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The rice seeds were sown at the rate of 0.85 kg per 1/1000 acre. The 
conditions inside this hot bed nursery were carefully controlled through 
all the growing period, spraying water in accordance with soil dryness 
and lifting the frame cover in accordance with the temperature inside. 
But in spite of these careful controls the temperature inside fluctuated 
from 6.0°C to 30.5°C; its average was 19.5°C which was about 4.7°C 
higher than the outside. While the relative humidity inside fluctuated 
from 53% to 100% all through the seedling growing period with an 
average 83.2% which was about 5.4% higher than the outside. Though 
the percentage of light which came through the new linseed oil paper 
of the cover frame was about 80%, it decreased with the days by 
reason of the weather exposure and it came to be that the only 55% 
of the whole light could penetrate into the nursery through the 
weather-beaten linseed oil paper at the end of the seedling culture 
period. Experiments were repeated four times in three years. Through 
all the experiments the rice variety "Eiko" was used, which was sup­
plied by the Hokkaido Agricultural Experiment Station (Same through 
the all experiments of part A). "Eiko" is a variety which is said to 
be medium in its blast susceptibility. Most of the lesions developed 
on the inoculated leaves under the ordinary condition are the chronic­
type (according to the O.:-;o's classification), mixing with a few acute­
type ones. But from the observations of the process of their enlarge­
ment, it is known that t:1ey appear first as a smaU brown spot and 
then somewhat transparent looking parts develop around these spots 
taking an appearance somewhat like to the acute-type lesions, but in 
the meanwhile these transform into the chronic-type enlarging their 
length and width. Thus the lesions develop on this rice variety under 
the ordinary condition in the following process; brown spot -> acute 
type -> chronic type. But it must be noticed that the period of the 
acute-type is oftan prolonged and lesions continue t::> enlarge in that 
type for rather a long time, if the rice plant happens to become more 
susceptible to the blast disease than usual under some environmental 
conditions. At any rate, however, all the lesions change into the chronic 
type after a long lapse of time. 

1. Inoculation experiments 

Exp. 1: The hot bed nursery and ordinary nursery were prepared 
at the beginning of May and the seeds were sown on 10 May. In the 
hot bed nursery the germination began on 16 May while it was on 
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As shown in the table, the lesions were more numerous on the 
hot bed nursery seedlings than on the ordinary nursery seedlings. 
While the most of the lesions developed on the latter were the chronic­
type mixing with a few brown spot-type, the lesions developed On the 
former were both the acute-type and the chronic-type without any 
brown spot ones. As for the largeness of the lesions the former were 
two or three times as large as the latter. On comparing the two of 
the hot bed nursery (I and II in the table), it is known that more 
numerous and somewhat larger lesions develope on those seedlings which 
are inoculated in the inoculation box than those inoculated in the 
nursery. 

Exp. 2: Two experimental sections were prepared and in both 
the seedlings were grown in the soil of the pots. In the one the 
soil was in the muddy condition the same as in the ordinary nursery, 
and in the other the soil was kept wet only by spraying water in 
accordance with its dryness. The both were placed in the glass house. 
The latter may be correctly called a land nursery, but the hot bed 
nursery and the land nursery resemble each other so far as their soil 
condition is concerned. Therefore in this experiment the latter was 
treated as the hot bed nursery. When the seedlings of the both 
sections reached to about 10 em height, they were carried into the 
inoculation box and inoculated with blast disease fungus in the way 
as in expo 1. 

TABLE 2. Inoculations of the blast fungus on the 
two groups of seedlings. (2) 

ordinary nursery hot bed nursery 
seedling seedling 

height 9.6 em 9.8 em 

number of leaves per seedling 4 4 

average leaf length 8.3 em 6.9 em 

number of leaves examined 168 99 

total number of lesions 6 70 

average number of lesions per leaf 0.04 0.90 
average number of lesions per 
100 em length of leaves 0.3 13.1 

\ 
max. 0.5 em 1.2 em 

length of lesions min. 0.1 " 0.3 " 
aver. 0.2 " 0.7 " 

type of lesions brown spot, acute acute, chronic 
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Moreover the lesions on the former were chronic-type or acute-type 
while the lesions on the latter were brown-spot type or chronic-type. 
Their size was evidently larger on the former. 

Summarizing the four experiments above described, it is clear that 
the seedlings grown in the hot bed nursery are more susceptible to 
the blast disease than those in the ordinary bed. This may be .due 
not only to the rather high temperature, rather high humidity and 
light deficiency but aslo to the soil condition of lower humidity in the 
hot bed nursery, in view of the results of experiment 2. 

2. Some morphological characters of the epidermis 
in the two kinds of seedlings. 

It is often said that some morphological characters such as the 
thickness of the outer walls of the leaf epidermal cells or their sili­
fication are concerned with the blast susceptibility of the rice plant. 
In the following some of those morphological characters are examined 
on the two kinds of seedlings which were shown in the previous ex­
periments to be different in their blast susceptibility. Materials were 
the same as those used in the previous inoculation experiments. Some 
of the seedlings were collected previous to the inoculations and their 
3rd leaves were fixed in Carnoy's solution. The thickness of the outer 
walls of the epidermal cells in those leaves was examined on the 
preparates which were prepared by the paraffin method and were 
stained with haematoxylin. According to H. SuzUldgg

) the epidermal 
cells of the leaf may be classified into the following seven groups; (1) 
the epidermal cells above the sderenchymatous tissue on the reverse 
side of the mid-rib (epidermal cells of mid-rib), (2) the long and short 
cells on the reverse side of the leaf (epidermal cells on the reverse 
side), (3) the long and short cells between the stomatal row and row 
of motor cells (long and short cells I), (4) the long and short cells be­
tween the row of the dumb-bell shaped rice cells and the row of long 
and short cells neighbouring to the row of motor cells (long and short 
cells II), (5) the motor-cells, (6) the accessory cells on the outside of the 
leaf (accessory cells on outside), (7) the accessory cells on the reverse 
side of the leaf (accessory cells on reverse side). 

