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There are controversial discussions on the
comparison of potential productivity of C,
and C; species. In relation to the results
of the IBP carried out in 1960s, LoowMis
and Gerakis® collected high values in the
net production per unit land area in a
season, Pn, in various crop species cultivated
under very favorable field conditions at
different locations in the world. They
examined the data and classified them in
terms of latitude, arriving as a result at the
following hypothesis: In the tropical and
subtropical regions, C, species show far
higher productivity than C; species, in
temperate regions the difference between
the two groups decreases, and in cool tem-
perate regions C; species attain superiority.

Part of this result was explained by
MonTerrH!®  with the difference in the
length of growing season. Therefore, it is
obvious that species comparison must be
made under the condition free from the
influence of growing days. For this pur-
pose, either the mean crop growth rate
(mean CGR) or the maximum crop growth
rate (maxCGR) can be used. The former
is calculated by dividing the Pn value with
the length of growing season, and the latter
is obtained by observing the highest short-
term CGR value during the whole growth
duration of a species.

In relation to these problems, GirFForD®
reported, by use of various published data
on productivity as well as biochemical and
physiological ones, that, although C, species
show considerably higher efficiency in their
photosynthetic mechanism as compared with
C; species, their superiority decreases at the
leaf tissue level, and even becomes equal
at the maxCGR level.

However, Coorer and TaimnTOon® and
CooprerR® compared the values of maxCGR
of grass species cultivated under favorable
field conditions, obtaining an average value
of 30.3 g/m?/day for the C, species and
that of 19.5 g/m?/day for the C; species.
KAawaNABE? compared the relative growth
rate, RGR, of 15 grass species under various
temperatures in a phytotron and obtained
the highest RGR value of 159, per day for
the C; species under the optimum condition
of 27°C/22°C in day/night temperature,
whereas the highest RGR for the C, species
was nearly twice the former value, obtained
at the higher, optimum temperature of
36°C/31°C. Further, MoNTEITH!® reexa-
mined the maxCGR data quoted by Gir-
FORD® and came to the conclusion that the
reliable data so far available suggest the
superiority of the C, species to the C,
species.

In these discussions, the productivity
values have never been compared among
species in relation to the photosynthetic
ability of the leaf, p,, which represents the
highest value in apparent photosynthetic
rate of each species under natural con-
ditions. It is well-known that p, differs
considerably not only between C; and
C, groups, but also among species within
a group as well as among varieties of the
same species. However, little evidence has
so far been obtained which demonstrates
the effect of p, on the biological or econo-
mic yield of crop species. In the case of
economic yield, not only p, LAI and
canopy structure, but also “sink’ capacity,
translocation ability and other factors are
involved in the yield-formation process, so
that it will be no wonder if p, cannot be

NII-Electronic Library Service



224 Japanese Journal of Crop Science Vol. 50, 1981
Table 1. Comparison among various crop species of high values in maxCGR,
efficiency for solar energy utilization, Eu, and maximum leaf photosynthetic
activity under natural conditions, p,
Speci CO.fix Locati maxCGR  Solar rad. Eu Po
pecies pathway ocation g/m2/day  ly/day 9%  mgCO;/dm?/hr

Nepiergrass Cs Puerto Rico» 60 — — 84 a
Corn C, Fukuoka, Japan?® 55 485 4.6

” 7 Shiojiri, Japan!® 52 486 4.31 60 b

” ” Calif.1® 52 736 2.9

n ” New York State!® 52 500 4. ZJ
Rice, indica Cs Philippines?s 55 564 3.7 48 ¢

/7, japonica Cs Chikugo, Japan!® 36 478 2.8 36 d

n, ind. x jap. C, Takada, Japan2® 35 487 2.7 35 28
Pear]l millet C, N.T. Australial® 54 510 4.2 60 e
Cattail Cs Calif.» 53 — — 55 f
Sorghum C, Calif.1® 51 690 2.9 51 g
Sugarcane Cs Hawaii” 44 — — 52 h
Oats C; Kitamoto, Japan?® 10 338 4.7 28 28
Barley Cy Kitamoto, Japan?® 38 338 4.5 25 2
Potato Cs Calif.» 37 — — 26 1
Sunflower Cs Tokyo, Japan??® 37 — — 33 20
Italian ryegrass Cs Tochigi, Japan?® 35 439 3.2 18 j
Sugarbeet Cs U.K.1®» 31 294 4.1 28 k

