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Photosynthetic Response of Rice Plant to Changes of Air
Influx Rate into Photosynthetic Chamber

Dong Yun Hyun* - Kyeong Gu Choi** and Jin Key Kim**

ABSTRACT : This study was conducted to investigate photosynthetic respense to four sequential
air influx rate with rice(Oryvza sativa L. )plants moved from a natural condition to constant con-
dition with automatic regulation selected environmental variables on 13th~15th days after anthesis,

In time course of photosynthetic response to increasing air influx rate(200—280—360—440

ml /min.), stomatal conductance decreased rapidly at the beginning after treatment and then
oscillated with a free-running period of a approximately 1 hour to 1 hour 30 minutes until reached
up to steady-state condition. Similar change was also observed CO: assimilation rate. Stomatal
conductance decreased throughout the air influx rate sequence, but the rate of decrease was simi-
lar to the decrease in CO: assimilation rate observed under continuous air influx rate conditions,

In starch granules during grain filling period under air influx rate(440 ml / min, ), compound
starch granules were loosing and a number of hollows were observed in surface of single starch
granules,

Evidences from several approaches indicate that synchronization of stomatal conductance and
CO: assimilation rate was closely inter-related under increase of air influx rate and increase of air
influx rate influenced the CO: uptake in photosynthetic processes and compound starch granule,
as “end products” of photosynthesis.
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V = volume of flow(mm?)

r = radius of tube{mm)

P = pressure activating the flow(IN m™2)

t = time(second)

7 = dynamic viscosity of the gas(N s m?)
! = length of tube(mm)
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COr assimilation rate = {Ci—[Cc /(P—Eo) ]}
Ci:COz partial pressure in air entering
cuvette( bar)
Cc:Error maximum = 2.0
Eo:Vapour pressure of water of air in cuvette
(bar)
P: Atmospheric pressure(bar)

Stomatal conductance = 1 /Rs
Rs = (E1 /Eo-1) /W—Rb
Ei1:Saturated vapour pressure at leaf tempera-
ture (bar)
Eo:Vapour pressure of water of air in cuvette
(bar)
W:Mass flow of dry air per unit leaf area(mol
m?st)
[(VxP) /(273+ta)a] x 120.311 mol m 25}
V:Volume flow rate of dry air into cuvette
(em™ s1)
P: Atmospheric pressure(bar)
ta: Air temperature(T)
a:Projected leaf area(cm?)
Rb:Boundary layer resistance to water vapour
(mol m2s)
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Fig. 1. Time course of light intensity, air tem-

perature, vapour pressure, and COz par-
tial pressure in a plasticcovered cham-
ber. All data 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 course of stomatal conductance and

CO: assimilation rate of leaf exposed to a
sequence of air influx rate from 120
ml /min, to 440 ml /min, under constant
light intensity(1390+11 pamol m™? s71),
leaf temperature(27+0.3), and vapor
pressure(18 millibar ),
The data shown are from a single
plant, but are representative of data
from six other plants. Arrows indicate
the time when air influx rate was
increased (200-280-360-440),
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Table 1. Stomatal conductance and CO: as-
similation rate of Oryza setiva L. in
changes of air influx rate under con-
stant condition shown graphically in
figure 1

Air influx Stomatal COz assimilation
rate conductance rate

(ml /min,) (mmol m™s) {mol m?s')
120 906.2 a 20.2a
(Control)
200 7317 b 17.2b
280 617.5¢ 13.7 ¢
360 4954 d 11.9d
440 4023 e 89e

Data were derived from the steady-state stomatal
conductance and COgz assimilation rate shown
graphically in figure 2
The same letter are not significantly different at
the 0.05 level(n=10)
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Table 2. Correlation coefficient between air in-
flux rate and photosynthetic factors

Photosynthetic Air influx
factors rate

Stomatal conductance —0.987**
CO» assimilation rate —0.981*

* 1 1% level of significance

Table 3. Correlation coefficient between sto-
matal conductance and CO. assimi-
lation rate

Stomatal conductance
0.926°*

Photosynthetic factor

€Oy assimilation
rate

** : 1% level of significance

Fig. 3. Effect of air influx rate on starch gra-
nules during grain filling period after
anthesis. Upper: Compound starch gra-
nules, Lower: Surface of single starch
granules. A, 120 ml/min,:B, 440 ml/
min. Arrows indicate microspores,
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