The silification of the epidermis was examined by counting the 
numbers of the silieated epidermal cells. The preparates were prepared 
as follows; about 5 em long pieces that were taken from the three 
parts of the leaves (upper part, middle part and lower part) were 
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As will be seen in the table, the outer walls of the epidermal 
cells of mid-rib and of the reverse side are thickest among all the 
kinds of epidermal cells irrespectively of the kinds of seedlings. But 
on comparing their thickness in each same kind of epidermal cells 
and in the same part of the leaf between the two kinds of seedlings, 
one sees that the outer wall of the hot bed nursery seedlings are 
generally thinner than those of the ordinary bed seedlings though there 
are some fluctuations. Moreover it is noteworthy that such relations 
are quite certain in the case of the motor cells, through which the 
fungus enters the rice plant most frequently. 

b) Silicated epidermal cells: The number of silicated epidermal 
cells in a unit area (1 mm2) of the leaves was calculated from the 
observations on ten optical fields for each material. The results are 
summarized in table 5. 

As will be seen in the table, regardless of the kind of epidermal 
cells and the kind of the seedlings the number of silicated cells was 
greatest on the upper part of the leaf, and diminished in order on 
the middle part and the lower part. But comparison of the number 
of silica ted motor cells in the same part of the leaf between the two 
kinds of seedlings, shows that they are clearly fewer in the hot bed 
nursery seedlings than in the ordinary bed seedlings, while as to the 
long and short cells the relations are often the reverse. 

On summarizing the results of this section, it is concluded at 
least that the thickness of the outer walls of the motor cells are thinner 
in the hot bed nursery seedlings, which are rather susceptibe to blast 
disease, than it is in the ordinary nursery seedlings, which are rather 
resistant to blast disease, and also the silification of the outer walls 
of the motor cells are fewer in the former than in the latter. It is 
noteworthy that the blast fungus penetration into the rice plant occurs 
more often through the motor cells than by any other route. 

3. Chemical analysis of the ashes of the two 
kinds of seedlings. 

It is certain that such morphological characters as examined above 
are concerned with the penetration of the blast fungus into the rice 
plant, but the proliferation of penetrated fungus inside the rice plant 
seems rather to be concerned with the chemical components in the 
rice plants. Therefore in the following, the contents of organic matter, 
inorganic matter and moisture are determined on both kinds of 
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on comparison with the former, because the hot bed nursery seedlings 
are covered with cover frame and so are apt to receive comparatively 
less light. These considerations may explain why the sugar content 
is rather less in the hot bed nursery seedlings. 

Then the sugars were divided into two parts, reducing sugar and 
non-reducing sugar; the results are summarized in table 12. 

As will be seen in the table, reducing sugar supplies the greater 
part of the total sugar in the hot bed nursery seedlings, while in the 
ordinary nursery seedlings the greater part of the total sugar is 
supplied by the non-reducing sugar. Thus the hot bed nursery seedlings 
contain the greater amount of reducing sugar and the less amount of 
non-reducing sugar on comparison with the ordinary nursery seedlings. 
The fact, that in the former seedlings the greater part of the sugar 
is supplied by the reducing sugar, may suggest the transfer of the 
sugar into a simple form in preparation for the greater consumption 
in the hot bed nursary seedlings. 

6. Conclusion. 

It is true that the temperature and the moisture are largely 
variable in the hot bed nursery according to the weather or to the 
way of its management, but they are apt to rise to unnecess:irily high 
points in spite of the most careful management. The light which comes 
through the linseed oil paper of the cover frame into the hot bed 
nursery is apt to decrease with the clays as the paper becomes weather 
beaten and the dust becomes attached on it. Moreover the hot bed 
nursery is a kind of land nursery in its soil conditions and it is con­
siderably different from the ordinary nursery bed in its soil moisture. 
Seedlings grown in such hot bed nursery are apt to be elongated in 
their internode compared with the ordinary nursery bed seedlings. The 
moisture content is higher and the content of inorganic matter, such 
as Si02, P20" CaO, Mg, and K20, is lower in the former seedlings than 
in the latter while there are not so great differences in their content 
of organic matter. The inoculation experiment of the blast fungus 
indicates that the seedlings raised in the hot bed nursery are apt to 
be more severely attacked by the fungus, producing more numerous, 
larger and often acute type diseased spots. 

The cause of such differences of susceptibility to blast fungus disease 
is partly attributed to the differences of such morphological characters 
as the thickness of outermost layer and the silification of rice epidermis. 
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On comparing such morphological characters between the two kinds 
of seedlings, one finds that in respect to thickness the outer layer of 
the motor cells at least is clearly less in the hot bed nursery seedlings 
than in the ordinary nursery seedlings. And as for the silification of 
the epidermal cells the former seedlings are inferior to the latter, 
especially in the motor cells, while the silica content in the former is 
lower than that in the latter as described above. As is well known, 
the blast fungus penetrates into rice plants most frequently through 
the motor cells and therefore the results above summarized will explain 
the fact that more numerous lesions appear in the hot bed nursery 
seedlings on inoculation experiment. But those results cannot explain 
the fact that the lesions produced on the hot bed nurs3ry seedlings 
are larger and also most of them are acute type ones. It can be sup_· 
posed that the proliferation of blast fungus which has penetrated into 
the rice plant is related with the contents of chemical components in 
the rice plant. The hot bed nursery seedlings contain greater amount 
of total nitrogen than the ordinary nursery seedlings. Dividing these 
total nitrogen between protein and soluble nitrogen. the difference in 
the soluble nitrogen content is remarkable while the difference in 
protein nitrogen is slight. As for the sugar, the content in the hot 
bed nursery seedlings is lower than that in the ordinary nursery 
seedlings. This may be owing partly to the presence of the frame 
cover. On dividing the sugars into the reducing and non-reducing 
sugar, the content of the former is found to be greater, while the 
content of the latter is less in the hot bed nursery seedlings than in 
the ordinary nursery seedlings. 