” 7 Sapporo, Japan!® 28 413 2.8 301
Wheat C; Kitamoto, Japan®® 30 338 3.6 27 ™
Soybean Cs Morioka, Japan!® 27 290 3.6 27 m
Sweet potato Cs Kagoshima, Japan!® 21 — — 2l n
Groundnut C, Nigeria?V 21 — — 27 o
Orchardgrass Cs U.K.1#® 19 331 2.8 2 p

Data source for po: a Ludlaw & Wilson, b Heichel & Musgrave, 1969, 25-80 mg;
(common to Tables ¢ IRRI, 1968, 34-62mg; d Ishihara et al., 1977, and others, 31-42 mg;

1 and 2)

directly correlated with economic yield as
with the cases in many reports.
in the case of maxCGR, the situation seems
to be rather simple, with only the three

e Muramoto et al, 1965; f McNaughton & Fullem, 1970, 44-69 mg;

g Stephensen et al, 1976, and others, 42-60mg; h Irvine, 1968, 34-86 mg;

1 Chapman & Loomis, 1953; j Murata & Iyama, 1963; k Hofstra & Hesk-
eth, 1969, and others, 24-30 mg; 1 Oshima, 1962; m Ojima & Kawash-
ima, 1968, 22-31mg; n Tsuno & Fujise, 1965, 19-24; o Bhagsari &Bro-
wn, 1976, 24-37 mg; p Hesketh, 1963, and others, 13-31mg; g Mahon
et al, 1977, and others, 17-28 mg; r Corley et al, 1973; s Samsuddin
& Impens, 1979; t Murata et al., 1965; u Dornhoff & Shibles, 1965,
and others, 18-43mg; v Pallas, 1973, and others.

reports. In addition, the solar
utilization efficiency corresponding to each
maxCGR value was compared
species.

However,

major plant components, i.e., p,, LAI, and

canopy structure, needed to be considered.
The present author, therefore, has ex-

Materials and Methods

energy

among

amined the possible relationships, among
various crop species, of p, with maxCGR
as well as mean CGR collected from various

High values of maxCGR for various crop
species were collected from literature, to-
gether with the amount of incident solar
radiation during the period for the max-

NII-Electronic Library Service



Murata——Leaf Photosynthesis and Potential Productivity among Crop Species 225

CGR determination (Table 1). High Pn
values were also collected together with
the length of growing season to calculate
the mean CGR values (Table 2).

In selecting the p, value for a species,
priority was given to those p, values which
were obtained with the same or similar
material as used for the productivity deter-
mination. Otherwise, the average of the
reported values for the species in question
was adopted.

The solar energy utilization efficiency, Eu,
was expressed by the ratio of the total
combustion energy contained in the dry
matter, W, produced on a unit field area
during a definite period to the total short-
wave solar radiation, S, incident on the
plants during the same period, as shown by
the following equation:

H-4W
Eu———~~S

where H stands for heat of combustion per
gram of dry matter. However, Eu is not
necessarily expected to change in reverse
proportion to S, because 4W will change
at the same time. In order to know the
true relationship between Eu and S, analysis
was made with the data of the Maximal
Growth Rate Experiments of IBP carried
out in Japan by the Local Productivity
Group!®.

Results and Discussions

1)  Relationships of p, with maxCGR and
mean CGR

The relationships between p, and max-
CGR are shown in Fig. 1. Here, a correla-
tion coefficient as high as 0.778 is found
for the C; species, and 0.826 for the C,
species. When the two groups are mixed,

the linear correlation becomes as high as
0.886.

