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Introduction

As an outbreak of the rice blast disease is one of the most horrible
disasters for the rice cultivation, studies concerning this disease have
been made from various view points by many investigators especially
in our country. But it seems that there remain yet some problems
to be solved, for example problems concerning the susceptibility or the
resistance of the rice plant against the blast disease or problems con-
cerning the virulence of the causal fungus and so0 on. Among them
the studies on the cause of the susceptibility or resistance of the rice
plant against the blast fungus have recently come to be the most
important as well as the most interesting ones in the field of plant
pathology.

Studies on that problem may be carried on from two different
angles : the one is studies from the side of the rice plant and the
other is studies from the side of the blast fungus. Speaking of the
studies from the former side, the first problems to be examined may
be the morphological characters of the plant surface through which
the fungus enters the host plant. If the hyphae of the causal fungus
could only mechanically penetrate the epidermis of the host plant, as
described by W. Broww~ and C. Harvey (1927), it is quite natural to
suppose that there are some relations between the susceptibility of
the plant and such morphological characters of its epidermal cells as
the thickness of the cuticular layer, the thickness of the cell wall, the
presence or absence of the cork layer and the fibre tissue. It is known
from the studies of Marsvura (1928), Surra (1928), Ito and Kurisavasur
(1931), Ixata, Matsuvura and Tacucwr (1931), and Yosuam (1936) that the
hyphae of rice blast fungus can penetrate almost mechanically the
epidermal cell of the rice leaf. According to the studies of Ito and
Sunapa (1937), Samiapa (1937), and Tocminar and Komiva (1939) those
rice plants which were wounded at the leaf are apt to be severely
attacked by the disease. Sarayoro (1940) gives the name “Kaze-imochi”
(wind-blast) to such a case when the penetration of the blast fungus
is greatly faciliated by bruises or wounds which were made on the
host tissues by the wind. Ito and Sarvapa (1937) stated that the nodule
part of the rice plant is apt to be severely attacked by blast fungus
because of weak development of the cuticle. Naear and Imamura (1933)
reported that the fungus invasion is faciliated on such a panicle stalk
as one that is constructed from too much assimilation tissues compared
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with the mechanical tissues. From the same view points, the well
known fact, that the rice plants supplied with excessive amounts of
nitrogen are apt to be severely attacked by the blast fungus, is often
attributed to the decline in the hardness of the leaves which is caused
by such excessive supply of nitrogen. H, Svzuxr (1934, ’35), working
with the rice plants different in their water supply and with many
rice varieties different in their blast susceptibility, came to the con-
clusion that the thickness of epidermal cell walls of the leaves is the
most important factor determining resistance of the rice plant against
the blast disease. On the other hand the relationships between the
silification of rice leaves and the resistance to blast disease have been
discussed from some years ago. Oxopera (1917) reported the results of
chemical analysis both of the blast diseased and of the healthy leaves
of the rice plants and showed that the silica contents are less in the
former than in the latter. By the chemical analysis of plants of
several rice varieties different in their blast susceptibility, Mivaxe and
Apacur (1922), Kawasuiva (1927) recognized also the fact that the more
resistant plants contain the larger amounts of silica. Ito and Havasuz
(1931), Mivake and Ikepa (1932), Ikepa (1932), Axar (1953) studied the
relations between silica manuring and susceptibility. Axrntoro (1939, a)
reported that the blast resistance was correlated with the ability of
silica absorption which differs in different rice varieties. Ixrpa (1933)
studied the influence of nitrogen manuring upon the silica content of
the rice plant and Ismizuga and Tanaga (1950) studied the effect of
three manurial ingredients upon the silica content. According to
Isuizura and Havaxawa (1950) deficiency of magnesium prevents the
absorption of silica by the rice plant, which leads in turn to the
high blast susceptibility of the rice plant. Many researchers such as
H. Svzokr (1933-1951), Heymyr and H. Suvzuxr (1933), Axar (1938, 1940),
Hexvr (1940), Yosum (1940, ’41), Sawapa (1939), Terao (1939), N, R.
Apvaxtiava, and G. Rancaswayr (1962), studied the relations between
the varietal susceptibility of the rice plants to blast disease and the
silification of their epidermis. Among them the studies of Suzuxi go
into detail; he shows that the more resistant rice plants have the more
so called “silicated cells” among epidermal tissues.

While silica found in the graminicolous plants is ordinarily thought
to be concerned only with the toughness of the plant, W. Encer (1953)
found that great part of silica present in the plant is combined with
galactose and their ratio of combination is 1:2 in the grown up plants
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and on the other hand it is 1:1 in the plants in growth. In con-
sideration of these results he suggests the physiological function of
silica. Therefore, there may be some significance of silica for deter-
mining resistance to blast disease other than only mechanical defence.
Apart from such problems, it is indubitable that the morphological
characters of the plant surface, as described above, are closely related
with the facility or difficulty of causal fungus penetration into the
plant. But those morphological characters of the rice surface are
concerned only with the penetration of the causal fungus and they do
not seem to have any close correlations with the fungus growth in
the host plant. Such growth may have rather close correlation with
the chemical components of the host plant. There have been many
researches which treated the problem of the susceptibility or resistance
from such view point (G. Gassxer and K. Hassexsrank: 1931, C. B.
Saxr: 1951, J. C. Warnker, and M. E. Garneerny : 1951, H. Torikara and
Y. Komar: 1952, C. T. Wei, J. C. Warker and R. P. Scurrrer: 1952,
Bana, Taganasar and Iwara: 1951, 52, ’53, G. K. Lixk, K. Wir.cox et al:
1953, Axa1 and Uryama: 1953). According to Tauara (1937) the blast
fungus can penetrate well into the seedlings which look yellowish
because of their lack of nitrogen, but the fungus cannot grow favour-
ably in such seedlings owing to the deficiency of nourishment, producing
comparatively small lesions only. He made chemical analysis on those
rice plants which were made more susceptible by being placed in a
dark room or by the application of an excess amount of nitrogen, and
got the following conclusion: though the increase of the amount of
the total nitrogen in the rice plant is not directly concerned with the
higher blast susceptibility, the disturbance of the composition balance
in the nitrogenous compounds which accompanied. the increase of total
nitrogen contents, such as extraordinary increase of the amount of
non-protein nitrogen compared with that of protein nitrogen, always
favours the fungus growth in those rice plants, resulting in the higher
blast susceptibility of those rice plants. Tanaka and Karsurr (1952)
reported the higher blast susceptibility acecompanied by the higher
content of three basic amino acid and Oraxr (1948, '52) reported the
enhancement of blast susceptibility in close correlation with the higher
content of soluble protein or a-amino acid. On the other hand, the
extraordinary accumulation of certain components may be caused by
physiological disturbance or may cause the physiological disturbance of
the rice plant, and such physiological disturbance, in turn, may enhance
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the blast susceptibility. Nismikapo and MaTsumoro (1935, ’36), Mrvazax:
(1928), Axrvoto (1939 b) and Saxkavoro (1949) discussed the problem from
such a view point. Among them Sakavoro reported that the accumu-
lation of ammonium nitrogen in the rice plant causes the increase of the
water permeability in the protoplasm of the rice plants, which makes
them more susceptible to the blast disease. According to Nrsmikapo
and Matsusmoro the blast susceptibility of the rice plant was enhanced
inversely proportional to the decrease of the specific electric condue-
tivity of the cell sap or to the decrease of the ratio between depression
degree of freezing point and specific electric conductivity. As shown
by Fuxruvcnr (1940) and Tocrinat and Kowmrva (1939), the treatment of
rice plants with ether vapour greatly enhances their blast susceptibility.
This enhancement is thought to be concerned with some changes in
the protoplasm caused by that treatment.

Studies treating the problem of blast susceptibility of the rice
plant from the side of the parasite are to be briefly described next. As
known well, the conidiospores which fall into the water on the rice
leaves germinate into germ-tubes on the tips of which appresoria soon
appear. At last the infection hyphae which are produced from the
appresoria penetrate the epidermis of the rice leaf. Thus the attack
of the blast fungus upon rice plants begins with the germination of
its spores. There have been many reports concerning the spore ger-
mination of the blast fungus (Ane: 1933; Hrsmyi, Ikeva and INouk:
1936; Aokr: 1937; Hexyi and Ismura: 1939, ete). According to Aoxr,
the spores of the blast fungus can germinate well at pH 5-6 and also
at pH 8-9; the addition of glucose and glycerine to the spore suspending
water drops favours the spore germination proportional to the concen-
tration of added material up to 1 mol. On the other hand, the want
of oxygen or the presence of brown spot fungus spore in mixture with
the blast fungus spore hinders the germination of the blast fungus
spore. Hreymr, IxkevyA and Inoue reported that the addition of the
culture filtrate of the brown spot fungus to the spore suspension of
the blast fungus hindered the germination of the spores. According
to Heyy1 and Ismura there is not any correlation between the virulency
of the fungus and germination rate of the spores or the growth rate
of the germ tubes. Ase (1930, ’31, ’33), Hrymyx and Ase (1931), Iyvura
(1940), Jou~sox and Hatain (1952) studied the effects of some environ-
mental conditions upon the penetration of fungus hyphae through the
rice epidermis. H. Suzukr (1943 ¢) showed that the presence of NH,
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promoted the formation of appresoria and on the contrary the presence
of K hindered that formation. Moreover, according to him, the rice
plants which contain comparatively large amounts of ammonium nitrogen
are the more susceptible and the rice leaves which contain the greatar
amount of K are the more resistant against the blast fungus. Svzuxkr
explained this fact by supposing the exosmosis of excess ammonium
or K through the rice epidermis. Imura, examining the effect of in-
tensity of sunlight upon the enlargement of the diseased lesions, found
that the rate of the lesion enlargement was favoured by a weak
shading for a while after the incubation period but with the further
lapse of time its enlargement was hindered by the same shading.
Inrora explained these facts as follows; the better lesion enlargement
soon after the incubation period was thought to be due to the changes
in the host vitality which were caused by the shading and the worse
lesion enlargement with the lapse of time after shading was due to
the diminution of the assimilation products of host plant which affect
the growth of the causal fungus in the plant. However, in order to
understand well the fungus growth in the host plant, it may be most
convenient to inspect the fungus growth on synthesized culture media.
It 1s Scea (1918) who first cultured the blast fungus on culture medium;
he was followed by Hiravama (1931), Ito and Terur (1931), Yosmi (1936),
Ape (1938), Inour (1939), Tocuizar and Naka~o (1940), and TocHiNar and
Hara (1942). Thus some physiological characters of the blast fungus
came to be known. Among them the studies of Teoonixnar and Nakano,
culturing the fungus on a synthesized culture medium, yielded experi-
mental results on the nitrogen or carbon sources for the growth of
the blast fungus, but in those days some natural substances such as
rice straw decoction were usually added to the culture media, as
otherwise the fungus growth was quite poor. Therefore it can not be
helped that some of those experimental results are unreliable. How-
ever it has recently become known through the studies of F. W. Lraver
and al. (1947), Taxaga and Karsurr (1951, ’52, '53) and Y. Oraxt (1952)
in succession that biotin and vitamin B, are indispensable for the
growth of the blast fungus as the growth factor. Then the blast
fungus came to be easily cultured on the pure synthesized culture
medium to which biotin and vitamin B, are added. Working with such
synthesized medium Y. Oran~r showed that some amino acids or amides
are a better nitrogen source than inorganic nitrogen for the fungus
growth. The same author reported that while some kinds of sugars
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such as sucrose, maltose and glucose were most excellent carbon sources
for the growth of the blast fungus, some kinds of organic acids as
sucecinie acid or citric acid could be utilized as the carbon source to
some extent by the same fungus. Naxkamura and Smimovmura (1953)
cultured blast fungus on the sugar-free medium which contained leucine
and found that the fungus can utilize the ketonic acid, decomposition
product of the leucine, as its carbon source. On one of those cultural
studies Y. Oran1 (1954, ’565) reported the production of protease and
amino acid oxidase by the blast fungus.

Some of those studies which treated the problem concerning the
blast susceptibility of the rice plant from the side of the rice plant
or from the blast fungus may be reviewed as above. Recently there
have appeared researchers who pay attention to the observation of the
actual struggle between the infected plant and the causal fungus and
try to ascertain the cause of the resistance or susceptibility in this
struggle itself. Studies from such a viewpoint which is thought to
originate from the work of Durrinoy (1936), have been making some
worthy findings, aided by the development of the histochemical method.
As for the rice blast disease, Oxo (1950) examined particularly the
diseased lesions which appeared on some rice varieties different in
their susceptibility and classified the lesions into several types. Ac-
cording to him the brown-spot type lesions, which usually appear on
the high resistant varieties, come into appearance because on those
blast resistant varieties the epidermal cells which were penetrated
by the infection hyphae turn into brownish immediately after the
penetration; such changes of the epidermal cells prevent any farther
growth of the hyphae in that rice plant, leaving the lesions in the
form of brown spots. According to N. Svzukr (1952), those brownish
materials which appeared in the penetrated cells of the rice plant
prevent the formation of the conidiospore of the blast fungus; the
same author and co-workers (1953) considered this brownish substance
to be chlorogenic acid. There are some other reports which describe
the protective action of chlorogenic acid or other related phenol com-
pounds against the fungus growth in the plant tissue and consider the
appearance of these compounds as one of the causes of disease tolerance
(G. Jonxson and L. A. Scmaarn: 1952, K. Parcnt und H. Ruckexprop:
1953, H. Niexstaepr: 1953). But there seem to be some doubts re-
garding the opinion that these phenolic compounds themselves prevent
the fungus growth. According to N. Suvzuki, stimulation of the fungus
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penetration causes some changes such as the increase of respiration of
the infected cell, which leads in turn to the formation of the brownish
materials in that cell, and the antifungal actions begin to appear in
the cells during the formation of the brownish material. However
there remain many problems to be solved concerning the antifungal
action which may appear during the development of the infection.

Tayarr and Kajt (1954) have recently succeeded in extracting toxic
substances from the filtrate of blast fungus culture: according to them
the toxic action of these substances relative to the growth of rice plants
is diminished by the addition of chlorogenic acid. But it remains to
be solved how these toxins act during the development of the blast
infection, and how they are related with the susceptibility or resistance
of the rice plant.

