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Fig. 46 Root system at the booting stage in control and compost
plots (1981).

Notes A : Control plot. B : Compost plot. ————: 10 cm
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Table 12. Effect of compost application on the growth of root at the

booting stage (1981).

Diameter of Density of Fresh weight
Depth primary roots secondary roots* per hill
of soil {mm) (No./cm) (g)
(cm) Control plot Compost plot Control plot Compost plot Control plot Compost plot
0O ~ 5 0.81 0.84 13.3 17.9 3.34 3.93
5 ~ 10 0.91 1.03 12.7 18.4 1.36 1.92
10 ~ 15 0.88 0.93 14.5 22.3 0.46 1.08
15 ~ 20 0.80 1.11 11.3 22.7 0.11 0.38
20 ~ 25 0.75 0.71 8.0 17.8 0.04 0.17
Note * : No. of secondary roots per 1cm in the center of primary root longer than 5cm.
EERERBEL 2, VIKIBER, 2KEREEE THY, TOEEIRBIVDLTRBIZBWTHET

DPEIT, ILRFBEFSELHTEZ bemll LR
DRIz DT - 72,

w 2

T, BICDNTAL Y, FIHIZRT LIS
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40

No. of roots per hill

Lower
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Fig. 47 Effect of compost application on root

color at the booting stage (1978).
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Fig. 49 Effect of compost application on root
activity at the booting stage (1977).
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Fig. 50

Notes

Chlorophyll content (O.D.660 my)

Effect of compost application on chlorophyll
decomposition in leaf blade at the booting
stage (1979).

I, I and Il mean flag leaf, 2nd leaf and 3rd
leaf from the top, respectively.

[ J : Just after the excision.

Il 438 hours after the sampling .
(Fifteen pieces of leaf blades, each 2 cm
in length, were placed in Petri dish con-
taining water and kept at 30°C in the dark.)

Notes > . Control plot. @ : Compost plot.
x . Refer to Fig.47.
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Fig. 51 Effect of compost application on leaf color, number of stems and
plant height at the booting stage (1976, 1981)

Notes ©

- Control plot, ® : Compost plot .
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Nitrogen content in leaf blade at the booting stage (% ).

Fig. 52 Effect of compost application on carbohydrate content

in the mixture of leaf sheath and culm at the booting stage(1977).

Notes
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Chlorophyll content (O.D. 660 my )

0 9 & 7
5% h XA A
25°C 15°C

Experiment II
(Difference in soil temperature)

on chlorophyll decomposition

in leafiblade at the booting stage.

Notes

[ Just after the excision.
B 43 hours after the sampling

(30°C in the dark)

7/0, 8/0, and 9/0 mean 7th, 8th and 9th leaf blade on the main stem,

respectively.

Table 13. Effect of root growing environments on the weight of roots and root
activity at the booting stage and percentage of fertility.

"Oxidation activity

Fresh weight for a-naphthylamine No. of .
Root growing condition of root (zg/h/hill-FW) spikelets Fertility
. Upper nodal lower nodal i
(g/hill) roots* roots* per panicle (%)
Experiment I 1/10,000a pot 11.3 270 523 48.1 19.0
(Difference in
amount of soil) 1/2,000a pot 15.6 375 796 50.9 46.6
Experiment II 15°C 12.6 300 710 64.5 21.2
(Difference in .
25°C 13.2 304 742 63.8 40.8

soil temperature)

Note + : Refer to Fig. 47.
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Fig. 55

Effect of compost application on yield of rice plants which

were cooled at the booting stage.

® : Compost plot.

Numerals indicate the amount of nitrogen applied as basal

Numerals in parentheses indicate the amount of nitrogen

applied as top dressing at the spikelet differentiation stage

Notes ~ > Control plot.
fertilizer (kg/10a) .
(kg 10a) .
Table 14.

at the booting stage.