Table 2. Comparison among various crop species of high values in the net production
per year (Pn), growing days, mean crop growth rate (mean CGR), and leaf

photosynthetic activity (po)

Species Location Uhajyear  days s piatidny COLdmthe
Nepiergrass C, Puerto Rico'® 85.9 365 23.5 84 a
Sugarcane C, Hawaii® 67.3 365 18.4 52 h
Sorghum C, Calif.1» 46.6 210 22.2 51 g
Sugarbeet Cs Calif.1» 42.4 290 14.6 28 k

n ” Sapporo, Japan!® 22.9 175 13.1 30 1
Cassava Cs Javal® 41.0 365 11.2 26 q
New sorgo C, Gifu, Japan!® 40.3 142 28.4 —
Oil palm Cs Malaysia® 40.0 365 11.0 20 r
Bermudagrass C, Puerto Rico® 37.3 365 10.2 39 j
Rubber Cs Malaysia® 36.0 365 9.9 20 s
Corn C, Ttaly® 34.0 140 24.3) 60 b

” ” Shiojiri, Japan!® 26.5 128 20.7
Alfalfa Cs Calif.1» 29.7 250 4.1 2%t
Rice, indica Cs Philippines?s> 20.0 125 16.0 48 ¢

n ., japonica Cs Fukui, Japan'® 19.7 161 12.2 36 d
Potato Cs Calif.1o 22.0 129 17.0 26 i
Pearl millet C, A.C.T. Australia® 21.7 117 18.5 60 e
Sweet potato Cs Kagoshima, Japan!® 20.5 169 12.1 2l n
Oats Cs Kitamoto, Japan?® 18.5 243 7.6 28
Barley Cs Kitamoto, Japan?® 15.3 203 7.5 25
Soybean Cs Towa® 10.4 110 9.5 31 u

” u Morioka, Japan!® 9.4 113 8.3 27 m
Groundnut Cs Tanzania?? 15.5 125 12.4 27 v
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Although direct evidence is needed, this
figure may be interpreted as suggesting that
the maxCGR is most heavily dependent on
the leaf photosynthetic ability, as far as the
species difference is concerned, regardless of
the C; and C, discrimination. In addition,
it is suggested that, in the Cj species which
have generally lower p,, the effect of its
increase to promote productivity is larger
than in the C, species which have higher p;.
Because, it is calculated that the linear re-
gression coefficient of maxCGR on p, is
0.824 for the C; species against 0.366 for
the C, species. Thus, a second order re-
gression seems to fit for covering all the Cj
and C, data. The correlation coeflicient
between the observed values and those
calculated by the second order equation
shown in Fig. 1 was 0.896.

Under the conditions where high values
of maxCGR were obtained, such environ-
mental factors as light intensity, temperature,
and supply of water and nutrients may be
considered to have been nearly at their

60

lay)

sunflower
C barley ®,
E .
= italian rye-
304+ grass ® sugarbeet

® sugarbeet
°

soybean

maxCGR

rice(indica)

sorghum

optimum levels, with their LAI attaining
the maximum values, and consequently,
minimizing its effect on dry matter produc-
tion. Thus, the situation is such that the
effect of leaf photosynthetic activity is likely
to be displayed to its maximum extent.

On the other hand, the effect of canopy
structure should also be displayed to some
extent on maxCGR under these conditions.
However, according to our previous results!?
obtained from a number of field experiments
using rice plants, the effect of p, on the
maxCGR becomes apparent when both LAI
and solar radiation are at sufficiently high
levels. Considering these results together
with the present one, canopy structure might
be regarded as a secondary factor as com-
pared with p,, as far as potential prod-
uctivity in different species is concerned.

In the next place, the relationship of p,
with the mean CGR for the whole growth
duration was examined in the same way as
above. Similar but less clear relationship
was obtained between the two as shown in

y=8.91+0.824x
nepiergrass

® cattail pearl millet

y=30.23+0.366x

O sugarcane

rice (japonica)
®e rice(ind. x jap.)

sweet °
onl 3 O groundnut
20 potato °
orchardgrass
y=—0.00548x*+1.137x+4.702
101 ®C; r=0.778
r=0.886
©Ci r=0.826
0 l ! ! I ! I ! 1 1
0 10 20 30 40 50 60 70 80 90

p, (mgCO:z ‘dm? hr)

Fig. 1.