Besides all these works above mentioned, some breeders have been
making great effort to develop a variety of the rice plant which would
be highly resistant against the blast disease. It is quite true that
the breeding of rice varieties which are highly resistant against the
blast infection and at the same time excellent in other chief characters
is most desirable for the control of this disease. But as no such excellent
rice variety has yet been developed, it is necessary to cultivate rather
susceptible varieties because of their excellency in the other chief
characters. Therefore it is quite important to establish a way of
cultivation by which the tolerance of the rice plant will be made as
great as possible against the blast disease. In order to answer this
purpose it is needful first to learn why and how the same rice variety
varies its susceptibility or resistance against blast disease under dif-
ferent environmental conditions. The problems concerning the fluctua-
tion of resistance or susceptibility of the same variety under different
environmental conditions ssem to have been discussed in confusion with
the problems on the varietal differences of the blast susceptibility. It
is rather convenient to-day that the problems on thefluctuation of
blast susceptibility in the same rice variety be discussed separately
from the problem of the varietal differences in blast susceptibility,
although naturally there exist some connections between those phe-
nomena. In the case of the highly resistant rice varieties the swiftness
of the appearance of the resistance reaction which appears originally
rather quickly after the penetration, may determine the degree of
resistance of the rice plant. But in the case of rather susceptible
varieties the appearance of this reaction is originally rather slow even
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when they were cultivated under the ordinary conditions, so the pene-
trated hyphae can make their growth previous to the appearance of
this resistance reaction. As is well known, such rice varieties come
often to suffer from more severe attacks by the blast fungus because
of some environmental conditions. Such fluctuation of susceptibility can
not be explained only by the resistant reaction; some relations are
suggested between the fluctuation of susceptibility and the amount of
certain chemical components of the rice plant which are utilized by
the fungus as nourishment for their growth. The present writer has
tried to examine those relations, employing through all his experiments
the variety “Eiko”, which is medium in its blast susceptibility. First
by the inoculation experiments some instances of the fluctuations of
blast susceptibility, which are caused by some environmental conditions
or by the differences in the growing stages, were ascertained. Then
the amount of the chief chemical components in those rice plants were
determined, while examination was made of some morphological char-
acters of their epidermal cell. On the other hand the present writer
examined the growth of the blast fungus on the synthesized culture
media in which those chemical compounds related to the chemical com-
ponents of the rice plant itself were applied at different levels. Like-
wise examination was made of some enzymes which are produced by
the fungus and may constitute the aggressive forces against the rice
plants. Summarizing these experimental results, he undertakes to
discuss the causes of the fluctuation of the blast susceptibility in the
same rice variety.

The present work was done in the Botanical Institute, Faculty of
Agriculture, Hokkaido University, Sapporo Japan. The writer wishes
to express here his sincere gratitude to Dr. Y. Tocuixar and to Dr.
S. Ito for their valuable directions and cordial encouragement and
also to Dr. T. Fuxusuar and Dr. T, Tacawa for their valuable suggestions
and encouragement throughout the present experiments. The writer
wishes to extend his thanks to Dr. Isuizuxa and Dr. Y. NAKAMURA,
Profs. of Agricultural Chemistry of Hokkaido University, who gave
the writer their kind guidance and helpful suggestions concerning the
chemical analysis of the plant and water culture of the rice plant, and
also to Dr. S. Tanaxa, Prof. of Kyoto University, who gave the writer
many appreciable suggestions and inspirations on the growth factor of
the fungus. The seed of the rice plant was supplied by the Hokkaido
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Agricultural Experiment Station. Part of this work was supported
by a grand-in-aid from the Science Research Fund of the Ministry of
Education. The author wishes to express his gratitude to these
institutions.

EXPERIMENTAL
PART A

Relations between the susceptibility of rice plants
to the blast disease and

their principal chemical components,

Chapter 1

Differences between the rice seedlings raised
on the hot bed nursery and on the ordinary nursery
in respect to their susceptibility to blast and
to their chemical components.

Hot bed nursery has recently come to be widely employed for
rice seedling cultivation in the cold weather districts, Tcéhoku and
Hokkaido of Japan; the employment of this method gives the various
advantages to the rice cultivation in those districts. The hot bed
nursery, however, is a kind of land nursery and the temperature
and the humidity inside are apt to become 400 high; moreover the
light which is necessary for the growth of the rice seedlings inside
the nursery is apt to be scarcely sufficient on account of the presence
of the frame cover. The seedlings which are raised under such con-
ditions are supposed to be rather susceptible to the rice blast disease
in view of the previous investigations, so the present writer under-
took to examine the degree of their susceptibility for comparison with
the susceptibility of those rice seedlings raised in the ordinary nursery.
Then he examined their principal chemical components and some mor-
phological characters in order to determine the relations between the
susceptibility and those characters.

The hot bed nursery used in the following described experiments
was made in the usual manner at a sunny place of the Botanical
Garden of Hokkaido University. The frame cover was made of linseed
oil paper. Manures were given at the rate of the following; ammonium
sulfate 91 kg, superphosphate of lime 114 kg, straw ash 46 kg per acre.
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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 19.56°C which was about 4.7°C
higher than the outside. While the relative humidity inside fluctuated
from 53% to 1009 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 linssed oil paper
of the cover frame was about 809, 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 o0il 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 chronie-
type (according to the Oxo’s classification), mixing with a few acute-
type ones. But from the observations of the process of their enlarge-
ment, it is known that they appear first as a small 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 often prolonged and lesions continue t5 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 cn 10 May. In the
hot bed nursery the germination began on 16 May while it was on
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20 May in the ordinary nursery. At first the growth rate of the hot
bed nursery seedlings seemed to exceed that of ordinary nursery
seedlings, but the latter gradually came up with the former. And
the seedlings of the both nursery beds came to the full-growth with
four leaves each on 7 of June. At that time the average of leaf
length of the ordinary nursery seedlings was clearly longer than that
of the hot bed nursery seedlings while the height of the former was
a little greater than that of the latter (Table 1)  This fact is owing
to the greater elongation of internodes of the latter compared with
that of the former.

The seedlings were inoculated with the blast fungus which had
been collected at Oxomura of Osmima district, Hokkaido, and was
cultured on sterilized rice-straw. Inoculum was prepared by adding
sterilized water so as to make the content 2500 spores per 1ce, and
300 ecc of this spore suspension was sprayed over about 100 seedlings.
Some seedlings which were grown on the pot buried in the nursery
were dug up with the pot and carried into the inoculation box in which
the temperature was regulated at 28°C and the humidity at 100%
while the remainder were inoculated in the nursery. The diseased
lesions which developed were examined at two weeks after the inocu-
lation. The results are shown in table 1.

TaBLE 1. Inoculations of the blast fungus on both kinds of seedlings. (1)

ordinary nursery . hot bed nursery seedling
seedling ‘ 1 1 1I*
height 9.9 cm ) 95 cm | 9.5 cm
number of leaves per seedling 4 ' 4 ‘ 4
t
average leaf length 8.3 em ! 5.2 cm ’ 5.2 cm
number of leaves examined 315 146 | 232
total number of lesions 20 . 76 ! 188
average number of lesions ! f
per leaf 0.06 ! 0.52 } 0.81
average number of lesions per | :
100 cm length of leaves 0.7 : 99 | 162
J max. 0.5 em ' 1.3 em ' 1.5 cm
length of lesions min. 0.1 » i 0.3 » ‘ 03 »
l aver. 0.3 » I 07 » ‘ 0.9 »
: brown spot, chronic, chronic,
type of lesions chronic [ acute ‘ acute

* inoculated in the inoculation box.
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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 chronie-
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 cm height, they were carried into the
inoculation box and inoculated with blast disease fungus in the way
as in exp. 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 cm . 98 em
number of leaves per seedling 4 4
average leaf length 8.3 cm 6.9 cm
number of leaves examined 168 99
total number of lesions 6 70
average number of lesions per leaf 0.04 0.90
segrage, numberof lesions per
max. 05 em L2 em
length of lesions { min. 01 » 0.3 »
aver. 02 » 0.7 »
type of lesions brown spot, acute acute, chronic
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Comparing the growth of both groups of seedlings at the time of
inoculation, the hot bed nursery sezedlings were inferior to the ordinary
nursery seedlings in their average leaf length, while the latter a little
surpassed the former in their heigth. The results of the inoculation
experiments are shown in the table 2. More numerous and larger
lesions were clearly seen on the hot bed nursery seedlings than on the
ordinary nursery seedlings., The lesions developed on the former were
acute type or chronic type, while those developed on the latter were
chronic or brown spot type.

Exp. 3 and Exp, 4: The nursery was prepared at the end of April
in experiment 3 and at the beginning of May in experiment 4. Ip
each experiment the seedlings were inoculated with blast fungus on
the 20th day after germination. The inoculated seedlings were some-
what younger than those used in the foregoing experiments, and the
hot bed nursery seedlings were a little superior to the ordinary ones
in both height and average leaf length. The results of the inoculation
experiments are summarized in table 3. As shown in the table, the
number of lesions developed on the hot bed nursery seedlings was
greater than on the ordinary nursery ones.

TaBLE 3. Inoculations of the blast fungus on both
groups of seedlings. (3)

exp. 3 exp. 4
ordinary hot bed ordinary ll hot bed
nursery nursery nursery . nursery
seedling seedling seedling | seedling

height 95 cm 9.8 em 9.3 em 9.8 cm
number of leaves per seedling 3.5 3.5 35 35
average leaf length 6.5 cm 6.8 em 6.2 ¢cm 7.0 em
number of leaves examined 310 305 290 300
total number of lesions 68 146 75 136
average number of lesions per leaf 0.22 .. 048 0.26 0.45
momgsumbenctleonsper | g0 | w0 | us | e
max. 0.8 cm 1.5 cm 1.0 cm 1.5 ecm
length of lesions min. 01 » 02 » 0.1 » 0.1 »
aver. 0.4 » 08 » 05 » 09 »
oot loors "oyt e oy spon chnt
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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 typs 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 szedlings 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. Suzuxi®’ the epidermal
cells of the leaf may be classified into the following seven groups; (1)
the epidermal cells above the sclerenchymatous 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 reverss side).

- The silification of the epidermis was examined by counting the
numbers of the silicated epidermal cells. The preparates were prepared
as follows; about 5cm long pieces that were taken from the three
parts of the leaves (upper part, middle part and lower part) were
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soaked in phenol for a few minutes and then they were mounted in
On the preparates the silicated epidermal

clove oil on the slide-glass.

cells can be easily identified.
The results are given by calculating their numbers per unit area

(1mm?) of the leaves.

a) The thickness of the outer walls in the leaf epidermal cells:
The results of the measurement of about 20-50 cells in 5-8 pieces of

the leaves are summarized in table 4.

TaBLE 4. Thickness of the outer walls of the leaf epidermal
cells on both kinds of seedlings.

kind of . upper part middle part ’ lower part

b seedlings Kind of cells range | aver. | range I aver. ' range [ aver.

epigg rmmi?ilricbens 4'?85.80”| 644 # 5;58(?80#; 783 “l 5.—58980#‘ 6.60

o | heo| 448 | Mg ]| a95 | 0| 405

ondinary MO0 cells | s | B sm | 3P aoe

: pusey ong ARiphort | 3| e Bﬁgmi 419 | 3| a9

: :

' a"%‘fsé’éisjﬁins Sl 852 | PRy ! 399 | *S40 3.44

) ! ey | 0 | 385 | gy : 447 | M0 | 420
. T . | :

| s | a0 | A0 es0 1 05| ess

cpiemmal col | 230, | o | 35, | 4 |20, | aer

hot bed | motor cells 2;’71’>5.85 3.42 2i735:85 3.48 : 2'_755.50 3.67

nursery i longc.';t]rllg ihort 323:840 i 4.00 3_340 40 3.85 i 3'_?:840 3.85

seedling !

T e e 2 a2y e |2y s

: B an | "Ses r a1z | %) | 885 | S s | 339
‘

et | M| s | M| s My s
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;;p. Kind of | 0 of cells | PR Paxt | middle part | lower part
seedlings range , aver. range | aver. | range \ aver.
U il S i T
ep?fet;nrl]izlrigells 4i785.20#| 611 m 2%og 730 "‘i e 6004
§§i‘i‘2”v’é’fsle"§iléi Bow| 481 | Py | s j 20 36
ordinary | O%0F €ells 220 01 s | 30 a3 / 220 229
nursery | long and short | 3.30 1 ge3 | 3301 563 380 s
. .

reeive 1ongc«:lllllsd T 1300 | a1 | 2] ses 100, 10
ac%issggsiflzus P e | 320 o000 | 311 j 2;23985 312
) ﬁﬁ"?isv%‘;ie";gi 20| 360 3'—3:1(?4‘(1 35t %D B8
epigfe rrg]i?ilri%eus Hoso . 450 | HDo | 58T | “e ; 5.83
ﬁﬁii‘i‘"v’é‘?slecs‘?gi ‘ 0 358 S| 356 | Ty | 348
hot beg | TOtor cells 220, 299 | ED. o z0e | 2D | 2z
nursery | 1008 ciﬁg ;hort 3’_34(? 10 ‘ 3.48 33? 10| 375 3:38 0| 371

seedlin
: Ion%eﬁlsldnsmrt o0 377 S| 37 | *es | 413
acgissggsiﬁzus gy i 312 | 2P| 304 | 2R ass
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| ﬁﬁciisv%iie‘ffése 200t 32 | PRert sz | 280 a1
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orinary 00T cells 330 ; 73 | 3% sa3 | 3 ) s
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seedlin
) 1on(il?; dIIShMt 5 e |36 S0 . 398 0| 391
ac%?xssgxg%,si?iins s ; szt | ¥ s S| 43
5 | B ety | o0 1 sl | 2Ty se7 | %50 | 381
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kind of ) ’ upper part mirddlerpart ‘ lowef pa;t
exp. . kind of cells ‘
seedlings range ‘ aver. | range } aver. lrange i aver.
[ | | -
e[)ic?fe e 1 4i17970#‘) 5.98 "‘ 4f7(370ﬂ; 587 1 5'—58%80#3 6.29 #
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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 mm? 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 silicated 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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TaBLE 5. Number of silicated epidermal cells on both kinds of seedlings.

