world, and
it was concluded that Ishigaki island is suitable for pineapple culture. The above conclusions were
drawn based on the light saturation experiments using individual plant. Consequently, it appears
that solar radiation in winter in Okinawa will be insufficient if pineapple culture with high leaf area

index is to be realized in the future.
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AEb®l: (F1),

Table 1. The combination of the light block for each

experiment; numerals in the table shows average

light intensity on the plant top.

Experiment No. Date from biginning of experiment
1-2 3-4 5-6 7-8 9-10

I 80 20 40 10 20
II 40 10 20 80 20
o 20 80 40 10 20

AA ]
AR AD PC
1 R
pi--eed |
bommwa B
cP Y W
E
i !
H '
HD 4F—1 HS._IR'_
SV
PP TC
WP Sv

Fig. 2. Schematic diagram of the gas exchange measurement
system. Solid line and broken line show air or water
flow, and elecric current, respectively. AA: ambient
air, CP: air compressor, HD: humidifier, DH:
dehumidifier, FM: flow meter, AC: assimilation chamber,
F: fan, PP: plant and pot, WP: water pump, TC:
temperature controller, SV: solenoid valve, HS:
humidity sensor, IR: infra red CO2 analyzer, WB: water
bath, LS: light source, CC: thermocouple, AR: analog
recorder, AD: A/D converter, PC: personal computer.
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By AOEEL, BEREA (10m) FTH 1 RFEEHL

EHLREERESFA Y — GbE, ¥Iboy) THRLEDL, 1EOI S 7 aXTEBE%E
BEL0b, 10,000rpm TLOAREOL, EEBES. MERER, EBBEZLOCOY +—F—N
ZAH TR LIcDE, 7x /=L 754 vEERELELT, 1/1008%E NaOH (factor=1.0, 0
itk KK) 2AHVERANY « Eavry bTREZEEL THR, VY IREBR=aF>TIF7T
F=vX27LAFF (NAD) D340nm OBEEEFIH L2 EIE ™ CERL, VY ITREER
O RIS IZ78mM 3 — Amino-1-propanol (pH 10.0), 2mM NAD, 53mM Na-glutamate (pH 10.0),
4 units glutamate-oxaloacetatetransaminase (GOT), 30 units malate dehydrogenase ThH b,

FEHOLE, BB, "VANOHFER, X208V TH2, ERIEZ ©=0.32mDfFI > A5 >~
5 eENE, REEGEO LA, P6, THO 3 rROEORAEE S ¢, [BRIEWEORS O
WA THELBEL 7, BRI, =7) —BASG GEFHEE, MS—42) THEL .

Table 2. Experimantal conditions of solar radiation (cal/cm2
/day), leaf temperature (°C) and air temperature (°C)
among shading treatments.

Date Block Radiation Leaf temperature Air temperature
Light Dark Light Dark
I 138 25.4 + 4.8 19.8 + 0.6 24.1 + 3.6 19.8 + 0.6
1T 80 26.3 + 5.5 19.9 + 0.6 24.5 + 4.2 20.1 + 0.7
m 34 24.5 + 4.2 19.9 + 0.6 23.8 + 3.9 19.7 + 0.6
v 19 25.3 + 4.7 19.9 + 0.7 24.0 + 3.9 19.7 + 0.7
Mean 25.4 + 4.8 19.9 + 0.6 24.1 + 3.8 19.8 + 0.7
1 180 27.7 + 5.4 18.5 + 1.0 25.6 + 4.5 18.5 + 1.0
II 112 28.1 + 5.0 18.8 + 1.2 26.7 + 4.7 18.9 + 1.1
T 47 27.6 + 5.1 18.9 + 1.3 26.3 + 4.9 18.9 + 1.5
v 27 26.7 + 4.6 18.7 + 1.0 26.2 + 4.2 18.6 + 1.0
Mean 27.5 + 5.1 18.7 +11.1 26.2 + 4.5 18.7 + 1.2
I 70 23.2 + 2.2 18.6 + 0.7 22.0 + 1.6 18.5 + 0.7
II 44 22.9 + 2.0 18.6 + 22.6 + 1.8 18.6 + 0.7
m 18 23.1 + 2.0 18.8 + 22.5 + 1.7 18.7 + 0.8
Iv 11 23.0 + 2.0 18.7 + 22.3 + 1.7 18.6 + 0.7
Mean 23.1 + 2.0 18.7 + 0.7 22.4 + 1.7 18.6 + 0.7
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Fig. 3. Effect of light intensity on diurnal CO2 exchange
at pineapple plants.

4 13 FEROBEIEYE L0 O CO, INEKIZDOWT, BB EHEEEDEE Y R LD TH S,
ZITiE, 1HOCO, XA, 1HHOOKRIE, RO, BO CO, BINE, ZhiZED CO, Bl
BICHTTRLE, Thod CO, IHIZ, BNEET TH N CO, REEEL» S, XWILT 5L D
Ry PNTFE RIS, S CO, HEERZELSIWTHELETH S, HbogiTtly Lzl B4
D CO,WZIZDWTHADLE, OTHROFECBWTHHEPOFEEED FRICE bW, 1 HYRD
D CO, L IFWEAL, ZORICEFMBEEL TS, 1HOD CO, NN EHMEIET 2 FHNEE L,
FEE 1 LI TIHIFZIF40klx, EERII TIE30kIx AR TH %,

Kiz, 1THD CO, WX AR T2RINIEIZOWTRIEZMATAHLD, HFOBALLA=ZAEITR
L 7:BEHAD CO, K L BEEAD CO, Biid, BHMAD B D ERICHEVLERL, ZORICEREISE
LTwd, £/:, BEAAITRLUZEEHO CO, RHED, HEADOFEELEED ER VAL, 20
BEFEBEIEL TS, & CO, INXESEFHMITET 2 LS L, EE 1 L IT40klx, EERI T20
~30klx &, 1HHDDCO, NXTHESNBELEERKRTH 5,

CAM BB, D CO, BN THRHTIoNn, 20, 1HD CO, WEXDOANT, HD CO, WX
DESLEEHITNEEVRE, CAM AXGHROFEME IO Z iz, -7, 1H®D CO, X
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1Exp.1) [ IExp.ID

IIExp.1I)
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verage lig Average light
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~
»

4L

Fig. 4. Relationship between the parameters of CO2 balance
at the top of pineapple plants and average light in-
tensity. Q: Daily total CO, balance, o: CO, gain in
the dark period, A: CO, gain in the light period,
A: co, efflux in the light period.

WK BED CO, XD b 2 EE %
CAM # (CAM ability) & E#HL, 400r
CAM MLt %17> Z &%, CAM #J
KEROHIE A2 BT L & B H
REBEz22bDEEZ N3,

Pl k> niRECETE, CAM 300
7 & B F I HEEDOBFR E R L7
DOMBES5TH5, CTHOBEIFICHB
T, HHDOFHHBEEN/NE L L
CAM iz @ <, ¥ tEED LRIC L
b7 CAM HEAMET L, 30~40klx
LAEDFDT TI0%HIE D EFH I Z
LT3,

B) EANNESEBOBMEICRETS 100}

R

CAM BIXARIZBWLTIE, 2D CO,
RPBOENE EERORE, FIZY > T L , . A
DEENSERZICEEL TWE I i3 X 20 40 60 80
<%ﬂ6ﬂflﬁ% 34,78)0 6 Wz 61, 4 E Average light intensity (klx)
HOENXNBEZHET B I AHEEBRE Fig. 5. Relationship between the CAM

CAM ability (%)

200

T

DHZIE R LT, WTFRLOMLERIZ ability at the top of pineapple
BWT b, MEBRENBEIZES L, plants and average light
Gk T 2 £ S CAM MEEA O intensity in light period.

A% L Aa 88D KL TW0W5, BREIORE O: Exp. I, A: Exp. II,

EMEOHB A2 &, O 68305 @®: Exp. II.
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B . 5o > 7w 0 CAM BBESRICEE T 2 LS

25 10BFIZ 2 TORE DI DRREICEH AR, 10805 1TRIC O TOBEOBRIVBENKREh 5T
Wa, Fr, EAHKXTE, BRELZOTNOEMCBVLTY, 56%EXOINXTIEC 0ET, 60530
o102 T TOBEOEANED sh b,

HO & BHAC T TOHARIE, 7 AZBOBELHES» ST 2 & phase 2 IHHY ™ + 2, Winter
and Tenhunen'?? {X, phase 2 D CO, RINZENDOEEREDOHKE2# > Z & % Kalanchoe dai-
gremontiana (AT AT X2 7 4) TROT D, N4 YT v 7B TH, BFNRMETF T phase 2
D CO, BINHFRD SN T2 535689, fE 5T, KEBRTRD SN FRIHOWERE DR DFLE /)
BRI e, RENEARTILLOBHRIE, BICHFENNILEWLWS 2L LD, L2 20/ phase
21ZHENT 2 CO, DRI E ERBOERNITON- I LE2RTIDEEZ SN S,

DEIZIDWT, HABERTOWEREOHB LT 2 £, Bk 178 OBEE, \BUE<IR
<HMEX<IVRODIEIZKESk>Tw3, C0, C1lEIODWTY, EXIEXr BEREOBEFZEIZIDE
ERIBRETH - 712,

w
o
T

o
T

Solar radiation
(cal/em?/h)

42

Leaf D Leaf C Leaf Cl

Titratable acidity
(mM/am?)
>

0 1 i 1 L 1 i 1 B 1 1 i 1

6 12 18 0 6 6 12 18 0 6 6 12 18 0 6

Time of day

Fig. 6. Effect of solar radiation on diurnal titratable
acidity patterns of pineapple leaves. Symbols show the
shading rate: Q: non-shading, A: 56 %, X : 69 %,

@® : 83 3. Leaf D is the longest leaf on a pineapple
shoot. CO and Cl are the tenth and eleventh leaves from
leaf D, respectively, and both older than leaf D.

2%h, BEHMIOHHEDETIE, BEBREOBRMOR/MEX*RELL, REICEK I NS HEKRERE /N
XL TB2E58MHAT, BEBRBEOHELDORE.2/N&F2%, Sale and Neales® i, /S4 > 7 v 7
VD TEERRE D RAIRIEIZ20~180uM/f. w. g THo t HEL Tnd, AEBROBENUEXODECE
VT, 23xM/f w. gm0 S 196uM/f. w. g DZLERLE (K6),
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Fig. 7. Effect of solar radiation on diurnal malic acid
patterns of pineapple leaves. Symbols and other
notations are the same as in Fig. 6.

7, ERNO) v ITBREBOHBERL TS, D, C0, C1lEZIBWT, FEXALEMS) > T
BEOHERMICRIZTHER, WEBEOHEGLAKTH S, i, BUERODE TS Y v I
a0 AU IZR/IMED 146puM/dm’ (=11uM/f. w.g) T, BAME»1.32mM/dm* (= 101xM/
fw.g) Thot:s KIS, CAMBEHCBI2EHEBORKIZ) > ITHTHE LEbILTE T ),
ARBRIZBOTYH, BEBETAHIHHEEEOREDT AL, VY TERSETALBRIBD TL L —
Hysoen@owonsz (M6, 7). 22T, HEBECHMLAKREL) LV ITBIBOENEERE
KRD7zDH, M8 DWRTHS, MRIWERE (1) 2V ITHEE (£1) THRLUAE (T/M k)
TRUTco BEMPEOLALIED T/M LI OFEL RIFE RV EERLTWS, {FICFELE T/M
BB, WCTNOEMTS T/M EiZ, 2.02~2.07DEER LS > 7 v PLOEMPHEED %4
o THRAERELZY, VYTBIE2EOANLRFIAEEFEOIELS, VY TBEBECL>T
i 5 &, ZTOUBRIEFED2ME, 20, T/MHEE2.00483%, Z0Zrid, AEBRTESAT:
T/MEE=2.02~2.071%, /S1 > 7 v ZPVOBRBEEDI~IT%»Y > ITHTED SN, BHD 1~ 3%
HMOBEBEBICLI > THWEIEERTLDTH S,

M9, 03BRIOBNEORED, BEMEL) > TBOMARECRIETEESRL TS, 3E
DFABEHEREE O TRLTHD, Vickerly''® & Bryophyllum calycinum Salisb (A R4 A)
BWT, BEO)Y Y ITBOMEAEEIIBOHE» S 5 HHOMICARICHESL, FOBRIZEEEENET
THERELTWS, KEBIIBWTIE, HOHAT (6#305) 55100 EIEDRIz T T, BER
BXY yITBOBRBEBHLoN: (K6, 7)., MEBEL) ITBOMBERINT2HNEOREL LY
HEICH S B2, AEBRICBWLTIZ, 0L S1TRE2 T TORERES I V) > TBOMAE L HE
BOBRELLEL 72,
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data collected between 10:00 and 17:00 hrs.

