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Difference of Photosynthetic Rates among the Leaves at the Equivalent Positions on the Main Stem and
Its Tillers in Rice Plants : Taiichiro OOKAWA, Eiki KURODA** and Kuni ISHIHARA (Faculty of Agriculture,
Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183, Japan)

Abstract : The photosynthetic rates of the leaves at the equivalent positions on the main stem and its tillers, that
is, the photosynthetic rates among the synchronously expanded leaves on the main stem and tillers in Nipponbare
(short culm and ear number type rice cultivar) were compared.

Immediately after the leaves fully expanded, little difference was noticed between the photosynthetic rates of
the leaf on the main stem and the synchronously expanded leaves on the primary tillers except with those on the
5th tiller which emerged just after transplanting. Two or three weeks after expansion, the photosynthetic rate of
the leaf on the main stem was higher than that of the synchronously expanded leaves on the primary tillers. The
extent of the decrease in the photosynthetic rates with leaf aging was larger in the leaves on the primary tillers
than those on the main stems, and also larger in the leaves in those tillers that emerged from the higher node
of the main stem.

The photosynthetic rates at 2 or 3 weeks after leaf expansion highly correlated with the diffusive conductance,
chlorophyll content and RuBPCase content in the leaves on the main stems and the primary tillers. These results
indicate that one of the factors responsible for the difference in the photosynthetic rates of the leaves at the
equivalent positions on the stems in a hill was the difference between the periods of senescence of the leaves on
the main stem and those on the primary tillers.

The extent of the decrease in the photosynthetic rates with leaf aging in the primary tillers was different
between Nipponbare and Tainung 67, a high yielding cultivar (long culm and ear weight type) in Taiwan, when
the extents were compared with those in the main stem. However the extent of the decrease in the photosynthetic
rates with leaf aging was not different between the leaves on the main stem and those on the primary tillers in
Tainung 67. These results suggest that the photosynthetic rates of the leaves at the equivalent positions on the
stems in a hill were almost the same between the main stem and their primary tillers in Tainung 67.

Key words : Main stem, Paddy rice, Photosynthetic rate, Synchronously expanded leaf, Tiller, Varietal differ-
ence.
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Table 1. Comparison of the photosynthetic rates (mgCO./dm?/hr) of the synchronously expanded leaves
on the main stem and the primary tillers of Nipponbare immediately after they fully expanded (Paddy

field).
Main stem Plant Main The synchronously expanded tiller leaves with 14th or 16th leaf on the main stem
leaves  No. stem 2nd 3rd 5th 6th 7th 8th*
14th 27.4 - - - 32.2(117.4)** 24.2 (88.4) 31.5(115.0)

31.3 — 36.4(116.3)

14.8(41.6) 34.7 (97.5

)
- 28.9 (92.3) 30.6 (97.8) 32.2(103.0)
) 35.9(100.8) 35.4 (99.5)

16th 39.5 33.9 (85.8)
41.0 - -

3 42.6  39.8 (93.5) 37.1(87.1)

1
2
3 35.6  37.0(104.0) —
1
2

26.3(66.6) 44.4(112.4) 37.7 (95.4) -
31.3(76.4) 46.6(113.8) 40.9 (99.9) 38.8 (94.7)

- 38.7 (90.8) 44.2(103.7) 39.2 (92.0)

* The node of the main stem from which the tiller emerged.
** Percent values relative to the photosynthetic rate of the leaf on the main stem.

Table 2. Comparison of the photosynthetic rates (mgCO,/dm?/hr) of the synchronously expanded leaves
on the main stem and the primary tillers of Nipponbare at 2 or 3 weeks after they fully expanded

(Paddy field).

Main stem  Plant Main

The synchronously expanded tiller leaves with 14th or 16th leaf on the main stem

leaves No. stem 2nd 3rd 5th 6th 7th 8th*
14th 1 29.0 27.6(83.1)** 24.5(84.7) - 13.9(48.0) 16.2(55.8) -
2 29.7 28.6(87.6) 29.1(98.0) = 28.1(94.6) 18.5(62.3)
3 33.8 — 23.0(68.1) 23.9(70.9) 14.8(43.9) 22.6(66.9) 19.4(57.5)
16th 1 38.0 - 32.8(86.3) 26.7(70.2) 33.1(87.0) - 32.1(84.6)
2 38.5 — — 29.1(75.5) 34.0(88.3) 30.2(78.4) 18.9(49.1)
3 40.7 - — 27.7(68.1) 34.9(85.6) 36.0(88.4) 29.5(72.5)

* The node of the main stem from which the tiller emerged.
** Percent values relative to the photosynthetic rate of the leaf on the main stem.
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Table 3. Comparison of the photosynthetic rates (mgCQO,/dm?/hr) of the synchronously expanded leaves
on the main stem and primary tillers of Nipponbare immediately after the 14th leaf fully expanded

(Pots).

Leaf position

Main The synchronously expanded tiller leaves with 14th of 16th leaf on the main stem

on the main stem  stem 2nd 3rd 5th 6th 7th 8th*
14th 39.7 41.9(105.4)*" 44.0(110.6) 47.5(119.6) 43.7(109.9) 39.2(98.5) 38.8(97.6)
13th 39.5 41.4(104.9) 39.4 (99.9) 36.2 (91.7) 39.5(100.2) 34.9(88.5) 39.4(99.8)
12th 37.3 38.2(102.4) 33.3 (89.3) 31.3 (84.1) 28.8 (77.3) 31.5(84.4) 24.2(64.9)
11th 26.5 26.9(101.5) 20.4 (77.1) 4.5 (16.9) 20.3 (76.6) 15.5(58.5) 13.4(50.8)

* The node of the main stem from which the tiller emerged.
** Percent values relative to the photosynthetic rate of the leaf on the main stem.

