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Abstract  

Phalaenopsis  and i ts  hybrids are the  most important orchid
pot  plant commercial ly  in  the  world  now. Research  on  photosynthesi s  
gives  us  practical  and useful  information for improving cul t ivation.  
Although conventional  gas-exchange technique has some l imitations  
in  the research  of  a  crassulacean acid metabol i sm plant (CAM),  we 
investigated  CO2 uptake in  Phalaenopsis . CO2 uptake at  night (Phase  
1)  changed with temperature.  Maximum CO2 uptake was observed  
around 20o C.  CO2 absorption at  night  increased in  proport ion to CO2

concentration .  Rate of  CO2 absorption was higher  at  20o C than at  
25o C.  CO2 uptake in  the  late  af ternoon (Phase 4)  showed a maximum 
around 20o C.  CO2 absorption  in  Phase  4  increased  in  proportion to  
CO2 concentration  but  s tomata  conductance decreased  under high  
CO2 levels .  CO2 absorption response  curve to l ight intens ity  in  Phase  
4 was  not saturated t i l l  500  umol . m- 2 . s - 1  PPFD when CO 2 level  was  
2000 ppm, and then  the s tomata conductance showed very  low values .  
Under various water and humidity condit ion when Phalaenopsis  was  
irrigated weekly,  CO2 uptake in  Phase 1 was the  largest  at  one day 
before watering,  but that  of  Phase  4 was the largest  at  one day af ter  
watering.  Total  CO 2 uptake in  al l  Phases  was  s t imulated the  most  at  
70% relative  humidity and suppressed drastical ly  at  30% relat ive  
humidi ty.  These resul ts  indicated  that  higher relative  humidi ty is  
l ikely the most important factor for high CO2 absorption in  
Phalaenopsis .

INTRODUCTION  
Flower  beauty,  rap id growth,  easy to  cont ro l  f lower ing,  and  

other  features  make Phalaenopsis  p roduct ion  advantageous.  Because  of  
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these  features  Phalaenopsis  product ion  among orchid  pot  plant  in  Japan 
is  the largest  at  present .  But  many problems must  s t i l l  be so lved.   

Photosynthet ic  abi l i t y i s  an important  basis  for  the  growth  of  al l  
green plants .  To clar i fy the opt imal  cul ture condi t ion  of  a  green plant ,  
invest igat ion  of  the  photosynthet ic  character is t ics  is  a  convent ional  and  
a convenient  method.  Photosynthet ic  abi l i t y can be es t imated  b y 
measuring CO2 absorpt ion of  a  plant  wi thin a  short  t ime.  In  C3 plants ,  
the  opt imal  l ight  intensi t y and the opt imal  t emperature for  CO 2

absorpt ion are considered to  be the opt imal  environmental  condi t ion for  
growth .  Photosynthet ic  characters  of  C3 orchids  were inves t igated to  
ascertain  cu l ture condi t ions  (Johnson,  1992;  Kako et  al . ,  1979a,  b;  
Miura ,  1981).   

In  Phalaenopsis , which performs CAM, there were many 
invest igat ions  to  c lar i fy opt imal  environmental  condi t ion for  CO2

absorpt ion (Guo and Lee ,  2006;  Ich ihashi ,  1997).  However ,  no  di rect  
l ight -  and  temperature-photosynthet ic  curve was ascertained.  Unl ike C3 
plants ,  CO2 absorpt ion of  CAM plants  occurs  main ly at  night  (Phase 1)  
and  part l y in  the  late  af ternoon (Phase 4) .  In  CAM plants ,  CO2 fixed  and 
accumulated as  mal ic  acid during the previous night  is  ass imilated into  
sugars  the  fol lowing day during Phase  3.   