D, and C, see Fig. 6.
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Relationship between the disappearance of titratable
acidity and solar radiation. Results were obtained from
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Solar radiation (cal/cmz/Sh)

Fig. 10. Relationship between the disappearance of malic
acid and solar radiation. Results were obtained from
data collected between 10:00 and 17:00 hrs. For leaves
D, CO and Cl see Fig. 6.

WEMBEOHAR : B5EEOBKR (K9) i3, MHFCIEKEENZEGELIED N2, DD,
108572> S 1TRHC 22 TOTEERE DMK EIZ, OO HHEH100~150cal/cr’/5h D & 2 2 TEHEIC
ELTWw3, M0, VryITBOBEREL HNEOBFRERLTH 2, BREINIOHEREDOHS
ERIBETH B,

RIZ, HOWEREL) v THROBEAE L BBOENEOBEFGEENIIEFI2IZ R Lz, MILZRLE:
FEME L HEEOBMIC BV TIR, MERICHEKBEENVEFREIZED >h, REOBERE BRI OAR
HEOERICHELVWERLKETITVE, FEBUCBLWIRE L ESEOGHE CIIBAESEB2 2 L o8
TERMPoIz, MI2ZWR LY Y IBEEOHK L HHEOMRIZOWVWTY, RI1LEELERTH 2,

] =

KB R» S, PHOFPELEEDEITI A > 7 v FLD CO, REUCEE L RIZL T2 2 ki3
SMTHS (M3), BHEADFNEED LR T2 £, Phase 3D CO, BHHAMMNEL 20, B R
WEFZIZ Phase 4 @ CO, B384 % > T3, X512, Phase 3D CO, IR EE iX/N& <, Phase 4
& Phase 1 D CO, BIPEEIZRKEL 25,

Crews & ' Kk Uf Sale and Neales®™ i3, /¥4 > 7 v 71D CO, K RIZTHBONRBEDZE »
HEL, ARBROMREBETRLOLBEREREL T3, Crews 51354 > 7y 7LD DEER R,
2,000ftc (22klx) »57500ftc (81klx) DA THDTT CO, KixHFEL, Phase 1 & Phase 4 ® CO,
WU ARG T TRES NIH, ZOEIRVPBETE L1 o7 LH|EL TWw3, Sale and Neales
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11. Effect of total radiation on preceding day on the
accumulation of titratable acidity between 21:00 and
6:00 hrs. For leaves D, CO and C1 see Fig. 6.
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12. Effect of total radiation on preceding day on the

accumlation of malic acid between 21:00 and 6:00 hrs.

For leaves D, C0 and Cl see Fig. 6.
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X, &L BEOR ST CO, KfazHIEL, BHEEONXEDE 4 Phase 1 D CO, WU HEE RIFT Z
rREOHTWAE, LeL, #51d Phase 1 %4 D CO, KT L, BAHADONEE R EIZTEA L E =
RIZE R0 b MEL T, UEDEIRAEZBROBREDEFTDL ViV, Crews 5DFEIF,
WE SN HRED FTIRMES2,000ftc (22klx) @7k, CO, 7 AZMHDLEAFIDIRE & 72 > T
WEOEENFEEICED SN LA oD EHEEINS, Saleand Neales D#5%R 11X, Phase 4 ® CO,
WIS NBNEVLS AT, AEBROFER L ZHS BBV ERL TV, ZOXL D %ELH
fick>TheoshieDh %, HoDERENH EAERORGEHB L TOTHTH >z, 7272, #
5DV Ty FLDRHAH Cayenne £D b DT, FHAZ D Smooth cayenne R & IZEL S I &»
5, COLIBRHEDOBRHBULEDI I BB ->EREL O LIbDEOHESNS,

A Ty AN D CAM I B TR, Kluge & 37 %3 Tillandsia usneoides (V4 7 EF
*) W2DWT, BEADONEE £ CO, RIPADBHELOBIMREFEL T3, T. wuseoides iZBW>Tix, BA
HAD CO, &ML, AEBROFSE L [FEE, 54T T Phase 3 D CO, KBOMG|HAM 2 #EE 1, Phase
40 CO, BINMERIT B EVI D THol2, UL, T usneoides \28>Tid Phase 112347 58
HAD N8 E DR EIIAE IR D 5N TRV,

CAM BEARKIZB W T, CO, RPBRENOEEROHBLEBRCHEET 20 THL I s, B
HADSKIRE DS > 7 v 7LV OERNOBERCRIZTREECOVT, UTIREBELMA THIZV,

FEBROMERIZ, HHOXEORDZHBOKL Y OBEDH LY Y ITBEEEE L, BHOK
bOOBE ) ITBEBLELT2L28EAT, ENOBEEDOHELOIRNWESL/ NS TH L
RL T (K6, 7). Saleand Neales®® &/54 > 7 v ZNZBWT, BEIDAXEDETHNAEER
DR B AL EYRIZTEWREL T3, Crews 5 1713, HIZL 72 CO, RIBDOHIE & RIKFFITL
RENOBMEBREDOHE, S, FHONFHRIBEDOBE(LICFAA LHEBERIZE ko7 bHREL T
W3, Crews 5DfERIZ, CO, BB DOWTRAI & H iz, NEEO TIRMEL22klx & Eh > AICE
ChbDLEEINS,

IS4 Ty LSO CAM HEYIZ BT, Vickery''? 3 Bryophyllum calycinnan Salisb. (& A
o~ >44) T, Barrow and Cockburn® 2% Kalanchoe daigremontiana R. Hamet & Perrier (2
FHIRTA4) BT, HHOXBEOHEAN Y >~ THROMHIEE LRI L2 L REL TV 5,
VwolZS, RROBEBROEAICKNT 2HPONEOEEIZ DV TIE, Ranson and Thomas®™ 53, #
HOPTHROMIEDOWAKDEEIHPONEDOED, DD XEGROBECLI>THEELI TS L
RTWBH, ZOEIEHLZERNIRENT VRV, WE, Nobel 5 80626360 3 H K7 Y 27 LY
7oA, EHOXEOMKICHELOEHOBEREIEART 3 v, ARROMR LFAKS
HREPREL TS, $70, HoOKRETRPPOXELROBREREOMICIE, RMBRERVBAD LN
T3,

Sale and Neales?? i, /S4 > 7 v 7LD EEIZDOWT 1 HE D TRD 72 CO, IEDFERIX, EE
BB TFTOCGR 2L HATEHDTHo/ L HEL T b, oT, HiEEHD CO, NXPHEE L
HID N BERLNEDMEELBEHICRN TS 2L, A>Ty 7 VOWEELEER2EZ 552 T, BER
HERESZ2bDEELIONS, BT, ZOLIBEBEA»S, FEBROFBRIC DOV TR 2N S
R 2l O Al

KEEBD CO, IV L IO MM E OBIRIZ, BEHOXEED LRI 1 HYD D CO, NIIHE
KL, FHHMEEHI0~40klx LLETIZEFMBEICET S Z 2R TV (B4), Sale and Neales®
i, BFARGETOSAL U7y ZLICBOTERD CO, BINE L BEOXEHARBESEDOBEREZHRAEL,
KAEIFNR & SIFIA D 2 BEOBRERD T3, #5OMAMEIC ST, 'O CO, IKIZED
SR E AT B 6 ~ 8 MJ/mt/day (2 HESE ; 287 ~382 cal /af/day) M EDOKET CTEHMER
FLTWa, KEBRICBIT2ER%, 1 klx DX»%1.14 X 10%cal/o*/min D HEEIWCHE T2V £ LT,
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BP0 A > 7 v 70 CAM BDEE RIS 2 BF5T

& CO, WXHEMNEFEICEL 7230—40klx (HEIL.G6FHE) OfE#HET 2 L, £DOHSEIZ234~315
cal/er’/day £ 7% 1D, Sale 5DFERDFI2% LR D, MEOMB/RIZITIZ T 5,

BROBEREZELBOAHEORBFRICOVWTAS &, FERIIBL TRHHEOHRICHOHERE &
Dy TEEROBANED SN, FRERBsAL»o (K11, 12), CO, WXDHER®»S, ROBE
EE I EANREEIC 2 2 HEE X HTET 2 &, 234~315cal/a?/day T, BMEEODER THEI R RHHEIR
179cal/cnt/day L 1EWETH 72, %72, Sale and Neales®® 1&, /S4 > 7 v 7DD EMRE 3239
~287cal/cnt/day O BH BT THFIT 2 LMEL TW15, DD, KERIBL TROBERENENRE
WCELZ»-RERIE, BEOEFENFEL T A LEZL SN D,

A 2Ty TSN D CAM Y TERO HRENED CO, NXXPHBEREIIRIEZTEZEIOVTAS
Y, %0 CO, X DEIMEIX, Ferocactas acanthodes var. Briton & var. Rose T310cal/cr’/day®?,
Opuntia ficus-indica (L.) Millero T218~240cal/e’/day®?, Brvopluyllm daigremontiana (=X
4 4) TiE269cal/crt/day®® ODHBRE T TH SN TWE, WOBEEOEIFMEIX, Agave deserti Engele
T362cal/crt/day®?, Opuntia chlovotica, O. basilaris, Stenocereus gunmosus T229cal/cn’/day®® O H
W FTEsNTw2, 5 TICESNI: CAMEYOED CO, P CHEREH FIMEIZET 2BO
H&tatbid, MYtk > TER 24 DD, 1£13220~360cal/wa’/day D&EHTH %, XiZ, BREOEH
SHEEIINT 2 HHBORBIIODLTAS L, AERTIII0M,» S 1TROMOBHEAER, £OHOH
518 93100~150cal/cn’/7h TEHMBIEL To/z (K9, 10), BB~ L5121 klx 451.14 X 10%cal/
em/min O HEEICHY T 2 & LTHE ST 2 &, 100~150cal/cn’/7h O BE & 1x, FH21~31klx OEE
THABE LI LIRS, ZOFEXEEL, CO, ZHBEE THIAD CO, M HEEFHEICEL 2
WAL T2 (M4), A>T v TN DO0T, Z0L) BIHAEE L HHEEOMFEEFED /-
RiIR Y75 n0wh,  Kalancthoe deigremontiana R. Hamet & Perrier (2 AR 7 4) IZBWT,
Barrow and Cockburn® 12, B Y > TEEHEEE 3500 mol/m?/s  ($J22klx) OHXD F TEHEE
ETHEmREL TV D,

AEERIZB T3 CO, KIBOFEBIZEBENOATRBEAT TITA L, BEEOWERIY 7 AENOER
HEEHETTITR 220D TH 2, -7, BEIOBHFIM/ Y - BHER T2 AL ->bDTH
572 LnL, CO, ¥AKHMEENOBSEIIRIZTHEBEORE L ILERT T2, BROBRIT X
{HHET2HDTHo7. 20, BAHONEEL EH T2 L SCBHEa 2, CO, D Phase 3 D
CO, i E DY L O EHKE I, BOHHFEOERICHELVWENOBRBEAEENMEES N, ENORK
LARANEDELSZZEND T EEMIE LT W, £, BXEERTOED CO, BXEDHEKRIL, &
HREFHRTOL D RELBEREL D ISJOLICRRTH -7,

T, AEBTED SN CO, RBEMESEL LI UEFNE2H 2 AEEORMES CAM BXEKD
RE7U—ICF > THBICEELINAL TAIZY, CAM BRI B Tid 81933,34384366.75,78,8098,102) g7
IR FL 28 L THEIENICA -7z CO, &, ERMAZA T Phosphoenolpyruvate carboxylase (PEP-
QO n@=T, V>IBOFBTEESN, ZOREBRNCEZ Shb, HHOREKL &£ bic, A+ o
AT v TR, S HIIEE ~Ffi%k L, malate dehydrogenase (MDH) % PEP carboxykinase
(PEP-CK)!**® D@z ic kb, V> ITf»s CO, M EINE, Z0D CO, IR FRICE HEZL TR
RO Calvin %4 Z Vi WidgEh, RAMECEREN S, X512, BD CO, ®’IND PEP +1 7 v
DOEE PEP 12, BREICEBINIEKAKLY) (FI27VAh ) HoERER 89 AT 2, KE
BRTBons, PHONDEEHEL 2522, Phase 3D CO, HEEBEN/NE -7 BEK (K3)
¥, HEEE D EF IR Calvin 94 7 4 AD CO, B R L, FANKRHT 5 CO, DEMND %S
ol EERLTWVWABDEEZOND, £/, BARGFTTERHEDY v TBEFENIVETL (K
7), Phase 4 ® CO, BRUA L D iEHKT 2 (K3) O, RWIEICHFEINSE ) > ITRFECRAH,D
D, YT X B Calvin ¥ 14 7 L AD CO, BIXAS, AIRICETZ 5072 CO, DEEXEET 72012, CO,
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Wenz )y TBROBERMEES N, CO, FEBIMEA»SEABITLILBERLEZ NS,

