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Short Communication 

Photosynthetic ,.co~ Fixation by Green Cymbidium 
( Orchidaceae) Flowers 

Jon Dueker and Joseph Arditti 
Department of Biological Sciences, University of Southern California 

and 
Department of Organi5mio Biology, University of California, Irvine, California 92664 

Received April 17, 1967 

Orchid flowers oocu·r in a great var·iety of colors 
and color combinations (2) . Severa·! genera, aimong 
them Cymbidium, contain species which bear green 
folower-s. 'l'he pigment in these flowers was assumed 
to be chlorophy•ll for many years despilte the absence 
of analytical evidence ( 1). Recenit invost.igations 
( 1, 10 ) have confirmed this assumprion and have 
shown that green Cymbidimn f.lower·s owe their 
color to chlorophyll which, as might be expected. 
is local·izeKi in chloroplasts. 

These chloropla•sts have a normal a)')'pearance 
when examined under oil immersion, bnt lose their 
i111tegr-ity wrilth Hower senescence. (T. R. Pray, 
Universi ty of Southern Ca•liofornia, persona·! com
munication). Since chlorophyll conra.ining stems 
and ro01ts of several orchid •species are caipab-le of 
phot-0synthesi·s ( 6, 7, 8) it a-ppeared reasonable to 
assume that green Cymbidimn f.lowers might have 
the •same capability. However, the occurrence and 
C·ontribut ions of photosynthesis in orchid flowers 
have not been investigated to date. 

Flower-s of Cymbidium XCheI-sea and C. XInde
pendence Day 'York;town · were used for the C)Cper-i
ment. Since <these flower·s are produced on inde
terminate racemes which have a slow flower -opening 
sequence, ·ut was )')'OSSi"ble to obtain buds (arbitrarily 
designaited as day 0), newly opened £.lowers (3 days 
!alter) and folly opened flowers (7 <lay·s from bud) 
from each raceme. All e)Cperimen'ts were repeated 
twice with flowers from 2 racemes of each Cy111-
bidimn. cross. 

The ex.periments were carri·ed ont in sealed 
vessel·s half o.f which were painted black and 
covered wi1th a luminum foi l to ·serve as dark con
trols. Each vessel was f.itted with a g la·ss tube 
covered wit:h an ampule cap and rea.ching into a 
sha·JllQlw gla·ss co111tainer w~thin the experimental 
vessel•s. Fourteen ./Le of Na2

14C03 in an aqueous 
carrier ·solu1t-ion, (377470 cpm/rnl, ·pH 8), adjusted 
to contain a tota·I of 1.6 .mM C02 , were injected 
through the ampule cap followed by 7.5 ml of 1 N 

H 2S04 • After 15 minutes in othe dark, to allow for 
gas eqnil1ibration, the unpaointed vessel·s were placed 
in a welol vernt:i lated hood and subjected to illnm ina-
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tion for 45 mimt!tes. The ·light source consisted of 
one 300 want, two 200 watt West-inghouse incandes
cent bulrbs .cmd one 12 inch cool-whirte Westinghouse 
f1luorescent bulb producing a ·total of 0.13 w/.cmz 
at a doi·stance of 30 om. (]. R. Jones, Westinghouse 
E leot11ic Cor·pora1t ion, Los Angeles, personal com
murnication). Thiis somewhat long eX1posure period 
was chosen because metaiboJ,ic proces-ses and growt:h 
are relatively slow in orchids (2, 4, 5). Tempera
ture wa·s mafota·ined at 22• by using 20 cm wide 
waiter-filled museum jars as heat fiHers between 
the •lights and ithe react·ion vessels. 

The reaotion was terminated by ·turn ing the 
lights off and freeing the vessel·s o.f C02 by 
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FIG. 1. 14C02 fixation by Cymbidium buds, newly 
and fully opened flowers and leaves. S-sepals; P
petals; 0 -ovary. 
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evacuation through 2 barium hydroxide tretps. T he 
flowers were then dissected, their parts weighed 
separately, and eJOtracted in boiling 80 % ( v/v) 
ethanol (9). Chlorophyll content of flowers at the 
same -stages of development from the same racemes 
was determined by the method of A rnon ( 3, 9). 
Radioactivity of duplicate 'Samples of the extract, 
wa·s determined in a •J.iquid scintillabion counter. 

