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Determinant of photosynthetic capacity in rice leaves
under ambient air conditions
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Abstract

At the grain-filling stage, net photosynthetic rate (Py), stomatal conductance (gs), and ribulose-1,5-bisphosphate car-
boxylation efficiency (CE) were correlated in order to find the determinant of photosynthetic capacity in rice leaves. For
a flag leaf, Py in leaf middle region was higher than in its upper region, and leaf basal region had the lowest Py value.
The differences in gs and CE were similar. Py, gs, and CE gradually declined from upper to basal leaves, showing a leaf
position gradient. The correlation coefficient between Py and CE was much higher than that between Py and gs in both
cases, and Py was negatively correlated with intercellular CO, concentration (C;). Hence the carboxylation activity or ac-
tivated amount of ribulose-1,5-bisphosphate carboxylase/oxygenase rather than gs was the determinant of the photo-
synthetic capacity in rice leaves. In addition, in flag leaves of different tillers Py was positively correlated with g, but
negatively correlated with C;. Thus gs is not the determinant of the photosynthetic capacity in rice leaves.

Additional key words: carboxylation efficiency; flag leaf; intercellular CO, concentration; leaf position; net photosynthetic rate;

Oryza; stomatal conductance.

Net photosynthetic rate (Py) in plant leaf is often influen-
ced by environment factors such as irradiance, tempe-
rature, and water supply, and also by leaf age, leaf posi-
tion, and developmental stage. The findings on the chan-
ges in Py, gs, and ribulose-1,5-bisphosphate carboxylase/
oxygenase (RuBPCO) content during leaf development
are summarized in Sestak (1985) and Catsky and Sestak
(1997). However, the question remains what is the deter-
minant of the differences in Py between leaves of diffe-
rent age, different position, and different regions of a leaf.
We tried to solve these questions using a correlation
analysis.

Rice (Oryza sativa L. hybrid combination GD-1S/
RB207) plants were grown in the experimental field of
China National Hybrid Rice Research and Development
Center (Changsha, Mapoling). They were managed using
common culture techniques for the region. Py was mea-
sured when rice plants were at the filling stage. During
10:00-16:00 (Beijing time) Py in attached flag leaves was
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measured in situ at saturating irradiance, air CO, concen-
tration of 350 pmol mol™, and air temperature of 30 °C
using a portable infrared gas analysis system LI-6400 (Li-
Cor, USA). The irradiation source provided by LI-6400
was used to supply irradiance saturating photosynthesis,
about 1200 pmol(photon) m? s*. CE was measured
using a set of CO, concentrations from 250 to 50 pmol
mol™, decreasing by 50 pmol mol™. About two minutes
were required to stay at each CO, concentration before
Py value was recorded. The Sigma Plot 6.0 software was
used to analyze experiment data and make correlation
analysis.

The measured flag leaves were about 60 cm long and
their basal, middle, and top regions were about 10, 30,
and 50 cm from their leaf sheath, respectively. Py in dif-
ferent regions of flag leaf was significantly different. The
middle and basal region showed the highest and the
lowest value, respectively (Fig. 1A). And there were simi-
lar differences in gs and CE between the different regions
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Fig. 1. Net photosynthetic rate (Py), stomatal conductance (g),
intercellular CO, concentration (C;), and carboxylation effi-
ciency (CE) in rice leaves of different regions (left) and position

(right).

(Fig. 1B, D). Correlation analysis indicated that the cor-
relation coefficient between Py and CE was much higher
(Fig. 2A, r?=0.86) than that (Fig. 2B, r? = 0.21) between
Py and gs, and Py was negatively correlated with C;
(Fig. 2C).

In leaves of different position Py was also different.
The flag leaf had the highest Py value which gradually
declined with lowering of leaf position (Fig. 1E). Also
there were similar differences in g, and CE (Fig. 1F, H).
The correlation coefficient between Py and CE was much
higher (Fig. 2D, r* = 0.94) than that (Fig. 2E, r* = 0.56)
between Py and gs, and Py was negatively correlated with
Ci (Fig. 2F).

