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Autumn-decline of rice plant growth which 
often occurs in ill-drained paddy fields is con
sidered to be due to reduction of the soil as 
a result of continuous flooding of the fields. 
To take measures to meet this situation, the 
author layed stress on drainage effects to the 
conditions of water and nitrogen in the soil, 
and intended to make clear the effects of 
drainage on the growth of rice plants by 
examining relations of the absorption of water 
and nitrogen with the photosynthesis and 
respiration in them. 

There have been many studies on the 
drainage before now, however, most of them 
were carried out by pot culture or in well
drained paddy fields. The author's studies are 
significant in the point that the experiments 
were carried out in an ill-drained paddy field 
of the Hokuriku Agricultural Experiment 
Station, Ministry of Agriculture and Forestry 
(Takacla City, Niigata Prefecture) where are 
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arrangements to regulate irrigation and drain
age at will. 

The drainage in this paper means to ex
clude the surface water and to stop irriga
tion. The experimental plots provided were 
three in number as shown in Fig. 1, that is, 
a continuously flooded plot (control), an ear
lier drained (a month from the encl of the 
valid tillering time to the panicle primordium 
differentiation t ime) plot and a later drained 
(a month from the panicle primordium differ
entiation time to the heading t ime) plot. 

Effects of drainage on the yield 

According to the results of the 5 years' 
examinations since 1957, it was shown that 
an increase in yield was 7% in the earlier 
drained plot and 6r/o in the later drained one 
over the control. The dry matter of the plants 
above the ground was also larger in weight 
in both drained plots than in the control. 
Those results show that the increase in yield 
by drainage has relation to the increase in 
weight of dry matter. The author, therefore, 
a imed at studying the effects of drainage in 
respect of the dry matter production. 

The effect of drainage on the absorption of 
water and nitrogen by the rice plant is de
scribed firstly in this paper, because the photo
synthesis which is a foundation of the dry 
matter production has relation to the absorp
tion of them in this plant. 
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Effect of drainage on the absorption 
of water 

The water content of the leaf-blade is lower 
as a ru le in the drained plots than in the 
control as shown in Table 1. The degree of 
decrease in water content of the leaf-blade 

Table 1. Effects of drainage on the water 
content of the leaf (Miyasaka un
published) 

~ Earlier 

I 
Later Control drained drained e 

July 5 78.6 73.8 -
~ 

July 15 72. 5 70.9 -
~ 

July 30 71.1 70. 3 70. 7 
"""' 

Aug. 10 68.2 67. 2 67.7 .....,._...,, 

Aug. 20 66. 9 66.0 66.4 
~ 

Aug. 30 65.4 65.2 65.2 

Sept. 10 62. 6 62.4 62.4 

Sept. 20 62.0 61. 7 61. 6 

Sept. 30 61. 2 61. 0 61.1 

Note 1 : ~ shows measurements in the drain
ed condition. 

Note 2: In each plot 4 moderately grown plants 
were selected to take 5 moderate stems 
from every one of them, and all the 
living leaves of the 20 stems in total 
were used as materials. 

during the drained period and after reiniga
tion was different between the two drained 
plots, although both the water content of the 
soil and level of ground water in the draining 
period were almost equal between the two 
plots. 

More decrease in water content of leaf was 
recognized in the earlier drained plot, espe
cially in its first half of the draining period 
where the working depth of roots is not deep 
yet, than in the later drained plot. 

It was clarified that suberization of the 
root endodermis was promoted by drainage 
treatment, especially by the earlier one, and 
this suberization is possively related to de-

crease in water permeabili ty of root. 
This explanation accords also with the facts 

that the guttation sap and the bleeding sap, 
not only in the draining period but also after 
reirrigation, stood in the order: control plot> 
later drained plot>earlier drained plot. 

Effects of drainage on the absorption 
of nitrogen 

The author's result shows that the absorp
tion of nitrogen is larger in the latter half of 
the draining period and after the heading 
time in the earlier drained plot and in and 
after the latter half of the draining period 
in the later drained plot (Fig. 2), though 
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Fig. 2. Effects of drainage on the increase in 
nitrogen content of the rice plant (lVIi
yasaka unpublished). 

