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Endogenous Rhythms of CO, Assimilation, Stomatal Conductance
and Soluble Carbohydrate Concentration during
Grain Filling in Rice

Dong Yun Hyun

ABSTRACT : Persisent circadian rhythms in carbon assimilation, stomatal conductance and sol-
uble carbohydrate concentration were investigated during grain filling period in rice plant trans-
ferred from a natural photoperiod to constant conditions,

A weak rhythm in photosynthesis, measured as carbon assimilation, and stomatal opening, as
conductance to water vapor, with a period of approximately 24-hours, occurred under constant
condition, Carbon assimilation and stomatal conductance reached maximum values near noon and
minimum values near midnight during the early stage (until 72-hour) after transferring to con-
stant condition, and then the amplitude and phase were changed slowly, the rhythms with little
damping, reaching maximum values near midnight and minimum values near noon during
96~120-hours after transferring. However, photosynthesis in plants grown for 14days after an-

 thesis under constant moderate light(day and night) did not oscillated in constant condition un-
like plants grown under a cycle of light and darkness.

These phenomenon was observed in soluble carbohydrate concentration in flag leaves as well,

Evidences from several approaches indicate that endogenous rhythms of CO, assimilation,
stomatal conductance and soluble carbohydrate concentration are closely couped with each other
and particularly important to plants, which depend on the natural day-night cycle as a external
signal.

' Key words:Oryza sativa L., Endogenous rhythm, CO, assimilation, Stomatal conductance,
Soluble carbohydrate concentration.
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CO, assimilation = {C.—[C. /(P—E,) ]IxV

C,: CO, partial pressure in air entering cuve-
tte( ubar)

C.:CO, partial pressure in cuvette, Error
maximum =2.0

E, : Vapour pressure of water of air in cuve-
tte (bar)

P : Atmospheric pressure(bar)

V : Volume of low per unit leaf area(120 ml /
min)

Stomatal conductance = 1 /R.
R. = (E./E,~1) /W—Ry

E, : Saturated vapour pressure at leaf tem-
perature(bar)

E, : Vapour pressure of air in cuvette(bar)

W :Mass flow of dry air per unit leaf area
{mol m™®s~!)

[(V4P) /(273+t,)a] x120.311 mol m™2 s~

V: Volume flow rate of dry air into cuvette
{em=3s1)
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P : Atmospheric pressure(bar)

t, : Air temperature(T)

a : Projected leaf area(cm?)

R, : Boundary layer resistance to water va-
pour(mol m2s71)
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Fig. 1. Time course of light flux density, air

temperature, vapour pressure and CO,
partial pressure in a plastic-covered
chamber, All data measurements were
obtained with a sensor connected to a
computer data acquisition system
which recorded the signal at 1-min
intervals.
PPFD, Photosynthetic photon flux
density: AT, Air temperature; VP,
Vapour pressure in air condition: Ca,
CO; concentration in air condition: Ci,
CO, partial pressure in air entering
cuvette.
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Fig. 2. Time trend of CO, assimilation and
stomatal conductance of flag leaf ex-
posed to constant condition shown
graphically Figure 1.
This plant developed under natural
light at 27+0.3% for 14days after an-
thesis before it was transferred to
constant condition,
The data shown are for a single plant,
but are representative of data from
eight other plants.
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Fig. 3. Time trend of CO, assimilation and
stomatal conductance of flag leaf ex-
posed to constant condition shown
graphically Figure 1.

This plant developed in a growth
chamber under constant light(630+
1lgmol m™2 s71) at 27+£0.3C for
lddays after anthesis before it was
transferred to constant condition

The data shown are for a single plant,
but are representative of data from
six other plants.
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Fig. 4. Time trend of sucrose concentration
of the flag leaf of rice plants grown in
an alternating dark:light cycle for
l4days after anthesis(—M—) and
continuous light for l4days after an-
thesis(—[]—) before it was trans-
ferred to constant condition shown

graphically in Figure 1.
Vertical bars indicate the standard de-
viation for the ten replication.
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