Table 4. Comparison of the photosynthetic rates, the diffusive conductance, chlorophyll content and
RuBPCase content between the 14th leaf on the main stem and the synchronously expanded leaves on

the primary tillers of Nipponbare (Paddy field).

Immediately after expanded

16days after expanded

M 6th 7th M 6th 7th*
Photosynthetic rate 31.3 28.9 30.6 29.0 13.9 16.2
(mgCO,/dm?/hr) (92.3)** (97.8) (48.0) (55.8)
Diffusive conductance 0.52 0.50 0.54 0.41 0.29 0.33
(cm/sec) (96.2) (103.8) (70.7) (80.5)
Chlorophyll content 3.28 3.05 3.04 3.59 2.74 3.25
(mg/dm?) (93.0) (92.7) (76.3) (90.5)
RuBPCase content 33.9 33.6 35.3 28.9 17.5 23.1
(mg/dm?) (99.1) (104.1) (60.8) (80.2)

* The node of the main stem (M) from which the tiller emerged.
** Percent values relative to the photosynthetic rate, diffusive conductance, chlorophyll content or RuBPCase

content of the 14th leaf on the main stem.

Table 5. Comparison of the photosynthetic
rates (mgCO,/dm?/hr) of the synchronously
expanded leaves on the primary and secon-
dary tillers with the 15th leaf on the main

stem immediately after they expanded
(Pots).
Plant Primary Secondary  (B)/(A) X100
No. tiller (A) tiller (B) (%)
1 32.7(2)*  29.3(2/2)** 89.6
36.0(3) 26.3(2/3) 73.1
2 35.4(3) 31.9(1/3) 90.1
27.5(2/3) 77.7
3 35.0(3) 30.4(2/3) 86.9
* The node of the main stem from which the tiller
emerged.

** The node of the primary tiller from which the
secondary tiller emerged. For example, (1/3)
indicates the first node of the primary tiller that
emerged from the third node of the main stem.
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Fig. 1. Relationship between the photosynthetic rates and the diffusive conductance (A),
chlorophyll content (B) or RuBPCase content (C) at 16 days after complete expansion of the
14 th main stem leaf in the cultivar Nipponbare (Paddy field).
Note : Values are percent transformations of the value of the synchronously expanded leaf
on the 6 th or 7 th primary tiller relative to the value of the 14 th leaf on the main stem.

Table 6. Comparison of the photosynthetic rate (mgCO,/dm?/hr) between the 14th leaf on the
main stem and the synchronously expanded leaves on the primary tillers of the cultivar

Tainung 67 (Paddy field).

Plant Immediately after expanded 16 days after expanded
No. M 5th 6th 7th M 6th 7th*
1 32.3 26.1 27.7 32.2 27.3 26.9 27.4
(80.8)** (85.6) (99.6) (98.6) (100.3)
2 35.2 34.4 34.8 33.0 27.8 28.7 26.2
(97.8) (98.8) (93.7) (103.1) (94.1)
3 37.6 29.7 32.4 32.4 31.4 26.1 24.0
(79.2) (86.3) (86.4) (83.1) (76.5)

* The node on the main stem (M) from which the tiller emerged.
** Percent values relative to the photosynthetic rate of the 14th leaf on the main stem.
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Fig. 2. Photosynthetic rates of the expanded leaves

on the primary tillers expressed in percentages
relative to the photosynthetic rate of the
synchronously expanded leaf on the main stem in
Nipponbare (left) and Tainung 67 (right), imme-
diately after they fully expanded (Paddy field).

Hl : The synchronously expanded tiller leaves
with the 16 th leaf on the main stem.

72Z] - The synchronously expanded tiller leaves
with the 15 th leaf on the main stem.

[ ]: The synchronously expanded tiller leaves
with the 14 th leaf on the main stem.
*The node of the main stem from which the tiller
emerged.
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Fig 3. Photosynthetic rates of the expanded leaves
on the primary tillers expressed in percentages
relative to the photosynthetic rate of the
synchronously expaned leaf on the main stem in
Nipponbare (left) and Tainung 67 (right), at 2 or
3 weeks after they fully expanded (Paddy field).

Hll : The synchronously expanded tiller leaves
with the 16 th leaf on the main stem.

[1: The synchronously expanded tiller leaves
with the 14 th leaf on the main stem.

XY : The synchronously expanded tiller leaves
with the 13 th leaf on the main stem.
*The node of the main stem from which the tiller
emerged.
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Table 7. Comparison of the primary root number and the exudation rates between the main stem
and the primary tillers immediately after the 14th leaf on the main stem fully expanded in the

cultivar Nipponbare.

M 2nd 3rd 5th 6th 7th 8th*
Primary root 164 70 60 53 51 50 22
number (42.7)** (40.2) (32.3) (31.1) (30.5) (13.4)
Exudation 309 380 341 286 215 252 204
rate (mg/hr) (123.0) (110.5) (92.7) (69.6) (81.7) (65.9)

* The node of the main stem (M) from which the tiller emerged.
** Percent values relative to the primary root number or the exudation rate of the main stem.
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