The opt imal  t emperature for  CO2 absorpt ion  in  Phase 1 was 20o C
(Kano and  Nai toh,  2001;  Ota  et  al . ,  1991),  but  photosynthes is  in  Phase 3  
measured by O2 elect rode was the highes t  at  30 oC (Ota e t  al . ,  2001).
Plant  growth was al so bet ter  under  a  constant  t empera ture of  30 oC rather  
than 20oC (Kubota and  Yoneda,  1990).  Phalaenopsis  grew bet ter  under  
higher  day and n ight  t emperature of  30/25 oC than that  at  25/20 oC
(Kaziwara et  al . ,  1992;  1993) .  There is  a  gap between opt imal  
temperature  for  CO 2 absorpt ion  at  night  and for  growth  and  for  O2

re lease at  dayt ime.   
Light  condi t ion i s  another  main envi ronmental  factor  for  the  

photosynthesi s  and  growth  of  Phalaenopsis . In  Phalaenops is ,  favorable  
l ight  condi t ions  of  dayt ime had  been  est imated  by measuring CO2

absorpt ion at  n ight  in  Phase  1 .  Light  condi t ion at  dayt ime af fected  n ight  
CO2 absorpt ion.  Night  CO2 absorpt ion  saturated  when smal l  and  young 
plant  received about  130 µmol .m - 2 .s - 1  photosynthet ic  photon f lux  (PPF;  
Ota  et  al . ,  1991) ,  15 klx  l ight  (Kawamitsu  et  al . ,  1995)  or  180  
µmol .m- 2 .s - 1  PPF (Lootens and Heursel ,  1998) at  dayt ime.  However ,  CO2

absorpt ion by larger  plants  was promoted by much h igher  l ight  
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intensi t i es .  Leaves at  lower posi t ions  receive  week  and  di ffused l igh t .  
Overal l  CO2 absorp t ion  by large  plants  a t  night  (Phase  1)  and  during 
Phase  4  increased  when they received  h igh  l ight  in tensi t y (677 
µmol .m- 2 .s - 1 ) during day t ime,  because CO2 absorpt ion in  the lower  
leaves  was enhanced under  higher  l igh t  intensi t y (Suto,  1993).  These  
resul t s  indicate tha t  the  saturat ion points  for  s ingle leaf  and  mult ipl e  
leaves  plant  di ffers  because of  sel f  shading (Lin and Hsu ,  2004).  

The l ight  sa tura t ion  point  in  Phase 3,  measured by O2 elect rode  
using a  l eaf  disc,  was much higher  than  that  ment ioned  above and i t  was  
around 1050 µmol .m- 2 .s - 1  (Ota et  al . ,  2001).  The reason of  th is  
di f ference i s  not  clear .  

CO2 level  in  the ambient  atmosphere  is  another  factor  affect ing  
CO2 absorpt ion by a  l eaf .  CO2 exchange rate  was  saturated  at  about  700  
ppm both  in  Phase  1  and Phase 4 (Kawamitu et  al . ,  1995).  Ini t i al  growth  
ra te of  young Phalaenopsis  increased as  the CO2 level  increased (Endo 
and  Ikusima,  1997a).  Flower product ion and the qual i t y were improved  
also by CO2 enrichment  at  700  ppm (Endo and  Ikusima,  1997b).  These  
reports  indicate  that  CO2 enrichment  favorably af fect s  Phalaenopsis  
growth .  

CAM plants  exhibi t  higher  po tent ial  for  l imited water  supply.  In  
Phalaenopsis  p roduct ion,  weekly i r r igat ion  is  a  common pract ice .  
However,  CO2 uptake  decl ined  a t  10 days  af ter  i r r igat ion  (Ota et  al . ,  
1991).  Bes ide drought ,  higher  l evels  of  mineral  ions  in  nut r ient  
solut ions  l imited photosynthes is  (Cui  et  al . ,  2004).  Water  potent ial  i s  an  
important  factor  of  CO2 uptake  in  Phalaenops is .

Lower relat ive humidi ty (RH) caused  dehydrat ion of  plants  but  
resul ted in  no severe damage to  the photosynthet ic  system in  
Phalaenopsis  (Su  et  al . ,  2001) .  Relat ive water  content  and  
photosynthet ic  ef f iciency (Fv/Fm) of  plant lets  in  vi t ro  were af fected  
s igni f icant ly by RH dur ing accl imat izat ion (Jeon  et  al . ,  2006).   