Note: D : Control • : Earlier IIO : Later darined 

many researchers (Murojima 1950, etc.) have 
reported an inhibition of nitrogen absorption 
by drainage. A little decrease of nitrogen 
absorption was recognized only in the first 
half of the draining period and for ten days 
immediately after reinigation in earlier 
drained plot. On the other hand, available 
nitrogen is fairly smaller in amount in the 
cropless soil of both drained plots than in 
that of the control. Therefore, the fact that 
the absorption of nitrogen is a litt le smaller 
or occasionally larger in amount in the drained 
plots than in the control can not be explained 
by the amount of available nitrogen in them. 
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To clear up the cause, the author examined 
the number and activity of roots and the 
oxidation-reduction potential of the soil, ob
taining the results that the primary roots 
were smaller in number in the drained plots 
than in the control, and the oxidation-reduc
tion potential lowered sharply in the control 
after about July 10 (that is, from the latter 
half of the draining period of the earlier 
drained plot), while it was kept on a higher 
level not only during the draining period but 
also after the reirrigation in the both drained 
plots. With correspondence to oxidation-reduc
tion potential the activity of roots was higher 
in the latter half of the draining period in 
both drained plots than in the control, though 
it was about t he same in the earlier half of 
the draining period in the earlier drained plot 
as in the control (Fig. 3) . Accordingly, the 
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Fig. 3. Effects of dninage on the oxidation of 
,v-naphthylamine by the 1·oot (Miyasaka 
unpublished). 

Note: D: Control a : Ealier drained [Ill : Later 
drained 

fact that the nitrogen absorption by rice 
plants is larger in amount in both drained 
plots for the amount of available nitrogen in 
the soil is due to the higher activity of roots 
in them. Drainage has an effect on the 
activity of roots through the oxidation-reduc
tion potential of the soil, and is related to the 
absorption of nitrogen. 

Effects of drainage on the photosyn
thesis 

The amount of photosynthesis was measured 
in population obtaining the results as shown 
in Fig. 4. The relation between the photo
synthesis and the absorption of water and 
nitrogen changes seasonally as follows. 

Juno. J uly. J~ly. J,,'ly. A~g. A~g. J\~g. S ~pt. Dale 
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Fig. 4. Effects of drainage on the apparent 
photosynthesis of rice plants in popula
tion. (Miyasaka unpublished) 

Note 1: Measurements -were carried out at 10-
11 a .m. 

Note 2: Marks 
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a) The photosynthetic activity in popula
tion is lower in the earlier half of the drain
ing period in the earlier drained plot than in 
the control. This is the result of a decreased 
photosynthetic rate, an increased respiration 
rate, and a decreased LAI (leaf area index) 
due to drainage. And those changes are 
caused by a decrease in water content of 
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leaves. 
b) The photosynthetic activity in popula

t ion is higher in the latter half of the drain
ing period in the earlier drained plot and 
through the draining period in the later 
drained plot than in the control, resulting in 
an increase of the dry matter of plants above 
the ground. This change has relation to an 
increase of photosynthetic rate, a decrease in 
respiration rate and also to an increase of 
LAI. The increase in photosynthetic rate due 
to drainage has relation to an increase in 
nitrogen content of leaves. 

And the increase in LAI is connected with 
an increase in length of the leaf-blades which 
grow in this period and with an increase in 
number of stems, accordingly with the total 
number of leaves. Those changes are also the 
result of an increase in nitrogen absorption 
due to drainage. 

The decrease in respiration rate by drain
age seems to have relation to inhibited re
duction in the soil. And, taking the report 
of Baba et al. (1960) into consideration, this 
effect is possibly due to a decrease in amount 
of ferrous iron in the soil. 

c) In the earlier drained plot, the photo
synthetic rate decreases and the respiration 
rate increases temporarily (fo1· about 15 days) 
after the reirrigation. And the leaves are 
grown smaller in length, number of stems 
and nitrogen content of leaves decrease in 
this period. Accordingly, the photosynthetic 
activity in population of this drained plot 
lowers to such a level as there is observed 
little difference between the control. How
ever, such an inhibition is only temporary. 
The photosynthetic rate becomes higher than 
in the control before long, the respiration rate 
gets lower and the receiving condition for 
sun-light which is represented by the extinc
tion coefficient is improved, resulting in 
higher photosynthetic activity in population 
though the LAI (leaf area index) is smaller 
than in the control. 

d) In the later drained plot, the photo
synthetic activity in population is higher 
through the draining period and after the 

reirrigation than in the other plots. The main 
factors of this result seem to be an increased 
absorption of nitrogen and a larger LAI. 

e) The photosynthetic activity in popula
tion during the ripening period is maintained 
to be higher in both drained plots than in the 
control. The factors which seem to have rela
tion to this result in the drained plots are as 
follows. 