Relative effect of yield components on yield of rice plants cooled

Standardized partial

Multiple correlation

Year Yield component regression coefficient coefficient
No. of grains,/m? 0.079 r = 0.964***
1976 —
Fertility (sin 'v%) 1.041 r’=0.924
No. of grains,/m? 0.519 r =0.894***
1977 B
Fertility (sin 'v%) 1.278 r’=0.795
Notes =xx ;. Significant at 0.1 %, level.
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Studies on Cool Weather Damage with Special Reference to
Improvements in Rice Cultivation Techniques

Takahisa Amano

Summary

In order to find data for improving growing techniques, this study was conducted on the effects that
recent mechanization of rice growing techniques in Hokkaido has had on rice plants’ resistance to cool
weather.

In the first section, the relation between the response to temperature of various seedlings of different
ages at the rooting stage and their heading time was elucidated. Better techniques for raising seedlings to
increase seedling age was investigated under dense seeding conditions. In the second section, two new types
of cooling devices were devised to obtain specific cool temperatures in order to treat rice plants at the
booting stage under field conditions. In the experiments using these apparatuses two improved techniques for
preventing cool-weather sterilization were found.These were : (1) The criteria for nutritional diagnosis with
the nitrogen content of the rice plants in relation to sterility caused by cool temperatures at the booting stage
( Booting Sterility ), and (2) The protective effect of compost application in preventing booting sterility.

The results of the present studies are summarized as follows :

I. The relation between the seedling age and the delay of heading due to cool temperatures at the

rooting stage.

1. The effect of seedling age on heading time.

(1) The degree of heading delay occuring both in cool temperature years and at cool soil temperatures
( caused by cool-water treatment ) at the rooting stage increased as the plant age decreased. Furthermore,
the higher the seeding density and the lower the seedling age was, the more the heading delay due to late
transplasting increased.As a result, the optimum transplanting period for younger seedlings was restricted to
within narrow limits.

(2) There are two ways to minimize the delay of heading due to cool temperature at the rooting stage :
One is to accelerate the leaf emergence rate and the other is to reduce the number of leaves on the main stem
after transplanting. Under cool weather conditions it is difficult to accelerate the leaf emergence rate after
transplanting. Therefore, even for mechanical transplanting, it is necessary to transplant more mature
seedlings and to decrease the number of leaves on the main stem after transplanting.

2. Method for increasing the seedling age under dense seeding conditions.

(1) Seedlings produced in a simplified nursery ( the soil surface is covered with a sheet of cheese cloth
during the emergence period ) had a higher number of leaves than those produced in an ordinary box - type
nursery ( the temperature during the 60 hours after seeding was kept at 30°C in an emergence apparatus ).

It was felt that two reasons for differences in plant development using these two methods were changes in
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plant type and differences in soil temperature after the emergence stage. However, when the soil surface of
the box - type nursery was covered with a sheet of cheese cloth during the emergence period ( like the
simplified nursery ) the emergence pattern of the seedlings was essentially the same as that in the case of the
simplified nursery. Accordingly, the seedling age was not influenced by soil temperature differences after the
emergence stage.

(2) Differences found in seedling age at the time of transplanting were caused by the fact that each of
two raising methods has a different leaf emergence rate after the 2nd leaf stage. The leaf emergence rate in
the 30°C box - type nursery rapidly decreased after the 2nd leaf stage. On the other hand, those in the
simplified nursery did not decrease until the 3rd leaf stage. Seedlings produced in the 30°C box - type nursery
had 2nd leaves with drooping leaf blades and they were generally distributed higher up in comparison with
those in the simplified nursery. The nitrogen content of the shoot and the net assimilation rate of leaves
rapidly decreased in the 30°C box - type nursery after the 2nd leaf stage. As a result, it was shown that the
leaf emergence rate is greatly influenced by the plant type at the 2nd leaf stage.

(3) Concerning the length of leaf blades and leaf sheaths between the 30°C box - type nursery and the
simplified nursery, the largest difference was found in the length of the 2nd leaf blades. In order to keep the
leaf emergence rate from decreasing under dense seeding conditions, it is necessary to keep the leaf blades
of the 2nd leaves shorter than 5 cm and to grow plants with erect leaves. The use of cheese cloth is thought

to be an effective emergence acceleration device.
II. The relation of nitrogen and compost applications to sterility caused by cooling at the booting stage.