&5, WARHFTIIBWT, Phase 1 (®) O CO, BPFEEPLRINENSHAL (K3, 4), 7
MOZHEELHEAKT2HER (M6, 7) 3, BEICIVEEORKY (Frhy) nEESh, K
D CO, BEDHETH2 PEP 2L ETHER L FOERRTHABERLELT T ALF—FENHEAL
TelebrEZoNE, &5, BHONEEDOEAIR, HPEOKDLY ODEBESED TRMELZET2 %% (K
6, 7) Ze@EDHoNT, ZhiE, BERNOY Y ITBRFE - VOREDOHAKE2ERL, ZOHE»S b
CO, RIXENHALI:bDEEZSNS,

RED X > %th T, BAHEOXEED LRI N1 > 7 v FVD CO, WX EMEEENCIRT 5 HA
~NEpL7bDeEZSNE, LHrL, & CO, WEHELHHONEEDBFRE TAI: L D2, BHRDNE
BEEiX30—40klx LA EDRETTIZ CO, KT BPHEEE 2B ko, ZDHAIDOVTIE, CAMH
KHEROBEIICE < REFEEEEEDS Calvin ¥4 7V THB I & 38757818 KT LHRTHLLEZS
h3, BEOBREBET T Calvin 1 7153, 30—40klx ONXFEET THEFIT2 2 Li3HL<DC , HE
MTHONIEBETHB, D0, AV T v FARBLTH, BEEHICE < CO, BEEKSC , ML
FlBk7%Z Calvin BIER TH 2 Z t» o, U IEEEKD CO, BEXNEH30—40klx DHXO T THMTSHD
EtEzohbd, 512, BOB¥D Phase 4 1285 CO, BRIV $H Calvin YA 7 VDR ISE M - HIFR
2h3, BEEAD CO, EEMNEAMIZ Calvin V14 7 Mic Xk 3 2 &iE, CO, BIEDHE, £EINDRAK
IEIDEERE LD EDBFRICY LRER2 5T I L IXR25, BD CO, BRINDOEE - A L ¥ —
V—ABMICERIND RAKEMCEET 2205, BO CO, BINE L BOXEOMICZH, C, %
EREEULIDERICRENEELZ b D EEZ 5,

] L3

A Ty D CAM BEERRICH T 2 BREIOKEEOHE LI L2, CAM BEKTIE, CO,
R ENOBSE L PEECEEL Twacy, KEEE2DS-T, ThHDOBEICDODWTERET
otz BREIDNITEEN/SA > 7 v 7LD CO, FARBUEZRIZTTHEIODWT, EBRENOALKEAT
TEELZAVWTHEL2{TR -T2, ENOBEREICOWTIZ, SEEOEMOESEAWL, F5AENOD
BARHNZHET CHREDEELRABT L2, Boh/tBREIUTOEBY TH B,

1. BAHAD X NRE DIEFHIX, 54 > 7 v FLD CAM B CO, ZK#D HELICHH S i EL 5 2
Twb, FEPLEES ER T2 L, HIFIKBIT2HEK CO, HEE»/NE 2D, CO, EHMbEL
olz, BHHADBFICEL B CO, BRINMERILE L, D CO, BRIGEELHALZ (K3),

2, #1 EED CO, #EED CO, TN, BD CO, BH, ZHi2 1 HDHE CO, WKz T, BHD
N EENER CO, INEHCRIZTEELILHE T 2 L, HHEOFEYNBEL LR T 21252, CO,
WINE IR L, CO, MHEIZREA Uiz, FHAEEH30—40klx U EDKDOT T, & CO, NHHIE
HWECELL (K4),

3. BEIOBHNEDZ VIR, ATy IVOERNOBSBICHELRIZLL, 20, AHEOR
Dk, MEBESY Y ITBOBOKDLYOR/IMER LR SE, BROKDLYVORKERETI®2 LR
AT, BEBELY Y ITBOBELOIENEE/MNSS L (K6, 7).

4, BOBERE (WERE -V > T8 IHAEPHOBFEOHARKEL L bW KRELLD, 100~150
cal/c/BiEIO B E T TEEM@ICZEL 7 (K9, 10),

5. ROBMEARR, BOAKREOHMKL LT ERL, REROBY TR EREL2EDZ Z 8T
ot (M1, 12),

6. NAVTOTNIEBOTIR, BEBETROLBBEDIT~9%MNY) > ITHTHDO S, Z0DFH
FIZENML 1 HORRITHRA CEL Lo/ (K8),
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B¥HA . /84 > 7 v A CAM BIEEICRE T 2 B 5E

7. CO, ¥ AKX THEIBED CO, HHEERCKINELEFEMEIET 2 FHNEE (30~40klx) i,
1 klx OHEEH1.14 X 102cal/cr’/min DHHFEICHLET I L L THRET LI L, BEEOHEEREN—FIC
72 5100~150cal/cet/ il WO HEE & S <MLL ZETH - 72,

moxm HEHINNAUTYTILG CAMBH ZIZFRIZRIFTTEHE

CAM HEYIZ 2D CAM BDEGRRORE -t REEROBE» S, 2EECEINE, DY, ik
RETICBOWTH —ED CAM BDEER A MR T 2 EER %2 CAM Y7 (obligate CAM) &, &2k
STEC ;% C BDXEk e "8 % CAM KEY) (facultative CAM) TH2 8, HBEDORD CAM
WEYID T, Kalanchoe blossfeldiana poellniz. cv. Tom Thum (R=~X> %7 1) ® K. velutina Welw.

(FHZNCTA4) F, RAFHTTRC BEEKERL, 8MHICZ %L CAM BEERAE T2 2 e
HIS AT B or0itiz1318248182118) - |_;»n | BER S CAM W BT, HED CAM B &I &I
THEEIIODWLWTRRSASN TR,

NA Ty 7V, EERNE CAMBYICET 2 L FRENS Y, ZOREPEISAETHZ 2 Lo
5, R L CAM ADEEROBERIE, ERREFRGTOMEEELEZ 2 Z THLRELHBETHS,

Friend and Lydon® 1%, 692HDBRALBED /N4 > 7 v 7L OVTHEL, )V THREEDH
2t s sz CAM BDESERICIE, MHERALEOBMCEERZI R o EHMEL T2, Brulfelt
5 1243 K. blossfeldiana poellniz. cv. Tom Thum 28> T, % HALEIZLEES50~60H K2 PEP # v
FEST—EDOFEREEEARSIELH, TORIBBRERETHE 2 LHEL TV 5,

INEF TOMRBRICEALT, KEBRTI~60HOHRMBEZITR >72/4 7 v ZL2HW, H
RBW AT w7 N®D CAM BA AR RIZFTHEESREL 72, BROBEZHIAO FELEE & %
BOWEY SRS 27012, 6 BEONEMSFT Tl EEO 4 A ORIE 2174 - 72,

KRB RURE

MR, X1 > T v N, Ananas comosus (L.) Merr. cv. Smooth cayenne, /\7 1 RN 72%#
TH5, BROEFH2xMRARBEFABRSLE S L O AF LHEL 72,

WHEEIL, RER . v~ > 2751k, 1,0006854, ZHI00EREHFELOL, BERTI0HARMEE
A4, 1983 4 BI6HICEHEL ¥BHEL2O07:1.72,0008 7 72Ky MIHEZT T 72, HBIZEE
ELTRy PHOHE (HERHEE [V vy b, NI P,O;:K,0=0.7~1.3:0.7~1.2: 0.7~
1.3, E&E/S—x>b) 211, {EFER (N:P,0,:K,0=12:6 :10, EE/S—t>}) %308
ML, BREEfTRbR,-57, #AKI2 B 1EOEEG TITRWL, BATERKL 72,

HRAUEX LT, RH, EH, BEAHEO IR 2FHEL -, RHXIZ, B2HABER L ATHHAT
16FFfH, &% 8L L7z, ALERBAIL, MEYWHHIEE Tl0klx £%5 &5, A#T > 7 (HAREH# RF500
WH) 2B, 77 AEZNTIT->/2, EHAEXIZ, BAACHREBELCEHLEEE (NMNET0BMA) %
BoTiTe, B2 T2 S 1TRO10RM, R 4R E Lic, BREBRREEARGFTEREL 72, K
HALEEIZ19834 7 H 9 Hiz, S HAHEIZ 7 B22H BB L2, EHK, AKX, BAHERXIZ, L& LD,
SD, NDKX EHBREL T 5,

HAZBODPNEE, 727 INVA 7 ABOBRABEAE (IBX &S XBIT=66X48X98m) % b 51T
1T -5, BRER, ZFES A DPir) 2557, $-BRERPOKELEIENEES (T
BFHMP—14) THIE L7z, ZOMO HFEBFIETHRR LD EFKTH %,
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HAZBWOREZ, LDRIZD
W ALER64H B D1983F 9 H
5 H» 513823 T, SD KizD
WTIZLE%S3EED 9 H15H 2
59 H24BZ» 3T, NDXIiF9
B25H» 5105128 ) T1T7%

Table 3. Average light intensity _(k1lx)
and total radiation (cal/dm /day)
for long (LD), short (SD) and
natural (ND) day-length plants.

Exp. Average light intensity (k1x) o7, BlESE RO HER, LD X

block 55 47 36 25 18 10 I A 6 B S 2285 D 168

D c59 ~ 439 _ 216 120 fid, SDXTIZBHM% 7Th» 517

D 195 420 316 225 162 91 RFOL0BF & LB D 2HEH & L7z,

SD 412 350 270 189 135 83 ND Xi3, REpsaRyd H D&

Ho ADEEZIHS 6 BF195> & 18FF24

BTHoZ s, HIEMEF

DA% 6 BE30453 2> 5 18883043 D

Table 4. Number of leaves, leaf area, 1285 & U7z, AAKHOHIEIL,

and specific leaf area (SLA) 6 MEOHEED T TITR >,

of the samples in gas exchange RYEET TOEBEOFHEE

measurement of long (LD), short i3, B3ILXRLIEBYTH S,

(sD) and natural (ND) day-length #313, BHXT 7 (HED400)

plants. @ 80klx @ B8 E 4% 1 cal/ar/min

DODHHECHK TS & LTHE

Exp. No. Leaf area SLA LEbDTH2, BEIZ, WTh

block of leaves (cmz) (cmz/dwg) DRZBWTH, BEEA%30+ 1°C,

A% 25+ 1°CIcH#ERE L 72, BIE

LD 34.7 + 2. 6640 + 887  74.9 + 2.2 EEOREYMED IR, F4ITRL
ND 32.3 + 2 6750 + 222  70.4 +1.8 EBOTHD,

SD 33.0 + 3.5 5032 + 527 86.5 + 4.0 PEP 7V R *v 7 —+¥ (PEP—

O) vV rIBomt - EE2RLUT
DEICLTITR>1, AEIE
HEALBEEADODDEIIDWT,
BRDMNBEET TR >2bDTH2, 23, DEOHREL D EDEREHRIAN 4cmDIETS5 » D
RESMEED, 1 HOBKOETITE bR, EREFHORESTOLL S IRFCETHANREL
HEHzan s K —F (@=1.6cm) 2V, ZRFAELVK0.58 (disk 24, 4.02r) HREL 2o B
RER, BEEFFAVEEL-OB, XEL10ml ZEBREWT, 5 ml O AEE® . 0.2M Bicne-
KOH (pH8.2), 0.2mM EDTA, 0.5mM DTT, %0z, ®EFFA¥— (A, I tor) 2w,
30~40FP AN TEERE L 720 EEFRMME %R 18D 3 5 7 1 A (Calbiochem Co.) THBL 7 b D % B HHK
L7, BEHED0.1ml # PEP-CIEMOERIE, 2 ml 2 Y ITHMOERBCHERAL 2