Chapter II 

Growing stages of rice plants and their susceptibility 
to the blast disease. 

It is often observed in the fields that the blast susceptibility of 
the rice plant may vary according to the progress of their growing 
stages. In order to ascertain such relations and to know the cause 
of the susceptibility, the following experiments were carried on em­
ploying as material rice plants which were grown in the pot, in water­
culture solution and in the paddy field. The growing stages were 
divided into the following six, viz., (1) the seedling stage, (2) the 
elongation stage (when the transplanted rice plants begin to grow 
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ceased to increase. At each growing stage some rice plants were 
carried into the inoculation box and were inoculated by spraying the 
spore suspension of the blast fungus after their height, number of 
tillers, etc. were recorded. The diseased lesions developed were ex­
amined at the 10th day after the inoculation. The results are sum­
marized in table 13. 

As will be seen in the table the rice plants are attacked most 
severely by the blast fungus in two growing stages, the ear formation 
stage and the boot stage. In both growing stages comparatively greater 
number of lesions are observed and their size is largest. Moreover 
there are seen some acute type lesions besides the chronic type lesions. 
And it should be noticed that the acute type lesion is never seen in 
the other growing stages. On the other hand, the rice plants are most 
resistant to blast fungus during the elongation stage, producing com­
paratively fewer and smaller lesions as a result of the inoculation. 
Furthermore there are to be seen some brown spot lesions, which are 
never seen in the other growing stages. 

Exp. 2: As shown in the previous chapter, the seedlings which 
are raised in the hot bed nursery are more susceptible to the blast 
fungus in comparison with the ordinary nursery seedlings. And it is 
important as well as interesting to know if such characters of the 
seedlings raised in the hot bed nursery remain long after the trans­
plantation. Therefore seedlings which were raised in the hot bed 
nursery were transplanted onto soil in pots and inoculated with the 
blast fungus at each growing stage. The state of the growth of the 
plants after the transplantation was not so different from what was 
noted in the case of experiment 1. The results are given in table 14. 
As will be seen in the table, the rice plant remarkably increases its 
resistance to the blast disease at elongation stage as compared with 
seedling stage. The number of lesions becomes less, the size of the 
lesions becomes smaller and the brown spot type lesions are seen here 
ant there, though the chronic type lesions are dominant. However, on 
comparing with the rice plant at the same stage in experiment 1 the 
plants in this experiments seem to be a little higher in their suscep­
tibility to the blast disease. 

On the other hand the rice plants become again increasingly bla.st 
susceptible at the ear formation stage and also at the boot stage, but 
this the same tendency as was seen in expo 1. It is also same as in 
expo 1 that the plant leaves decrease again in blast susceptibility during 
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by the supply of the high level nitrogen, but even in this case the 
leaves of the rice plant in the flowering stage and in the ripening 
stage are comparatively resistant to the disease. 

2. Comparison of some morphological characters of the 
rice plants in different growing stages. 

In this section the results of the measurement of some morphological 
characters, such as the thickness of the outer wall and the silification 
of the epidermal cell of the rice plants in each growing stage are 
described. On the rice plants before the boot stage 2nd leaves from 
above and on the rice plants after the flowering stage 1st leaves from 
above are employed for the measurement. Methods of measurements 
and classification of the epidermal cells etc., are quite the same as in 
the previous chapter. The measurements were carried on nearly all 
the rice plants, which were used in the inoculation experiments from 
experiment 1 to experiment 4, but the results are almost the same 
through all these experiments and therefore in the followings the 
results on the experiment 1 are described as representative. In ex­
periment 5 in which the rice plant supplied with excess amount nitrogen 
were used, the number of silica ted epidermal cells was smaller than 
in other experiments, but the data are omitted here because more 
detailed data are shown in the following chapter. 

a) The thickness. of the outer walls of epidermal cells: The re­
sults of the measurement are shown in table 18. In the same growing 
stage the thickness of the outer wall varies according to the kind of 
epidermal cells. Epidermal cells of midrib and epidermal cells on 
reverse side are thickest in its outer wall in all kinds of epidermal 
cells but it seems that the blast fungus never cernes into the rice 
plant through these epidermal cells. Comparing the outer wall thick­
ness of each kind of epidermal cells between the different growing 
stages, it is clear that the thickness increases with the progress of 
the growing stages till the boot stage. That is to say, in the elongation 
stage, when the rice plants are most resistant against the blast disease 
through all growing stages, the thickness of the outer wall is less than 
that of the rice plant in ear formation stage when the plants are most 
susceptible. Thus it is rather difficult to discover any relations be­
tween the fluctuation of blast susceptibility of the rice pJant which 
is shown with the progress of growing stages and the thickness of the 
outer wall of the plant epidermis. 
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of the moisture decrease with the progress of the growing stages. And 
therefore the dry weight percentage of the organic matter increase 
from the s3edling stage to the boot stage and then after begin to 
decrease, while the dry weight percentage of inorganic matters de­
crease from the seedling stage to the boot stage and then after begin 
to increase. These may suggest some changes in the rice components 
which are taken place at the neighbour of the boot stage. The results 
of the analysis of the ashes are shown in table 21. 

TABLE 21. Content of the various kinds of inorganic matters 
III the rice plant of the various growing stages. 

growing 

stages 

seedling stage 

elongation 
stage 

ear formation 
stage 

boot stage 

--

flowering 
stage 

ripening 
stage 

I 

1 

I 

I 

items 

fresh weight 
percentage 

dry weight 
percentage 

fresh weight 
percentage 

dry weight 
percentage 

fresh weight 
percentage 

dry weight 
percentage 

fresh weight 
percentage 

dry weight 
percentage 

fresh weight 
percentage 

dry weight 
percentage 

fresh weight 
percentage 

dry weight 
percentage 

I 

i Si02 

% 
3.44 

16.4 " 

1.97 " 

8.4 " 

1.36" I 

5.4 "I 
i 

1.69 " 

5.9 ,,1 

3.63 " 

11.5 " 

3.80" I 
I 

10.9 "I 

1 ' 
P 20 5 I CaO i Mg 

the other 
K 20 inorg. 