21

kind of the parts of the motor long short
€xp. seedlings leaf cells cells cells ‘ total
upper part 9.44 0.69 0.12 10.25
ordinary nursery middle part 2.79 0.23 0.11 3.13
seedling lower part 0.52 0.08 0 0.60
total 12.75 1.00 0.23 13.98
1
upper part 1.65 2.36 0.18 4.19
hot bed nursery middle part 0.19 0.86 0.05 1.10
seedling lower part 0.02 0.05 0 0.07
total 1.86 3.27 0.23 5.36
upper part 8.78 1.55 021 | 1054
ordinary nursery middle part 2.43 0.41 0.10 ‘ 2.94
seedling lower part 0.22 0.08 0 . 030
total 11.43 2.04 031 , 13.78
2

upper part 1.84 3.43 0.15 5.47
hot bed nursery middle part 0.23 0.48 0.11 f 0.82
seedling lower part 0.11 0.04 0 ! 0.15
total 2.18 4,00 0.26 | 644
upper part 14.55 | 11.52 0.86 26.93
ordinary nursery middle part 9.86 2.05 0.39 12.39
seedling lower part 8.83 1.08 0.26 10.17
total 33.24 14.65 1.51 49.40

3 -
upper part 6.80 12.98 098 , 20.76
hot bed nursery middle part 2.11 1.37 046 ' 3.94
seedling lower part 1.34 0.95 0.36 2.65
total 10.25 15.30 1.80 27.35
upper part 1245 | 11.63 152 | 2560
ovdinary nursery middle part 887 | 343 100 1330
seedling lower part 531 | 124 061 716
total 26.63 | 1630 3.12 46.06

4 —
upper part 522 ' 3.5 0.21 " 2,58
hot bed nursery middle part 1.54 1.23 011 | 288
seedling lower part 095 | 086 0.09 l 1.90
total 7.71 5.24 0.41 ‘ 13.36
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seedlings which are raised in the hot bed nursery and in the ordinary
nursery. The materials are the same as those used in the preceding
experiments. Moisture content was measured by drying the materials
in 95°-98°C thermodesiceator, and the dried materials were burned to
ash in 5000°C Muffie furnace. The reduction in weight by the burning
of the dried material was treated as the organic matter. Then the
ash was dissolved in concentrated hydrochloric acid and prepared for
the determination of P, K, Ca. Mg, Si by the usual method. Table 6
gives the results on the contents of moisture, organic matter and in-
organic matter.

TaBLE 6. Content of organic- and inorganic matters and
moisture in the two kinds of seedlings.

hot bed nursery seedling ordinary nursery seedling

percentage of | percentage of | percentage of | percentage of
fresh weight dry weight fresh weight dry weight

1

organic matter ’ 15.1 83.8 15.1 71.8
. . |
m°"ga(gls‘}’))matte” 2.9 162 5.9 28.2

moisture content | 82.0 — 79.0 —

As shown in the table, the moisture content of the hot bed nursery
seedlings was higher than that of the ordinary nursery seedlings and
the fresh weight percentage of the organic matters were the same
in both kinds of seedlings. Therefore the fresh weight percentage of
inorganic matters is higher in the ordinary nursery seedlings than in
the hot bed nursery seedlings. Thus as clearly known from the results
on the dry weight percentage, the hot bed nursery seedlings contain
more organic matter and less inorganic matter on comparison with
the ordinary nursery seedlings.

The results of the chemical analysis on the ashes of the two kinds
of seedlings are given in table 7.

As will be seen in the table, every kind of inorganic matter is
smaller in content in the hot bed nursery seedlings than in the ordinary
nursery seedlings, but the content of other inorganic matters in the
table, which were not determined directly, are somewhat higher in
the former than in the latter. These other inorganic matters may be
Na, SO,, Cl ete.. As clearly shown in the percentage composition of
the ash, the most part of the ash is occupied by silica in both sorts
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TaeLeE 7. Content of each kind of inorganic matter in
the two sorts of the seedlings.

hot bed nursery seedling ordinary nursery seedling
! percentage of |[percentage com- percentage of percentage com-
i dry weight | position of ash | dry weight | position of ash
Si0, 7.9 48.3 ! 16.4 58.3
F;0s : 1.4 8.8 21 | 7.4
Ca0 ' 0.9 5.3 . 2.7 95
Mg ; 0.4 2.6 ; 0.8 2.9
K0 2.0 12.4 3.2 11.3
other inorganic | 36 22.6 3.0 10.6

of seedlings. And therefore the differences in the silica content be-
tween the two kinds of seedlings draw one’s attention particularly.
It must be noticed that silica is concerned greatly with the hardness
of the rice plant tissue

4. The content of various kinds of nitrogen in
the both kinds of seedlings.

The contents respectively of the various kinds of nitrogen both
in the hot bed nursery seedlings and ordinary nursery seedlings were
determined. Samples used in these experiments were the same as
those which were used in the inoculation experiments above described.
They were collected just previous to the inoculations. About 10 grams
of the seedlings were collected from the two experimental sections by
cutting the stalk just above the roots. Their fresh weights were
accurately determined. The procedures of separation and determination
of the various fractions of nitrogen were as follows; the samples were
first roughly ground in a mortar, then they were transferred into beaker
and reasonable quantities of 8%; acetic acid and water were added.
The acidified mixture was heated to boiling for about half an hour,
and after cooling, the mixture was filtrated by suction funnel. The
residues were washed twice with some quantity of hot 8% acetic acid,
and were employed for the determination of protein nitrogen by
Kserpann’s method, Filtrate which was combined with the two wash-
ings was employed for the determination of total soluble nitrogen,
amino acid nitrogen, amide nitrogen, soluble protein nitrogen, basic
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nitrogen, ammonium nitrogen and nitrate nitrogen. For the deter-
mination of the total soluble nitrogen in those filtrate the nitrate
nitrogen was reduced first by treatment with reduced iron according
to PucuaeEr et al® and then the total nitrogen was determined by
Kierpanr’s method. The sum of the protein nitrogen and the total
soluble nitrogen makes the total nitrogen in the samples. Some aliquots
of the filtrate were carefully concentrated on the watsr bath and were
employed for the determination of alphs amino nitrogen by the vax
Sr.vkr’s method after subtracting the ammonium nitrogen. For the
determination of ammonium nitrogen some aliquots of the filtrate were
weakly alkalinized (pH 8.0) with magnesium oxide and they were sub-
jected vacuum distillation at 40°C. For the determination of amide
nitrogen, some aliquots of the filtrate were treated with some quantity
of 30% sulfuric acid and they were heated over a boiling water bath
for 3 hours; then the ammonia produced was determined in the same
way as described above. The values which were obtained by sub-
tracting the ammonium nitrogen previously determined from the re-
sults just obtained were multiplied. Thus the content of the amide
nitrogen was obtained. Nitrate nitrogen was determined by the phenol-
disulfonic acid method after subtracting soluble protein from the
filtrate according to Rowmix C. Burrern & Tiouas G. Pumries®. Some
aliquots of the filtrate were treated with some quantities of lead acetate
(10 g of lead acetate in 90 cc of 1.5% acetic acid) and allowed to stand
overnight. The pricipitates were separated from the supernatant liquid
by centrifugation (8000-10000 r.p.m.), and they were washed with some
quantity of 809 aleohol. The supernatant liquid combined with the
alecohol washings were then treated with some quantities of mercuric
acetate (10g of mercuric acetate in 100 cc of 2.0% acetic acid). The
mixture was allowed to stand overnight, and the precipitate was re-
moved by centrifugation (8000-10000 r.p.m.). The two precipitates
were combined and were used for the nitrogen determination by the
Kiernpanr, process. This fraction was classified as soluble protein
nitrogen. After removal of the lead, mercury and also amide by
distillation, the supernatant was acidified with H,SO, and treated with
phosphotungustic acid. The mixture was allowed to stand overnight
and the precipitate was removed by filtration. The precipitate was
analyzed for nitrogen by Kserpanr’s method. This fraction of nitrogen
was classified as basic nitrogen.

Indicator which was used for the titration was a mixture of
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methyl red and methylene blue. Blank tests were performed some-
times. All the determinations were completed in two days after the
sampling, while the determination of the ammonium nitrogen was
completed on the day of the sampling.

The total nitrogen contents in the two groups of seedlings is shown
in table 8. The figures represent mg of nitrogen in the seedlings of
fresh weight per 1g.

TaBLE 8. Total nitrogen in the two kinds of seedlings.

exp- 1 ’ exp. 2. ‘ exp. 3 ‘ exp. 4
ordinary seedlings 11.7 mg 10.8 mg;| 8.97 mg 9.32 mg
hot bed nursery seedlings 15.9 » 13.6 » 10.33 » 10.88 »

)

As will be seen in the table, the hot bed nursery seedlings contain
a greater amount of total nitrogen than the ordinary nursery seedlings.
The total nitrogen is divided into two parts, protein nitrogen and total
soluble nitrogen. The contents of each nitrogen are recorded in table 9.

TasLE 9. Content of protein- and soluble-nitrogen in
the two kinds of seedlings.

fractions ordinary nursery seedling hot bed nursery seedling
of | percentage percentage
€xp- soluble mg per 1g | compositionof | Mg Per 18 | composition of
nitrogen | fresh weight ’ total fresh weight total
- | nitrogen nitrogen
t
1 protein-N 7.10 mg 60.68 % 8.10 mg 50.94 25
soluble-N 4.60 » 39.32 » 7.80 » 49.06 »
2 protein-N 6.80 » 62.96 » 7.50 » 55.15 »
soluble-N 4.00 » 37.04 » 6.10 » 44.85 »
5 protein-N 718 » | 80.04 » 6.52 » 63.12 »
soluble-N 1.79 » 19.96 » 3.81 » 36.88 »
4 protein-N 7.51 » “ 80.60 » 6.43 » 59.20 »
soluble-N 181 » ’ 19.40 » 4.45 » 40.80 »

As shown in the table the seedlings raised on the hot bed nursery
always contain greater amount of total soluble nitrogen than the seed-
lings raised on the ordinary nursery; however the percentages of
protein nitrogen component in the total nitrogen are always lower in
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the former seedlings than in the latter seedlings while the percentage
of total soluble nitrogen are always higher at the former than at the
latter.

The total soluble nitrogen was divided into fractions and their
amounts were determined as in the following.

marized in table 10.

Y.

OTANI

The results are sum-

TasLE 10. Content of each kind of soluble nitrogen in
the two kinds of seedlings.

fractions |__ordinary mursery seedling | hot bed nursery seedling

eXPp- Sol?i)le mg per 1g | c(?rg;(:)z?tgi;gzeof | mg per 1g corl)rr?;)zg?tti:?)%%f

nitrogen | froch weight | total soluble | frogh weignt | total soluble
nitrogen nitrogen
amide N 0.24 mg 522 % 0.60 mg 7.69 %
ammonium N 0.06 » 1.30 » 0.12 » l 1.53 »
L | nitrate N 0.05 » 1.09 » 044 » 563 »
colther 425 » 92.39 » 6.64 » 85.14 »
amide N 032 » 8.00 » 048 » 7.87 »
ammonium N 0.09 » 225 » 0.11 » 1.80 »
2 | nitrate N 0.06 » 150 » 039 » 6.38 »
ol iber 353 » | 8825 » 512 » 83.95 »
!prf;le“igleN 0.40 » 22.35 » 142 » 37.27 »
[ a-amino N 084 » 46.93 » 153 » 40.16 »
, | basic N 018 » 10.06 » 057 » 1496 »
. amide N 023 » 12.85 » 0.18 » 4,72 »
ammonium N; 0.08 » 447 » 0.08 » 2.10 »
nitrate N 0.02 » 112 » 0.01 » 0.26 »
prf)otl;tr’lleN 0.64 » 35.40 » 158 » 3550 »
a-amino N 071 » 39.20 » 155 » 3480 »
4 |Dbasic N 0.20 » 11.00 » 0.70 » 15.40 »
amide N 0.19 » 10.50 » 0.25 » 5.60 »
ammonium N| 0.05 » 2.80 » | 0.07 » 1.60 »
| nitrate N 0.04 » 220 » 0.05 » 110 »

In experiments 1 and
were determined directly

2, amide, ammonium and
and the values which were given by sub-

nitrate nitrogen
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tracting these three fractions from the total soluble nitrogen were
classified as “other soluble nitrogen”. The most part of this “other
soluble nitrogen” may be soluble protein, a-amino and basic nitrogen.
As will be seen in the table, those three fractions, (“other soluble
nitrogen” in exps. 1 and 2) were always greater in amounts in the
hot bed nursery seedlings than in the ordinary nursery seedlings. It
is noticed that the greater part of the soluble nitrogen is supplied by
these three fractions and amide, as clearly shown in the percentage
composition of total soluble nitrogen in the table. On the other hand
the contents of amide, ammonium and nitrate nitrogen seem to be
widely variable even in the same kind of seedlings. In the exp. 38
the content of amide nitrogen and nitrate nitrogen in the hot bed
nursery seedlings was rather lower than in the ordinary nursery
seedlings and the contents of ammonium nitrogen were equal in the
two kinds of seedlings, while in exps. 1 and 2 the relations were clearly
‘the reverse.

On summarizing the results it is safely said that the hot bed
nursery seedlings are apt to contain a greater amount of nitrogen
in comparison with the ordinary nursery seedlings and moreover the
contents of soluble nitrogen such as soluble protein nitrogen, a-amino
nitrogen and basic nitrogen are always greater in the former seedlings
than in the latter while the content of protein nitrogen is always less
in the former.