In  th is  invest igat ion ,  e ffects  of  t empera ture,  l ight  in tensi t y,  CO2

concent rat ion  and  RH for  CO2 uptake  were  invest igated to  reveal  factors  
that  l imit  CO2 uptake and to  clar i fy the opt imal  cul ture condi t ion  for  
Phalaenopsis .

MATERIALS AND METHODS  
Phalaenopsis White  Dream ‘MM74’,  wi th  s ix  leaves  and a  

maximum length  of  25 cm in leaf  spread ,  were  pot ted in  14-cm diameter  
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unglazed clay pots ;  Phalaenopsis  Miki ,  6  l eaves  with  a   maximum leaf  
spread of  20 cm pot ted in  10.5-cm diameter  plas t ic  pots  and  
Dori taenopsis  Cinderel la  Beauty,  4  or  5  leaves  with  a  maximum leaf  
spread of  17 .3 cm pot ted in  9-cm diameter  plas t ic  pots  wi th New Zealand  
sphagnum moss were  purchased  from a  local  grower and served as  
mater ial s  for  CO2 measurement .  Hyponex,  a  commercia l  fer t i l izer  (6  
N:10  P2 O5 :5  K2 O,  Hyponex,  Japan) di luted to  2000 fold ,  was used for  
i rr igat ion every t ime when the sphagnum moss  had dr ied up  and i rr igated 
with  leaching.  

Plants  were  t ransfer red,  more  than  1  week  before  measurements ,  
to  a  walk-in  growth chamber (KG-50HLA, Koi to)  at  a  constant  25oC
and 70% RH under about  200 µmol .m - 2 .s - 1 PPFD provided  by f lorescent  
lamps (FPR96EX-N/A,  Matushi ta)  at  l ight  per iod（ 17:00-10:00） and a t  
20oC and 70% RH at  dark period（ 10:00-17:00) .  For  the  convenience  of  
measurement ,  the photoperiod was reversed.   

Photosynthet ic  character is t i cs  were  measured  by a  portable 
photosynthesi s  analyzer  (CIRAS,  PP System).  Measurements  were  made 
by holding the uppermost  fu l l y expanded leaf  wi th a  l eaf  cuvet te  in  a  
growth chamber (BIOTRON LPH-200-RDSCT, Nippon Ika Co.) .  The 
l ight  intensi t y of  the  chamber  was  170 µmol .m - 2 .s - 1 PPF in  l ight  
condi t ion  provided  by f lorescent  l amps  (FL 20SS N/18 ,  Toshiba) .  The 
temperature  of  l ight  period （ 17:00-10:00） was 25oC and that  of  dark  
period was  22 oC （ 10:00-17:00）. RH was kept  at  70%. The condi t ion of  
the  leaf  cuvet te  for  measurements  was  changed accordingly.  
 
RESULTS AND DISCUSSION  
Dai ly Outl ine of  CO2 Absorption  

Phalaenopsis  l eaves  showed CO2 absorp t ion  pat terns  of  a  CAM 
plant  in  24-hour  measurements  (Fig.  1) .  CO2 was absorbed  a t  n ight  
(Phase 1) ,  jus t  af ter  day break  (Phase  2)  and in  the la te  af ternoon 
(Phase  4) .  CO2 uptake  and  s tomata  conductance  showed s imi lar  changes  
in  the same measurement ,  but  the absorpt ion pat terns  di ffered among 
each measurement  (Fig.  1A,  1B) .  The correlat ion  values  ( r)  between 
s tomata conductance and  CO2 absorpt ion rates  were  0 .944  and  0 .752,  
respect ively,  in  measurements  shown in Fig.  1A and  1B.  

In  Fig.  1A and  1B,  the  condi t ions  of  measurements  were  the  
same,  but  CO2 absorpt ion  rates  at  l ate  l ight  per iod  increased  rapidly in  
1B but  s tayed  low in 1A.  CO2 absorpt ion rates  at  night  also s tayed 
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higher  in  1B but  lower in  1A.  CO2 absorpt ion rates  during the dark  
period were higher  in  Fig.  1B than 1A.  CO2 absorpt ion rates  at  the  early 
l ight  period  (Phase  2)  decreased rapid ly and reached almost  zero within 
1.5 hours  (Phase 3) .  

