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COMPARISON OF THE QUANTUM YIELDS FOR CO;
UPTAKE IN C; AND C, PLANTS

0. Bjérkman and J. Ehleringer

Tt is now well established that the C,
pathway of photosynthesis enables the
plant to photosynthesize more efficiently
under conditions where, in the absence
of this pathway, the rate would be se-
verely limited by the CO, concentration
in the intercellular spaces. Thus, the ad-
vantages of C, photosynthesis are maxi-
mal under conditions of high light inten-
“sities, high temperatures, and limited
water supply. There is, however, no evi-
dence to support the converse supposi-
tion that the C, pathway would in itself
be disadvantageous in other natural
‘environments such as cool coastal habi-
tats. Hateh (1970) discussed the possi-
bility that the higher intrinsic energy
requirement of C, pholosynthesis (two
additional ATP molecules per CO,
fixed) in comparison with eonventional
C; photosynthesis might result in lower
efficiency of light utilization at low light
intensities by C, plants. A lower quan-
tum efficiency for CO; fixation would of
course be an important disadvantage in
shaded habitats. It .ould also have a
significant effect under moderate light
intensities and could at least in part be
respongible for the unusually high light
intensities required for saturation Jf
photosynthesis in many C, plants.

To elucidate this question precise
measurements of the quantum yield of
CO. uptake at rate-limiting light inten-
sities were made on intact attached
leaves of a number of C; and C, plants,
including our prineipal study species,
Tidestromia oblongifolia, Atriplez gla-
briuscula, and A. sabulosa. T. oblongi-
folia belongs to a group of C, plants
utilizing NADP malic enzyme for de-
carboxylation of C, acids in the bundle
sheath cells (Year Book 69, p. 649),
while A, sabulosa and the other C; Alr-
plex species analyzed appear to belong
to a group utilizing NAD malic enzyme.

Photosynthetic rates on the basis of ab-
sorbed quanta were obtained from CO,-
uptake rates measured as a function of
incident quantum flux in the spectral
range 400-700 nm (Xenon are) and {rom
the light absorptance values of the same
Jeaves, determined with an Ulbrieht in-
tegrating sphere using a Xenon light
source with the same spectral distribu-
tion used in the photosynthesis measure-
ments, Since photosynthesis is inhibited
by the atmaospheric O, concentration in
C, plants even at rate-limiting light in-
tensities, quantum yields were deter-
mined in both 21% and 2% Q,. The CO.
partial pressure was that of normal air
(310-330 pbar), and leaf temperature
was 27°C.

The typical responses of photosynthe-
sis of Cg and C; plants to changes in the
quantum flux absorbed by the leaves in
the rate-limiting range are shown in Fig,
11. In the C; speecies Atripler glabrius-
cula the quantum yield (slope of the
curve) is 0.0561 mole CO./absorbed ein-
stein in normal air. A decrease in the O,
concentration to 2% results in an in-
crease in the quantum yield to 0.073
mole CO./ahsorbed einstein. In the Cq
species Alripler argentea the quantum
vield is 0.052 moles CO,/absorbed ein-
stein, and no enhancement is observed
when the O, concentration is reduced.
These results are very similar to those
previously determined for Atriplez pa-
tula (Cs) and A. rosea (C,) in mono-
chromatic light (Year Book 68, p. 630).

Table 4 summarizes the results ob-
tained with a number of C; and C, spe-
cies. The quantum yields of the Cs
plants are consistently about one-third
higher than in the C, plants under a low
O, concentration, This higher energy re-
quirement of the C, plants is consislent
with the notion that C, pholosynthesis
requires two more ATP molecules per
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Fig. 11. Initial slopes for the rate of photosynthesis as a function of absorbed quantum flux in

Atriplez glabriuscula (Cs) and A. argentea (CJ).

TABLE 4. Quantum Yields (mole CO:/absorbed einstein) of Different Cs and C, Species

Quantum Yield Quantum Yield
C; Species 2% 0. 219% 0. C, Species 2% 0: 21% O:
Atriplex glabriuscula 0072 0051 Alriplez argentea 0.052  0.052
Atriplez heterosperma 0073 0053  Atriplex rosea 0.054 0053
Atriplex horfensts 0073 0055  Atriplex sabulosa 0.054  0.054
Atriplex Urianguiuris 0.073 0.051 Atriplex screnana 0.055 0.054
Plantago lanceolata 0.074 0.053 Tidestromia oblongifolia 0.054 0.054

CO, fixed than does C; pholosynthesis;
the extra ATP molecules are needed for
the regeneration of the CO, acceptor
phospho(enol) pyruvate from pyruvate.
However, oxygen causes an inhibition of
the quantum yield in the C; plants but
not in the C, plants, and as a resull their
quantum yields in normal air are prac-
tically identical (C;: 0.0526 =+ 0.0017;
C,: 0.0534 == 0.0009 mole/einstein). It
certainly seems remarkable that the
benefit of the abolishment of O, inhibi-
tion of photosynthesgis conferred by the
C, pathway is almost exactly offset by
the higher intrinsic encrgy cost of this

pathway. One can speculate that it may
be more than fortuitous that the quan-
tum yields of C; and C, plants are so
similar in normal air. There very likely
exist strong selective pressures against
the quantum yields of C, plants falling
below those of C; plants, since photo-
synthesis in natural canopies is often
light limited.
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