5. Sugar contents in the two kinds of seedlings.

The differences in the fractions of nitrogen between the two kinds
of ssedlings may suggest the differences in their sugar contents, as
the sugars are utilized for the synthesis of organic nitrogenous matters
as their constitutional materials. In the following the sugar contents
in the two kinds of seedlings were determined. Samples were the
same as those used in the former experiments, and the same kinds
of filtrates as used for the determination of total soluble nitrogen were
employed for the measurements of the sugar content. The sugar con-
tents in the original filtrate itself which were determined by micro-
Berrranp method were classified as reducing sugar. Then the filtrates
were hydrolized with 2595 HCIl treatment, and the sugar contents in
the solution which were determined by micro-Brrrraxp method were
classified as total sugar content. The differences of the two values
give the amount of the non-reducing sugar. The total sugar content
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in the two kinds of seedlings are given in the table 11.

TasLeE 11. Total sugar in the two kinds of seedlings.
exp. 1 exp. 2 exp. 3 exp. 4
ordinary nursery seedling 6.9 mg 5.2 mg 5.6 mg| 6.3 mg
hot bed nursery seedling 20 » 46 » 2.8 » 21 »

As will be seen in the table, the sugar content in the hot bed
nursery seedlings was always less than that in the ordinary nursery
seedlings. The sugars found in the plant are considered to be the
balance between the sugar amounts produced by the photosynthesis
and the sugar amounts used by the plant as respiration or constitutional
material. And it is supposed that the amount of sugar used as con-
stitutional materials by the hot bed nursery seedlings are greater than
those used by the ordinary nursery seedlings, becauss much organic
nitrogenous matters are synthesized in the former seedlings as known
from the previous experiments. On the other hand the sugars produced
by the photosynthesis are thought to be greater in the latter seedlings

TasLe 12. Content of reducing- and non-reducing sugar
in the two kinds of seedlings.

. ordinary nursery szedling ! hot bed nursery seedling
fractions of e
exp. mg per 1g percentage mg per 1g precentage
sugar N composition of , . composition of
fresh weight | total sugar | fresh weight| total sugar
reducing sugar 0.2 mg 29 % 1.2 mg 60.0 %
1
non-reducing ., . . ,
sugar 6.7 97.1 0.8 40.0 »
)
reducing sugar 1.8 » 346 » } 24 » 52.2 »
2
non-reducing ., , , .
sugar 34 654 > 2.2 > 47.8
reducing sugar 0.7 » 125 » 22 » 78.6 »
3
non-reducing
sugar 4.9 » 875 » 0.6 » 214 »
reducing sugar 0.9 » 14.3 » \ 1.6 » 76.2 »
4
non-reducing
sugar 54 » 85.7 » l 05 » 238 »
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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 nurssry 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 unnecessarily 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 days 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 Si0,, P.,O,, Ca0, Mg, and K,O, 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 gcute 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 resuits above summarized will explain
the fact that more numerous lesions appear in the hot bed nursery
seedlings on inoculation experiment. But those results eannot explain
the fact that the lesions produced on the hot bed nursary 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 scedlings 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 s=edlings than in
the ordinary nursery seedlings.

Chapter 11

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

It is often observed in the fields that the blast suseceptibility 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 fleld. 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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vigorously, increasing their height and beginning to make tillers), (8)
the ear formation stage (when the tillering is most vigorous and the
young ears of about 5 mm length are beginning to develope), (4) boot
stage (when the ear grows to about 10cm length and its presence is
recognizable from outside, though it does not appear yet), (5) flowering
stage, and (6) the ripening stage (about 2 weeks after the flowering).

1. Inoculation experiments.

Exp. 1: Rice seedlings raised in the ordinary nursery were trans-
planted to soil in WaeNEr pots (about 17cm in diameter). Previous to
the transplantation the soil in one pot was mixed with 1.5 g ammonium
sulphate, 2.8 g superphosphate of lime and 0.7g potassium sulphate.
Soon after the transplantation of the seedlings the rice plants began
to increase in height; their growth was most vigorous in the elongation
stage. They began to tiller from elongation stage and the number of
tillers continued to increase till the boot stage. The average leaf
length continued to increase vigorously till the boot stage and then

TaerLe 13. Inoculations of the blast fungus on the rice
plants of various growing stages.

seedling | elonga- | ear for- boot ﬂowering! ripening
N mation '
stage Itxon stage| stage | stage stage \ stage
height , 9.5 cem| 23.6 cm|  40.0 cmi 75.0 cm!  94.7 cm‘ 101.7 em
number of tillers — 3 9 ' 12 12 12
average leaf length 6.5 cm 175 cm| 24,7 cm: 27.9 cm 275 cm! 27.4 em
number of
leaves examined 310 273 232 ‘ 270 315 103
total number of
lesions 68 8 43 27 25 7
average number of
lesions per leaf 0.22 0.03 0.19 0.10 0.08 0.07
average number of ‘
lesions per 100 em | 3.4 0.2 0.8 0.4 0.3 0.2
length of leaves |
I max. I 0.8 cm 0.8 cm 2.0 cm 1.5 em 0.8 em: 0.8 cm
length of ] i, L 01e| 01w 03wp 03s| 01w| 01
l aver. \ 0.4 » 05 » 14 » 11 » 04 » 05 »
brown brown : .
type of lesions  spot, spot, chronie, | chronie, | ponie | chronic

| chronic | chronic acute acute
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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
numbper 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 inereasingly blast
susceptible at the ear formation stage and also at the boot stage, but
this the same tendency as was seen in exp. 1. It is also same as in
exp. 1 that the plant leaves decrease again in blast susceptibility during
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TaBLE 14. Inoculations of the blast fungus on the rice
plants of various growing stages.
(hot bed nursery seedling)

seedling | elonga- | ear for- boot |flowering ripening
. mation
stage |tionstage stage stage stage .‘ stage
' !
: height 9.8 cm! 242em! 385 cml 72.1 cm] 91.8cecm 995 cm
number of tillers — 4 9 12 | 12 : 12
| ;
average leaf length 6.8cm 156 em| 23.6cmi 275 cm| 278 cm 281 cm
|
number of leaves i ! I
examined 305 290 248 288 : 290 240
total number of
lesions 146 12 45 35 17 12
average number of 0.48 0.04 0.18 012 | 006 0.05

lesions per leaf

average humber of
lesions per 100cm 7.0 0.27 0.77 0.44 0.21 0.18
length of leaves

i I
. [ max. 1.5 cm' 1.0 em 2.0 ey 1.5 em 0.8 cm 1.0 em
length o . !
lesions 1 min. 0z » 01wl 03-] 03» 01 0.1 »
aver. 08 »1 06 » 14 »! 1.0 » 0.5 » 0.6 »
. brown L .
: chronie, chronic, ' chronic, : .
type of lesions acute . tffgr%c acute |  acute \ chronic  chronic

and after the flowering stage. Thus it is certain that high blast
susceptibility of the hot bed nursery seedlings doss never continue
long after their transplantation in the field, although the blast suscep-
tibility of the rice plants in the elongation stage is a little higher on
comparison with the blast susceptibility in the same growing stage of
exp. 1 in whieh the ordinary nursery seedlings were used.

Exp. 8: In this experiment the rice plants were cultured in water
culture solutions. Seeds were sown on quartz sand which had been
thoroughly washed previously, and the seedlings were transplanted in
the culture solutions at the time when sscond leaf began to develope.
The employed culture solution was recommended by Dr. IsHizura“®;
its prescription was as follow: NH,HO, 114.3 mg/1¢, KH,PO, 53.6 mg/1¢,
CaCl,-6H,0 117.2mg/l¢, MgSO, TH,0O 1834 mg/1Z, KCl 2.3 mg/1¢, traces
of FeCl,, MnSO,, and silica sol. The culture solution was changed
generally once a week, but it was changed once each five days from
the boot stage to the flowering stage as the absorption of the solution
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by the plant was most vigorous. In this culture solution the rice
plants grew quite favorably through all the growing stages, although
their height and the number of tillers were a little inferior to those
of the soil cultured rice plants. Inoculations of the blast fungus at
each growing stage were carried on in the same way as in the previous
experiments. As will be noted in table 15, the diseased lesions de-
veloped on the plants both in the ear formation stage and in the boot
stage were largest in size, including acute type lesions which were
never seen on the plants in the other growing stages. Thus it may
be safely said that the rice plants are most susceptible to the blast
disease during the ear formation and boot stages. On the other hand
lesions developed on the plants in the elongation stage were smallest
in size and moreover include considerable numbers of the brown spot
type one, which are thought to develope on the blast resistant rice
plant. It may, therefore, safely be said that the elongation stage is
the most blast resistant stage of all rice growing stages, although the
number of the lesions developed was remarkably great in this ex-
periment.
TasLe 15. Inoculations of the blast fungus on the rice
plants in various growing stages.
(water culture)

elonga- | ear for- boot  flowering ripening
. | mation
tionstage stage stage stage stage
|
height 250em 518 cm‘ 60.3em 735cm  75.0 cm
number of tillers 3 8 8 | 8 8
: i
average leaf length 94cm 157cm 185cem 188cm  188em
. |
number of leaves examined 37 80 89 | 116 125
total number of lesions 32 ' 88 | 44 to52 10
f
average number of lesions | |
per leaf 0.86 1.10 0.49 0.45 0.08
average number of lesions |
per 100 cm length of leaves 22 i w0 27 2.2 0.5
max. 0.5 cm 1.2 cm‘ 1.5 cm 1.0 cm 0.7 cm
. \
length of lesions { min. 0.1 » | 01 » 02 » 0.2 » 0.2 »
aver. 0.18»  044»| 055»| 035 | 035~
. brown . . ‘
type of lesions chronie, | chronic, : .
! spot, acote acute chronic | chronic

 chronic
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Exp. 4: Rice seedlings raised on the ordinary nursery were trans-
planted to a 1/125 acre paddy field of the Hokkaido University Farm;
the diseased lesions which were developed by the natural infection of
the blast fungus were examined at each growing stage. The results
of the observations in 1950 are described in the following. The diseased
lesions on the rice plants were seen first in the beginning of July
when the rice plants were entering to the ear formation stage. In
the ear formation stage 35 rice plants selected at random were pulled
out and the diseased lesions on their leaves were examined. Then at
about five days before reaching each of the other growing stages 30-
50 rice plants were marked at random and the leaves on which the
diseased lesions were seen were cut off. About 10 days later the new-
ly developed diseased lesions were examined. The results of these
investigations are shown as the infections of each stage respective-
ly in table 16.

TaBLE 16. Inoculation of the blast fungus on the rice
plants in various growing stages.

(Paddy field)
| elonga- ' ear for- boot  fiowering| ripening
. mation ' |
tion stagel stage stage ' stage stage
‘ g ‘ ;
height 26,7 cm'  53.8 cm! 703 em  835cm  91.1cm
number of tillers 3 I 5 6 6 6
| !
average leaf length ;184 cm; 23.7¢cm!  25.2cem| 254 cm| 255 cm
number of leaves examined 340 l 295 311 321 280
total number of lesions 0 27 31 13 9
average number of lesions
per leaf 0 | 0.09 0.10 0.04 0.03
average number of lesions !
per 100 cm length of leaves 0 ' 0.35 0.40 0.15 0.11
max. — 1.2 em 1.5 em, 1.2 cm 1.0 cm
length of lesions min. — ‘ 0.2 » 0.2 » 0.1 » 0.1 »
aver. — | 064»| 077»| 043»| 039
: - chronie, | chronie, . .
type of lesions | acute acute chronic | chronic

As will be seen in the table, the lesions found both at the ear
formation stage and the boot stage were most numerous and also
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largest in size, while there were seen some acute type ones besides
the chronic type ones. Considering from thess facts it is clear as in
the previous experiments that the rice plants are most susceptible
to Dblast disease at the two stages above mentioned. No diseased
lesions were found in the elongation stage. Referring to the previous
experiments, it is certain that the rice plants at the elongation stage
are quite resistant to the blast disease, but a part of the reason why
no lesions were found at that stage may lie in the scantiness of the
dispersing fungus spores in the air because of the unsuitable climate
for spore formation in this season in Hokkaido.

Exp. 5: In this experiment the rice plants were grown in the
culture solutions in which three times as much nitrogen as in the
standard solutions was applied. As in the previous experiments, the
inoculation of the blast fungus was carried on at each growing stage.
On comparing the growth of the rice plants in this culture solution
with the growth in the standard solution (experiment 3), both the
height and the average leaf length in each growing stage are seen
to be greater in the former but no noticeable differences were seen
in the number of tillers (table 17).

Examining the number of the diseased lesions which were developed
by the inoculation at each growing stage, one sees that they are rather
fewer on the rice plant leaves both in the flowering stage and in the
ripening stage. Examining the type of lesions, the acute type ones
are generally dominant all through the growing stages, and it must
be noticed that all the lesions which are developed on the rice plants
from the elongation stage till the boot stage are acute type, while
there are seen some chronic type lesions as well as the acute type
ones on the plant leaves in both the flowering stage and the ripening
stage. Examining the size of the lesions, those which developed on
the rice plant both in the ear formation stage and in boot stage are
largest and those which developed in the elongation stage are next
to them, while those developed on the leaves in the flowering stage
and in the ripening stage are smallest.

Thus it may be concluded that the rice plants in the elongation
stage lose their characteristics of the higher blast resistance as a result
of the supply of the high level nitrogen, while the rice plants are as
well most suseceptible to the blast infection at the two growing stages
of ear formation and boot stage. On the other hand the leaves of
the rice plants become rather resistant to the blast disease during
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TaBLE 17. Inoculation of the blast fungus on the rice
plants of various growing stages.