I matters 

% % % % 0/ 
/0 

0.44 0.57 0.17 0.67 0.63 

2.1 " 2.7 " 0.8 " 3.2 " 3.0 " 

0.26" 0.26" 0.09" ! 0.49" I 0.42" 
i 

I 
1.1 " 1.1 " 0.4 "I 2.1 "i 1.8 " 

1 
0.20" I 0.20" 0.05" i 

-1----
0.48 " 0.20 " 

"I 
, 
I 

0.8 0.8 " 0.2 "I 1.9 " 0.8 " 

I 
0.14" 0.14" 0.06" I 0.49" 0.17 " 

I 
0.5 "I 0.5 " 0.2 " 1.7 "I 0.6 " 

I -_. .- -
I I 0.79" i 0.22" 0.22" 0.10" 0.35 " 

0.7 " 0.7 " 0.3 " 2.5 " 1.1 " 

0.17" 0.17 " 0.07 " 0.63 " 0.35" 

0.5 " 0.5 " 0.2 " 1.8 " 1.0 " 

As will be seen in the table, the contents of every kinds of the 
inorganic matters decrease with the progress of the growing stages 
till the boot stage and thenceforth on the contrary they begin to 
increase. This is the same both in the fresh weight percentage and 
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the total content of nitrogen in the seedling stage was greater than 
that found in the other Gxperiments, and it decreased from seedling 
stage to the elongation stage, approaching to the content of the other 
experiments. In experiments 3 and 5 in which the rice plants were 
grown in the water culture solutions, the total nitrogen content was 
generally greater comparing with that found in the other experiments; 
especially in experiment 5 the content was greatest because of the 
excess amount nitrogen supply. Also, in some experiments the nitrogen 
content was pretty high in the ripening stage but this was because 
the moisture content in the leaves becomes remarkably lower at that 
stage. Thus, although there are some differences in the experiments, 
it is safely to be said, in general, that the total nitrogen contents 
increase usually with the progress of the growing stages till the ear 
formation stage or the boot stage and then decrease gradually. The 
total nitrogen was divided into the two parts, the protein nitrogen 
and the total soluble nitrogen. The contents of each nitrogen in every 
growing stages are summarized in table 23. Between the experiments 
there are some differences in the content of protein nitrogen and total 
soluble nitrogen even at the same growing stage, but the tendency 

TABLE 23. Contents of the protein nitrogen and soluble nitrogen 
in the rice plants of various growing stages. 

growing stages fractions of 
nitrogen expo 2 I expo 3 expo 4 I expo 5 

I protein-N 7.18 mg

l

1 

6.25 mg 6.85 mgll 
seedling stage I 

_________ tota_l_s_ol_u_b_le_-N_.-1_.7_9_"--+-_3_.8_1_,,-'I ____ 1_.7_1_,,-'---__ _ 

. I protein-N I' 7.78" I elongatIOn stage; 
I total soluble-N 1.70" 

7.76 :: I 
2.08 

ear \ protein-N 1 5.91 " I 6.15 " I 
formation stage I total soluble-N 4.09 " 4.06 " i , 

I protein-N 
, 

" I 6_75 
" I 

6.81 
boot stage , 

total soluble-N 1 2.96 " 3.08 " I , I 

flowering stage I protein-N I 7.00 " 7.21 
I 

" 
total soluble-N 1.28 " 1.45 " , I 

I 
1 

protein-N I 6.97 
" \ 

6.48 
" \ ripening stage 

I total soluble-N I 2.04 " 1.98 " 1 

11.83 mg, 8.62 

1.24 "i 2.15 

", 9.04mg 

"1 4.63 " 

10.37 " I 7.26 " 9.06 " 

1.69 " 4.06 " 4.88 " 

I 9.32 " i 7.67 " 9.94 " 
1.99 " : 3.31 " 4.26 " 

8.29 7.70 
I 

10.94 " I " i " 
1.58 " 2.06 " 

, 
3.09 " 

10.70 " I 7.63 " 11.07 " 
1.56 " 1.91 " . 2.77 " 
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It is true that there are some differences in the sugar content as 
shown by the different experiments, but the fluctuation of the values 
with the progress of the growing stages seems to be almost the same. 
Although the sugar content decreases from the seedling stage to the 
elongation stage, it increases remarkably from the elongation stage to 
ear formation stage. After that stage the increased sugar contant 
in the leaves decreases once a little and then begins to increase again, 
showing high sugar content in the ripening stage. The sugars found 
in the rice plant may be the remainder subtracting the whole amount 
of sugar which is used as respiration material or constitutional matarial 
of the rice plant from the whole amount of sugar synthesized by photo­
synthesis. Although there are no data concerning the amount of sugar 
used as respiration material of the rice plant, the fluctuation above 
mentioned in the sugar content may be explained as follow by taking 
into consideration the experimental results on the fluctuation in the 
contents of the various kinds of nitrogen. In the elongation stage, 
w hen the transplanted seedlings are beginning active growth, the 
synthesis of constitutional substances is quite active consuming a great 
amount of the sugars, and this results in the lower content of sugar 
in the plant leaves. In the ear formation stage, when the rice plants 
are preparing for the translocation of some nitrogen from leaves to 
newly formed ears, the amount of sugar used as constitutional material 
becomes comparatively less, because the protein synthesis becomes 
weaker and even protein decomposition occurs. This is thought to be 
an explanation of the leas sugar content in the rice leaves of that 
stage. Then translocation of some soluble nitrogen from leaves to the 
ear that takes place in accordance with the ear development comes 
to activate again the protein synthesis in the leaves using the greater 
amount of sugar as material. Therefore the sugar contents in the 
leaves decrease once at the boot stage. After the flowering stage the 
amount of the sugars which is used as constitutional material become 
less because of the decreased absorption of the nitrogen by the plant 
and at the same time the sugar amount used as the respiration material 
becomes probably less because the leaves had completed their growth 
at that time and thus the sugar content in the leaves comes to be 
comparatively higher. Then the sugars are divided into the reducing 
sugar and the non-reducing sugar. The content of the two kinds of 
sugars in each growing stage are given in table 27, and the percentages 
of each sugar in the total sugar are shown in figure 5. 
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TABLE 27. Contents of reducing and non-reducing sugar in 
the rice plants of the various growing stages. 