PEP—C DEE I SHRIEE 01 12 & - T, ik 1~ 32UNICIT%Z > 7. RIGK (3 ml) O#
iz, 0.5M Bicine-Mes KOH (pH8.0), 0.1M MgCl,, 0.1M NaHCO;, 10mM NADH, 60units
MDH, 0.IM PEP Th 3%, %8, V> I8t 3 PEP-CIEUHHEEOHEME2RAET 2701, KIS
Wiz, Uy ITHERINK, 1 mMY)YyIBENKX, 2 mMY > IBEMX %40mM ) > T8 (pHT7.0,
NaOH) i & W FEEL 72,

)y TREEDTEEIX. BEHHERK 2 mli2 1 ml @5 %HCIO, i1z, ZdO#Z 1IN KOH 212 T
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BREE ;oS4 > 7 v 7LD CAM BYCE R ICEE Y 5 gt

A1 (pH5.5) L7zdb, WEERE (—20°C) L, &EMEE® & 01T8o7, SHBIC L 2 ERA,
HIETHR R BYTHB,

KERFER

BRAHAZHROBELIZRITTE

M13ICBAEAD S mE 2 Z L L 20, FHRTTO CO, RBOBARLER LI, KI3D T 3¥
HAD S M £ 55k]x IR L7 - 2D b D TH 2, CO, KFOHEM L, WIFROBARTFIZEWLT
L CAM BEEDELERL, 4 OOMICHETELDTHo72, 2L T, CO, RO BEZILIE, H
BAEOEESY > T T0wA I ENELIIIRD SIS,

1 HOBA CO, BIGEE X, SDX & NDKXTIE® (phase 1) TR® 54, LD KX TRUAHOR

mmg4)T%@%htc%pM%T@BE@%@%%%?%&,if,prlKﬁme,%ﬁ
CO, WINH#EIZ SD>ND>LD OIEIC HEMSE L K21 E/hS WLk o/, RS, DK IZRD S
13 CO, BULDAE, phase 212D\ THSB &, LDKTid CO, BILEHESE <, CO, TINDFFHEHAM &
El-Tw5b, BHEHOETO CO, DA X154, phase 31220 TA% L, SD, NDXiZ CO,
RS A EET 20, CO, DR A RTOICNL, LD KT CO, RILFIMEHE SN 525, KA L L T CO,
ORI ARL T b, O YO phase 4 12BWLTIE, CO, BIGHED» LR L Tw {EEIX, SD>
ND>LD DJEIZ/INE ¢, BK CO, RIEE S SD>ND>LD OIHIZ/NE S B> TWwa,

K130 1113, BERIO K % 18klx 12 L7235 E D CO, RBOHEL 2 RL Twd, CO, KADH
ZAED LS L HEOBRIE, 55kix OFBE L ZIFFARTAERNERI A S7L 0,

Fig. 13. Effect of day length on diurnal C02 exchange patterns
at pineapple shoots. I and IT in the figure show 55 klx
and 18 klx of light intensity on the plant top, respecti-
vely. @: LD dark,-O: LD light, M: ND dark, [J:ND 1light,
A: SD dark, &: SD light. SD: short day-length, ND: natural
day-length, LD: long day-length.

Wiz, E143BH O E % 412~439cal/ct/day DEE T—H S L 2D CO, K™DOHRE L ERL
FLDOTHD, PHOKELZZEL LB CLAROPEIHS »IZREDSNDE, DD, 1HORK
K CO, BAGHEEIZ, SD, ND XTit phase 112, LD X Tix phase 4 iC@d S5, phase 1 TOK
K CO, WIGHEEZ SD>ND>LD OIEIZ/NE { %D, phase 4 B TH SD=ND>LD OJRIC/NE W,
phase 2 TOEA CO, WIGHEE X SD>ND>LD DIEIZ/hE WA, CO, RIGEHEDR A DRI LD X
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T/hEL, ZORREL T phase 2 ORI LD R TR A >Tw3, LEDE 31z, BB
BEFLST 2L CPFLRELERICE > TRELHE, CO, KBOABZEII, HEME: #
WK EEDOSELEET I LIS CEZ SN S,

Influx
o/an’/h)

(mgCO
N

CO2 exchange

Time of day

Efflux
(mgc0,/dan’/h)

Fig. 14. Effect of day-length on diurnal co,
at plneapple shoots when total light quantity of 412 -

exchange patterns

439 cal/cm /day in light period was identical among all
the experimental blocks. Average light intensity in blocks
SD, ND and LD was 55, 47, and 35 klx, respectively.

Symbols are the same as in Fig. 13 .

~
o
=3

rate (mgH,0/dm’/h)

o
o
-

Transpiration

Time of day

Fig. 15. Effect of day-length on diurnal transpiration
patterns at pineapple shoots. Figures and symbols in
the figure are the same as in Fig. 13.

BHHAOD 7658 £ 55k1x ICfR 570 & 2 OERBCEE D HE(L£B150 11277 L7z, phase 1i2H\Tid,
BHRAEXOHICEWIZFED Shkvy, phase 2 & 3128V T, WTFNOLERXIZE W T b EEH
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BFEE . /84 > 7 v @ CAM BUEERKICEE T 2 5%

BIIREOHER & &L /3 k2 EmpnAaSsNn 5, L, LD RKEBALORED/NE L, phase 2
E30OMICL BVARBEHE #EREL T\ 5, phase 4128\ TIE, SDXE ND XOMIZIZZENTD S
ey, LD XKIZMo 2 KIS M/ EWERBREEZRL T,

BI15D I ik, BRHAD N EE 2 18kIx I L7 L X DEBEEDOHELERL Twb, SUEXTOHE
BUEE OHERIL, 55kix DD T TED SN L D EIFIFERTH S,

BAHAD R EAFL < L7zt & (412—439cal/cr’/day) OZABEEDOHEL 216" L7z LD KX
T3 phase 4 & phase 1 THiD 2 KIZHEAREBERE ZBH S 2/ & v, SDIX & ND X i3 phase 4 &
phase 1 TIZIZREBFELHRE L <L T\»5%, phase 2 & phase 3 Ti¥, WTHOMERIZBWLTH,
HEXFFRIOZBICHENSILS R A2EAIZHD, ZOMEIXI SD>LD>ND QOJHIZ/NE L E>TWwb, DF
D, BEGEEIIBOVLTY, 1HOMNEL D FEPLEEPCHRALUEDIZS A, LVEVWEELLDOHOD
EEZ LN S,

2001

100 |

Transpiration rate (mgHzo/dmz/h)

-
b

6 é 12 15 18 21 0 3 6
Time of day
Fig. 16. Effect of day-length on diurnal transpiration
patterns at pineapple shoots when total light quantity
of 412 - 439 cal/cmz/day in light period was identical
among all the experimental blocks. Average light
intensity in SD, ND and LD block was 55, 47 and 35 klx,
respectively. Symbols are the same as in Fig. 13.

HARMEHE T 2 [ILEE X, KEKRBREHR (Gs) WLk TROT ZEMTE, Gsid
T, 21,67:103,109,118) = b TR SN D,
Gs=T.” (e,int — e, a) e o (1)
2T, TRAREEE e, int ZEARNDOKERE, e a IEMELBERNEROAERETH S, Gs & EMERK
ETRD B Z &id, [TAHOBEFREEIL (ra) HEJOBIAREPLEDORRICEE S ST E I L 21109 /n
,§b®f@%ﬁ§l%ahfw%t% S5hb, REBRICEWTIE, EMEERNIE 7 7 v 2HEBELE
DBIZAZFSTTITR Y, HEPEROR S ZR BRI LMHEIL» 722 95, ra 3IXIFEET,
fﬁ WX o TKRDT: Gs B3, /S > T y T EETOBEBIRETON ALHRCBT25fLa> 57 ¥

= AT NG r%“& (4
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VAERTLDEEZ 2,

BA170> 1%, BAHAD FHILIEE % 55kIx ICHERF L 72 & 2 D AER IR (Gs) OBZE{LERL T
%, Gs®D 1 HHNORKEIX, »WIFhoHRMEKIZHE VTS phase 1 THD S5, phase 1 D23FELL
BDOGsZILDRTAE<, SD & NDRXIEHFZEETLTWS, BHIIZBWTIX, LD X T Gsd/h
S 5HHEPB R, SD & NDRIZIZIZEHELHEBETRL T3,

&
k=3
-

nt (10" 2en/s)

w
o

0f

exchhnge coefficia

Water vapour

Time of day

Fig. 17. Effect of day-length on diurnal patterns of water
vapour exchange coefficient at pineapple shoots.

Figures and symbols in the figure are the same as in
Fig. 13.

30

20

10+

Water vapour exchange coefficient (lo_zcm/s)

Time of day

Fig. 18. Effect of day-length on diurnal patterns of water
vapour exchange coefficient at pineapple shoots when
total light quantity of 412 - 439 cal/cmz/day in light
period was identical among all the experimental blocks.
Average light intensity in blocks SD, ND and 1D was 55,

47 and 35 klx, respectively. Symbols are the same as in
Fig. 13.



7
B S Ty 7D CAM B ERICE T 2 BFS 2

H17DIE, BB FEDEEE £ 18KIx IC L7z & X Gs DB ETL T3, RUEXD Gs D HE(L
W, IRITELCIL R AR RL T3, 7275, phase 2 £ 4 TLD XKD Gs DX ICHEARKE & 725D
BFEETH %,

BAMID R H L { L7z (412~439cal -~ ‘e’ day) L 2D, Gs DHB*XISEL, 1 HONDES
K Gslx, SD & NDXTi3phase 1T, LD XT3 phase 4 T Sz, phase 1 TD Gs DHERSIZ
3, MERKIZ X 2FETRA ERO SN A 572, phase 1 TD GsiE SD>ND>LD DIEIZ/NX x> T
Wd, ZIIIBVTL, G 1THDOXELD Y, FEDLEECHRABICL D EEAZIITH2E5T
H5,

HEM CO, MZICRITTHE
ATET T, HES Y AZTBOBPZIRIZTHE I DL TRz, REITE/ A > 7 v 7 L0EE
EAEXZD CO, IO T, HROBELZRIL TaZV, 27, K193 phase 1128133 CO, ILX
CHHOEE EOBRICH LT, BHEVED LI ZEEBERIFITHE2ALDOTHS, SDIXTIZHHM
DI EHHI200cal/arf/day % T phase 1 D CO, INZIZ AWML, ZD%FI200cal/em’/day LA LD E T T
EHEIEL T5, ND XK TIE#150cal/ant/day A EDNE T TEHE L2 > T3, LD &4 F T,
HEL 2 NHEBEOHEHM TIX, phase 1 D CO, WXKIZENTED SNV, 510, SUHEXTHRONLER
ExI# T2 L, SD>ND>LD DIEIZ/hE L, 7$1 > 7 v 7L d phase 1 D CO, WKIZE R &2
BIFEHAL, BBHIDOXICH 5 phase 1 D CO, BIND KFIHSIFENEL 22 Z L2 RL T b,
Riz, BAfO#®¥ (phase 4) TO CO, WEXE AT HLDOHBH0THS, WFROHET TH250~290
cal “en'/ day DXE T T CO, BN IZTEHMBIZEL T, RUBEXRTES>NICEFHEIZX, LD>ND
>SD DEIZ/INE K, phase 1 TESNHER LI THS, phase 4128132 CO, NEBEHFRHEGT
THAL, OO FIBRh=
LIDFHTTEL x5,

i B21ix HELE 1 Ho CO,

P RIFTEE S RL TV 5,

3 WTFNOMLEXIZBWTY, B
£ 47 H10D S 155250~ 290cal et/ day
K] PO SE T T CO, WU I3 EH
g fEIZELTV3, FEFHMBELL
£ %+ 2 &, SD>ND>LD OIE
g 201 S, 1HO CO, KIS
EN 0 o HRETFTTRC RS Z L 2RL

8 ([ O o Twb, 72, BEX=ETFTO
O (@)
o CO, WK BER D E Eptn iz,
0o B 200 ’ 400 ‘ 6(])0 ‘ LDRThE

Light quantity (cal/cmz/light period)

CAM & B RDB%

Fig. 19. Effect of day-length on the 1 HD CO, I3 125 H S f T
\ !

relationshi

; nship between CO2 balance TK=<7%D, phase 1 TO CO,
at pineapple shoots in phase 1, NZLEHEZMETCRES NS
dark period, and total light CEMES IS, 1 HOD

quantity in preceding light CO, IXZ1Z % % phase 1 D
period. A: sb, : Np, O : LD. CO, WAL EDEL 7, 5% b
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20

CO2 balance (mgcoz/dmz/phase)
o
—
O
%
O

0 L — L 1 1 A

0 200 400 600
Light quantity (cal/cm?/light period)

Fig. 20. Effect of day-length on the relationship between co,
balance at pineapple shoots in phase 4, the last half
part of light period, and total light guantity in light
period. Symbols are the same as in Fig. 19.