(high level nitrogen supply)

_ | ear for- : : i
felonga mation boot flowering| ripening
tion stage, stage stage stage stage
height 25.7em;  47.5cmf 821 cm 93,5 ¢ 103.6 cm
number of tillers 3 8.2 9.0 8.8 9.2
average leaf length 23.7cm| 20.8 cm| 228 cm| 282c¢m 333 cm
number of leaves examined 232 240 230 221 220
total number of lesions 44 45 42 25 22
average number of lesions
per leaf 0.19 0.19 0.18 0.11 0.10
average number of lesions
per 100 cm length of leaves 0.8 0.9 038 04 0.3
max. 1.5 em 2.0 cm| 2.0 em 1.5 em, 1.5 cm
length of lesions min. 0.3 » 0.3 » 0.3 » 0.2 » 0.2 »
aver. 0.93 » 1.30 » 1.20 » 0.70 » 0.68 »
. chronie, | chronie,
type of lesions acute acute acute acute acute

and after the flowering stage, this is the same result as was noted
in the experiments with the standard amount nitrogen supply.
Summarizing the five experiments above desecribed, it may be
concluded as follows; the rice plants are quite resistant against the
blast infection in the elongation stage, but when they grow up to the
ear formation stage and the boot stage the rice plants become re-
markably susceptible to the disease. In the flowering stage and in
the ripening stage the leaves become rather resistant to the disease.
It was shown in the previous chapter that the rice seedlings raised
on the hot bed nursery are more susceptible to the blast disease on
comparison with those raised on the ordinary nursery but it is certain
from the experiments described in this chapter that this character at
the seedling stage never continues long after their transplantation in
the field. On the other hand, if the rice plants were supplied with
high level nitrogen, they become rather susceptible to the blast disease
in the elongation stage to be almost equally susceptible as the plant
in the ear formation stage. In other words the elongation stage loses
the characteristic of the most resistant stage of all the growing stages



38 Y. OTANI

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 lst 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 silicated 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 cemes 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 plant which
is shown with the progress of growing stages and the thickness of the
outer wall of the plant epidermis.
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TaeLe 18. Thickness of the outer walls of the epidermal cells
on the rice plants in the various growing stages.

growing kinds of  upper part _middle part lower part
stages t epidermal cells range ( aver. | range 1 aver. | range l aver.
' . H .
! epldel;n[r;?illri%ells of | “so 654 ! Y0 565 4246(?60‘ 513
epidermal cote ™ Phes 432 l 00 35 2274%40{ 382
| motor cells o 3B Y s LT
seedling . long and short | 330  gge 830 | .o 330 | 383
stage ! cells I - —4.40 i —3.85 -4.40
' longcéal?g I%hort s 563 l 31%840 3.98 31?1840; 3.91
LR e sm %y se W, ae
| aceeon e Taa 361 1P ser P8, sst
| cpidermal cells of * 40 86l | Mgy ses Hh,  ses
; ep?:xfg:é gfé}es n | 215?-?.04‘1 ast P, s P, 88
motor cells P82 aps 3o a2 M2 ass
elongation
stagge (lome apd ghort 38 ses P sm SR w1
| long apd vt 3Py, ses -, s 359 i sm
accessoraaison 26 a1 %Py 35 ey 358
accisesvoeréec:}ésé on e sss 2 me PG, sm
R el e PR e ! a0 | 561
epiiﬁffgfslec;g: n s | aez | %, ass ; Sia | 380
- motor cells B2 1 s | 3 s \: 312 .| 363
formation | *"%.ha T M| 366 | *Pos a6 E S| 381
e | w9, s | W, s | 4,
accesi(gtysiggus on | 20 | 332 S 383 M| 355
|
B o | P | 3Tt | Py am | B se0
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growing kinds of | upper part | __middle part lower part
stages epidermal cells ‘ range ‘ aver. i range } aver. | range | aver.
: | ‘ i
! epldez;rr?izlrigells of 5._()84%80 73 | 5'—0;80 | 6.20 4.:%7(')20 1‘ 5.30
. ! :
e She " 3'—172.:207} 5.76 ; 3'-3240‘; 02 | 3535?04@ 412
motor cells 3:“?0 1 4.32 | 3‘_102.0 4 ; 412 3‘_142‘33 ‘1 3.76
boot stage 1076 SRS PN 1 %Dy, 3s ‘ S s
. | : :
long apd ot : 3'—35?04! 398 | Soon s M A
\ : : .
B e o | 240y ses - 0 A i sy 352
; accessory cells on 2.64 400 336 4.29 ‘ 3.36 ‘ 3.65
reverse side -4.80 - -4.80 -4.80
. epidermal golls of _ Mhe T2 Py e 4y 589
P e " Y 51 Sy ass My, 4z
motor cells 23 38 32 95 32 3y
flowerin
stage F long T o s PP ses PP 3%
.‘ fong T ‘ Soon, 400 PP a2 2P | i
; accesséogt%iggns n ‘ 2f14(380;l s Py a8l | 3'—34933‘ 363
; B one M. ve M a0z Py am
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. | I
P evene e Tt g 577 oos | 462 Yo 422
I motor cells ‘ 3;35041 400 | 32, a5 | 2B 333
UPeming o and short 336 | - | 336 | ags | 336 | o
stage cells I oot TP -433) S%Y 456 L
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B o Sa 389 : 2 3.95 3ffsoi 3.74




ON THE RELATION BETWEEN THE PRINCIPAI: COMPONENTS OF RICE PLANT 41

b) The silification of the epidermal cells: The number both of
each kind of epidermal cells and of the silicated ones in 1 mm? of the
leaf surface were examined and the percentage of silicated epidermal
cells of each kind were calculated. As the difference in the number
of silicated cells between the different parts of one leaf were quite
small, the percentage was calculated by summarizing all the number
of silicated ones in every part of the leaf. The silicated accessory
cells were scarcely found in every growing stages, and therefore their
counts are omitted in the table. Table 19 shows the silicated cell per-
centage of motor cells, long cells and of short cells. As will be seen
in the table, the silification percentage is highest in the motor cell,
and increases with the progress of the rice plant growing stages.
Accordingly there seems not to be any notable relationship between
the fluctuation of the blast susceptibility of the rice plants with the
progress of the growing stages and the silification of their epidermal
cells.

TaBLeE 19. Percentage of silicated epidermal cells on the rice
plants of the various growing stages.

motor cell long cell short cell
elongation stage 3.55 % 1.62 % 0.24 %
ear formation stage 3.71 » 1.68 » 028 »
boot. stage ' 3.94 » 175 » 0.31 »
flowering stage 4.20 » 1.78 » 0.44 »
ripening stage 4.51 » 1.80 » 0.51 »

3. The results of the ash analysis of the rice
plant leaves in each growing stage.

Some of the rice plants in each growing stage were dried in 95-
98°C thermodesiceator, and after the measurements of their moisture
content they were burnt to ashes in the Murrie furnace of 5000°C.
Then the content of the inorganic matters in the ashes were measured
by the usual methods as in the previous chapter. The measurements
were carried on the all rice plants which were used in the inoculation
experiments, but the results of these experiments were almost same
each other, and therefore in the followings the results of the experi-
ment 1 are mentioned. Table 20 and figure 1 show the content of
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moisture, organic matters and inorganic matters of the rice plant in
each growing stage. As will be seen in the table and the figure, the
contents of the organic matter increase with the progress of the
growing stages. While the contents of the inorganic matters decrease
gradually from seedling stage to the boot stage and afterward they
begin to increase till ripening stage. On the other hand the content

TaBrLeE 20. Content of organic and inorganic matters and of moisture
in the rice plants of the various growing stages.

growing . organic inorganie :
stages 1tems matter matter moisture
R fresh weight percentage | 15.1 % 59% 79.0 %
seedling stage )‘ . i
' dry weight percentage ' 718 » 28.2 » —
elongation fresh weight percentage ! 20.0 » ‘; 3.5 » 76.5 »
stage dry weight percentage l 851 » | 14.9 » —
ear formation| fresh weight percentage 1 227 » | 2.5 » 74.8 »
stage dry weight percentage | 90.2 » 9.8 » —
fresh weight percentage : 26.0 » 2.7 » 713 »
boot stage . ‘
dry weight percentage 90.5 » 9.5 » —
flowering fresh weight percentage | 26.3 » 5.3 » 68.4 »
stage dry weight percentage ‘ 83.2 » 16.8 » —
ripening fresh weight percentage 1 296 » 52 » 65.2 »
stage dry weight percentage ) 85.0 » | 15.0 » | —
4
00 — 1 — —
Dmoisture
g0}
< .
. orgatnic
20k matter
7] ﬁ

ling elongation . &% . boot flowering riPeniig
se;éia ge\z qge L ortrza.tlon stage stage stage
stage

Fig. 1. DPercentage of organic- and inorganic matters and moisture
in the rice plant of the various growing stages.
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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 ssedling 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
in the rice plant of the various growing stages.

growing : } | 1 i the other
items | 8i0; ! P.Os : CaO . Mg | KO . inorg.
stages ‘ | : \ | matters
f .
fresh weight % % % % % %
. percentage 3.44 0.44 0.57 0.17 0.67 0.63
seedling stage d bt
ry welg o » " " " "
percentage 16.4 21 2.7 0.8 3.2 3.0
fresh weight
i 97 » .26 1 .26 .09 » 49 » 42 »
elongation percentage 197 0.26 0.26 0.09 | 0.49 0.
stage dry weight i
percentage 84 »| 11 »| L1 »| 04 »| 21 18 »
fresh weight " ”1 ) "i ) )
ear formation| percentage 1.36 0.20 0.20 0.05 ! 0.48 0.20
stage dry weight
percentage 54 »| 08 »| 08 »} 02 »| 19 » 0.8 »
fresh weight "‘
percentage 1.69- 0.14»{ 014» 0.06 » 0.49 » 0.17 »
boot stage d ioht
ry weig ! " ” . " .
percentage 59 »' 05 0.5 0.2 1.7 0.6
fresh weight » » » " . .
flowering percentage 3.63 0.22 0.22 0.10 0.79 0.35
stage dry weight . . X ) ’
percentage | 115 0.7 07 »| 03 »| 25 11 »
fresh weight
. . .30 » 0.17 » 0.17 » .07 » .63 » .35 »
ripening percentage 3 ! 1 0 0.63 0.35
stage dry weight . . . §
percentage 10.9 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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in the dry weight percentage. This fact seems to be concerned with
the facts that the content of amino acid, protein and carbohydrate
increase greatly with the progress of the growing stages till the boot
stage and thenceforce their increase became quite slow as will be seen
in the following section. The percentage of each inorganic matters
in the ash are shown in figure 2.

%
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< the
N others
60' %
V) xe0
40}
20t

. elongetion oar boot :
seedling s flowering
stage stage fzﬁssfgmstage stage = 8

Fig. 2. Percentage of various kinds of inorganic matters in the
ash of the rice plants of various growing stages.

As will be seen in the figure, most parts of the ash are occupied
by 8iO, through all the growing stages but its percentage in the ash
decreasss with the progress of the growing stages till the ear formation
stage and then after it begins to increase. The percentage of K,Q
are next to Si0, and it increases with the progress of the growing
stages till the ear formation stage and thenceforce follow the decreasing.
The fluctuation of percentage of P,0, are likely to K,O while the per-
centage of CaO and Mg decrease with the progress of the growing
stages. Thus it is known from the experiments in this section that
the content of the organic matters in the rice leaf increase remarkably
with the progress of the growing stages till the ear formation stage
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or the boot stage and then begin to decrease gradually, while on the
contrary the content of the inorganic matter decrease with the progress
of growing stages till the above mentioned stage and then begin to
increase. Accordingly the rice plant contain the greatest amounts of
organic matters and the least amount of inorganic matters in the ear
formation stage or the boot stage which is the most susceptible stage
to the blast disease all through the growing stages as shown In the
previous section. Moreover as the most parts of the inorganic matter
are occupied by the SiO,, the fluctuation of its content with the progress
of the growing stages takes one’s attention particularly. And it must
be noticed in the present experiments that the less content of the
silica tends to go parallel with the higher susceptibility against the
blast infection.

4. The contents of the various kinds of nitrogen in
the rice plants at each growing stage.

The content of various kinds of nitrogen in each growing stage
was determined. Samples used in the detsrminations were the same
as those used in the inoculation experiment above described. Just
before the inoculation experiment at each growing stage, about 10g
leaves were collected from 5-20 rice plants; they were ground in a
mortar, after their fresh weight was accuratzly determined. The
procedures of the separation and the determination of the various kinds
of nitrogen were the same as described in the previous chapter. The
total nitrogen content in each growing stage is given in the table 22.
The figures show mg of nitrogen in the leaves of fresh weight 1g.
In experiment 2, in waich hot bed nursery seedlings were employed,

TaBrLE 22. Total nitrogen in the rice plants in
the various growing stages.

growing stages I\ exp. 1 exp. 2 ) exp. 3 exp. 4 exp. 5
seedling stage 8.79 mg‘ 10.33 mgl — - 8.56 mgl —
elongation stage 948 » | 984 »| 1307mg 1077 » ’ 14.03 mg
ear formation stage 1000 » 1021 » 12.06 » 1132 » 13.94 »
boot stage 9.71 ”; 9.89 » 11.31 » 10.98 » 1420 »
flowering stage 8.28 » 8.66 » 9.87 » 9.76 » 14.03 »
ripening stage 8.53 "{ 8.46 » 12.26 » \ 9.54 » 13.84 »
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the total content of nitrogen in the seedling stage was greater than
that found in the other experiments, 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

TasLE 23. Contents of the protein nitrogen and socluble nitrogen
in the rice plants of various growing stages.