growing kinds of sugar expo 1 expo 3 expo 4 stages 

seedling reducing sugar 0.7mg 0.5mg 
stage non-reducing sugar 4.9 I> 4.3 " 

elongation reducing sugar 0.3 " 0.9mg 0.3 " 
stage non-reducing sugar 2.0 " 4.9 " 2.3 " I 

I 
ear reducing sugar 6.3 " 4.9 " 6.2 " I 

formation 
I stage non-reducing sugar 1.0 " 2.7 " 2.0 " 

expo 5 

0.5mg 

2.7 " 

4.1 " 
3.2 " 

-- - - . - ---- - ---

I 
reducing sugar 0.2 " 4.2 " 1.5 " 1.1 " boot stage 
non-reducing sugar 4.5 3.6 3.6 5.8 " " " " 

flowering reducing sugar 0.9 " 1.1 " 1.7 " 

I 

1.5 " 
stage non-reducing sugar 9.7 " 4.1 " 8.1 " 4,5 " 

ripening reducing sugar 0.5 " 0.9 " 
, 0.9 " 

I 

0.8 " 
stage non-reducing sugar 18.0 " 12.8 " I 15.7 " 10.7 " 

6. Conclusion. 

In this chapter a description is given of how the rice plants were' 
inoculated with the blast fungus at various growing stg,ges and at the 
same time their morphological characters such as the thickness of the 
outer wall of t"te epidermal cells and also their contents of chemical 
components were examined. Although the experiments were made 
on those rice plants which were grown on the soil in the pot or in the 
water culture solutions or in the paddy field, such differences of the 
cultivation do not result in any important effects on the characters 
examined here. Also in t"hese experiments two kinds of seedlings 
were used, the one those which were raised in the hot bed nursery 
and the other those seedlings raised in the ordinary nursery. And as 
shown already the former seedlings are rather susceptible against blast 
on comparison with the latter. But it is shown in these experiments 
that such characters of the high susceptibility in the former seedlings 
never remain long after their transplantation. In these experiments 
six growing stages were distinguished: seedling stage, elongation stage, 
ear formation stage, boot shge, flowering stage and ripening stage. 
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cannot explain the highest resistance to blast in the elongation stage 
when the thickness of the outer walls of the rice leaves and also their 
silification are not so great. However, it must be added here that the 
silica contents in the rice leaves of each growing stage always go 
parallel with the fluctuation of the blast susceptibility of t"tese rice 
leaves, and some physiological functions of the silica, which may be 
concerned with the blast susceptibility, needs to be examined in future. 
It is quite impossible to lay all the responsibility of the susceptibility 
or resistance of the rice plant to blast disease on these morphological 
characters of the rice plants. Then the content of the various kinds 
of nitrogen and also the sugar content were determined on the rice 
plants of each growing stage. The total content of nitrogen increases 
with the progress of the growing st:1ges till the ear formation stage 
and then decreases gradually. Classifying the total nitrogen into the 
protein nitrogen and the soluble nitrogen, a remarkably higher content 
of the soluble nitrogen and a rather less content of the protein nitrogen 
are seen in the ear formation stage or in the boot stage on comparison 
with the other growing stages. Such changes in the nitrogen which 
are seen in the ear formation stage may mean the preparation for 
nitrogen translocation, which takes place with the farther progress of 
the growing stages. By examination of the various fractions of the 
soluble nitrogen, it is known that the increase from the preceding 
stage at t;1.e ear formation stage is particularly remarkable in the 
following three, soluble protein nitrogen, a-amino nitrogen and basic 
nitrogen which supply in general the most part of the soluble nitrogen. 
It must be noticed here that the rice plants are most susceptible to 
the blast infection in the ear formation stage. On the other hand 
a rather higher content of the protein nitrogen and a rather lower 
content of soluble nitrogen are seen on the elongation stage. This is 
a good contrast to the amounts seen in the ear formation stage. Also 
the rice plants are least susceptible to blast infection in the elongation 
stage. Thus through all the growing stages, it is certain that the 
higher blast susceptibility goes parallel with the higher content' of 
such soluble nitrogen as soluble protein nitrogen, a-amino nitrogen and 
the basic nitrogen. In the case of the high level nitrogen supply, the 
elongation stage of the rice plant loses its characteristic as the highest 
resistant stage against the blast disease and at the same time the 
nitrogen composition comes near to that of the ear formation stage, 
in which the rice plants are most susceptible against the blast. It is 
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worth notice that such parallelism between the high blast susceptibility 
-of the rice plant and the accumulation of soluble nitrogen are seen 
likewise in the experiments of the previous chapter concerning the 
.seedlings raised on the hot bed nursery and on the ordinary nursery. 
It must be added here that it is quite difficult to find out through 
all the experiments any direct correlation between the blast suscep­
tibility and the sugar content. 

Chapter III. Relations between the amount of 

nitrogen applied to the rice plant and their 

susceptibility to the blast disease. 