Phalaenopsis  showed CAM photosyn thesis  but  unexpected 
factor  affected  dai ly CO2 uptake.  It  was suspected  that  water  condi t ion  
affected  CO2 uptake  of  Phases  4  and  1 ,  but  i t  was  not  ident i f ied  in  th is 
experiment .   

Nocturnal  Aspect  of  CO2 Absorpt ion  
CO2 uptake during the dark period (Phase 1)  was affec ted  

markedly by temperature (Fig.  2) .  The absorpt ion  rates  were  the highest  
at  20 oC fol lowed by 15 oC.  The ra tes  lowered at  temperatures  higher  than  
20oC and dropped to  nearly zero at  35oC.  Stomata  conductance  al so  
showed a s imilar  t rend.   

Resul ts  f rom other  s tudies  had  indica ted that  CO2 absorpt ion at  
night  was s t imulated by temperature of  about  20o C and suppressed by 
temperatures  h igher  than 25 oC and 15 o C or  lower  (Kano and  Nai toh ,  
2001;  Ota  e t  al . ,  1991) . Inhibi t ion  of  CO2 absorp t ion  a t  h igher  night  
temperatures  as  a  resu l t  o f  s tomata closure  is  t ypical  for  CAM plants  
(Osmond,  1978).  In  Phalaenopsis ,  c losure  of  s tomata  under  higher  
temperature  to  reduce  t ranspirat ion also seems to  be  the main  reason of  
decreased  CO2 uptake.   

CO2 enrichment  has  been  a major  interest  of  Phalaenopsis  
growers  to  promote growth  and  the  ut i l i t y is  wel l  known.  CO 2

concent rat ion af fected the  absorpt ion in  Phase 1.  CO2 uptake increased 
s igni f icant ly as  the ambient  CO2 concentrat ion increased  to  1500 ppm.  
At  500 ppm, CO2 absorpt ion cont inued  to  increase for  about  13 hours  
and  then plateaued .  However,  at  1000 or  1500 ppm,  the absorpt ion  
cont inued to  increase for  more than 13  hours  before  level ing  of f  (Fig.  3 ) .  

CO2 uptake was sa turated  or  s lowed down about  13 hours  in  th is  
experiment .  This  agrees  wi th  the  resul ts  of  Kawamitu et  a l .  (1995).  CO 2

enrichment  for  13 hours  at  night  seems to  be effect ive  and prac t ical .  CO2

concent rat ion  af fec ted  the  absorpt ion  of  CO2 . In i t i al  growth  rate  
increased according  to  increased  CO2 level  of  438,  700 and 1000 ppm 
(Endo and Ikusima,  1997a).  Flower product ion and  the qual i t y were  
improved  also  by CO2 enrichment  (Endo and  Ikusima,  1997b) .  In  this  
experiment ,  CO2 absorp t ion was promoted corresponding CO 2 levels  and  
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the l imit  was not  clear .  Kawamitu  e t  a l .  (1995) sugges ted us ing 700 ppm 
CO2 and 13 hours  of  exposure as  a  guidel ine for  CO2 enrichment  at  20 oC.  
Under higher  l evels  of  CO2 than 700 ppm, shorter  dark periods  than 13  
hours  may be acceptable.   

Besides  CO2 concentrat ion,  CO2 absorpt ion during Phase 1 was  
af fected by tempera ture,  too.  The rate of  CO2 uptake was larger  at  20 oC
than at  25 oC.  The corre lat ion value ( r2 ) between CO2 uptake rate  and 
CO2 concent rat ion were 0 .889 and 0 .827 a t  20oC and 25 oC,  respect ively 
(Fig.  4 ) .  Stomata  conductance and  CO2 level  showed no  c lear  
re lat ionship  but  consis tent ly higher  at  20 oC than  at  25o C (Data  not  
shown).  