i
. fractions of |
growing stages nitrogen exp. 1 | exp. 2 ' exp. 3 | exp. 4 | exp. 5
. . | . ;
. | protein-N ! 718 mg 6.25mg | 6.85mg
seedling stage . o , —
\ total soluble-N | 179 » | 381 » | 171 »
u— T - - ;
N l protein-N 7.78 » 776 » | 11.83mg 862 » | 9.04mg
elongation stage : i
1 total soluble-N 1.70 » | 208 » 1.24 » | 215 » | 4.63 »
ear | proteinN ! 591 »| 615 »| 1037 » | 726 » | 9.06 »
formation stage | total soluble-N 409 » | 4.06 b | 169 »| 406 »| 488 »
protein-N 675 »| 681 0| 932 ol 767 | 094 »
boot stage : ‘
' total soluble-N | 296 » | 3.08 » 1.99 » ! 331 » | 426 »
A protein-N [ 7.00 » 721 » 8.29 » 7.70 ”‘i 1094 »
flowering stage ‘ :
total soluble-N i 1.28 » 145 » 1.58 » 2.06 » 3.09 »
] H '
i
o protein-N | 697 »| 648 »| 1070 » | 7.63 » | 1107 »
ripening stage
total soluble-N ] 2.04 » 1.98 » 1.56 » 191 » | 277 »
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of their fluctuation with the progress of the growing stages seems to
be almost the same. Generally speaking, the protein nitrogen content
increases from the seedling stage to the elongation stage but it de-
creases rather remarkably from the elongation stage to the ear for-
mation stage or the boot stage, and then increases again gradually to
the ripening stage. On the other hand the content of soluble nitrogen
decreases once from the seedling stage to the elongation stage but
increases remarkably from the seedling stage to the ear formation
stage or the boot stage, and then decreases gradually till the ripening
stage. In experiment 2, the content of protein nitrogen was com-
paratively lower while the content of soluble nitrogen was comparatively
higher at the scedling stage because of the employment as material
of thoss seedlings which had been raised on the hot bed nursery; but
after the elongation stage the content of those nitrogens comes near
to that of the other experiments. Thus it is clear that such characters
in the seedling stage do not remain long after the transplantation. In
experiment 5, in which the excess amount nitrogen was supplied, the
content of soluble nitrogen in the elongation stage was rather higher
than that in the ear formation stage of the other experiments, while
its contsnt was rather higher in every growing stages comparing with
the case of the other experiments. However even in this case, the
tendency of the fluctuation of its contents with the progress of the
growing stages was the same as in other experiments. At any rate
it should be noticed that the content of protein nitrogen is lowest
while the content of soluble protein is highest at the ear formation
or the boot stage through all the experiments. Figure 3 shows the
percentage of the two classes of nitrogen in the total nitrogen. It is
clearly shown in the figure that the percentages of protein nitrogen
are lowest while the percentages of the soluble nitrogen are highest
at the ear formation stage or the hoot stage on comparison with those
at other growing stages. Next, the fractions of the soluble nitrogen
were determined. The results are summarized in table 24. Generally
speaking, the content of every kind of soluble nitrogen increases from
the elongation stage to the ear formation stage and then it decreases
gradually with the continuance of growth. In the ripening stage pretty
high content is shown in every kind of soluble nitrogen, but that high
value seems to be concerned with the remarkable decrease of ‘the
moisture content in the rice leaf. Thus a peak is seen at the ear
formation stage and that is most conspicuous in the following three
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TaBLE 24. Fractions of the soluble nitrogen in the rice
plants of various growing stages.

fractions of | seedling | elonga- ear boot |flowering| ripening
exp. soluble . formation
nitrogen stage |tionstage stage stage stage stage
pi‘g&ti’lle_N 0.40mg| 0.39 mg‘ 096 mg| 059mg 050mg 0.8l mg
a-amino-N 0.81 » 0.28 » 0.98 » 0.58 » 0.45 » 0.57 »
1 basic-N 0.84 »| 074 »| 160 »| 151 »| 022 »| 024 »
amide-N 023 »| 017 » 026 »; 020 » 0.04 » 0.17 »
ammonium-N | 0.08 » | 007 »; 020 ». 004 »| 004 » 019 »
| nitrate-N 0.02 » | 002 »[ 0041 003 »| 002 »| 005 »
piglt‘;?}fN 1.42 { 048 »| 106 »| 062 »| 058 »| 079 »
a-amino-N 153 » ! 035 »| 081 »| 058 »| 049 »| 055 »
2 basic-N 057 » 094 »! 142 »| 154 »| 027 »| 024 »
amide-N 081 »1 021 »y 030 »| 022 »| 005 »| 015 »
| ammoniumN | 008 »| 008 »| 025 »| 005 »| 003 »| 012 »
! nitrate-N 001 »| 002 »| 003 »| 002~ 002»| 004~
' ! [
p’i‘(’)ﬁ?}ﬁN — 2 053 ». 058 »| 052 »| 038 »| 084 »
a-amino-N — i 033 »| 053 » 0.79 » 0.23 » 0.47 »
3 basie-N LT 0.19 »| 044 »| 053 »| 023 »| 015 »
amide-N yo— . 015 2 002 » 0.02 » 0.61 » 0.06 »
ammonium-N |  — , 002 », 010 »| 012 »| 013 »| 007 »
nitrate-N ' — | o0t bl 002 »| 00Lw| 001 n| 001 »
pi‘:}élgll‘*_N 043 » | 052 ' 0.91 » ! 070 »' 083 »| 077 »
x-amino-N 022 »| 033 .| 102 »| 082 » 070 »| 055 »
4 basic-N 073 »| 085 »| 160 »| 149 » 033 »| 027 »
amide-N 0.25 »| 020 »| 033 »| 027 »| 008 »| 013 »
ammonium-N ‘ 0.05 » . 0.09 » 0.14 » 0.02 ug 0.04 » 0.08 »
nitrateN | 002 »; 007 »| 006 »| 001 »| 005 »| 006
pi(gt‘}a?lf;N — 116 »| 122 »| 08 »| 099 »| 089 »
a-amino-N — 171 » 1.80 » 1.66 » 0.83 » 0.69 »
5  basie-N — 056 »| 049 »| 034 »| 049 »| 039 »
amide-N — .06 »| 121 »| 107 »| 056 »| 056 »
‘ ammonium-N — 0.14 » 0.15 » 0.13 » .09 » 0.08 »
| nitrateN — 012 »| 012 »| 012 »| 010 »| 008 »
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ON THE RELATION BETWEEN THE PRINCIPAL COMPONENTS OF RICE PLLANT 51

fractions, the soluble protsin nitrogen, a-amino nitrogen and basic
nitrogen, which supply the greatsr part of the total soluble nitrogen.
In experiment 2 the contents of soluble protein nitrogen and a-amino
nitrogen are pretty high in the seedling stage; this is because the
seedlings raised in the hot bed nursery were employed as materials
in that experiment. However, their contents become lower at the
next elongation stage approaching to the values in the other experi-
ments. In experiment 5, in which excess amount of nitrogen was
supplied in the solution, the contents of every kind of soluble nitrogen
are naturally higher than those in the other experiments; the increases
of their content from elongation stage to the ear formation stage are
not so remarkable. The percentage of each soluble nitrogen in the
total soluble nitrogen are shown in figure 4. As will be seen in the
figure, the most part of the soluble nitrogen is generally occupied by
the three fractions: soluble protein, a-amino and basic nitrogen. After
the flowering stage the percentage of soluble protsin nitrogen and
a-amino nitrogen become comparatively higher while the percentage
of basic nitrogen becomes comparatively lower. In experiment 5, in
which excess amount of nitrogen was applied, the percentage of amide
is rather higher while the percentage of basic nitrogen is rather lower.
Generally speaking the percentage of the basic nitrogen fluctuates
inversely proportional to the percentage of the soluble protein nitrogen
and a-amino nitrogen.

Then the experimental results in this section may be summarized
as follows: total amount of nitrogen increasss with the progress of ths
growing stages till the ear formation stage or the boot stage and after
then the amount decreases gradually. Dividing the total nitrogen into
two sorts, protein nitrogen and total soluble nitrogen, the content of
the former decreaszs with the progress of the growing stages till the
ear formation stage or boot stage and after then it begins to increase;
on the contrary the content of the lattar increases remarkably till the
ear formation stage or the boot stage and after then it begins to
decrease. Thus a rather high peak is seen in the fluctuation curve of
the soluble nitrogen at the ear formation stage or the boot stage while
a depression is szen in the curve of the protsin nitrogen at the same
growing stage. Moreover, the remarkable increase of the soluble
nitrogen on that growing stage of ear formation is caused by the
remarkable increase of the three fractions, soluble protein, a-amino and
basic nitrogen, which supply the greater part of the soluble nitrogen.
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1t should be noticed here that if the high level nitrogen were supplied,
the content of those ssluble nitrogens becomes so high at the elongation
stage as almost to equal those contents of ear formation stage. "

On the other hand, naturally, the cause of the fluctuation of the
content of each kind of nitrogen must be considered from various
view points, but one of the reasons at least may be sought in the
translocation of the nitrogen in the rice plant. In order to examine
this point, the contents of total nitrogen in the following three parts,
the leaf, the stem and the ear, were determined at each growing
stage and the total nitrogen content in whole plant and in each part
of a rice plant was calculated. The results are given in table 25.

TaBLE 25. Increase or decrease of total nitrogen in the various
parts of the rice plants between each growing stage.

growing 1'

i
; \
stages items | whole plant i leaf \ stem \ ear
i HEE S SR
. " nitrogen content 5.56 mg | 5.56 mg — —
seedling .
. difference from
stage | the preceding — - - —
1 growing stage
nitrogen content ! 38.40 » 12.80 » 25.60 mg —

elongation
difference from
stage the preceding +32.84 » | + 7.24 » — —
growing stage

ear nitrogen content 137.80 » I 48.52 » 79.06 » 10.22 mg
formation difference from
stage the preceding +99.40 » | +35.72 » | +53.64 » | 41022 »
growing stage
| nitrogen content 272.00 » 69.60 » 120.90 » 81.20 »
boot stage | difference from |
the preceding  |+134.20 » | +21.38 » | +41.84 » | +70.98 »

i growing stage | i
! |

. nitrogen content 301.30 » 59.60 » 118.50 » 123.20 »
flowering
difference from
stage the preceding +29.30 » | —10.30 » | — 240 » | +42.00 »
growing stage
. . nitrogen content 320.60 » 46.10 » 11850 » 156.00 »
ripening

difference from
stage the preceding +19.30 » | —13.50 » 0.00 » | +32.80 »
growing stage |
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As will be seen in the table, the increase of the nitrogen content in
the whole plant is remarkable from the seedling stage to tae boot
stage while the rate of increase becomes comparatively smaller after
the flowering stage. This may mean the greater absorption of nitrogen
by the rice plant at the early growing stages and the less absorption
after the flowering stage, the same as in the case of wheat which
Ismrzura“” has reported. Moreover, it is known that the nitrogen
content in the leaf and the stem falls with the progress of growth
after the boot stage, while the nitrogen content in the newly formed
ear increases rather greatly in spite of the decrease of the absorption
of nitrogen by the plant, as a whole. This may suggest the trans-
location of the nitrogen from the stem or the leaf to the newly formed
ear, that may occur after the boot stage. Considering from such view
point, the remarkable increase of the soluble nitrogen and the decrease
of the protein at the ear formation stage as shown above may be
explained as the preparation for the translocation of the nitrogen which
will take place in the following stages; furthermore it may be at-
tributed to the depression of the protein synthesis from the absorbed
nitrogen by the plant and moreover to the decomposition of some
protein at the ear formation stage.

5. Sugar content in the rice plants of each growing stage.

In the following an examination of the sugar content in the rice
plants of each growing stage is described. Material used for the deter-
mination were the same as those used in the previous sections. And
the method of analysis and the classification of the sugar were the
same as those described in the previous chapter. The total sugar
content i3 recorded in table 26.

TaBLE 26. Total sugar content in the rice plants of
the various growing stages.

growing stages ‘ exp. 1 k exp. -2 ’ exp. 3 exp. 4 exp. 5
seedling stage 5.6 mg 2.8mg — 4.8 mg —
elongation stage 2.3 » 0.9 » 5.8 mg 2.6 » 3.2mg
ear formation stage 7.3 » 8.7 » 76 » 82 » 73 »
boot stage 4.7 » 97 » 7.8 » 51 » 6.9 »
flowering stage 10.6 » 4.6 » 5.2 » 9.8 » 6.0 »
ripening stage 18.5 » 17.2 » 13.7 » 16.6 » 115 »
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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 contsnt
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,
when 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 less 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 activats 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. Aftsr 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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Fig. 5. Percentage of reducing and non-reducing sugar
in the total sugar of the rice plant at the
various growing stages.

On examining the table and the figure it comes to one’s notice
that the amount of reducing sugar is far beyond the amount of non-
reducing sugar in the ear formation stage, while the relation is reversed
in all the other growing stages. And it seems to be that such re-
markable increase in the reducing sugar content in the ear formation
‘stage is concerned with the changes which are taking place in the
leaves as the preparation for the translocation of various substances
to the newly formed ears.
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TasrLe 27. Contents of reducing and non-reducing sugar in
the rice plants of the various growing stages.

g:ga“éigg | kinds of sugar exp. 1 exp. 3 exp. 4 1 exp. 5
|
seedling reducing sugar 0.7 mg — 0.5 mg 1 —
stage non-reducing sugar 49 » — 43 » } —
. |
elongation reducing sugar 03 » 0.9 mg | 03 » ! 0.5mg
stage non-reducing sugar 2.0 » 49 » 23 » | 27 »
|
ear reducing sugar 6.3 » 49 » 6.2 » 41 »
formation .
stage non-reducing sugar 1.0 » 2.7 » 2.0 » 32 »
reducing sugar 0.2 » 42 » 15 » 11 »
boot stage N
non-reducing sugar 45 » 3.6 » 3.6 » 5.8 »
flowering reducing sugar 0.9 » 11 » 1.7 » 15 »
stage non-reducing sugar 9.7 » 41 » 8.1 » 45 »
- |
ripening reducing sugar 05 » 09 » + 09 » 0.8 »
stage non-reducing sugar 18.0 » 12.8 » 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 stages and at the
same time their morphological charactsrs such as the thickness of the
outar wall of the 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 thess 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 szedlings 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 stage, flowering stage and ripening stage.