Relationship of leaf photosynthetic activity (po) with high values in

maxCGR among various crop species
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Fig. 2. Relationship of leaf photosynthetic activity (p,) with high values in
mean CGR among various crop species

Fig. 2. Here, the linear correlation coeffi-
cient for the Cj species is very low, but that
for the C, species is comparatively high,
0.708. The linear correlation becomes as
high as 0.822, when the two groups are
mixed together. Also a second order re-
gression seems to fit for this relationship.

In this case, however, LAI and its dura-
tion should play more important role than
in the case of maxCGR and this might be
responsible for the lower correlation within
each group.

2)  Solar energy utilization efficiency for max-
CGR

In the next place, the efliciency for solar
energy utilization, Eu, when the high values
in the maxCGR had been observed was
compared between the two groups. The
difference was not very clear when the Eu
values in Table 1 were compared directly,
disregarding the difference in solar radia-
tion level, S. It was, however, demonstrat-
ed, by correcting the observed values to
those at the same radiation level, that the
Eu values were higher in the C, species

than in the C; species. The correction was
made in the following way:

As the existence of some regression similar
to an inverse proportion was anticipated
from the equation (1), this point was ex-
amined first, using the data of the Maximal
Growth Rate Experiments of IBP® carried
out for 5 years at 7 locations with 2 suitable
varieties of rice. Those Eu values when
the LAI was higher than 4 in the vegetative
phase were picked up and plotted against
the solar radiation, S, disregarding the
variety, location and season. A linear re-
gression of Eu on S was obtained as in-
dicated in Fig. 3. Similar, linear regression
was obtained in soybean (Fig. 4) and sugar-
beet (Fig. 5) when the LAI was higher
than 3.5 and 3 in the former and the latter,
respectively, although no regression was re-
cognized in the case of corn, probably due
to the insufficient sample number (Fig. 6).

On the other hand, daily gross photo-
synthesis of the rice stand was calculated
in the same way as Iwax1® who employed
Kuromwa’s equation'® (2) together with the

NII-Electronic Library Service



228 Japanese Journal of Crop Science Vol. 50, 1981

equation (3):
p,=2b 4 14y1takly/(I—m)

a kT T4/ Traklexp(kF)/(1—m)
..................... (2)
1m=1.o3lsm+34.3=1.o3121d§+34.3 ...... (3)
where,
a, b: constants characterizing the light-

photosynthesis curve of single leaves,
d: daylength, hr, F:LAI
k: light extinction coeflicient,
In: daily maximum solar illumination

<1
1

indica

gg/ 3 japonica
a2t i
1+ ':: : ) )
y=2.973—-0.002234x
0 ! ! I ]
200 300 400 500 600
S (1y/day)

Fig. 3. Regression of the efficiency for solar
energy utilization (Eu) of rice stands on
solar radiation (S) in the IBP experim-
ents!®

1) LAI 4,vegetative phase. 2)_Arrows
indicate the FEu mentioned in
Table 1.

a: Linear regression line for the whole
data.

b: Theoretical curves calculated by
equations (2) and (3).

(33
1

y=2.939-0.003347x

! | ! It 1
200 300 400 500 600
S (ly/day)

Fig. 4. Regression of Eu on S in soybean

stands in the IBP experiments!®. Symbols
are the same as in Fig. 3.

at noon, klx,
Sm: daily maximum solar radiation at
noon, ly per hr,
m: light transmissibility of single leav-
es, and
S: solar radiation, ly per day.
For calculation, the following values were
used for parameters:
b=0.215 for C; species and 0.32 for
C, species.
This is based on an unpublished result of
A. Kumura who compared the reported
light-photosynthesis curves of various species
and gave values of 0.153 and 0.229 as the
energy conversion efficiency in photosynthesis
for C, species and C, species, respectively,

y=4.344—0.005405x

0 H 4 4 ! J
200 300 400 500 600
‘S (ly/day)
Fig. 5 Regression of Eu on S in sugarbeet

stand in IBP experiment’®. Symbols are
the same as in Fig. 3.