 
Diurnal  Aspect  of  CO2 Absorption in  Phase 3  

No s igni f icant  CO 2 uptake  was observed in  Phase 3,  but  
di fferences  in  CO2 uptake  or  release  among various  temperatures  was 
observed  (Fig.  5 ) .  At  15 oC,  there  was  low level  of  CO2 absorpt ion but  
no absorp t ion was observed at  20 and 25oC.  At  30 and 35 oC,  release of  
CO2 was  observed.  Stomata conductance  was low and  no  s ignif icant  
di fference  was  observed  but  the  value  was highest  at  20 oC.  The aspect  
of  s tomata  conductance curve  was  s imilar  to  that  o f  Phase 1.  Stoma 
opening seems to  be  part ial l y control led  by temperature.   

Phase  3  i s  specif ic  to  CAM plants .  There  is  no clear  CO2 uptake  
but  photosynthet ic  carbon f ixat ion  is  act ive  in  Phase  3.  Measured  by O2

elec trode,  Phalaenopsis  released O2 in  Phase  3  and  showed the 
maximum at  35 oC.  For O2 release,  higher  t emperature  than 20 oC and 
higher  l ight  l evels  than 600  umol .m - 2 .s - 1  were prefer red  (Ota  et  a l . ,  
2001).  Transpi rat ion is  not  the  l imit ing fac tor  of  photosynthesis  in  
Phase 3 because  of  s tomata closure .  CO 2 supply i s  not  a  l imit ing factor  
ei ther,  because CO2 is  suppl ied by decarbox ylat ion of  mal ic  acid being 
accumulated the previous night .  Photosynthesi s  in  Phase 3 is  f ree f rom 
being affected  by both water  and  CO2 def iciency.  This  may be  the main 
reason for  the higher  opt imum temperature and l ight  intensi t y in  Phase 
3.   
 
Diurnal  Aspect  of  CO2 Absorption in  Phase 4  

CO2 uptake  in  Phase 4  f luctuated and was af fec ted s igni f icant l y 
by temperature.  The uptake  ra tes  were  highest  a t  20 oC.  The ra tes  
decreased  drast ical ly a t  25 and  30 oC and reached zero at  35 oC.  S tomata  
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conductance showed a  t rend s imilar  to  CO2 uptake  (Fig.  6 ) ,  but  the 
values  were lower than  that  in  Phase 1 .  

Phase  4  i s  t ransient  and  does  not  las t  long.  Phase  4  las ted  longer  
under  long day condi t ion (Suto ,  1993) .  In  the  current  experiment ,  long 
day condi t ion of  17 hours  was adopted to  secure measurements  in  Phase  
4.  The aspects  of  CO2 uptake  and  temperature curve were  s imilar  to  
Phase 1 (Fig.  2 ) .  This  suggest s  that  opening and closure of  Phalaenopsis  
s tomata may be cont rol led  mainly by temperature.   

CO2 concentrat ion  and  CO2 uptake  response  curve  is  shown in  
Fig.  7 .  CO2 uptake  increased l inearly with  the  increase  of  CO2

concent rat ion.  However,  s tomata  conductance  increased  up  to  177 ppm 
and then  decl ined when CO2 level  increased further .  At  1819 ppm the  
highest  CO2 uptake was observed  without  s tomata opening.  Higher  CO2

levels  brought  h igher  rates  of  CO2 uptake,  bu t  CO2 levels  and s tomata  
opening showed no  correlat ion  ( r=-0.07).  CO2 uptake  was  not  inhib i ted  
by s tomata closure  under  higher  l evels  of  CO2 .

Light  intensi t y and  CO2 uptake  response curve was made a t  2000 
ppm CO2 levels  and  is  shown in  Fig.  8 .  CO2 uptake  rate  was high  and  
increased t i l l  800 umol .m - 2 .s - 1 PPFD.  No s ignif icant  increase in  CO2

uptake was observed beyond 500 µmol . m- 2 .s - 1 . The s tomata  conductance  
in  Phase  4 was  very low or  near  zero  at  al l  l ight  l evels .  This  was  l ikel y 
the  response  to  super  h igh  CO2 level  than to  the l ight  intens i t y.   