ON THE RELATION BETWEEN THE PRINCIPAT, COMPONENTS OF RICE PT.ANT 57

The moisture content in the rice leaves is greatest in the seedling
stage and decreases with the progress of the growing stages. The
content of organic matters in the rice leaves increases rather remarka-
bly with the progress of the growing stages till ear formation stage
or the boot stage but then such matters begin to decrease with the
farther progress of the growing stages; the content of inorganic matter
in the rice leaves decreases with the progress of the growing stages
till the ear formation stage or the boot stage and thenafter begins to
increase gradually. Such fluctuations are most remarkable in the
content of SiQ,, P,0, and K,0 among the inorganic matters. According
to the inoculation experiments rice plants are comparatively susceptible
to the blast fungus in the seedling stage but when the seedlings were
transplanted in the fields and they begin to grow vigorously, increasing
their height and green color, their resistance against the attack of the
fungus is enhanced greatly. Thus in the elongation stage the rice
plants are most resistant against the blast disease amongst all the
growing stages. However when the rice plants grow up to the ear
formation stage or the boot stage, the rice leaves become very sus-
ceptible to the blast fungus, producing rather numerous diseased lesions
in inoculation experiments. The presence of the acute type lesions
comes o one’s attention and also their size is generally greater than
others. Thus it is certain that the rice leaves are most susceptible
to the blast disease in the ear formation stage and the boot stage.
The rice plants ordinarily reach the ear formation stage at the begin-
ning of July in Hokkaido; it is clear that the weather in that season is
most favourable for conidia formation by blast funzus, which over-
wintered in the straw. It must be noticed that the rice plants reach
the growing stage of the highest susceptibility to the blast disease
just when the weather is most agreeable for the formation and spread
of the conidia of the blast fungus. But when the rice plants grow
up to the flowering stage and to the ripening stage, they become again
to be resistant against the blast invasion so far as the leaves are con-
cerned. On the other hand it is known from the experiments that
the outer wall of the epidermal cells of the rice leaves increase their
thickness as well as the degree of their silification with the progress
of the growing stages. Therefore the higher resistance of the rice
leaves against the blast disease after the flowering stage may be
explained by the difficulty the blast fungus experiences in penetrating
through the thicker highly silicated walls. But such consideration
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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 these rice
leaves, and some physioclogical functions of the silica, which may be
concerned with the blast susceptibility, needs to be examined in future.
It is quits 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 stages 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 protsin nitrogen
are geen 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 the 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 bigher 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 Iong 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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to the culture solution in which two times as much nitrogen as standard
was added. Examination of their growth at the ear formation stage
showed that the rice plants in the latter section were greater in height
and in number of tillers than those in the former section. When they
were grown to the latter phase of the boot stage, the plants were
inoculated with the blast fungus. The diseased lesions were examined
the two weeks after the inoculation. The results are given in table 28,

TasLE 28. Inoculations of the blast fungus on the rice
plants of the different level nitrogen supply (1).

standard amount double amount
of nitrogen of nitrogen
height 58 cm 61 cm
number of tillers 9.0 13.0
number of leaves examined 116 135
total length of leaves examined 2342 em 2698 em
total number of lesions 52 71
average number of lesions per leaf 0.45 0.53
average number of lesions per
100 ecm length of leaves 22 2.7
’ max. 1.2 em 1.5 em
length of lesions min. 0.2 » 0.2 »
l aver. 0.55 » 0.95»
type of lesions chronic, acute acute

As will be seen in the table the number of lesions is a little
greater in the rice plant applied with two times as much nitrogen
than in the rice plant supplied with basal amount. Moreover all the
lesions developed on the former are acute type, while on the latter
both the acute type and the chronic type are seen. Likewise the size
of the lesions is greater on the former than on the latter. Thus it
is certain that the application of double amount of nitrogen favored
the susceptibility to the blast disease.

Exp. 2: After the seedlings were grown in the standard culture
solution for two weeks, they were divided into five sections in which
the nitrogen level was different from the basal amount to five times
as much as the basal. At the ear formation stage the height of the
plants seems to be a little greater in proportion to the nitrogen level,
while there were not so great differences in the number of tillers.
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The inoculation with the blast fungus at the latter phase of the boot
stage gave the results shown in table 29,

TasLeE 29. Inoculations of the blast fungus on rice
plants of different level nitrogen supply (2).

standard | double triple quadruple5 quintuple
amount ofjamount of amount of|famount oflamount of
nitrogen | nitrogen | nitrogen | nitrogen | nitrogen
- e B | T ! T T
height 58 cm 58 cm 59 ¢m . 59 em ‘ 60 cm
number of tillers 10.2 ! 108 10.8 10.7 | 10.8
number of leaves examined 126 ! 131 126 127 ; 131
total length of leaves examined 2770cm’ 2790cm 2866 cm ' 2992 em . 3046 ecm
total number of lesions 48 i 62 68 | 66 E
average number of lesions | i
per leaf 0.38 0.47 0.54 i 0.52 0.56
average number of lesions per : :
100 cm length of leaves 1.37 222 2.37 | 2.21 2.40
' !
I max. 1.2 cm| 1.3 em 1.5 em 2.1 cm 4.3 em
length of lesions min. 02 » 0.2 » 05 » 1.0 » 1.0 »
i
l aver. 0.61 » 0.77 » \t 0.92» 15 » 2.3 »
: chronie, | chronic, | chronie, |
type of lesions acute acute acute | acute acute

The number of the lesions was clearly greater in the section of
the double amount nitrogen on comparison with those in the basal
amount. But the differences were not so remarkable from the double
amount section to the quintuple amount section. Examining the type
of the lesions, all of them were the acute type without any traces of
chronic type in the two sections of quadruple and quintuple amount
nitrogen, while the chronic type was mixed with the acute type from
the basal amount section to the three times amount section. Their
sizes were larger in proportion to the nitrogen level and particularly
greater size of the lesions in the sactions of the quadruple and quintu-
ple attracts one’s attention. Thus it is safely said that the blast suscep-
tibility of the rice plant was increased in accordance with the nitrogen
level and it became most conspicuous in the nitrogen level beyond
four times the basal. It must be noticed here that the results of the
present experiment are a little different from the results in experi-
ment 1, when the double amount nitrogen already favoured the sus-
ceptibility quite remarkably.

Exp. 8: In this experiment the rice plants were grown on soil
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in the pot, and three sections which were different in nitrogen level
from standard amount to three times amount were prepared. In the
boot stage the height of the rice plants was greatsr in the sections
of high level nitrogen on comparison with the basal ssction. The
results of inoculation are shown in table 30. As will be seen in the
table, both the numbers and the sizes of the lesions became greater
with the increasz of thz nitrogen level. Moreover all the lesions de-
veloped in the sections of the high level nitrogen were acute type
without any trace of chronic type, while in the standard amount section
the chronic type lesions were mixed with the acute type lesions.

TasLE 30. Inoculations of the blast fungus on the rice plants
of different level nitrogen supply (3).

standard ' double amount triple amount
amount of
nitrogen of nitrogen of nitrogen
heignt i 54cm 60 cm ! 58 cm
number of tillers ! 10.5 11.0 | 113
number of leaves examined | 118 ) 120 ‘ 126
total length of leaves examined i 2610 cm 27i5ecm 2743 em
total number of lesions 32 53 ‘ 56
average number of lesions per leaf 0.27 0.44 t 0.44
svorsge mumber oL Isns per 1 125 s | o
max. 12 cm | 1.5 em ! 1.5 ecm
length of lesions { min. : 0.2 » ‘ 0.2 » ‘ 02 »
aver. 0.55 » 0.70 » 0.72 »
type of lesions chronie, acute acute L acute

Thus in this experiment the application of double as much nitrogen
clearly favoured the blast susceptibility.

Exp. 4: The rice plants were grown on soil in WaeNEr pots in
which 0.8 g ammonium sulfats, 2.8g superphosphatz of lime and 0.7¢g
potassium sulfate were applied as the basal manure. When thosz rice
plants were grown up near to the ear formation stage, they were
divided into two groups. In the one group 2g of ammonium sulfats
was applied additionally in each pot and in other section they remained
without change. The rice plants which received the additional supply
of nitrogen seemed to become a little greatsr in height on comparison
with the control plants already in two days aftsr the additional supply,
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and the differences became more remarkable at eight days after the
treatment. The effects of the additional supply on the number of
tillers were not certain. Then the rice plants in each section were
divided again into two sections; the one was inoculated with blast
fungus at two days after the treatment and the other was inoculatzd
at eight days after the treatment. In each case the diseased lesions
were examined at ten days after the inoculation. The results are
given in table 31.

TasrLe 31. Inoculations of the blast fungus on the rice plants
which received additional supply of the nitrogen (1)

\\experimental section ' control [ additional supply of
R nitrogen
s |
after the 24 ©8d 2 d 8d
items “~.__treatment [ays | ays ays ays
height 571em | 580cm | 57.8cm 62.4 cm
number of tillers 8 _ 9 i 8 9
numbeyr of leaves examined 72 i 83 93 110
. [ ‘ i
total length of leaves examined 1044 em 1250 cm | 1448 cm 1870 em
total number of lesions 18 16 | 45 | 60
average number of lesions per leaf,  0.25 | 019 0.48 I 054
average number of lesions per ‘
100 cm length of leaves L7 13 ‘ 3.1 3.7
I max. 1.2 em 12 em | 12 em 15 em
length of lesions ! min. 02 » 02 » l 02 » 02 »
1 aver. 0.63 » 060 » , 078 » | 081 »
. chronie, chronic, | chronie, |
type of lesions acute acute ‘ acute ; acute

As will be seen in the table, a far more lesions are developed on
the rice plant which got the additional supply of nitrogen on com-
parison with the control plants, even when they were inoculated on
the second day after the additional supply. Examining the types of
the lesions, one sees that there are not so great differences between
the control plant and those rice plants which were inoculatsd two days
after the additional application of nitrogen, but the acute type lesion
seems to be a little dominant in the latter. It must be noticed, how-
ever, that the developed lesions are all acute type when the rice plants
were inoculated at 8th day after the additional supply of nitrogen.
The size of the lesions was clearly larger even on those rice plants
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which were inoculated at two days after the additional apply on com-
parison with the control plants; the size was more remarkable on those
rice plants which were inoculated at eight days after the additional
application. Therefore it is certain that the additional application of
excess nitrogen intensifies the blast susceptibility of those rice plants
already on the second day after the application and it becomes more
remarkable on the 8th day after the application.

Exp. 5: The rice plants were grown in watsr culture solutions.
When they grew up to the ear formation stage, they were divided
into two groups. The rice plants of the first group were transferred
to culture solutions in which three times as much nitrogen as the basal
amount were applied while the rice plants of the other group remained
in the basal solution. This is the same treatment as the additional
apply of nitrogen in the previous experiments. The height of the rice
plants became a little greater in the former plants than in the latter
even on the second day after the treatment and it became more re-
markable at eight days after the treatment. The effect of the treat-
ment on the number of tillers was not certain as in the previous
experiment. Some of the rice plants of each group were inoculated
with the blast fungus on the same day as the treatment, some of the

TaBLE 32. Inoculations of the blast fungus on the rice plants
which received the additional supply of the nitrogen (2).

\e&erimental section control treatment
days after - .
thesame| after | after |thesame after after
items ™ “tbﬁﬁa?m@_t_ day 2 days ! 8 days l day | 2days | 8 days
height 53.0 cmi 53.2 cm‘ 54.8 ecm 53.0 cm| 53,5 cm; 56.6 em
number of tillers 8 8 9 8 8 9
number of leaves examined 77 82 80 74 79 88
total length of leaves i
examined 1124 cm 11199 c¢m | 1201 em | 1083 em | 1205 em | 1315 cm
total number of lesions 12 11 15 12 19 39
average number of lesions
per leaf 0.15 0.13 0.18 0.16 0.24 0.44
average number of lesions per
100 em length of leaves 1.3 1.1 1.5 15 2.0 34
[ max. 1.2 em!| 1.2 em 12 em| 1.2 cm! 15 em| 1.5 em
length of lesions min. 02 » 02 »! 02 »| 02 »| 02 »| 02 »
l aver. 058 » | 054 » | 060 » | 065 » | 081 » | 079 »
: chronic, | chronic,' chronie,| chronie, chronic,
type of lesions acute acute acute acute acute acute
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other were inoculated two days after and the remainder were inocu-
lated eight days after the treatment. In all the cases the diseased
lesions were examined ten days after the inoculation. The results are
summarized in table 32.

As will be seen in the table, it is certain that in the case of the
untreated plants the differences of the inoculation date in this ex-
periment do not result in any important effects on the number and
the size of the lesions. But in the case of the plants treated with
additional nitrogen the inoculation on the second day after the treat-
ment resulted in larger and more lesions in comparison with the case
of the control; such results were more remarkable in the case of the
inoculation on 8th day after the treatment, while they were not so
remarkable in the case of inoculation on the same day as the treat-
ment. KExamining the types of lesions, one notes that the acute type
lesions are generally dominant through all the experiments of the
additional supply section, while in the control both of the chronic type
and the acute type are mixed uniformly. Particularly on the rice
plants which were inoculated eight days after the treatment acute
type lesions only are developed without any trace of the chronic type.
Thus it is certain that the additional supply of nitrogen intensifies the
blast susceptibility of those rice plants and the effects become more
remarkable with passage of the days after the treatment.

Summarizing the experiments described in this section, it is evident
that the apply of high level nitrogen favours the blast susceptibility
of those rice plants, but it is rather difficult to find out the critical
amount of the nitrogen by which the effect on the susceptibility be-
comes clear, because in some experiments the application of double
quantity of nitrogen favoured the blast susceptibility quite remarkably
while in other experiments the effect became barely remarkable on
the supply of four times as much nitrogen as standard. On the other
hand the application of the excess amount nitrogen at about the ear
formation stage favoured the blast susceptibility of those rice plants
already on the second day after application and the effect became
more remarkable with the passage of the days after treatment.

2. Silification of the epidermal cells.

In this section the effect of high level nitrogen application on the
number of silicated epidermal cells is examined. Materials were the
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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 ssction 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.

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

|

exp. - amount of nitrogen supplied motor cell ' long cell short cell
| ; |

1 1 standard amount of nitrogen 3.52 2 1.03 25 - 0.88 %
! double amount of nitrogen 3.22 » 110 » | 0.82 »
standard amount of nitrogen \ 3.58 » 1.20 » 0.96 »
double amount of nitrogen ‘ 3.20 » 1.28 » 0.86 »
2 ' triple amount of nitrogen 3.46 » i 1.05 » 1.10 »
© quadruple amount of nitrogen 3.18 » 1.23 » 0.52 »
i quintuple amount of nitrogen 3.04 » 1.19 » ! 0.69 »

]
‘ standard amount of nitrogen 4.62 » 1.80 » 121 »
3 ! double amount of nitrogen 3.31 » 1.24 » 0.98 »
triple amount of nitrogen 3.04 » l 1.39 » 118 »

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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3. Content of various kinds of nitrogen in the rice plants
supplied with different amounts of nitrogen.