1. The investigation on cooling techniques of rice plants at the booting stage.

Two kinds of new apparatuses for cooling rice plants in the field to within precise limits at the booting
stage were designed. One is an apparatus which cools the leaf sheaths ( including panicles ) locally. By using
this, 10 - 50 leaf sheaths (including panicles ) were cooled with 2 - 3°C accuracy. This accuracy was
maintained even when the ambient temperature fluctuated more than 10°C. The other one is an apparatus for
controlling the temperature of irrigation water precisely. Using this 2nd method, all young panicles in a 30
m field could be cooled to a constant temperature (+0.5°C) between 11 and 16°C, even in the middle of the
summer. These two newly developed techniques will be useful in comparing the results of pot experiments
in phytotron or growth cabinets with those of field experiments.

2. Concerning the amounts of nitrogen necessary for reducing or preventing sterility caused by cool
temperatures at the booting stage.

(1) The critical amounts of nitrogen in the leaf blade in relation to sterility caused by cool temperatures
at the booting stage were 3.0 - 3.3 % in Shiokari and 3.3 - 3.6 % in Ishikari. For preventing high sterility, it
is necessary to keep the amount of nitrogen in the fertilizer at the booting stage below critical levels.

(2) A positive correlation between leaf color and nitrogen content in the leaf blade was highly signifi-
cant ( at 0.1 % level ) among varieties and growth stages. The regression equations were as follows : The
spikelet differentiation stage, ¥ = 0.784 X — 0.150 ; the booting stage, ¥ = 0.538 X + 0.444, in Shiokari
and Ishikari. The spikelet differentiation stage, ¥ = 0.689 X + 0.411 ; the booting stage, ¥ = 0.449 X +
1.059, in Kitahikari. Where X and Y represent observed values of leaf color in the uppermost expanded
leaves and nitrogen content in percent on a dry weight basis of the leaf blade, respectively. The confidence
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interval of estimated values was 0.4 - 0.5 % for all these equations.

{3)  The leaf colors corresponding to the critical nitrogen levels at the boothing stage in Shiokari and
Ishikari, which were calculated from these regression equations, were 4.8 - 5.3 and 5.3 - 5.8, respectively.
However, in view of the fact that the accuracy of estimation using these regression equations is rather low,
it is advisable to use readable color grades nearest each upper limit ( Shiokari, 5.5 ; Ishikari, 6.0 ) as indicators
of the critical nitrogen content at the booting stage for the purpose of diagnosing the leaf color in farmers’
fields. Based on the results of investigations on top dressing with nitrogenous fertilizer at the Kamikawa
Agricultural Experiment Station over three years, charts showing the changing patterns of leaf color at
different stages of growth were developed to indicate safe limits for rice cultivation in cool - weather areas
( Fig. 41).

3. The effect of compost application on cool - temperature related sterility at the booting stage.

(1) The sterility of rice plants in the compost plots was lower than that in the control plots when the
leaf nitrogen content was above 3.0 %, though there was no difference in the range below 3.0 %. There were
fewer deformed anthers ( as a result of cooling at the booting stage ) in the compost plots than in the control
plots.

(2) It was recognized that there were great differences between the compost plots and the control plots
in the morphology and function of the roots at equal levels of leaf nitrogen. It was suggested that higher
resistance to cool weather at the booting stage of the plants in the compost plots was closely related to
increased root activity.

(3) The relation between resistance to cool weather at the booting stage and the morphology and
function of the roots was surveyed in plants of the same variety grown in different root environments.
Fertility was higher in the plots which had more active and better - developed root systems. Active and well -
developed root systems at the booting stage should be considered a necessary part of cool - weather
resistance in practical rice cultivation as well as in the breeding of new varieties in cool regions.

(4) Compost application had a protective effect from yield decrease under cool temperature conditions
at the booting stage, and it was more remarkable at high yields ( above 600 kg/10a ) than at low yields ( below
500 kg/10a ) under ordinary temperature conditions. These results indicate that compost application is one

possible method for combining stability and high yield in rice cultivation.
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