It has long been well known that applications of high level nitrogen 
intensify the blast disease, being called popularly "Koe-imochi" (high 
level manure blast). A great many researches concerning this problem 
have been reported, but there seems to be no definite opinion about 
the reason why the application of high level nitrogen intensifies the 
disease. In the previous chapter the present writer showed the fact 
that the rice plants supplied with three times as much nitrogen as 
the standard remain susceptible to the blast disease even in the 
elongation stage, in which the rice plants are ordinarily most resistant 
to the blast disease through all the growing stages. According to the 
above reported experiments also the nitrogen composition in the elonga­
tion stage becomes near to that in the ear formation stage as a result 
of the application of the high level nitrogen. In order to ascertain 
that point in detail, experiments were planned with experimental 
sections prepared with various nitrogen levels. The effect of the 
additional supply of nitrogen at the ear formation stage was also 
examined in the experiments described in this chapter. All through 
the experiments rice plants in the latter part of the boot stage were 
employed. The standard solution of water culture and the basal amount 
of nitrogen applied to the soil in the pot are the same as described 
already in the previous chapter. 

1. Inoculation experiments. 

Exp. 1: Seedlings were raised on quartz sand and were trans­
planted when their 3rd leaves were developing. After ten days they 
were divided into two sections, the one was allowed to continue to 
grow in the standard culture solution and the other was transferred 
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same as in the inoculation experiments. but the measurements on the 
rice plants of experiments 4 and 5 in the previous section were omitted 
because the effect on the silification of the epidermal cell seems to 
be uncertain at a few days after the additional apply of nitrogen. The 
procedures for the measurement were same as described in the previous 
chapter. Measurements were carried out on the following three kinds 
of epidermal cells: the motor cell, the short cell and the long cell. 
The percentages of silicated cells were calculated on each of these 
epidermal cells. The results are summarized in table 33. 

expo 

1 

2 

I 
3 I 

TABLE 33. Percentage of silicated epidermal cells in the rice 
plants of different level nitrogen supply. 

amount of nitrogen supplied motor cell long cell short cell 

standard amount of nitrogen 3.52 % 1.03 ;:;; 0.88% 

double amount of nitrogen 3.22 " 1.10 " 0.82 " 

standard amount of nitrogen 3.58 " 1.20 .. 0.96 " 

double amount of nitrogen 3.20 .. 1.28 .. 0.86 .. 

triple amount of nitrogen 3.46 ,. 1.05 " 1.10 " 

quadruple amount of nitrogen 3.18 " 1.23 " 0.52 " 

quintuple amount of nitrogen 3.04 " 1.19 " 0.69 .. 

standard amount of nitrogen 4.62 " 1.80 " 1.21 " 

double amount of nitrogen 3.31 " 1.24 " 0.98 .. 

triple amount of nitrogen 3.04 " 1.39 " 1.18 " 

Examining the table, one's attention is first directed to the fact 
the percentage of the silicated epidermal cells of the rice plant supplied 
with standard amount of nitrogen is higher in experiment 3. in which 
the rice plant were grown on the soil in the pot, than in the other 
experiments. in which the plants were grown in the water culture 
solutions. This suggests that the water culture of the rice plants is 
apt to be somewhat unfavorable for the silification of their epidermal 
cells. But it is clearly shown through the three experiments that the 
application of the greater amount of nitrogen decreases the percentage 
of silicated motor cells, while that is not always certain on the other 
kinds of epidermal cells. Further, it may be noticed again that the 
blast fungus penetrates the epidermal cells most frequently through 
the motor cells. 
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Fig. 6. Percentage of protein nitrogen and soluble nitrogen 
in the total nitrogen of the rice plant of the different 
level nitrogen supply. 

Table 37 gives the results in experiments 4 and 5, in which the 
excess nitrogen was applied additionally at the ear formation stage. 
As will be seen in the table the increase in the contant of each kind 
of nitrogen is evident already five days after the giving of the additional 
supply of the nitrogen; that increase becomes more remarkable at 
thirteen days after the treatment. Figure 7 shows the percentage of 
the two classes of nitrogen in the total. As shown in the figure, an 
increase of percentage of the soluble nitrogen accompanied with a 

TABLE 37. Content of protein nitrogen and soluble nitrogen in the 
rice plants which received the additional supply of nitrogen. 

I 

fraction of I control additional supply of 
nitrogen expo 1-------- - ---- --1- --

nitrogen i 5 days I 13 days 5 days 13 days 
-- -- - - -- .0_- - ----

protein-N 9.24mg 9.64mg 11.40mg 12.03mg 
4 

soluble-N 1.77 " 2.22 " 2.05 " 3.69 " 

protein-N 10.30 " 10.28 " 10.43 " 11.24 " 
5 

soluble-N 1.85 " 2.13 " 2.81 " 3.13 " 
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Fig. 7. Percentage of protein nitrogen and soluble nitrogen in 
the total nitrogen of the rice plants which received the 
additional supply of nitrogen. 

decrease of percentage of the protein nitrogen is seen already five 
days after the additional application and that increase and decrease 
becomes quite remarkable on the thirteen days after t1:le treatment. 

Thus it is certain that the application of a large quantity of nitrogen 
causes remarkable increase of the soluble nitrogen in the rice plant. 

• Then the fractions of the soluble nitrogen were examined, and the 
results in experiment 1-3 are shown in hble 38. As will be seen in 
the table, the content of the a-amino nitrogen increases quite remarkably 
in accordance with the supply of the larger amount of nitrogen, while 
the content of some other kinds of soluble nitrogen shows even 
decreasing. 

Table 39 gives also the results of experiments 4 and 5, in which 
the excess nitrogen were supplied additionally at ear formation stage. 
From the table, it is evident that the increase in the content of some 
kinds of nitrogen as a-amino nitrogen appears already on the 5th day 
after the additional supply of nitrogen, and it becomes even greater 
on the 13th day. Fig. 8 and fig. 9 give the percentage of each kind 
of soluble nitrogen in the total soluble nitrogen. As will be seen in 
the figure, the most part of soluble nitrogen in the rice plant supplied 
with excess nitrogen is occupied by a-amino nitrogen and the per­
centage of some other kinds of soluble nitrogen such as soluble protein 
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The effects of the excess amount nitrogen application on the sugar 
content in those rice leaves are quite complicated and it is rather 
difficult generally to find out any direct relations between the blast 
susceptibility and the sugar contents in these experiments. However 
there are some instances in which the high sugar content induced by 
the excess amount nitrogen application seems to be concerned with 
the induced high blast susceptibility. 