In one socket of a side line of the experimental field
there were two rice plants totally having 35 tillers.
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Among the flag leaves of these tillers the highest Py
value was 22.4 pmol(CO,) m?s™ and the lowest one was
9.29 pmol(CO,) m? s, Py values of the other leaves
were within 14-21 pmol(CO,) m? s™. The mean of all
these leaves was 15.8+0.5 pmol(CO,) m?s™. In addition,
similar results were obtained when 40 flag leaves of
a side line were randomly measured: The highest Py
was 22.9 umol(CO,) m?s™ and the lowest one was
17.3 pmol(CO,) m2s™. Py values of the other leaves were
within 18-22 pmol(CO,) m?s™. The mean value for the
40 leaves was 19.7+0.2 umol(CO,) m?s™ and higher than
that of the 35 tiller flag leaves mentioned above.
This difference may be due to that those shorter tillers,
which have commonly lower Py, were not measured de-
liberately.

The results of correlation analysis of the above data
showed that Py was positively correlated with gs, but ne-
gatively correlated with C; (Fig. 2G,H), implying that g
is not the determinant of Py difference among the flag
leaves of different tillers.

Our results about Py differences between different
leaf regions and between rice leaves of different position
indicate that the determinant of leaf photosynthetic capac-
ity is RuBP carboxylation activity rather than g though
high Py is always accompanied by high g and they are
always positively correlated with each other. The fol-
lowing facts support this conclusion: (1) High Py was
always accompanied by high CE (Fig. 1) and CE was po-
sitively correlated with carboxylation activity or activated
amount of RUBPCO (Farquhar et al. 1980, Cammerer and
Farquhar 1981, Farquhar and Sharkey 1982). (2) The cor-
relation coefficient of Py with CE was much higher than
that of Py with gs (Fig. 2). (3) Py was negatively correla-
ted with C; (Fig. 2). If gs was the determinant of the pho-
tosynthetic capacity, Py should be positively correlated
with C;. However, it is not true. Because CE values in the
flag leaves of different tillers were not compared, we can
not state if carboxylation activity or active amount of
RuBPCO is also the determinant of the difference in the
photosynthetic capacity between the flag leaves of dif-
ferent tillers. The fact that Py was negatively correlated
with C; (Fig. 2), however, favours the conclusion that g
is not the determinant of the difference in the photosyn-
thetic capacity.

As high Py was always accompanied by high CE in
wheat (Yang et al. 1999), soybean (Jiang and Xu 2001),
rice (Chen et al. 2002, Jiang and Xu 2002), the conclu-
sion presented above may have universal importance.
Moreover, this conclusion is also consistent with the uni-
versally accepted viewpoint that RuBPCO is the key
limiting step in photosynthetic carbon assimilation
(Jensen 2000, Bernacchi et al. 2001). The difference in
RuBPCO content is likely related to different develop-
ment stages and/or different irradiances during leaf deve-
lopment. Among leaves of different position, for ex-
ample, the flag leaf is the latest to appear and to senesce
and is located at the top of plant. So it can obtain more
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Fig. 2. The correlation of net photosynthetic rate (Py) with carboxylation efficiency (CE), stomatal conductance (gs), and intercellular
CO, concentration (C;) in different regions of flag leaf (A-C), leaves of different position (D-F), and different tiller flag leaves of one

socket leaf (G-H).

photon energy during development and is less old in de-
velopment, having higher RuBPCO content and carboxy-
lation activities and greater photosynthetic capacity than
all other leaves. Murchie et al. (2002) reported that the ir-
radiation-saturated Py and the amount of RUBPCO per
unit leaf area in rice leaves rose with increasing irradian-
ce during leaf growth and declined with lowering leaf
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