40+

20+

COZ balance (mgcoz/dmz/whole day)

0 1 —1 1 1 L 1 '}

0 200 400 600

Fig. 21. Effect of day-length on the relationship between 002

balance at pineapple shoots in a whole day and total
light quantity in light period. Symbols are the same as
in Fig. 19.

CAM HOBRERHL&LI:DOH,NK2TH S, HREOE CHBPOKRAEDOH H 4 CAM HIZEHES RITL
TWBZEBHSLIIAEDONE, WTHLOHERKXIZEWTY, HHHOXEDE KL & 112 CAM HIiE
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BF . %A > 7 v 7D CAM BIEEKICHET 2 g

TUL, #220cal/en’/ day LA EOXEF TEHEISET 5, SUERTHESNCEHELEE T L, HE
MIBDEENFHED > h, SDKXTI380%LAEDE Y CAM MARTDIZXL, LD X Tid40%H1H&DIE
-T2, HHEGETIZBELTIE, D CO, BRI EEE N, 1 HOD CO, IZD80% % 5052
BT CAM HpiE bz,

120 \
pay
E A
>~
3 80F &A\EA_%.—AA___
3 o g oo
o o)
Q ol
O
“or >—°2 oo o—
S —
1 1 L 1 1 1 i
0 200 400 600

Light quantity (cal/cmz/light period)

Fig. 22. Effect of day-length on the relationship between CAM
ability at pineapple shoots and total light guantity in
light period. Symbols are the same as in Fig. 19.

CO, IR & /KA RFR DBER

EYE SBT3 CO, RIGAETR X, IR EH0 e Licy AHEGERE L EARMENTO CO, &
ERIGRD 2 DICDTTCEZLIENTES, HEPEORFHE R AL T CO, WIPLATRRICRIZFTE
EHELI:DOME235K25TH 5, K230 1%, BAHAD FIIHNERE £ 55kIx (I L7z & €D phase 1128
5 CO, WIIGHE & [FLBHE OKERRBEE, Gs) EDBEFE%ERLTWwA, SD & NDKTix, Gs
X CO, WK AR 2 BfRIZH 5, LD X TiE Gs & CO, BILEE D i —EDBRIZEED S
N, 2512, 0.1sec/emBA LD Gs O FTD CO, BIPGEE X, SD>ND>LD DJEIZ/ & <, AILE
EAFTARE & CO, BRIGEREZBEHRETTEL RS2 I 2R LTWS,

E230 11 IZEAHAD I E £ 18KkIx I L7z £ 2D Gs & CO, BUGEE £ 0BfR%x/RL T\wb, LD T
THEHE ICEGBEGEMSEK D DAL, 55kix T TRH SN b DL ERLBEKVBAD SN 5,

X240 1 13BEHED EH L5805 55k1x (2 L 72FF0 phase 4 128175 Gs & CO, BIPEE £ DEFRE R L
Twb, Gs & CO, BRIUEE & O IE, EFRNEEIZED 515, LD KX TOD CO, BRIPLEE A D $H
NS A EANCH S, HROUBICL2EZEBRDFHBETIZ R,

BEHH D 4 58 B % 18klx 12 L 72FF D phase 4 128173 Gs & CO, BIGEE £ OBEFEF K240 ITITR L
7. ME KN LEFRSTE 5D, CO, BIGEE L Gs DEfRIE, SD & ND RTE»% <, LD
K TiEERED Gs DT T CO, BIH/NE 2> T 5,
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—

Fig.

rate (wgC0,/an’/m)

influx

co,

Fig.

€0, influx rate (ngC0,/dn/h)

Fig.

w

~
T

N N . . s .
S 10 15 20 5 10 15 20
Water vapour exchange cosfficient (107 2cm/s) Water vapour exchange coefficient (107 Zcm/s)

23. Relationship between CO, influx rate and water vapour
exchange coefficient in phase 1. I and II in the figure

show 55 klx and 18 klx of light intensity on the plant
top, respectively. Symbols are the same as in Fig. 19.
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24. Relationship between CO2 influx rate and water vapour
exchange coefficient in phase 4. Figures and symbols are
the same as in Fig. 23.
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25. Relationship between CO, influx rate and water vapour
exchange coefficient when total light quantity of 412 -
439 cal/cm”/day in light period was identical among all
the experimental blocks. Average light intensity in
blocks SD(A), ND([]), and LD(Q) was 55, 47, and 35 klx,
respectively. I and II in the figure show phase 1 and
phase 4, respectively.
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ND>LD DIFIz/h& <, BHEADNE L 0 FERLEEO RN HBELED, [ILEEUAOERZEL T
CO, BIRDBRITERL T Z BB I N,

K250 1113, BN EEAEL < L7 & 20 phase 4 28T 5 CO, WIGHE & Gs DBE X RL T
%, 0.05sec/emPAED Gs DT T, LDX®D CO, WIHEEA SD & ND KiZtb /&L 2o T b,
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ENDPEP ALKRFL 7 —EENESR, VU IBEBEINT2HEOREL AT L -HEREL2M261Z7L
Twd, MPOREITRLZZKICHEIZ ) > TEERMLAZWTRIE L PEP # VR %2 5 —¥iEHII,
LDX & SDXTAR&zHE{LERL, NDRXTHELORELW NS Z>Tw5, iz, 1 HONO PEP
ANERFTT—¥ (PEP—C) ORAEMEIX, LD X TIREBBHOKL D IZ, SD X TIEBEHHOEHIZED
5Tz,
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Fig. 26. Effect of day-length on PEP carboxylase (PEP-C)
activity and malate content (Sept, 22nd - 23rd, 1983).
Dotted part of the bar in the figure LD shows artificial
illumination. @ : malate, Q : PEP-C with no malate added
to the reaction mixture, A : PEP-C with 1 mM of malate
added to the reaction mixture, X : PEP-C with 2 mM of
malate added to the reaction mixture.
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27,
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Fig. 27. Effect of day-length on diurnal malate susceptibility
patterns of PEP carboxylase. O: 1 mM of malate added to
the reaction mixture, A: 2 mM of malate added to the
reac tion mixture.

22T, VrIBICL2 PEP-CHEMHOMHORE R, Vv TBRERNMXOENICNT 2EE&LLT
RbLI:0W, K21TH5, PEP-CEMDY > ITEIC L 2% 1Z, BELL, BHEAOKD D » & EEHA
DEED ICHIHORENKEL >z, 2L T, BEHHOT « HBIHIZY > TBIC L % PEP-CEMHEECEE
DIUNE S BEAICH 572, 51, SDRTEEHCBWLTIR, V¥ I8ICk % PEP-CEMHEER
E Lk,

% K

HEDSA Y79 7ND CO, H ARBUCHERRIZT I EPHL LIk o7z, 20, HHEHTIZ
BT, BOCO, RN EEEH, RAFHTRBLTIRED CO, RINBELE S Nz (K13),
Kalanchoe blossfeldiana Pollniz. cv. Tom Thum (R=~X> % 4) = K. velutira Welw. (+H >
74) ik, REBEFHTTIECXEKEE A, CO, DIEALZBEICKINT 2, 2L T, @HIKR2EZ
o DY CAMAEE AR 2R L, BD CO, BRNBME &, BRIZCO,B’WNERT LTk
% 9101L12,13,14.18.2481.82,116)  KEEF TR SN/ 81 V7 v 7D CO, REFC KRIZTTHEOEE X, BRI
X, K. blossfeldiana = K. velutiva TRED SNz b D EHLUL Twb, LerL, 254 7 vy P icBn
Tk, RARETTORD CO, BN HREEND DD, CAM BAARMBHELTLE S Z &idRw,
BHEID I HEEEZEZE L LY, BAEZZE L LTHELLE A7 vy 7LOEBELAEX TO
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CO, &#a (M14) X, CAM BNEICXL T, BHEHOXEDZA L D L HRAEDIZ S 3L D EW
HEAPRIZFTZERRL TR, Z0Z i, BHPEOXBDOEDICL>TH o3 nbTH2I, EN
O CAM BIAROEHOEMEL LD, L2, BREI-TEEEELYS U2 L5 2EH, #lz X
T4 bhrva—LEED LN, HEABICIDVEELSZTL2I 2B LTV,

Friend and Lydon?® i, /4 > 7 v 7L % AFEEOBHRETT6RH b/ DERKL, ERNDY v TE
SEOHZE > S, BELAEIZ A>T v 71D CAM BEERICHEEL2 RIZE ol mEL TWL
3, REBIIBLTY, BERAEZHET BNV ARN) THELZ, DETOY) Y ITBEEOHE
iz, BRABIZX3EVEHSHTEE» o7 (H26), REROVAZHAEL V> THRERICD
WTOREIERE, KRV Friend and Lydon ODEEFERD  VEOORERIZOWTE, 2B FHTH S,
Brulfelt & 2 (&, K. blossfeldiana Poellnize. Tom Thumb 2 8T, BHHAEIZ L 5 CAM BEERK
DIEEIZ, MEES0~60BHICRKERD, ZOBREBET T2 LHMEL TS, ®€>7T, Friend and Lydon
DEEBRFERIZ, ZOX)BAEBROEBCORIZELEVEZOND, SLEAKRIIBIS Y > T
MR L PARTBMERD  WiBWVLIL, FIENEFL AL TEMEZEEL TTR 270D L, BERE
EOMEERETICOOBTOHEERRTH S L), AENROKEDEDIZLI>Ths 3N bE
z2ohd, UEOFHEMAZFERIZOWTERSEOBRTBLETH 5,

PlEDR7-E35 12, KEBOGHEHNTL VARBOFEREENDY) > TEBICDOVLWTOMRIL, 4T L
b—HLEbDTE Ao, UTICE, HRAUESRIZTREDOHHF IOV THALZEE EFICL T
BETOEEEMZ THIz,

9, SHABICX 234 07 v 7LD CO, K phase 1 THEMLX N (K19), ZDE&ED CO,
WRPGHE DR K, [ILFEEOMALD, ENO CO, BERINCHEEKT 2 Z enfEE sz (K23), L
» L, CAM BIE&RKD phase 1 D CO, BEEBRTH 2 PEP-C OREHOE M ICIZ, BRAEICX 52
WIZFEA EERD s -7 (K26), LT, K26icRL7:, ®D PEP—-CEMIX, 2~2.5mM CO,/
dm/h T, Zhi388~110mg CO,/dm/h (YT 2{ET, RIITEDSN/EKD CO, WIGHEE & Huk ¥
2 L40~100EDRT vy v L ERLTWS, DF D, invitro TOERETREHH25, A>T v 7LD
PEP—-C O&E®D CO, EERENZED THWRBICH Y, MHFRHET TOERD CO, EIERESIDHEKIZ, PEP
—CHEMHELZERIEUTHBEINZ D LEEZONS,

Greenway 5 2 1%, Mesembryanthemum crystallinum (/N7 A4 X 3) ZBWT, in vivo DERKNIE
WEEB2 LS5 RKIEHE (pH8.0) THIEL 7 PEP-C O LD, {EvwpH (pH6.5), D%, invitro
DRETEDBEVEELZHEZVEI ZRRIGE THZE L7 PEP-C OFHEDIEFS #5, ROV » ITBEK
IV ILSHHTEZ DO THo L eHmEL T3, 2L T, %53, 1€ pH RIGETD PEP—-C FE
»3, in vitro TORBEMEZ LV X <HIKL, invitro TOBEFERAEZOH D AR HE 2R RL T
W3, -T, AEBIIBWTYH, PEP-CEME, FORKESELBONS LI ZRICE THAEL
72, IR L 72L& 5% PEP—CEMOEOCHELZO2 B LKL,

Winter & 117119120\ Mosembryanthemum crystallinum (\F4 X 2) 2V, CAM EDEEKD
PEP—C @ in vitro TORBRDREM L t ®OBEHALZIME T2 D1%, V> THIINT 5 PEP-C OREE
HOHZBIDDTHE EHEL TS, 2D, BEIZENDY »ITBEL NUHMELIZ L2205 T,
PEP—C »iEMAL L vDid, BRI PEP-C OV ¥ ITBIC X 2 EHEEORZEMLGV/ O THY,
A, V> ITELNLDOEHWERIZ PEP-CAEDICEE > 2013, OO > THMEZEMETLT
WEHTHEERLTWS, 2512, Brulfelt & ¥ X, Kalanchoe blossfeldiana Poelln. Tom Thum