6
3,k b(Fukuoka)
N b(Shiojiri)
el
[ORE1 3

o+ o

L ! L 1 1 -
200 300 400 500 600 700
S (ly/day)

Fig. 6. Regression of Eu on S in corn stands
in the IBP experiments.!® Symbols are

same as in Fig. 3.
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s
corn(Fukuoka)
corn(Shiojiri)
} . pearl millet
pe sugarbeet (U.K.) corn(N.YD
rice(indica)
~ [ ]
sovbean h wheat italian ryegrass
—_ ~
2 o ~
R orchal.dgrasi\memo
z T & T~ . .
i sugprbent TSS=RUUTI i) G
2 —
1 b
] ! ! ! !
200 300 400 500 600 700
S (ly/day)
Fig. 7. Theoretical relationships of Eu with solar radiation, S, corresponding to
high values in maxCGR
and level within a certain range. Thus, the
a=b/py=0.215/3.6=0.0597 for japonica result of calculation has given the two
and theoretical curves which pass, as shown in
=0.215/4.8=0.448 for indica, m=  Fig. 3, through the two given points, one
0.9, F=6, for the japonica and the other for the indica,

k=0.34 (Tsuno and KiTAKADO?®).
A factor of 0.61 was used for conversion of
CO; to dry matter.

Further assumption was made that re-
spiration was unaffected by solar radiation

respectively.

In the same way as above, a theoretical
curve was obtained for soybean (Fig. 4),
assuming:

a=b/p,=0.215/2.7=0.0776, d=14, F=5,

Table 3. Comparison among species of solar energy utilization efficiency, Eu,
corresponding to the reported high values in the maxCGR, corrected at
the same solar radiation of 500 ly/day as shown in Fig. 7.

Species Eu,%, Species Eu,%
C, corn (Fukuoka, Japan) 4.4 C; Italian ryegrass 2.9
#  (Shiojiri, Japan) 4.1 sugarbeet (U.K.) 2.9
»  (Calif.) 3.4 7 (Sapporo) 2.5
7 (New York State) 4.2 soybean 2.5
pearl millet 4.3 oats 3.3
sorghum 3.3 barley 3.1
mean 3.95+0.43 wheat 2.8
Cs rice, indica 4.1 orchardgrass 2.2
# , japonica 2.8 mean 2.89+0.48
n , ind. x jap. 2.7
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k=0.79 (KuMurat®).

For sugarbeet, it was assumed:
a=b/p,=0.215/3.0=0.0717, d=14, F=5,
k=0.94 (Arbitrarily supposed).

For corn, it was assumed:
a=b/p,=0.32/6.0=0.0533, d=13, F=6,

k=0.70 (MoONTEITH!®).

The results are shown in Figs. 5 and 6.
From Figs. 3 through 6, it appears that
the theoretical curves may be taken as re-
presenting the response of Eu, in its highest
values, to different solar radiations. In Fig.
7, the Eu values collected in Table 1 are
plotted against the solar radiation, together
with these theoretical curves which will
enable us to correct the original values to
those at the same solar radiation for a more
precise comparison of Eu among species.
Thus, Table 3 was obtained. Although
there is a few exceptions both for C; and
C,, the Eu values corresponding to the
maxCGR are generally higher in the C,
than in the C; species.

Further, a very close correlation, 0.843,
was found to exist between p, and the cor-
rected Eu, as shown in Fig. 8. This may
be taken to suggest the importance of leaf
photosynthetic ability in determining the
efliciency for solar energy utilization of crop
species in the field.

Summary

Comparison among various crop species
was made of the reported high values in
the maximum crop growth rate, maxCGR,
obtained under very favorable field condi-
tions at various locations in the world, in
relation to the reported maximum leaf
photosynthetic activity, p,, observed under
natural conditions. Similar comparison was
made of the mean CGR. Further, com-
parison was made of the solar energy utiliza-
tion efficiency for the maxCGR, taking the
solar radiation level into consideration. The
following results were obtained:

1) A close second order regression of
maxCGR on p, seems to exist, including
all the available data, regardless of the C,
and C, discrimination. This was inter-
preted to suggest the outstanding importance
of p, for determining the species difference

o1

4t o §
& o) X X

B o
2" °© % ¢
= 00
Tl o
=2
@
£
©r 0Cs
x C,) T=0.843
1 1 I ] 1 1
0 10 20 30 10 50 60

P, (mgCO02/dm?/hr)

Fig. 8. Correlation between p, and

corrected Eu.

in the potential crop productivity.