CO2 uptake  and  s tomata  conductance  in  Phase  4  showed no  
correspondence .  Al though s tomata conductance  was  very low,  higher  
CO2 uptake was observed.  Under h igher  levels  of  CO2 , much CO2 could 
be absorbed wi thout  s tomata opening and higher  ra te  of  CO2

assimilat ion was at tained under higher  l evels  of  l ight .  This  sugges ts  the  
ef fect iveness  of  CO 2 enrichment  wi thout  s tomata  opening.  Low RH,  high 
l ight  l evel  and high temperature might  be acceptable under high CO2

levels .   
The big gap  of  l igh t  sa turat ion  points  and  opt imal  t emperature  

between di f ferent  measurement  of  CO2 uptake and  O2 re lease seems to  
be ref lected by l imitat ion of  CO2 supply.  Under condi t ion  where CO2

suppl ies  are  not  l imi t ing,  h igher  l ight  and h igher  t emperature seem to be  
preferred.  Limitat ion of  CO2 uptake seems to  res t r ict  opt imal  
temperature  to  20 oC and opt imal  l ight  l evels  to  130 µmol .m - 2 .s - 1  (Ota et  
al . ,  1991) or  180 µmol .m- 2 .s - 1  PPF (Lootens and Heurse l ,  1998).   
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Water Condi tion  in  Pots  and Relative Humidi ty (RH)  
To clar i fy the  ef fec ts  of  water  condi t ion,  measurements  of  CO2

uptake  in  various  water  condi t ions  in  pots  and  RH was  made.  CO2

uptake was moni tored one day before i rr igat ion,  jus t  a f ter  i r r igat ion  
and  one  day af ter  i r r iga t ion of  weekly i r r igat ion  under  30%,  50% or 
70% relat ive  humidi ty.   

CO2 uptake ra te  was af fected the  most  by RH.  Under  70% RH,  
CO2 uptake was enhanced  the most  in  al l  water  condi t ions  in  Phases  1 ,  
2 ,  and  4.  CO2 uptake rates  di f fered  among various  Phases .  The rates  of  
CO2 uptake in  Phase  1 were the highest  fol lowed by Phase 2  or  Phase 4 
(Fig.  9 ) .  

 The  amount  of  CO2 uptake  in  each Phase  showed the  same 
t rend of  be ing s t imulated the most  by RH. Under 70% RH,  CO2 uptake  
was the highest  in  al l  water  condi t ions .  The amount  of  CO2 uptake in  
Phase  1 was the greates t  fol lowed by Phase  4.  Water  condi t ion of  pots  
af fected CO2 uptake in  Phase  4  s igni f icant ly.  CO2 uptake  in  Phase 4 
was s t imulated the most  a t  one  day af ter  i r r igat ion  but  the  total  amount  
of  CO2 uptake was the larges t  at  one day before  i r r igat ion  (Fig.  10) .   

In  Phalaenopsis , CO2 is  absorbed the  most  in  Phase 1.  CO2

absorpt ion in  Phase 1 was affected  by both RH and water  condi t ion  in  a  
pot .  The best  condi t ion for  higher  CO2 uptake was higher  humidi ty in  
the  dark period  a t  one  day before  of  weekly i rr igat ion.  Al though CO2

absorpt ion  in  Phase  4 was  af fected  by RH and i r r igat ion ,  but  the  amount  
of  CO2 absorbed was not  close to  that  in  Phase 1.   