(R=Z~_>#7 1) & Sedum morganianum E. Walth. (VY >V 7 O{HR) %A, Jones » Vi,
Bryophyllum fedtschenkoi Hamet et Perrier (+ 7 o>y v o) %/, CAM #E¥O PEP-C I
B2~3EDTA VA 0D, BRABIZE->T, 74 Y ¥ A LOEWE Y — o BT 5 L&
L, BEALEIZL 2 CAMBEHROERII PEP-COD7 A V341 LERORLEZBL THAS EE8HEL
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T3,

PAED & 5 7% PEP—C OEEZRFZHFMELEES 5 L REL 2D, K26L2TITmL7zY ¥ TEREFINC &
2 PEP—-C EHUHEREOHE TH 2, Mick 2 L PEP-COV > ITBIC L 2HEOREIZRMICH <,
Bz e nwd AELERL, SA Y7 v ZLD PEP-CICBWTH ) v ITBEZHD BELLE
ETBLIENTENTVE, 851, BARBTEBVTIR, REDY) » ITBIC X 5 EHEENIBA L
HELTORG, £oT, KEBTESNS/ A>Ty ZLOEBAETIEBIT2ED CO, BRIXDEKRIL,
PEP-C OEMDEL LD b, Vo TBIINT 2BZEDBOIC LI > TEL I LEEEIN S, L
L, 2OHIDWTIE, EEEE CO, BIERHEEDMICHr RV RENFET I I s, SBROFMZ
BENLETH 5,

BT, ATy IVOYELEEDOHE»S, BECHEELMELEEL TakL, CAMEXE
ROBET7a—2BWT, EO CO, B, SN IMBERERED Y » TBEEENCL > TRES
NTWwd, ZRIZHSN, BO CO, BRI, #ORFE7o—» Calvin[BIKICE 5 ™0 D THDH I &»
S, WD X% CO, BINED FRBTBELEVEZE LTIV, SA YTy TLVOMBEELXEDLE
HYEHIZ, BO CO, B WHIZHEMEE 3 0IBEL Twd,

P EoBSamsHRTAE, AEBRICBLTIE, RAZGT CHPFO P ERESY LA S L S,
1HD CO, NFEIRAEL 22T TH2, LrL, EEBROEHRIE, BHONEL240~290cal/a’/day
Dbz sy, 1HDCO, WENSEAFHETTARELED, SDXROEHMEIZ LD XKDK 2 fEOMEICZ
B rERFLTVE (K19, 2L T, GHEHTTOD CO, INXDHKRIX, FIZED CO, WXDHKEE
NLTHEbRS I LT ont: (M22), 2%0, A7 v 7VOYEEEICEWTIE, CAMAE
852 XS 2ElEE, CO,NEXDET:2b7oTbneEZILSND,

# B

)84 T S, Ananas comosus (L.) Merr. cv. Smooth cayenne, /7 A RNT2RHFOHEZ (T
B4F H L 105HEICREH L EME LB, NHEBAKLHES3~64H BOMWEKIZDWT, HARMBRMEE
Wreltz, BERMAE, BARKMSE K 16/ 8 K, GHRHE K 10/ URKHTH %, HEX L
LTHARAER2RELL (2BMAE), HEOREL PO FNMEPKEOE, S YN T 57
Wiz, 6FEEOREEXEHREL, FROKXO T THEHOF AZRFELREL 2, 72, HRLE
£ (BAEF 7 RAERN) FesnT, SAUBEFEODEICOVT, FAKRI ./ —LELE VBRI IVER
*v5—% (PEP-C) &M, PEP-COV Yy ITBICL2ENHEEZLICY) v ITBEEOHELEAE
L7ze BoNFERIZIUTOEBY TH S,

1. 4> 7 v 7LD CAM MAEKIEARET CRES N, EED CO, TIiUE, ZDHFARI
BWE AR b EARETTRELS Ko (K13, 19),

2. %4 > 7 v Fd CAM BNEHIE, HHORKXEL DV HERMFCIVBOEZELZT /L (K13
~17),

3. 7 (phase 1) E/BD#%¥ (phase 4) ® CO, IX LBAMIDNEDRAMRIE, MHFM T T phase 1
2B 3 CO, BINDOKFIFHRE MEE S, EEFMTICHBWV T phase 4 KB 5 CO, WIRDHAFIA
HEMMEE I NS Z LS Iz o7 (K19, 20),

4. KELKLEUEE L CO, BIGEE OB, phase 128 F2HEHFRETTD CO, BUXDEKA,
S L DV ENOD CO, BIEEEHOBAICE > TAHELTWS I L &2RLT: (K23), L»L, PEP—CE
P (in vitro) &, BREMAMEIC X 2HE2EVERD Sk o7 (K26),

5. PEP—C OV > THIC X 3[REOREIR, BEICASL, Rod/hswvew)BELETL,
iz, SHMAEOKICE, PEP-COY > IRk 2HFERD sz ol (K27,
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CAM ADEE T —MICHIR IO T 2 Y OEICE & & 2 5T 5 08100, CAM HEY Dt 2 E DB
IR 2 FAZRIE 1 A3 43751617778,99.000.006)  CAM REMID EEME RN TS L 5 R KRGPEHFZODWT
DOBFFRITEL D 70 s 67980 0 )X O 7 o ZPIATBOLTIE, MEEL X3 2 ans, NE2RKENET 2
Zems, AEMERRICT 2 LI BAKRGFHFCOOCTONRIFICEETDH 2,

RNA Ty TINDOEFR EKRSEEIIDOTIHEL 20384 7 v, Sideris and Krauss®® (3 3 fE3H D
+TEE RV, TIEEKEE EY) CEBOEFREMEL, 20~30% D BRI T TEFELHRIIZ S
LEREL T3, B I HBAKGOETCHOESOMERESE T T2 2 L 2580, HEASDE
THANAT v 7T VORBERYBIES® S Z L2 ESEMIZRL T,

AREERIL D, N4 T v FVDOEEN L LBKSOBRE, CAM B AZHDE» S8 Sl 5
PTeOIZEML 72, BREL T ABEO 2BAKSFEMHE, CAMBEYILAOEY TS THSIZEN T X
7o LIRS IEE 20 AT 20 DT, @18 (pF0.9~1.3), AEFHRADE (pF2.1~2.7), ¥JHAZE S
(pF3.5~4.0), ZHIZKAERASE (pF4.3~4.7) Th 5,

REMERUFE

HE L, XA T v v, Ananas comosus (L.) Merr. cv. Smooth cayenne, =R ERER# T
Hb, HILEOHEFEH O, MBREEFABSARLSHB LIV AFLL,

HHEEE, BRER ATy, 1,00008%, (C100RMIREL THEL, 20Kk, 108MEETL
LizDbH, 1977F1082THEEY ¥B LB DD 1 72,0002 7 72 v Ry MIHEZF T2, FEIRE,
fERRAER (NP ,O:: K,0=12: 6 :12, E&E/S—t > }) D&%, Ky +HD7.2852 7, HEY
HOFHIZ, RERAKFRFANERS HBETEELAEE) OE=— U Y ARNTRSCKESEZ N
ST o720 W ARBRPERICE T 2 HEYMEDOFIRIIRS TR LIeBY TH S,

TEAKGEME, pFMET 1.0»54. 20 F TARXRERE L2, P ARBAERIC BT 2 138K E
ik, RSWWRLIEBDTHS, Lk, KROUBXIIERS IIRLAEFYpFETRT I LT3, &4
HOKGABERXOREFZATO LI TiTh 7z, FUEXEICROEBENSKE LIEIC, #ETHET2HE
DII78E T A 7T HA»S, 109HED 2 BI3H I THAMIE 2 EAE L 7o, HBASHAMIE, EHROE
ZKE —pF HHR 22 & TIBRERHCHERRE L /- HIEES KL —pF #ifRICEV, EEEIC I > TTo 70

PED LS U THEBELZSLEBASFREOT T, #i LEOF ALZROBE 2 ETH1108 HD19784
2 H14H» 5, 14THE® 3 A23HOHA/, 2MHOMEHI DL TERB Uz, EB& I L1, 22 H
MYH~3H2HE3HIH~BHICTE > SHORERBRETH 2, VAKBOEEIR, BKZRXDT 7
Do ABEMEFE (18 X & X X BIT=40X40X69cm) (2 SO A % A, B 1ETHRRD EEEE
BRAETIT>72, 127120, FEFEICHRA - RET 2 8BRF0OEE L, ©=0.32mDH - 2> 25 > ¥
VEENY A suA—8 9 EHGTHIEL 2,

HAZRBAEFREIUATO LB THS, BRIE, S 7EE3057 5 5 18FF305r D 1105, BFHEH % 7%
D OISHERT X U7z, JIREEIE, HEWARIESERT10, 30, 60klx 753 k5 3EEOREHREL, HBHFEHT
T2 HETALBOREEITR >z ARETRLLEREZE, UEOXSICLTHELZ2HEBDOLD
Thb, ERONEEL, R6IIRLEB) THE, BiRiZ, BHEIS29.4+0.7°C, BE#I$23.3+1.1°C,
PSR EE 12, BEEAAI50.2+8.8%, BEEA#362.8+4.3% ThH -7z, HAEIZT7.5+0.31 7 min THEHRH I
i, BAMBIHICEoTHEEL 72, BIESRSE, REL - EBEASETEZRIHIBITE S X912,
HEA30~50ml D AGEAE 7 7 ALKy FEIROBEALOD SEAL 72,
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Table 5. Soil moisture conditions and characters
of pineapple plants for each gas exchange mea-

surement.
Exp. Soil moisture Characters of plants
No. tension (pF)
Start End Mean (1) (2) (3) (4)
.3 1.3 1.3 79 28.6 35.60 89.2
.5 2.3 60 26.5 31.96 88.8
3 3.8 3.7 73 23.4 26.80 89.3
4.3 4.6 4.5 73 25.8 34.38 88.9
1.3 .9 75 29.7 37.05 89.1
4 73 31.2 40.30 88.9

71 32.2 42.68 88.4
73 29.7 39.35 88.1

.
~

S oW N R

. . - L)

w o o

(1) : leaf number, no./plant, (2): leaf area, dmz/
plant, (3): leaf dry weight, g/plant, (4): leaf
water percentage on fresh weight base, %.

Table 6. Average light intensity (klx) in light
period on the plant top for each gas exchange
measurement.

Exp. Light intensity
No. (1) 10 30 60
1.3  12.1 36.1 61.9

11.7 32.8 63.3

= 3.7 9.9 33.2 69.1
4.4 10.2 32.4 65.0

1.1  10.5 31.2 58.9

2.6 14.0 31.9 56.8
3.8 12.6 36.7 64.8
4.5 12.3 38.0 66.0

II

(1): soil moisture block, PpF.
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Fig. 28. Effect of soil moisture on the diurnal gas exchange
patterns at pineapple plants. 60 klx, 30 klx, and 10 klx
in the figure shows average light intensity on the plant
top. OQ: pF 1.1, A: pF 2.6, X :pF 3.8, @: pPF 4.5. Values
for the figure are shown in detail in Table 4 ancd Table
5. Results in the figure were obtained in Exp. II.