Chapter IV 

The kind of nitrogen supplied to the rice plants 
and their blast susceptibility. 

It seems to be interesting to examine if the supply of the different 
kind of nitrogen to the rice plant gives some effects on tbeir rice blast 
susceptibility and their nitrogen component. In experiments described 
in this chapter the rice plants were cultivated in water culture solutions 
of which nitrogen source were either of ammonium sulfate, ammonium 
nitrate, natrium nitrate or urea respectively, and they were inoculated 
with the rice blast fungus and at the same time their nitrogen con­
tents were examined. It must be noted that the rice plant does not 
grow well in a culture solution of rather high pH value, and the pH 
value in t4e culture solution of which the nitrogen source is natrium 
nitrate is apt to rise on account of the unequivalent absorption of ions 
by the plant. Therefore in the culture· solution of natrium nitrate 
nitrogen source the pH values were carefully adjusted to pH 5.0-5.4 
by occasional addition of proper quantity of dilute hydrogen chloride. 
As for tne quantity of the nitrogen supplied, two experimental sections 
were prepared with each nitrogen source, standard amount section and 
quintuple amount section. When the rice plants were grown up to 
the latter phase of the boot stage, they were employed for inoculation 
and for the chemical determinations. 

1. Inoculation experiments. 

Speaking first of the rice plants of standard nitrogen level, am­
monium nitrate most favourably influenced the height of the rice plant 
and followed with a little differences by urea and natrium nitrate in 
order while the height was rather lower in the case of the ammonium 
sulfate. As for the number of tillers, the order was a little different 
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However. the differences between them are rather small. Dividing 
this nitrogen into the parts of protein and soluble nitrogen, the content 
of protein nitrogen was highest in the ammonium nitrate section 
followed by the sections of urea, natrium nitrate and ammonium sulfate 
in order respectively. The content of soluble nitrogen was highest in 
the experimental section of urea followed by the ammonium sulfate, 
natrium nitrate and ammonium nitrate in order. But the differences 
among the experimental sections were not very great. 

The percentage composition of each nitrogen was calculated and 
the results are shown in figure 11. As will be seen in the figure, about 
85% of total nitrogen is protein nitrogen while the remainder 15% is 
soluble nitrogen in the ammonium nitrate section; such distribution of 
each kind of nitrogen is thought to be normal. The similar distribution 
of each kind of nitrogen is shown in the natrium nitrate section. On 
the other hand in the urea section and also in the ammonium sulfate 
section there seems to be some tendency toward soluble nitrogen 
accumulation though not so clear, showing 80% of protein nitrogen 
and 20% of soluble nitrogen. Examining the amount of the each kind 
of nitrogen in the total soluble nitrogen, one sees that there are not 
so great differences in each nitrogen content through all experimental 
sections. However it must be noticed that the content of a-amino 
nitrogen and soluble protein nitrogen are comparatively greater in the 

fOO 

80 

NH.NO, NaNO, (NH,b.SO .. urea NH.NO, N<-.NO,(NH.).S04 Ul'ea 

STANDARD AMOUNT OF N QUINTUPLE ANOUNT Oli' N 

o soluble N 

•. proteinN 

Fig. 11. Percentage of protein and soluble nitrogen in 
the total nitrogen of the rice plants which were 
supplied with different nitrogen sources. 
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urea section in which greater amount of total soluble nitrogen is also 
seen, and that the content of ammonium nitrogen is comparatively 
greater, while the content of amide is comparatively smaller in the 
ammonium nitrate section. 

When the high level nitrogen is supplied, the content of the total 
nitrogen always becomes greater through every experimental sections 
than in the case of standard nitrogen level. Dividing this nitrogen 
into protein and soluble nitrogen, the increasing of the soluble nitrogen 
is prominent in every experimental section in comparison with the 
increase of protein nitrogen. 

As will be seen in figure 11, the percentage of protein nitrogen 
constituent of the total nitrogen is smaller while the percentage of 
soluble nitrogen is greater in comparison with the case of standard 
nitrogen level. In short the symptoms of soluble nitrogen accumulation 
are clearly shown through all sections of high level nitrogen supply. 
Among the soluble nitrogen the content of such kinds of nitrogen as 
soluble protein, a-amino, basic and amide nitrogen are greater through 
all sections in comparison with the case of standard nitrogen supply. 
Especially in the urea section remarkably greater content of a-amino 
and soluble protein nitrogen attracts one's attention. At the same 
time. the contents of ammonium or nitrate nitrogen are not so greatly 
different from those in the plants of standard nitrogen level. 

In conclusion, the difference of nitrogen source supplied to the rice 
plant does not result in remarkable effects on the content of any kind 
of nitrogen in the plants, with the one exception of the case of the 
urea in which some tendency toward soluble nitrogen accumulation 
is seen. The supply of a high level of nitrogen always leads to higher 
contents of soluble nitrogens in the rice plant such as soluble protein. 
a-amino, basic and amide nitrogen irrespective of the kind of nitrogen 
supplied to the rice plant as nitrogen source. It must be added here 
that such tendency is most remarkable in the case of the urea nitrogen 
source. 

3. The kind of amino acid found in the rice plants supplied 
with different kinds nitrogen source. 

In order to know whether the kind of nitrogen supplied to the 
rice plant exerts any effects on the kinds of amino acid found in the 
rice plant, the kinds of amino acid were examined by paper partition 
chromatography on those rice plants used in the previous sections. 
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4. Conclusion. 