( i) The photosynthetic rate is highe and 
the leaves are more vertical, being smaller in 
the angle of inclination. Those two characters 
are related to an increase in thickness of the 
leaves (leaf dry matter index). 

( ii) The ratio of photosynthetic rate/res
piration rate is higher (Fig. 5). 
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(iii) The living green leaves per stem is 
larger in number. This is related to the in
crease in nitrogen absorption during the ripen
ing period. And lesser decrease in weight of 
roots and higher activity of roots in this 
period are mentioned as the causes of this 
increase in nitrogen absorption. 

(iv) The LAI of the earlier drained plot 
which was smaller in the earlier half of the 
ripening period than that of the control be
comes larger in the latter half period as the 
result of the inhibition of decrease in number 
of leaves. In the later drained plot the LAI 
is larger through the ripening period than in 
the others. Those facts are connected with 
increased nitrogen absorption in this period 
in both drained plots. 

As mentioned above, effects of drainage on 
the photosynthetic activity in population and 
on the important factors related to this activi
ty show seasonal changes. And according to 
the author's results, the photosynthesis is in
fluenced by the inhibition of water absorption 
in the earlier half of the draining period of 
the earlier drained plot, being affected after 
that to nearly the time of heading through 
the change of nitrogen absorption in both 
drained plots. The photosynthesis during the 
ripening stage has direct relation to the 
thickness of leaves (leaf dry matter index), 
though it is also affected through the nitrogen 
absorption. 

Distribution of dry matter 

As for the effects of drainage on the dis
tribution of dry matter to every organ in the 
plant, the following are noteworthy. 

In the drained plots the decrease in weight 
of roots after the heading time is lesser, and 
this is one of the important factors for the 
increase in nitrogen absorption after that. 

The nitrogen content of the rice plant be
fore-heading time has relation to the accumu
lation and translocation of carbohydrates. In 
the earlier drained plot where the nitrogen 
content of the plant is lower before the head
ing time, both the accumulation rate of car-

bohydrates in the culm and leaf-sheath before 
the heading and the translocation rate of them 
to the head after the heading are higher. The 
relation is opposite in the later drained plot 
where the nitrogen content of the plant is 
higher before the heading time. However, 
there is little difference in yield between the 
both draines plots, because the photosynthesis 
is larger in amount during the ripening period 
in the later drained plot than in the earlier 
drained one. 

In the earlier drained plot, spikelets de
creased in number owing to the inhibition of 
nitrogen absorption after the reirrigation, but 
degenerated spikelets were small in number 
and the yield per 1,000 grains increased 
(Table 2), resulting in an increase in yield 

Table 2. Effect of drainage on the number of 
spikelets and yield per 10000 grains 

I A I B I C I D E 

Control 1703 70.0 16.8 7.6 16.6g 
,_ --- - --

Earlier drain. 1667 69.5 11.6 5.4 17.7 
--- - --

Later drain. 1724 73.3 10.8 5.6 16. 7 

Note: 
A : number of flowered spikelets per hill 
B : number of flowered spikelets per panicle 
C : degenerated number of spikelets per pa· 

nicle 
D : degenerated number of secondary rachis 

branch per panicle 
E : yield per 1000 panicle 

of brown rice. As compared with this, in the 
later drained plot the yield increased by reason 
that spikelets were larger in number owing 
to the increased nitrogen absorption during 
the draining period and degenerated spikelets 
were small in number, though there was little 
difference in the yield per 1,000 grains be
tween this plot and the control plot. Accord
ingly, it may be said that dl'ainage influences 
yield-determining factors chiefly through the 
nitrogen absorption. 
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