X287~ L7z CO, B AZA LSS, BIBE TR LI R4 DOMICERN S NS Z s, TBKDH
KA RIZTEEOL A%, RHEICICBETL I LHARETH S, 27, CAM ADLERICHEH
f7:B5HH, phase 1 @ CO, WU DWTH S &, HORTFIZE VT CO, TIGHE X 1IBAKGEMFIT L -
TS MR > TWLA I ENEDENE, #L T, HOBETIE, CO, RIMHEEDOKSULEIZ L 5:E
WI/NE LB, 22T, phase 1 DRTHEICDWT, CO, BIGRE & 13X G ML OBEFREAD &,
30klx & 60klx DEDLHEERETICEWLW T, pF2.6XTHRIAEL, pFA.SKTHRL/NIVEEZTRL,
pF3.8°1. 1K, ZHoDFREIZAIEL T, LirL, 10klx OXFEE T TiE, pFl.10@&XT CO,
WGHEE NSRS /NS WEERL, SREERGT LI IR >EHAETL T,

Wiz, BEHIO#® ¥ (phase 4) (28T 2 CO, BRILEEIZDWT AL L, ZOMHTO CO, WPLHE D
Kit, WTNOXEETIZBLTY pF2.6KX T b FLBZIZIEE D, pFASXTHROLES L >T 5,
ZOMIZB T BRACO, BRIGEEDIEM L, HAERZOREMLEFERTH S,

BEEA Ot D CO, BUX (phase 2) LEAHADOHED CO, ZFOMHIHE (phase 3) B WT, CO, K
PORE DR O T L HIBARSEME L OBICIE, BHELEVEIRD SLZ ),

EHHEBEOHRBIZOWTAS E (K29), phase 1ICBFA1EIX, pF2.6X»HFEAFRIZIERD T
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WARSWEAERTLOD, CO, RWTHEDON L3 PEELEVIEIRDSNR L, 51, WTh
DFBAFERETICBVWTY, ZOHDEBEEIZ phase 3 LABEDEVEL X >TWwS, DR
BHEEICDOWT AL L, CO,3H#1D phase 2 & phase 3 (YT 2D S 0> & FEEHIZ 21T TO R
WEIX, pF4.5XT/N&K, pF.6EXKTAREWMERZRTHOD, ZOEFIRVPETIEZV, LrL,
CO, ZH#aD phase 4 [ZHHY T 2D T3, RECEEIC HEKSUERX Z L DS BV IEED
shd, 20, pF2.6RTKE<, pF4.5RT/Ih&L, ZOHMIZ pF1.1L3.8XBIET S L9,
CO, WHATHD SN B L BT H 5,

Light Dark Light Dark Light Dark

Water vapour exchange coefficient (dm/h)

9 15 21 3 9 15 2 3
Time of day

Fig. 29. Effect of soil moisture on diurnal water vapour
exchange coefficient patterns at the pineapple shoots.
60, 30 and 10 klx show average light intensity in
light period. Symbols are the same as in Fig. 28.

Results in the figure were obtained in Exp. II.

EAREE TR D 7 KRR HRE (Gs) DHEMOBMHEEZR 2Rz, BRIERITEHESN Y
DTH2, Gsl, B2ETHRREIZRELRCEITOTEEL, Gs DR/NIZRFAFHEDOR/NERK
THDE AR LT,

2%, BO%¥, phase 4 ICOVLTHET S L, WTFRONEETIZBVLTH Gs DR/NMF, CO, K
BEE DA/ (K28) & —H L pF2.6XTlrAL% D, pFA.SKTHER/INEZ > TS, pF4.5RKLSND
3RIZBWT, ZOMTO Gs DEAMEIZ 1 BORNDRAEL%>T5%, pF4.5KIZBWT, ZOMHIKE
72 GsDERZOTHTHS,

Wiz, BEHA, phase 112OWTHBE, Gsid pF2.6XTAREL, pFA.SRTRL/NELIZ>TWw5,
L L, pF4.5KizBiF 3 ZDHETD Gs DB, BHEADHEY (phase 4) BT S{EL D K&, phase
4 5 phase 1 253 TD Gs DHEBOEABMDO 3K ERZ>TWwWb, D& D, pF4.5RICBVTI,
phase 4 BV TRFLIZFEA LEALCIREEICH D, phase 1 12K > TRIAMBHEAS L 2RL TV S, W
5129, D 3XKIZBWTiE, phase 4 IZBWTEFLHEIE, phase 4 TOXKFLEE DS phase 1 1ZEHEAN
REWZEERLTWS,

BLED &> e A% # L ARG BRGEE L ORI, EBRICBLTHEKRCED 507,

AEETE SN CO, X &+, FRICHEEDOREFEE2XI0CRL, HFARK1IHD,
BiX phase 1M, Cid phase 4 D CO, LXK ERL T2 5, fHiZ, K280&EHD CO, KIHEELRE L7z
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Fig. 30. Effect of soil moisture and light intensity in light
period on Co, balance at the pineapple shoots. A: daily
CO2 balance, B: C02 gain in phasel, C: CO2 gain in phase
4, O: Exp. I, @: Exp. II.
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Fig. 32. Relationship among
transpiration ratio (TR),
soil moisture and light

intensity in light period.

A: TR for a whole day, B:
TR in phase 4, C: TR in
phase 1. Symbols are the
same as in Fig. 28.
Results in the figure
were obtained in Exp.II.
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Fig. 34. Relationship between transpiration rate and water
vapour exchange coefficient in phase 1 and phase 4. A:
pF 1.1 in phase 1, B: pF 2.6 in phase 1, C: pF 3.8 in
phase 1, D: pF 4.5 in phase 1, E: pF 1.1 in phase 4, F:
pF 2.6 in phase 4, G: pF 3.8 in phase 4, H: pF 4.5 in
phase 4. O: 60 klx, Z:: 30 klx, x: 10 klx. Results in
the figure were obtained in Exp. IT.
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Fig. 35. Effect of nitrogen concentration in culture medium
on diurnal gas exchange patterns at pineapple shoots.
55 klx, 25 klx, and 10 klx in the figure show average
light intensity in light period on the plant top. @:
2N, 554 ppm, A: 1N, 277 ppm, X: 1/2 N, 138 ppm, O:
1/4 N, 69 ppm, A: 1/10 N, 28 ppm, [J: 1/20 N, 14 ppm.
Results in the figure were obtained in Exp. II.
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Fig. 36. Effect of nitrogen
concentration in culture
medium diurnal on pat-
terns of water vapour
exchange coefficient at
pineapple shoots. 55 klx,
25 k1lx and 10 klx indicate
average light intensity
in light period on the
plant top. Symbols and
other notations are the
same as in Fig. 35.
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Fig. 37. Effect of nitrogen concentration in culture medium
and average light intensity in light periodcnlcoz.bala—
nce at the pineapple shoots. A: a whole day, B: phase
1, C: phase 4. Results in the figure were obtained in
Exp. ITI.
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Fig. 38. Effect of nitrogen concentration in culture medium on
total nitrogen (A and B), chlorophyll content (C) and sol-
uble protein (D). OQ: Exp. I, @: Exp. II. B: content ana-
lyzed at all leaves used for gas exchange measurements;

A, C and D: contents analyzed on the leaf D. Vertical lines

in the figure show standard deviation.



49
B oS4 > T v A CAM BEEICRE T 3 5

mm,ﬁwwgiﬁﬁﬁﬁmﬁﬁéﬁawgﬁﬁgm%@%L%&toE%m,ﬁﬁ@é%%ﬁi,
ﬂ@%&ym7%§,7um74w%itmﬁwﬁiﬁﬁ@@%%ﬁbfw%o%%i%%mowfm
ﬁxﬁﬁﬂ%%@%ﬁgmowfﬁbtﬁt,%@¢@Dﬁ(3ﬁ)Kﬁwfﬁbtﬁ%ﬁﬁbf%%o
D%&@,@%@¢Tﬁ%@%b%w4~5&®ﬁéﬁw&%%Lfméoﬂ%ﬁﬁym7ﬁit7n
07 4 Va8, DEICOLWTIRDLEEATRLTH S,
ﬁXﬁ@@Mﬁ%@éﬁ%fﬁ@t%%?%%(H%—B)mﬁwfﬁét,iﬁlfmlNBT@
k@%%b,%@ﬁ@@%ﬁ%ﬁ@fé%?ﬁiu&bw@?bfwéoDﬁ?@%%(ﬂ%—A)m
%%IT@*@ﬁl/ZNB&INEmmHT%b%n%u%ﬁ,%ﬁ?%b%ht%%tﬁﬁ?%éo
mm,ﬂ@@&yﬂ7(H%—D)noufﬁ%t,%ﬁltnf,ﬁgwﬁﬁﬁﬁt@%%ﬁiao
TwizZ @B DdoNE, DED, %%Imﬁwfﬁ,]J/ZNBTﬁEKMﬁMWE?%TU%E,@
D5 KO EMNTED N5l ERIITIE, I NXTEKREZRL, ZDOWEITRIEMES N7
A8 EFLTWS, 7ou7 4 vagico2unTid (K38—-C), FEIDO 1 NXTEWEZTRTLOD,
ﬁﬁwgiﬁgt7mm74w€§t®%%@,%%?ﬁi(Dﬁ)Eomf%b6ntb®tﬁwb
Twb,
!%mﬁbt3@ﬁ@§ﬁ@§i%@%ﬁmouf,%ﬁltiﬁnﬁﬁtotﬁﬁéﬁbtﬁﬁm
TEEABEAKOERICL 2D EHEIN L,

40t A-55 o A-25 A-10 | B-SS B-25 L B-10

2

CO2 balance (mgCOz/dm /period)

o

o
r=0, 7714w
=0. Ak
| r=0.804% A l o & | r=0.842%%% |
o o e

a A e () A 009 0/4{ o

! L a | r=0.654* _
- a 00 "~

?/ro.%oau M'MO*“M

® \oo

I a
V% 0. ey
r=0-854 r=-0.027""%"
la - L -
° £=0.4517"5" o r=0.911%** | @ o 72y £=0.456""%" o r=0.866%**
hd r=-0.109%"%* R ocsate —o r=—0.261"5"
. e o . . Y ° Py .
N L. & . e (Tt

18 1.2 1.6 18 12 16 18 10 14 18 10 14 18 10 14 18

Nitrogen content (%)

Fig. 39. Relationship between CO2 balance and total nitrogen
concentration at pineapple shoots. QO , A and o : co,
balance for a whole day, phase 1 and phase 4, respecti-
vely; A: total nitrogen content analyzed on all leaves
used for gas exchange measurements; B: total nitrogen
content analyzed on the leaf D; 55, 25 and 10 following
A- and B- are average light intensity (klx) in light
period on the plant top. ***, ** and *: statistically

significant at 0.1, 1.0 and 5.0 percent level, respecti-
vely; n.s.: not significant.
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Fig. 40. Relationship between CO, balance at the shoot and

each of soluble protein ()

and chlorophyll

(B) both

in the leaf D. Symbols and other notations are the same

as in Figqg.
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Fig. 41. Relationship between CAM ability and total

nitrogen contents in leaves.

55 klx, 25 klx and

10 klx show average light intensity in light

period on the plant top.

percent level.
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* %k .

significant at 1.0

not significant.
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Fig. 42. Relationship between CO, influx rate and water vapour
exchange coefficient in phase 1 (A) and phase 4 (B). 55,
25 and 10 following A- and B- indicate average light
intensity (klx) in light period. Symbols are the same as
in Fig. 35. Results in the figure were obtained in Exp.
II. ***: significant at 0.1l percent level, n.s.: not
significant.

Table 7. Correlation coefficients between maximum
water vapour exchange coefficient and nitrogen

components in leaves.

Light N in N in Sol. Prot. Chl.

block total leaves D leaves

55 -0.220 -0.177 0.085 0-0.680
n.s. n.s. n.s. 0.05
25 0.404 0.416 0.547 0.458
n.s. n.s. n.s. n.s.
10 0.113 0.192 0.322 0.165
n.s. n.s. n.s. n.s.

0.05: significant at 5.0 percent level. n.s.: not

significant.