S ince the amount of chlorophyll in each sample 
varied, quenching was determined with an internal 
standard. The results (figs 1, 2) indicate that 
green Cymbidimn flowers are capable of C02 f.ixa
tion in the light, and that £ixabion rates vary 
between flower parts and varieties. In both crosses 
the amount of C02 fixation is highest in the sepa-ls, 
lower in the peta•l·s and lowest in t he ovary. T hi!' 
impbies certain metabol·ic differences between the 
sepals and petals which are very similar in appear
ance and therefore often referred to by the common 
term tepals. It is also interesting to note that the 
flowers can fix C02 in the dark. 

In Cymbidi11m XChelsea the efficiency of ac 
£ixa.bion decreases with age, whereas jn C. XInde
pendence Day 'Yorktown' it increaoses in the 3-day 
old flower and may or may not drop in the 7-day 
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FIG. 2. Net • ~co2 fixation by flowers in the light 
as a function of age in Cymbidium XChelsea and C. 
Xlndependence Day 'Yorktown'. The bar, representing 
14C02 fixation by a mature leaf, is included for com
parison purposes. 

Table I. Net Carbon Fixation 111 the Light by Orchid Plant Orga11s Expressed as Percent of the Amount 
Fi.1·r.d by Lcm;es 

Cy111bidi11111 Epide11drt1111 Cattleya Plialae11opsis r·anda 
Xlndep. Day .ra11thin11111 gigas hybrids .mavis Cattleya 

Organ .\'.'Chelsea 'Yorktown· (6) (6) (6) (6) (7,8) 

Bud 
Sepals 13.6 1.0 
Petals 5.5 0.1 
Ovan· 

Newly 
0

opcnecl 
1.2 0.4 

Flowers 
Sepals 10.i 11.9 
Petals 0.5 1.0 
o,·ar~ 0.1 

Fnlly opened 
Flower~ 
Sepal~ 1.4 4.9 
Petals 0.6 1.1 
Ovary 0.2 0.4 
Lower leaves 100 100 
Upper ka,·es 111 129 
Stt>m$ an<l k::,·c.; RO 

Stem 113 
Leaf ancl stem 100 
Root 1814 645 3689 
Leaf JOO 100 100 

1 yr old 100 
2 yrs ol<l 103 
3 yrs old 103 
4 yrs old 91.6 
5 yrs old 70 
6 yrs ol<l 50 
7 yrs old 38 
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old one (f.ig 2) . This seems to indicate different 
rates of ma·turation and/or senescence of the photo
synthetic apparatus in the flowers of each cross. 

Orchids ·l~ke Microcoelia smithii, Polyrrhiza 
fimalis and P. li11dc11.ii which are leafless and almost 
stemless, but have well developed aeria•l roots and 
flower spikes, probably depend entire'ly urpon the 
photosynthebic products produced by .their roots 
( 6, 7). Roats of other orchids like Ca.ttleya labiatti, 
Cattleya. hy.brids, Epidendrnm xa1ithimmi, Phalae-
11opsis schiller-iana, and Vanda suavis have a we'll 
developed phorosynthetic capability and are ap
parently suff.iciently autotrophic to either maintain 
-themselves or contribute snhstantiaMy to their needs 
( 6, 7). It is interesting therefore <to compare th<' 
amount of photosynthesis in various organs to that 
in Cymbidiwn flowers. T0his can be done easily 
if in each case net photosynthesi•s ·in leaves is arbi
trarily assigned a value of 100 % and net photo
sy111thesis in o~her organs expressed as fractions of 
that (table I). Such compar.ison indicates that 
a1l:though green Cymbidiwn flowers can f.ix C02 in 
the l·ight their contriibution of photosynthetic prod
ucts is small. 

The dark fixation of 002 i·s al•so of considerable 
interest. lit is reminiscent of the behavior of thick 
(i.e. fleshy and succulent) orchid leaves. Such 
leaves exhi!Jit increa·sed aoidity (12) and C02 

11ptake ( 11) in t>he dark, under certain conditions, 
in a fa-shion similar to thait of the Crassulaceae, 
cacti and other succulents with known Crassulacean 
acid rn6ta1>olism and dark fixation of 002 • How
ever, these leaves can also £ix C02 in the light 
(E. L. Nuerenbergk, Staa<t>sinst·itut for Alilegemeine 
Botanik und Botan.ischer Garten, Hamburg, Ger
many, pef'sonal communiica1tion). T he Cymbidim11 
flower parts used in this ex·periment were fleshy 
and therefore perhaips capaible of dark C02 fixation 
in a manner not ttnl1ike that <>f fleshy orch-id leaves. 
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