2) Similar but less close relationship was
recognized between the mean CGR and p,.

3) Solar energy utilization efficiency
corresponding to the maxCGR was shown
to be higher in the C, species than in the
Cs species, with a few exceptions, after
correcting the observed values to those at
the same solar radiation level. Further, a
very close correlation was found between
pPo and the corrected Eu, suggesting the
importance of p, for determining the effi-
ciency for solar energy utilization of crop
species in the field.

Acknowledgement

The author expresses his appreciation to
Dr. A. Kumura for his valuable discussion
and kind help, Dr. T. Usnia, Tokyo
Univ. of Agriculture and Technology, and
Dr. T. Tanaka, Hokuriku Agricultural Ex-
periment Station, for giving permission to
cite their unpublished data.

References

I. Begg, J. E. 1965. The growth and develop-
ment of a crop of bulrush millet (Pennisetum
typhoides S. & H.). J. Agric. Sci. 65: 341—
349.

2. Cooper, J.P. and N. M. Tainton 1968.
Light and temperature requirements for the
growth of tropical and temperate grasses.
Herb. Abstr. 38: 167—176.

3. — 1970. Potential production and
energy conversion in temperate and tropical

grasses. Herb. Abstr. 40: 1—15.

NII-Electronic Library Service



MurATA

Leaf Photosynthesis and Potential Productivity among Crop Species

231

~

10.

11.

12.

13.

14.

15.

16.

. GIFFORD,

. CorLEY, R. H. V. 1980. Photosynthesis and

productivity. Symposium on Potential Pro-
ductivity of Field Crops under Different
Environments, 22-26 Sept. IRRI, Philip-

pines.

. Evans, L. T. 1975. The physiological basis

of crop yield. In: Crop Physiology (Ed.)
L. T. Evans, Cambridge Univ. Press, U.K.
327—355.

R.M. 1974. A comparison of
potential photosynthesis, productivity and
yield of plant species with differing photo-
synthetic metabolism. Aust. J. Plant Physiol.
I: 107—117.

. Irving, J. 1980. Sugarcane. Same as in 4).
. Iwaki, H.

1975. Computer simulation of
vegetative growth of rice plants. In: Crop
Productivity and Solar Energy Utilization
in Various Climates in Japan (Ed.) Y.
Murata, Univ. of Tokyo Press, Tokyo
105—121.

. Kawanasg, Y. 1968. Temperature response

and plant taxonomy of the Gramineae. Proc.
Jap. Soc. Plant Taxonomists 2(2): 17—20.
Kopama, S., K. CrumMax and M. TANoOUE
1971. On the growth differentials of sweet
potato to different soil fertility. Bull. Kyushu
Agric. Exptl. Sta. 15: 493—514*.

Kumura, A. 1969. Studies on dry matter
production of soybean plant. VI. Proc. Crop
Sci. Soc. Japan 38: 408—418.*

Kuroiwa, S. 1968. Theoretical evaluation
of dry-matter production of a crop canopy
under insolation- and temperature-climate.
In: Agroclimatological Metnods. Proc. Read-
ing Symp., UNESCO, Paris 331—332.
Loomis, R.S., W.A. WiLLiams and A. E.
HaLr 1971. Agricultural productivity. Ann.
Rev. Plant Physiol. 22: 431—468.

and P. A. Gerakis 1975. Product-
ivity of agricultural ecosystems. In: Photo-
synthesis and Productivity in Different En-
vironments (Ed.) J.P. Cooper, Cambridge
Univ. Press, U.K. 145—172.

Monterry, J. L. 1978, Reassessment of
maximum growth rates for Cy and C, crops.
Expl. Agric. 14: 1—5.
1969. Light
radiative exchange in crop

and
In:

interception
stands.