1 ZE TN E S, BEO CO, INZDWT phase 1D CO, BIN»EH 28 &% CAMHLEEL,
CAM MORBRELENOLERSE (2HERE) cOBFEERLIEONK4ITH S, WITNDIEE i
BTYH, EOBELHEESEO >N, DFD, BOEEREEO LRI b2, CAMMIRAREL
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L2812 CO, BIENDEETH S PEP %, BEREANTRKEY (FLhy) pofitibans,

FEoxsbh i, B bz T Y ITBIGHE~SE N2, V> TR
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PEP # VR *Fv 5 —¥, BFIIBLTIEHERUBP Y LEF LS —FO@BEICL > TiThbi s 122, D%
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EEM, NWED CO, I EIZ L > THMESNL ETOLRED CO, »8, HZAnSHDAEH, s phase
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208¥DCO, BRIVCHYT 2 £z oh
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\.Ell

PEP AR F*Fv*+—Y¥O@E X T, PEP
chloroplast \\ CO, CEEMEINB L WVWIBDTHS, ZDE
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E&EU% PEP X, HERE~NTKRAKI ) &
)n & VB (PGA) Oz D, Calvin B~ &

stome CC, : ambient air DikEh, CO, & AR~ E#E R

2HDEFREINTLS ™,

BRICEBE N2 Y > TBOE I3 BB
bHY, VrIROMBEE~DOHEHEZZITD
BRI HETT 21200, WEPDY > I8
B L, FEEET S, U TBOME
&, Calvin BIEE~DOWN4AE CO, V—RADTEE*
BRLTW3, D0, VrIBBHEET 3
WCBXAT, Calvin BIIIKEEFEL L IZHE
WEKDBZenTEd, HARCKkDZ &
W%, LED X S 2R8I 5 RRFED
@i, EAD CO, BEDET 525890 % ¢ /-
5L, FOMRELTERILEL XS 12k 5,
ZDEIKILT, BO®%Y¥, D%Y, phase 4
TR 5D CO, BRINBEL 2, #L T,
ZOETOD CO, EEE, C ., EWDOHE LRI Calvin B L > THTabh, 22 TEL CO, BT
FIIRuUBP ALV RFY S —¥Th2,

EROESLRFE7 a—%F#HT 5 PEP AVAFL 7 —VEROAEMMIEOWTIRKRO L S I2EZ 5
%, phase 428133 CO, TiNss, FEAND CO, HOBENFEW 22 I Lo FEINL LB, &
DEZDEADY Y TBLURVIZETT %, #-57T, OBV, V> TBIZE2 PEP AL EF
YI—EHEHEDOT7 4 —F Ny JHEZELC TRV D EEZLNSE, LAL, THETOH
B rererasononizn iz L g, ZOMETERBT 5 CO, BlEB®KIE RuBP # L K*>5—¥THhDH, PEP#
VERF YT —ETREV, DD, CAMBYXARICEOTPEP AVEFY S —¥OERESIET 25
1OBERY, VrITHRERTH2 ) LBEINTEL L2025, phase 4 ICBVLTIX, 2D L
THEREBZE TRV DEE L SN S, Winter & 117119120 Kluge 5 W i3tk 5%y > o
BREEORBICL2 PEP VK F Y 7 —YIEUHBE L RBIOE#EE LT, PEPALEXY5—¥DY
YIMBRMOBEMEREL, 20 &5 RBERE Mesembryanthemum crystalinum (NF A4 X 2) iz
EoTEDTWSE, PEPANVKRFYS—¥D) v TEHERZEOALE(LLiE, V> TEBIZL 2 PEP & 1
X7 —COEEDMEFRES, %M, D% D phase 1 1BV TIFFHL, BRI, D% phase 4125
WTEHEWEWSI D TH2, UEDEIRPEP AL EF L5 —YDY v THEBZMO AL, PEP

Fig. 45. Schematic diagram showing
carbon flow in the CAM of
pineapple. The solid lines
and open lines show the flow
in light period and dark
period, respectively. The
dotted line shows the
anticipated flow of PEP in
light period.

PEP: phosphoenolpyruvate,
OAA: oxaroacetate, PGA:

phosphoglycolate.
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DL,
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KRXIZBWLTIE, 1HOKR CO, [NXizh®» 2 E&HED CO, WXDEIE%R CAMMLEEEL, w2
DEBEER L CAM I RIZTHELREL /2, AIERTHEN LS % CAM AMESEOREEDOEMAE
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FHEEOEBH2E/BOMEICIZ > Tz (H21),

T3S CAM HOBEER (K31) DWW THBE, pFl.1s pF3.8D HBADPFETICE W
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Tix, CAM HOR/NIBREIOFENEEDOELELEL S, FELEEDO LR L & b i CAM HiE
TU, FEDEEEHR3kIx L EDXDT TI0~T5%FIEDEFEMBICEL Twiz, pFl.1»5 pF3.81cn )
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B40THE >N CAM M 2EXSED
SEHEOXLZEDO T CORRER 2 —K
DRZF Db DTH B, FEHEE
100 — »310klx & 25klx O EFE R % L& T 2
- &, RN TEONT1.2~2.0% &)
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EIZEATL TR L T3, EEDLEE
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le&ThHb, 2D &>7% CAM HDIE
Fig. 46. Regression lines of the T2l YD D CO, IEDRAE L b 7%
relationship between CAM STHUTDE, O T EE S
ability and nitrogen content BRELEEITTH T,
at pineapple shoots under @z, CAM Mok, GH, B
three different light %, BB T IT 150 T I S 1L
conditions. Each line was LT, GH, BEREAET BT
obtained from Fig. 41. CAM MK, 1 HoO CO, LA
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UEDX>% CAM DB EDHT,
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CAM Hx#{EL, D CO, BRI EZEMHALT 2 L5 2 AATHIEIEZMZ 2 2B LD EEZ SN
5, D0, CAMANEGHK OB Huhs A REERIZ, CAM ARG % HIEFYICHIEH T 2 1
DE, TOXRBEWLHEECESZ OO0 2 EEICERITE %,

CAM fEYZIE, Mesembryanthemun crystalinum (/N4 X 2) X Kalanchoe daigremonteana (X
=Ry 4) DEH%, HLARBERT T CAM EDEAK*TR/ICHEEL, C,BXAEREED LW
—BEDFEYISTEAE T 2 S101LI2131418248182116)  \v [P S5 KRG THLI /S > 7w 7LD L ST, b
RBEFETICBLT L EARIIC CAM BER 2 HRFT 2 —8E0 CAMEYMINEET 2, -7, Kim
XiE, BEFOEREL CAM BT 2/54 > 7y IV TEOVMEEEDOREL2HELMILTE 2, CAM
FEOYE L EOH|IEE L X 0 BHEIER T 31213, 5.3, M. crystalinum O & 5 7% a]8H#77% CAM
DT HEHE, RETEMZ 2LERH S5,

3. FRBICE TR NAM Ty TILOMEEERSY
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Tix, UEORBOHTHS IR 57234 > 7 v PLOWELEEOHEICES X, WMBICBT 5 /%1
YTy INEBCEUEEERMZ TAIZ L,
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ik, MERICEEAHTEZVLLDOELTETS] LT, WROHEBREARHMOUT TV, #Y
OYIEEBEICB T 2 CE 5L, ERPRE, »oVIEEHETLERBER (LAD ORIk ->TER
% 50100 = b s, HEIFEEEEL THRREAHRUZ2OEMENS L, LrL, DEDORMEL -
RREBEOBFFIE LTHRSMRDIIEI 20 EZoND, BT 2 L0510, EEMBURERSNE
DEZ 12, HEHEDOSD EFERFC, HESMEOEY, DF 0 G307k BEEH 4 2 B DY
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PlbED &> nEEMNETRHNEL2HEIZ, 7o/ ZG 2> ARE2H A 2 L2 & - T
L7z %, Monteith*” i3, HFHOHHEDO AZELIZ, sin R THAMUTE, 1 HOKX X OEZTOHES
HIIRRTERDOEL ZEE2R LT,
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2F0, WHRT F o SEHHOEBOT -y »oEEHRA LD ICL > CTHATRBHELFMEL 7

DTH25%, bL Monteith DF 5 £ 52 AFHE L TAHBHED HERRESEET UL, FIFATEE
HEERIEA» BRI RDZ ZLNTE S,
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Rt = 54.3 sin( Xt /13,61)

Fig. 47. Relationship between monthly mean hourly solar
radiation and hourly solar radiation calculated using
Monteith’s formular for April, July, and December 1983
for Naha.

BJ47i%, 19834 H, 7TH, RAr WO KBS 2 BANLAOEHNEORELOETF L, BHX» 5
KD 7: HEEEROXGEFRE R L Twb, PRI, HBERKRS CHESINEH O LYHEL O
A¥HHEERZRL TS, MBI sin iR TEDL LA, SAOEBOHFH ALK E»S, (6)
R > TERARAHHEDFY (Rmax) KD, &5 Rmax L A FHHAE® » s Hﬁ%%wfﬁﬁ
ﬁﬁ%ﬁ%%wtbwfééoﬁ%u;<~ﬁb,%%@ﬁ?ﬁfﬁtlﬁ@ﬂ%ﬁmu,NMmmm@
REICE LMD T ENBH ST 572,
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Fig. 48. Relationship among directly utilizable solar
radiation, duration of saturated solar radiation, and
diurnal pattern of solar radiation by Monteith’s formula.
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2T, UTo koA TEEAMATRESE, MATERANE, £ IZ@MENRERLE RO,
TDEIRIDDNT A= OEEERASICERIT R L, D%, EEAAREENE L3, BE
30klx # HEEICHE LY =300EHK LORTROINIHHSAMBRICI - THENZBHET, K
FORHSEMOERBICAHY Y 2, FIAAEHSNRLIZ, 1HORBEECET 2FAEEHEORET
H5, FIFIHSEFR £ 13, 30klx OBEU OSBRI NLZBEMTH S,

30D/ TA—FDEHIFRDESICLTITR -7, 80klx DEEEA 1 cal/er’/min IZFHH T2 D & L
T, (5), 6)F» S FHESE L FHHE, 30klx DBEIER SN LEZ] (Ts) Ko, EEAMAA]
gEHS 2 (Ru) 2IRATKD 7,

Ru=Rave+ [1— [ 2 T (smt TR) dt] s o o (7)
T, Rmeiﬁ?ﬂ@ﬁﬁ%g(meMaﬁ TR 3 FHHEAKEE (Imax) &30klx DEEERT TR
=30/Imax TH 5%,

PlEo koic LR BEEFHAAGEESE, FAMJEHNE, RMBFRBEZOMERSITRLT
W5, BELAETOHNEIZIINI~SIEDOZRMRARE TOFE, FHHREI[RE® LR,
Grhr R/ VL TOHRER, BESEIEEA2E > TRDL(E® AL, FWHEIZ Chang'® OHK
RIDEHELEZLDTHE, KX TROEEMNATREESEL, BEOMBE L LB LEI20%KE
EExRLTwi, Lal, —BIREHEEBEOKRDIZL O LTS > 72,

Table 8. Comparison of solar radiation conditions among Naha and
Ishigaki, Okinawa; Taichun, Taiwan; and Honolulu, Hawaii.

Station Jan. Feb. Mar. Apri. May June July Aug. Sept. Oct. Nov. Dec.

Ave. R (1) 201 234 268 366 383 424 467 436 405 326 249 214

Day L. (2) 10.7 11.3 12.0 12.8 13.4 13.8 13.6 13.0 12.3 11.6 10.9 10.5
Naha D.S.R. (3) 4.8 5.8 6.7 8.5 8.9 9.5 9.9 9.4 8.8 7.6 6.2 5.3
D.U.R. (4) 179 195 212 240 252 262 264 252 238 216 194 181

Ru (5) 0.89 0.83 0.79 0.65 0.65 0.62 0.56 0.57 0.57 0.66 0.78 0.84
Ave. R.(1) 232 264 317 424 437 508 553 494 459 362 269 228

Day L. (2) 11.8 12.3 13.0 13.7 14,5 14.6 14.4 15.0 13.3 12.6 12.0 11.7
Ishigaki D.S.R. (3) 5.6 6.5 7.8 9.5 9.9 10.6 10.9 10.6 9.6 8.4 6.7 5.5
D.U.R. (4) 200 216 235 262 276 285 285 289 259 237 213 197

Ru (5) 0.86 0.81 0.74 0.61 0.63 0.56 0.51 0.58 0.56 0.65 0.79 0.86
Ave. R (1) 306 310 364 370 458 456 496 480 480 403 333 393

Day L. (2) 10.8 11.4 12.0 12.7 13.3 13.6 13.5 13.0 12.3 11.6 11.0 10.7
Taichun  D.S.R. (3) 7.1 7.3 8.3 8.5 9.6 9.7 10.0 9.6 9.3 8.4 7.5 7.9
D.U.R. (4) 203 211 228 240 259 263 264 255 244 226 209 210

Ru (5) 0.66 0.68 0.62 0.64 0.56 0.57 0.53 0.53 0.50 0.56 0.62 0.53

Ave. R (1) 351 410 487 530 564 566 567 570 533 406 323 303
Day L. (2) 11.0 11.5 12.0 12.6 13.2 13.4 13.3 12.8 12.3 1.6 11.1 10.9
Honolulu D.S.R. (3) 7.7 8.4 9.2 9.8 10.3 10.4 10.3 10.1 9.6 8.5 7.4 7.1
D.U.R. (4) 211 224 239 252 264 268 266 259 247 226 210 203
Ru (5) 0.60 0.54 0.49 0.47 0.46 0.47 0.47 0.45 0.46 0.56 0.65 0.67

(1): average solar radiation, cal/cmzlday, (2): average day-length, h, (3): duration of satu-
2 .
rated solar radiation, h/day, (4): directly utilizable solar radiation, cal/cm” /day, (5): ratio

of directly utilizable solar radiation to average total radiation.

Wiz, LEDII L TRKROIHERE E AR UIBWLWTHLLII LN > 7 v 7LD ¥EMHE L CO,
WX DORBFE»S, MEOHFRBICOWTERELMA TAHICG, BLIEEFE2ETHSMIIL LI,
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