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Characteristics of Dry Matter Production Process in High Yielding Rice Varieties II1. Comparisons
of leaf photosynthesis : Kuniyuki SAITOH, Hiroyuki SHIMODA and Kuni ISHIHARA (Faculty of Agriculture, Tokyo
University of Agriculture and Technology, Fuchu, Tokyo 183, jJapan)

Abstract : The difference of dry matter production process among the rice cultivars was previously reported with
reference to light intercepting characteristics. This study was conducted to determine if the single leaf photosynth-
etic characteristics, which affect the dry matter production, were different among the rice cultivars.

Leaf apparent photosynthetic rate (APR), diffusive conductance, nitrogen content and chlorophyll content
were monitored every ten days from the maximum tillering stage to the harvesting time in the uppermost five
leaves on the main stem of two early varieties ; Akihikari (Japanese cultivar) and Nanjing 11 (Chinese cultivar,
Indica), and three medium varieties ; Nipponbare, Musasikogane (Japanese cultivars) and Milyang 23 (Korean
cultivar, Japonica/Indica hybrid). The results obtained were as follows.

The maximum APR of the uppermost two leaves in the early varieties was higher than that in the medium
varieties. Maximum APR in Akihikari and Milyang 23 was higher as compared with that in Nanjing 11 and that
in Nipponbare and Musasikogane, respectively. APR decreased with getting lower in position of leaf on the stem
and with increasing in leaf age. Decreasing degree of APR was greater in Nanjing 11 and Milyang 23 than in
Akihikari, Nipponbare and Musasikogane, respectively. APR was significantly correlated with nitrogen content
(correlation coefficient, r =0.84), chlorophyll content (r=0.68) and diffusive conductance (r=0.90) in the leaves
of various positions on the stem and of various ages. However, there was no significant correlation between APR
and chlorophyll content above 4 mg dm~2. These relationships were different among the varieties.

These results suggested that the lower canopy net assimilation rate in Nanjing 11 as compared with that in
Akihikari was mainly owing to the lower leaf photosynthetic rate, but photosynthetic rate hardly affected the
difference of canopy dry matter production among the medium varieties.

Key words : Ageing, Diffusive conductance, High yielding rice variety, Leaf chlorophyll content, Leaf nitrogen
content, Single leaf photosynthesis.
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Table 1. Maximum photosynthetic rates at differ-

ent leaf position on the stem in the two early
and three medium varieties (1986) .

Maximum photosynthetic

Variety rate (mgCO, dm~2 h™!)
I II 11
Akihikari 47.7 43.5 39.4
Nanjing 11 43.0 40.8 40.2
Nipponbare 33.1 32.9 35.2
Musasikogane 34.1 33.2 38.9
Milyang 23 44.3 38.1 34.3

Roman numbers represnt the leaf position number-
ed from the flag leaf. Maximum photosynthetic
rate in each leaf was measured just after full expan-
sion.
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Photosynthetic rate (mgCOz dm ?h™1)

Relative value (%)

T 1 m v
Leaf position

Fig. 1. Photosynthetic rates and their relative val-
ues in the different leaf positions on the stem at
heading time (A) and 20 days after heading (B),
in the early varieties (dashed line) ; Akihikari
(open circles) and Nanjing 11 (open triangles),
and in the medium vartieties (solid line) ;
Nipponbare (solid circles), Musasikogane (solid
triangles) and Milyang 23 (solid squares).
Relative values are expressed as the percentage
of photosynthetic rates in the flag leaf. Roman
numbers represent the leaf position numbered
from the flag leaf, the same as in Fig. 2.
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100 E L7AAEMETE MR Lz, ERETAS
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STRREHA L, REMETIE, B 1 & &5
N BEHEHEINSONEREE IIRBEZ T

Photosynthetic rate (mgCO2 dm 2h™!)

Loy 1

I 1I m \4 v

1 1

Leaf position

Fig. 2. Comparison of photosynthetic rates in the
different leaf position on the stem between the
year 1986 (solid line) and 1987 (dashed line) at
the panicle development (A) and early ripening
(B) stages in the early (left) and the medium
(right) varieties.

Symbols are the same as those in Fig. 1.
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Days after full expansion

Fig. 3. Chages in photosynthetic rate of the flag /JVEBRIIXEKEZBICFIZEALCEE L. Tnkdro

(Ist, A) and 3rd (B) leaves with ageing in the 7 (4 B). EHOKIL®BEL TOH ALED
early (dashed line) and the medium (solid line) B5rFDTHMEEE LA BRI L ORIz 1

= = H] v v,

varieties.

ou7 4 VEEN4mg dm 2 UETIZ 2 oo T 4

Relative values are expressed as the percentage BRE L ER OB TR b & B 8 r=0.90%*
of photosynthetic rates in the leaves just after full »3H o7 (FE 4K C),

expansion. o DL, BEFOEREE, vy g
Symbols are the same as those in Fig. 1. B, ECEE LS R - DRI 13 g 7 B

Photosynthetic rate (mgCO2dm~2h71)

DD OIS, S5 FNS OBERSRERTE
BHEMLE S IERBET L,

C

5 10 15

Nitrogen content (mg dm™2)

20

0 0.5 1.0 15 2.0

Chlorophyll content (mg dm™2) Diffusive conductance (cm s™!)

Fig. 4. Correlations between leaf nitrogen contents (A), chlorophyll contents (B), diffusive
coductances (C) and leaf photosynthetic rates of various position on the stem and with
various age in the five varieties.

Correlation coefficients are 0.84 (A), 0.68 (B) and 0.90 (C) at 0.19% level of significance,

respectively.
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501

Photosynthetic rate (mg CO2 dm=2h~1)

20

Nitrogen content (mg dm™2)

Fig. 5. Varietal comparisons of the relations

between leaf nitrogen contents and photosynth-
etic rates in the early varieties (A) ; Akihikari
(open circles) and Nanjing 11 (open triangles),
and in the medium varieties (B) ; Nipponbare
(solid circles), Musasikogane (solid triangles)
and Milyang 23 (solid squares).
Slopes and levels of regression line are signifi-
cantly different at 59 level in the early varieties,
but those are not significantly different among
the medium varieties.
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Fig. 6. Comparison of the relations between leaf
chlorophyll contents and photosynthetic rates in
Nipponbare (circles) and Milyang 23 (squares).
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Fig. 7. Comparison of the relations between leaf
nitrogen contents and chlorophyll contents in
Nipponbare (circles) and Milyang 23 (squares).
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Fig. 8. Relations between specific leaf weights (A), nitrogen contents (B), chlorophyll contents
(C) and maximum photosynthetic rates of uppermost three leaves on the stem in the five

varieties.

Correlation coefficient between nitrogen contents and maximum photosynthetic rates
omitting those in Nanjing 11 (triangles) is 0.92 at 0.19% level of significance.
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Fig. 9. Comparison of the relation between leaf

diffusive conductances and photosynthetic rates
in Nipponbare (circles) and Milyang 23
(squares).

Slopes of regression line are not significantly
different between Nipponbare and Milyang 23.
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