17.

19.

20.

21.

22.

23.

24,

26.

27

Physiological Aspects of Crop Yield (Eds.)
J. D. Eastin et al., ASA and CSSA 89—111.
MuraTa, Y., J. Ivama, M. HiMmepa, S.
Izumi, A. KawaBe and Y. Kanzakr 1966.
Studies on the deep-plowing, dense-planting
cultivation of rice plants from the point of
view of photosynthesis and production of
drv matter. Bull. Nat. Inst. Agric. Sci. Japan
Ser. D15: 1—53*.

and Y. Tocart 1975. Summary
of data. Same as in 8) 9—19.

1980. Photosynthesis and product-
wvity. In: Photosynthesis and Dry Matter
Production (Eds.) S. Miyachi and Y. Murata,
Rikohgakusha, Tokyo 474—510%**,

Oxuso, T., S. Takanasui and T. AkivamMa
1975. Chlorophyll amount for analysis of
matter production in forage crops. IV. Jour.
Japan. Soc. Grassl. Sci. 21: 280—290%*.
Saxena, N. D., M. NartarajaN and M. S.
REeDDY 1980. Growth and yield of chickpea,
pigeon pea and groundnut. Same as in 4).
SoxG, Yang, T. Iton, Y. Maruvama, K,
Kovama and T. Tanaka 1979. Dry matter
production characteristics of indica-japonica
hvbrid varieties of rice. Japan. Jour. Crop
Sci. 48(Extra Issue 1): 75—76%%*,

Takepa, G. and T. Upacawa 1976. Eco-
logical studies on the photosynthesis of winter
cereals. III. Changes of the Photosynthetic
ability of various organs with growth. Proc.
Crop Sci. Soc. Japan 45: 357—368%.
Takepa, T. and T. Axkivama 1973, Studies
on dry matter production in corn plant. II.
Dry matter production of seedlings as affected
by dense planting. Proc. Crop Sci. Soc. Japan
42: 302—306*.

. Tanaka, A.. K. Kawano and J. YamacucHI
1966. Photosynthesis. respiration, and plant
type of the tropical rice plant. Intern. Rice
Res. Inst. Tech. Bull. 7: 1—46.

Tsuno, Y. and K. Kirakapo 1970. Physio-
logical and ecological studies on high yielding
rice. VII. Proc. Crop Sci. Soc. Japan 39
(Extra Issue 1): 11—12%%*,

. Ushijima, T. (unpublished).

* "II;WJVapanese with English summary, ** in

Japanese only.

NII-Electronic Library Service



232 Japanese Journal of Crop Science Vol. 50, 1981

0 X # &

EMCET IRAEES, FAXSRENGITRBIXILF—-FIAHE

HoH

-

RRAF R

R & THD Tl & O TS S hic B
Zx bhi-&EotemomPoi ik CGR, Biv
EROMAER EETRE D RDIFEE CGR 0 F
(BRSO DD, BEIhCERYL Y ORAX
BREES (D) EH#LI. b & A CGR o
EDBLRIBE D K=+ v ¥ —-FIFZzE (Eu)
%, JIBP gt L >} bh 72 Eu o5 —x &
BE (1968) R & HGEEI LY, A—AS LV~
MCELTEE L. BOhERIROEEYTH
5.

) &Kk CGR i po iwxtL T, Cs &, C, s
nbhbT, £k UCEER —Do 0 MRER Y &

L, ZREYF CHEL LSS, ENEEFEE S
0.1% v~ THE MBS (0.89%6) &5 % 7.

2) ¥ CGR L po ORficd BIEDOBE L D15
WA, FRRAENR SRS b,

3) ok CGR oFEfifiicxtitd s Eu fix, —%E
HEt v~ (500ly/day) ki) AIHICE L CHE
ToHE, — ZofEHE B, i C L b
Ci BoFABEZ EATRENIE. Ebi, MEX
ni- Eu & po & oI @EEcHBE (r=0.843,
0.1% v_rTHE) »Rboh, KE=31r¥-—
FIRABROBEREZED po CHIKET S 2 LAVRE
Ihic.
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