The rice plant can utilize each kind of nitrogen: natrium nitrate, 
ammonium nitrate, ammonium sulfate and urea, as the nitrogen source 
for their growth as long as the pH values of the culture solutions are 
adjusted continuously to 5.0-5.4 with careful attention especially in the 
case of natrium nitrate. It is rather difficult to speak as to the superi­
ority of some nitrogen source beyond the others for the rice plant 
growth, although the ammonium nitrate and the urea may be a little 
superior to ammonium sulfate and the natrium nitrate may be a little 
inferior to the ammonium sulfate as the best nitrogen source. Ir­
respective of the kinds of nitrogen sources applied, with one exception 
in the case of urea, the growth of the rice plants supplied with five 
times as much nitrogen is a little inferior to the growth of those 
given standard amount of nitrogen. 

It is known from the experiments that the difference of the 
nitrogen source in the culture solution used does not result in any 
differences in the blast susceptibility of the rice plant, likewise it does 
not result in any important differences in their nitrogenous components 
with one exception in the case of the urea nitrogen source. The rice 
plants supplied with urea as their nitrogen source become a little more 
susceptible to the attack of the blast fungus, and at the same time 
there is seen some tendency of accumulation of the soluble nitrogen 
in those plants, on comparison with those supplied with other nitrogen 
sources. 

Irrespective of the kind of nitrogen source, the application of the 
high level nitrogen as much as five times the standard amount makes 
the rice plant more susceptible to the blast disease while also the 
remarkable accumulation of the soluble nitrogen such as a-amino ni­
trogen accompanied by the increase of the total nitrogen, are seen in 
those rice plants. Among all the sources tested, such effects of the 
excess nitrogen supply are most remarkable in the case of the urea 
nitrogen source. It is also to be added here that the increase in the 
total amount of amino acids in the rice plant is not always accompanied 
by the increase in number of the kinds of amino acids detectable in 
the rice plants. 
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Chapter V 

General conclusion. 

In the previous chapters those instances, in which the blast sus­
ceptibility of the same rice variety "Eiko" fluctuates with the environ­
mental conditions or with the differences of their growing stages, are 
ascertained. At the same time the morphological characters of the 
epidermal cells that may he concerned with the infection of the fungus 
and their principal chemical components are examined with the final 
purpose of finding out why the blast sllsceptibility in the same rice 
variety fluctuates with the environmental conditions. 

All the experimental results described in the foregoing chapters 
are summarized in this chapter in an attempt to reach some general 
conclusions. The rice variety "Eiko" which was employed all through 
the experiments is originally medium in its susceptibility or resistance 
to the blast disease. The diseased lesions which develop usually on 
the rice plants cultivated under ordinary conditions are mostly of the 
chronic type. However if the procedure through which the diseased 
lesion develops is observed in detail, it is found that the lesion appears 
first as a very small brown spot. In a while an area which appears 
somewhat transparent develops around the brown spot, hking on the 
w hole the appearance of the acute type lesion. Ordinarily they do 
not long retain such appearance but are soon converted into the typical 
chronic type lesion, disintegrated zone and necrotic zone coming clearly 
into appearance. In short, the development of the diseased lesion on 
the rice variety "Eiko" follows the course: brown spot-4acute type-4 
chronic type. If the susceptibility were enhanced under some con­
ditions, the diseased lesions often continue to enlarge remaining in 
the acute form for a long. If the rice plant becomes more resistant 
under certain other conditions most of the lesions remain in the brown 
spot type for a long. According to the inoculation experiment, the 
rice seedlings grow up more susceptible to blast disease in the hot 
bed nursery on comparison with those which are raised in the ordinary 
nursery. The lesions developed on the former seedlings are either of 
chronic type or of acute type and never of brown spot type, while the 
lesions developed on the latter seedlings are either of chronic type or 
of brown spot type. The developed lesions are more numerous and 
their size is larger in general on the former seedlings than those on 
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'ceptibility to blast disease is clearly effected, because it is more or less 
concerned with other environmental conditions besides the nitrogen level. 
If the excess amount of nitrogen is applied a little before the ear 
formation stage, an eight day's interval is sufficient for the clear 
.appearance of effects respecting the blast susceptibility of the rice 
plant. The furnishing of the nitrogen source as (NH4)2S0., NH.N03 , 

NaNOa. urea respectively in the water culture of the rice plant does 
not result in any great effect on the blast susceptibility of the rice 
plant. However, the high level nitrogen supply always favours the 
blast susceptibility irrespective of the kind of nitrogen source; the 
effects are especially remarkable in the case of urea nitrogen source. 

In order to ascertain whether the differences in blast susceptibility 
may be attributable to the differences in morphological characters of 
the rice plant epidermis, such characters were examined as the thickness 
of the outer layer of epidermal cell and the silification that may be 
.concerned with blast fungus infection. According to these experiments, 
the outer wall of epidermal cells is generally thinner in the hot bed 
nursery seedlings which have been proven to be more susceptible than 
those of the ordinary nursery seedlings. The silification of the epider­
mal cells in the former seedlings is inferior t() that in the latter 
seedlings. Moreover it is worthy of notice that such differences are 
most striking in the motor cells, through which the blast fungus has 
been proven to penetrate most frequently into the rice plant. Similar 
,examples are seen in the case of excess amount nitrogen supply. The 
silification of the motor cells in the rice plants of which the suscep­
tibility has been enhanced by the excess amount nitrogen supply is 
clearly higher than in the control rice plant. But on the contrary, the 
thickness and the silification of the outer layer of epidermal cells 
generally increase with the progress of the growing stages and there­
fore those characters do not always go parallel with the fluctuation of 
the susceptibility. Thus it is beyond question that the weakness of 
some morphological characters of rice epidermal cells favours the in­
fection of the blast fungus but it is naturally impossible t() attribute 
to them all the responsibility for the blast susceptibility. 

Therefore the relations between the blast susceptibility of rice 
plant and the principal chemical components were examined on the 
rice plants described above. According t() the experiments, the amounts 
of inorganic substances are comparatively lower and the moisture 
content is higher in the seedlings raised in the hot bed nursery than 


















































































































































