The resul ts  of  these experiments  show that  there seems to  be  
some choices  to  promote  CO2 uptake in  pract ical  cul t ivat ion .  In  Phase 1,  
high  RH is  a  pract ical  and an  economical  method to  promote  CO2

uptake.  In  lower RH, CO2 enrichment  may be used to  increase CO2

uptake.  However ,  there is  a  l imi tat ion  of  CO2 enrichment  in  Phase 1 .  
Excessive CO2 enrichment  dose not  make sense because there is  a  
l imita t ion  of  ce l l  capaci ty where CO2 can be  s tored .  In  Phase 4,  CO2 is  
absorbed  and  f ixed  direct l y.  There  seems to  be  less  l imita t ion  of  cel l  
capaci ty.  In  Phase 4 ,  higher  RH is  also recommendable for  promotion of  
CO2 uptake.  When RH i s  low in Phase 4,  CO2 enrichment  wi l l  increase 
CO2 uptake .  
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Figures

Fig.  1 .  Aspects  of  CO2 uptake  and  s tomata conductance throughout  24  
hours .  Measurements  were  made on the  same plants  of  Phal . White 
Dream 'MM-74 '  successively.   

Fig.  2 .   CO2 uptake  rate  and  s tomata  conductance in  Phase 1 a t  various  
temperatures .  Measurements  were made 5 t imes on Phal . White  
Dream 'MM-74 ' .  Di fferent  l et t ers  indica te s ign if icant  di fference at  
1% by DMRT.  
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Fig.  3 .  CO2 uptake under  various  CO2 concentrat ions  during Phase 1.  
Each  data point  represents  the  average of  3  measurements  of  
Dori taenopsis  Cindere l la  Beauty plan ts  a t  500,  1000 or  1500ppm CO2

levels .  Al l   data af ter  16:00 indicate s ignif icant  di fference a t  5  % by 
DMRT.  

Fig.  4 .  CO2 uptake  a t  20 and  25 oC at  var ious  CO2 levels  during Phase 1.
Data were col lected f rom different  measurements  of  Phal . White 
Dream 'MM-74 '  at  20oC (□ ) or  25 oC(○ ) .   

20℃

y = 0.0084x - 1.3589
R2 = 0.827

y = 0.0171x - 2.0523
R2 = 0.889

-5

0

5

10

15

20

25

0 500 1000 1500
CO2 concentration (ppm)

Phase 1

25℃



- 13 - 

Fig.  5 .   CO2 uptake  ra te  and s tomata conductance in  Phase 3 at  several  
temperatures .  Each  data  point  represents  an  average  of  4  
measurements  of  Phal .  White  Dream 'MM-74 ' .  Different  l et t ers  
indica te   s igni f icant  di fference  at  5% by DMRT. Stomata  
conductance shows no s igni f icant  di fference.  

Fig.  6 .  CO2 uptake  ra te  and  s tomata conductance in  Phase  4 at  several  
temperatures .  Measurements  were  made at  l east  14 t imes  on Phal .  
White Dream 'MM-74 ' .  Di fferent  let t e rs  indicate s igni f icant  
di fference at  1% levels  by DMRT.  
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 Fig.  7 .  CO2 uptake  rate  and  s tomata  conductance  in  Phase  4  under  
various  CO2 concentrat ion.  Each  data represents  the  average of  4  
measurements  on Phal . White Dream 'MM-74 ' .  Di fferent  l et t e rs  
indica te  s igni f icant  di fference  a t  1% levels  by DMRT.  Stomata 
conductance shows no s igni f icant  di fference.   

Fig.  8 .  CO2 uptake and  s tomata conductance in  Phase 4  under various  
l ight  intensi t i es .  Each data  point  represents  the average of  10 
measurements  on Phal . White Dream 'MM-74 ' .  Di fferen t  let t e rs  
indica te s ignif icant  di fference at  1% levels  by DMRT.  Stomata 
conductance shows no s igni f icant  di fference.   
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Fig.  9 .  Effect s  of  d i fferent  water  condi t ions  and  relat ive humidi ty on  
CO2 uptake rate  in  each per iod .  Data represent  the  average of  f ive  
measurements  on Phal . Miki .  Di fferen t  le t te rs  indicate  s ignif icant  
di fference at  5% levels  by DMRT.  
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Fig.  10 .  Effects  o f  d i f ferent water  condit ion and relative humidity on 
amount o f  CO 2 uptake in  each period .  Data represent  the  average of 
f ive  measurements  on  Phal . Miki .  Di fferen t  l et t e rs  indicate 
s igni f icant  di fference  at  5% levels  by DMRT.  


