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Physiological and Ecological Characteristics of High Yielding Varieties in Rice Plants II. Leaf
photosynthetic rates : Cai-Zhong JIANG, Tadashi HIRASAWA and Kuni ISHIHARA (Faculty of Agriculture, Tokyo
University of Agriculture and Technology, Fuchu, Tokyo 183, Japan)

Abstract : This study was conducted to examine the hypothesis suggested in the previous paper that the
difference in the net assimilation rate between the rice cultivars Nipponbare and Akenohoshi was probably caused
by the difference in the photosynthetic rates of leaves in the canopy. The difference of the maximum photosyn-
thetic rate of the uppermost expanded leaf in a day was very small between Nipponbare and Akenohoshi.
However, the extent of the decrease in the photosynthetic rate during leaf senescence and in the afternoon with
sufficient light intensity during diurnal course of the photosynthesis was smaller in Akenohoshi than that in
Nipponbare. Thus the photosynthetic rates were maintained at higher level near the photosynthetic capacity in
Akenohoshi compared with those in Nipponbare. Furthermore the cause why these differences existed in the
photosynthesis between the two varieties was examined by measuring water absorption ability through roots. The
resistance to water flow through plants was smaller and the exudation rate was larger in Akenohoshi than those
in Nipponbare, which was probably related to smaller top-root and leaf area-root weight ratios in Akenohoshi.
It can be concluded from these results that the higher photosynthetic rate in Akenohoshi was owing to its higher
water absorption ability and physiological activity in roots.

Key words : Exudation rate, Leaf senescence, Net assimilation rate, Photosynthetic rate, Resistance to water
flow, Rice plant, Top-root ratio.
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Table 1.

Comparison of the maximum photosynthetic rate (mgCO,/dm?/hr) in a day between Nippon-

bare and Akenohoshi at different growth stages.

Ripening stage

Leaf Variety ~Maximum Panicle formation
position tillering stage stage Early Middle Late
Nipponbare 35.4£3.4 21.8+2.9 e — —
12 th . (100)* (6_51.6)
Akenohoshi 37.6x£2.3 25.5+2.1 — — —
(100) (67.3)
Nipponbare — 32.7+£2.9 20.4+3.2 14.6+2.0
14 th (100) (62.4) (44.6) S
Akenohoshi — 32.6x1.6 21.4x1.0 20.2%+1.6 —
(100} (65.6) (62.0)
Nipponbare — — 28.2+1.7 25.4%1.3 16.6x2.7
16 th (100) (90.1) (58.9)
(flag leaf) Akenohoshi — — 31.7+1.8 31.5%+2.5 21.1+2.0
(100) (99.4) (66.6)

* Values in parentheses show the percentage of the photosynthetic rates of 12th, 14th and 16th leaves to
those at the maximum tillering, panicle formation and early ripening stages, respectively.
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Fig. 1. Comparison of diurnal course of the
photosynthetic rate in the 14th leaf between
Nipponbare (closed circles) and Akenohoshi
(open circles) at panicle formation stage.
Solid line with crosses shows diurnal course
of light intensity.
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Table 2. Comparison between the maximum rate in the morning and the minimum rate in the afternoon
under sufficient light intensity above 1200 xE/m?/sec during diurnal change of photosynthetic rate
(mgCO,/dm?/hr).

Leaf The maximum  The minimum Declining
Growth stage sition Variety rate rate percentage
bo (a) (b) (1-b/a) X100
Maximum b Nipponbare 35.4 24.3 31.4
tillering 12t Akenohoshi 38.1 29 8 21.8
12 th Nipponbare 21.8 17.8 18.3
Panicle Akenohoshi 24.7 23.8 3.6
formation h Nipponbare 30.6 27.7 9.5
14t Akenohoshi 31.6 29.5 6.6
h Nipponbare 20.1 15.0 25.4
£ 14t Akenohoshi 21.4 18.1 15.4
arly
ripening 16 th Nipponbare 28.1 23.5 16 .4
(flag leaf) Akenohoshi 31.7 27.3 13.9
6. BFDEFGOENNTTARETKE LT LT

Stomatal aperture (relative value)

oLt L | L L L | L |

8 10 12 14 16
Time of day
Fig. 2. Comparison of diurnal course of the

stomatal aperture between Nipponbare
(solid lines) and Akenohoshi (dotted lines)
at panicle formation stage. Triangles and
circles show the stomatal aperture of 12th
and 14th leaves on the same stem, respective-
ly.
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Table 3.

Comparison of resistance to water flow through the plant (10° bar-sec/cm) between Nippon-

bare and Akenohoshi at different growth stages.

Leaf Maximum tillering

Panicle formation

Ripening stage

position Variety stage stage Early Middle Late

12 th Nipponbarg 6.0+1.1 6.4i0.? —— —_— —_—
Akenohoshi 5.0+0.9 5.2+0.3 —— — —_—

14 th Nipponbarg — 5.5+0.9 6.8+1.2 12.1+2 .4 —_—
Akenohoshi — 4.0x+1.0 4.7£0.6 7.6+2.1 —_—

16 th Nipponbare —_— —_— 6.8+1.6 9.7£2.0 15.9+2.1

(flag leaf) Akenohoshi — — 4.4+0.8 7.1+£1.0 9.7£2.1

Resistance to water flow was obtained by measuring xylem water potential in the leaves with the
transpiration rate above 2.0 gH,O/dm?/hr before the early ripening stage and above 1.0 gH,0/dm?/hr

after the middle ripening stage.

Table 4.
growth stages.

Comparison of exudation rates (mg/hr) between Nipponbare and Akenohoshi at different

Variety Panicle formation Heading Early ripening Middle ripening
Nipponbare 592.8+ 97.4 570.5+87.5 133.3+65.1 25.3%+28.9
Akenohoshi 940.0+185.9 945.4+98.1 547.3£57.2 209.2+38.0
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Table 5. Comparison of morphological characteristics and resistance to water flow through the plant
between Nipponbare and Akenohoshi grown in the pots (30 cm in diameter, 100 cm in depth).

Growth Variet No. of Top Leaf Root  Top-root Leaf area- Resistance to
stage y panicles weight area weight weight ratio root weight ratio  water flow
(g) (dm?» (g (g/g) (dm?/g) (10° bar+sec/cm)
. Nipponbare 25.0 65.6 45.5 8.5 7.71 5.36 —
Booting Ay enohoshi 20.3 68.4  44.9 9.8 7.01 4.59 —
L Nipponbare 25.0 121.8 38.3 11.0 11.04 3.17 11.5+1.7
Ripening Ay enohoshi 18.0 128.2  26.3* 16.0 8.01 1.65 8.6+1.0

* The decrease in leaf area of Akenohoshi was partly due to the death of non-productive tillers at

ripening stage.
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