The effects of the application of a high level of nitrogen on the
content of various kinds of nitrogen in the rice plant are reported in
this section. The materials were the same as those which were used
in the previous experiments. The fractions of the examined nitrogen
and the method of their analysis were all the same as described in
the previous chapter. In all experiments the content of the nitrogen
in the whole leaves of one rice plant was calculated besides the content
of the nitrogen in the leaves of fresh weight 1g. Table 34 summarizes
the measurement of the total nitrogen content from experiment 1 to
experiment 3. As will be shown in the table the total nitrogen content
in the whole leaves of one rice plant increases with the amount of
nitrogen applied to the rice plants. Likewise such content in the
leaves of fresh weight 1g increases in accordance with the nitrogen
level in experiments 1 and 3. But only in experiment 2 the increase
of nitrogen content accompanied by the high level nitrogen supply
was not so clear.

TasrLe 34. Total nitrogen in the rice plants given
various level nitrogen supplies.

nltszlg};ggﬁelgvel , items exp. 1 . exp. 2 exp. 3
|
standard | in all leaves of one rice plant | 21.79mg | 3L19mg | 2640mg
amount of [ .
nitrogen | in 1g weight of fresh leaves 13.35 » 1430 » 11.80 »
double amount 1 in all leaves of one rice plant 37.92 » 37.33 » 35.50 »
of nitrogen ' in {g weight of fresh leaves | 17.66 » 13.74 » 13.88 »
triple amount in all leaves of one rice plant — 50.65 » 43.10 »
of nitrogen in 1g weight of fresh leaves - 14.39 » 14.10 »
!
quadruple in all leaves of fresh leaves — | 4552 » ‘ —
amount of . .
nitrogen in 1g weight of fresh leaves -— 13.01 » —
quintuple in all leaves of one rice plant — 67.88 » —
amount of N .
nitrogen in 1g weight of fresh leaves — 14.60 » —

The results on those rice plants, which were furnished additional
amount of nitrogen at the ear formation stage, (experiments 4 and 5)
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are shown in table 35.

TasLe 35. Total nitrogen in the rice plants which received
the additional nitrogen supply.

\\experimental section control \‘ treatment
~ e ——
days after T i
the additional after after after after
experiments supply 5 days 13 days 5 days 13 days
exp. 4 11.01 mg 11.86 mg 1345 mg 15.72 mg
exp. 5 12.15 » 1241 » 13.24 » 14.37 »

As will be seen in the table, the increase of the content was
certain already five days after the treatment and it became more
remarkable thirtzen days after the treatment.

Then the total nitrogen was divided into two parts, the protein -
nitrogen and the soluble nitrogen. The content of each kind of nitrogen
from exp. 1 to exp. 8 is given in table 36. On inspection of the table,
one sees that evidently the content of both kinds of nitrogen in all the
leaves of one rice plant becomes higher when more nitrogen is supplied
to the rice plant, although there is a little discrepancy in the value of
the quadruple amount nitrogen section in experiment 2. The same fact
holds in the content of the leaves of 1 g fresh weight. But examining
the increasing rate of each nitrogen, one sees that it is rather greater
in the contznt of soluble nitrogen than of the protein nitrogen. The
percentage of each kind of nitrogen in the total nitrogen quantity is
shown in figure 6. As will be seen clearly in the figure, the percentage
of protein nitrogen decreases while the percentage of soluble nitrogen
increases in accordance with the quantity of nitrogen applied. But
in experiment 2 such tendency is seen barely in the ssction of quintuple
amount of nitrogen. The higher percentage of soluble nitrogen which
is accompanied naturally by a lower percentage of protein nitrogen
is thought to be an index of the state of nitrogen excess in the rice
plant. Further, in experiment 2, it is supposed that the rice plants
are not really in the state of nitrogen excess for some uncertain
reason till they were given more than four times as much nitrogen
as the basal amount. It must be noticed here again that in experi-
ment 2 the blast susceptibility was not so remarkably intsnsified till
the quintuple amount nitrogen as the basal was applied.
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TaBLE 36.

plants of the different level nitrogen supply.

Contents of protein and soluble nitrogen in the rice

nitrogen A total
exp. items proten-N
level soluble-N
standard amount | in all leaves of one rice plant 7.46 mg 1 4.33 mg
of nitrogen in 1 g weight of fresh leaves 10.70 » 2.65 »
1 i
double amount in all leaves of one rice plant 2727 » }‘ 10.65 »
of nitrogen 1 in 1g weight of fresh leaves 12.70 » ‘ 4.96 »
. i
. standard amount | in all leaves of one rice plant 24.26 » ; 6.93 »
| . !
; of nitrogen in 1g weight of fresh leaves 11.12 » : 3.18 »
i s
|
! double amount in all leaves of one rice plant 30.29 » : 7.04 »
- {
of nitrogen in 1 g weight of fresh leaves 1115 » 2.59 »
P i
triple amount in all leaves of one rice plant 40.55 » 10.10 »
2 .
of nitrogen in 1g weight of fresh leaves 11.52 » 2.87 »
quadruple ! in all leaves of one rice plant 38.74 » 6.78 »
amount of . .
nitrogen in 1g weight of fresh leaves 11.07 » 1.94 »
quintuple in all leaves of one rice plant 51.60 » 16.28 »
amount of . .
nitrogen in 1g weight of fresh leaves 11.10 » 3.50 »
! standard amount | in all leaves of one rice plant 21.85 » 455 »
of nitrogen in 1g weight of fresh leaves 9.77 » 2.03 »
3 double amount in all leaves of one rice plant 28.19 » ' 7.31 »
of nitrogen in 1g weight of fresh leaves 11,00 » r 2.88 »
} triple amount in all leaves of one rice plant . 33.30 » ' 9.80 »
E of nitrogen in 1g weight of fresh leaves | 10.89 » ! 3.21 »
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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 content 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.

additional supply of
exp fraction of | control o nitrogelilp Y

nitrogen i 5 days I 13 days 5 days 13 days

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

soluble-N 1.77 » 222 » 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 the 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 table 88. 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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Fractions of the soluble nitrogen in

the. rice plants

of the different nitrogen levels.
nitrogen . soluble | a-amino| basie ‘ amide | am- |nitrate
exp. items protein ' monium
level N N { N N
o all 1 ¢ “mg| mg mg  mg mg mg
P standard| o & €AV O | 137 | 077 | 160 » . 044 » 011 » | 013 »
amount one rice plan )
.. of in 1g weight of
“nitrogen | | gre lonvos 084 » | 047 » | 098 » 027~ 007 » 1 008 »
1= - S R U
i |
double | in all leaves of . » » v 018 v | 0.
double | o rica plant | 1087 | 705 | 039 » 045~ 018 1 0.24 »
Of . .
nitrogen | o5 OB Of | 050 | 3285 | 018 0214 008 » | 0114
s o i b S
; \
tandard | i all leaves of " . » " .15 o »
standard | 7 Mice plant | 273 7| 128 | 068 » | 208 » | 05 | 011
Of . .
nitrogen | T L8 WEEHE OF | 395 ., | 059 » | 0.31 | 0.05 » | 007 » | 005 »
doubl in all leaves of " " ” » » »
Jouble | e rice plant | 232 7 | 0.86 | 274 » | 093 » | 017 » | 022
of . .
nitrogen | L% WEIBt of | g6 . | 032 » | 1015 | 034 4 | 006 » | 008 »
triple | in all leaves of | ;0 | 4o | 567 .| 046 » 028 » ] 021 »
2 amount | one rice plant ' ’ P ' : :
. of in 1g weight of | 0
nitrogen | = fresh loaves 0.41 » | 0.54 » | 161 » | 0.13 » | 0.08 » | 0.06 »
I |
! .
quadruple' in all leaves of 153 » 294 1.57» | 050 » 025 » 031 »
amount | ©ohe rice plant . . i . P | *
of : . :
mitrogen in Lg welght of 44 084» 045+ | 014! 007 » 009
quintuple| in all leaves of g0 /07 | 423 » | 051 » | 0.61 »  0.65 »
amount | one rice plant : : P . e o
of . . i ! |
nitrogen | g3 TEIBt OF 065, 1655 091 » | 0015 0135 014
‘ ‘ |
standara| in all leaves of | 195 » 078 », 045» Lld» 013 » | 0.09 »
. amount | one rice plant | P P : : ‘ ’
of 1 3 ; . ! i
nitrogen| g% WOIERL of | 087, 0355 020 5 | 051 006 » ‘ 0.04 »
! ! ’ | Z
in all 1 ¢! . o | o
dO bl ln a - eaves 0 1 3 ! "y ' " : i1l ” t ”
) Jouble | e rice plant | 236 ' 208 » 059 | 208 i 015 » | 020
. Of " N . . . ) ! |
nitrogen | o5 TSNt Of 092 0814 0234 | 0814 | 006 » | 008
l .
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nitrogen N soluble !a-aminol basic | amide | am- |nitrate
€xp. items protein monium
level N N N N
. mg; mg mg mg; mg]| mg
tri 13 n all. leaVeS Of » » » ( »
amcr))unt one rice plant 1.96 3.92 0.98 2.44 | 0.40 0.34
of H 3 i i
nitrogen mﬁ}egh";’gggvgg of | 064 | 1.28 » | 032 » ' 080 | 013 » | 0.11 »
| ' i
TaBLE 39. Fractions of the soluble nitrogen in the rice plants
which received the additional supply of nitrogen.
additional suppl
oxp fraction of ) control of nitrogerr)lpy
nitrogen 5 days* ! 13 days® 5 days* 13 days®
!
soluble protein-N 0.85 mg I 0.94 mg 0.56 mg 0.52 mg
a-amino-N 022 » 0.36 » 053 » | 155 »
basic-N 0.41 » 0.56 » 0.27 » | 0.30 »
4
amide-N 0.16 » 0.22 » 0.20 » 0.37 »
ammonium-N 0.10 » 0.10 » 010 » 0.11 »
nitrate-N 0.10 » 0.11 » 0.13 » 0.20 »
soluble protein-N 0.50 » 051 » 0.82 » 0.66 »
a-amino-N 0.56 » 0.76 » 0.98 » 124 »
basic-N 0.46 » 0.48 » 0.71 » 0.62 »
5 .
amide-N i 0.21 » 0.28 » 0.24 » 0.43 »
ammonium-N ‘ 0.08 » 0.10 » ‘ 0.15 » 0.15 »
nitrate-N 0.02 » 0.01 » | 0.01 » 0.01 »

{

* days after the giving of the additional supply

of nitrogen.

nitrogen or basic nitrogen are rather lower in the rice plants given
excess nitrogen than in the control rice plant,

Summarizing the results described in this section, the effects of
excess nitrogen supply on the content of various kinds of nitrogen in
the rice plant are clearly seen in the latter phase of the boot stage*.
When excess nitrogen is supplied, the total nitrogen content in the
rice plant increases fairly, and the increasing rate of soluble nitrogen

* As was mentioned in the previous chapter, the effects of excess nitrogen supply on
the content of nitrogen are not so clear in the ear formation stage.
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Fig. 8. Percentage of each fraction of the soluble nitrozen in
the rice plants of different nitrozen levels.

is rather higher on comparison with that of protein nitrogen. In the
percentage composition of total nitrogen, therefore, the percentage
of protein nitrogen is rather lower while the percentage of soluble
nitrogen is higher in the rice plant supplied with excess nitrogen on
comparison with the percentages in the standard rice plant. Moreover
the increase of a-amino nitrogen among all the kinds of soluble nitrogen
is most remarkable. Such composition of the nitrogen in the rice plant
seems to be an index of the excess accumulation of nitrogen in the
rice plant. However, it is rather difficult to determine the ecritical
amounts of nitrogen supply for the appearance of excess accumulation
of nitrogen in the rice plant, as shown in the experiments.

When the excess nitrogen is supplied additionally during the course
of plant growth, such excess accumulation of nitrogen in the rice plant
as described above become evident already on the 5th day after the
additional supply, becoming more eminent on the 13th day after the
additional supply.
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Fig. 9. Percentage of each fraction of the soluble nitrogen
in the rice plants which received the additional
supply of nitrogen.

It is worthy of notice, taking the results of inoculation experiment
into consideration, that fluctuation of the blast disease susceptibility
resultant from excess nitrogen supply is closely related with the
appearance of such excess accumulation of nitrogen in the rice plant
described above.

4. The kind of a-amino acids in the rice plant.

In the previous section it was shown that excess supply of nitrogen
£o the rice plant leads to the increase in quantity of a-amino acid in
the plant. In this section an investigation on the effect of excess
nitrogen supply on the quality of a-amino acid in the rice plant is
described. The same rice plants as used in the previous experiments
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TaBLE 40. Kinds of amino acids found in the rice plants
of the different nitrogen levels.
. glu- |aspar- glu- |asparad{ gly- | ala- | leu- | argi- | histi-
exp. nitrogen levels tamic | tic . . . . . . .
acid | acid t:ammeI gine | cine | nine | cine | nine | dine
standard amount _
of nitrogen + * + + + + + +
3
double amount
| of nitrogen + + -+ + ‘ + + + + +
| standard amount _ _
of nitrogen + + + + + + +
double amount
; of nitrogen | +, + + + + + + + +
triple amount : _ _ _
2 of nitrogen ; + + + | * + *
| ‘
quadruple amount | !
of nitrogen ;T + + i + + + + * +
quintuple amount . | _
of nitrogen * + * 1 * + + + *
standard amount
of nitrogen + + + + + - - + +
double amount
3 of nitrogen + + + : * + + - + +
triple amount !
of nitrogen + + + + + + + + +
TasLE 41. Kinds of amino acids found in the rice plants which
received the additional supply of nitrogen.
| . days |
€Xperl™ \after the| glu- |aspar-| glu- jaspara- gly- | ala- | leu- | argi- | histi-
exp. mental addi- |tamic| tic
section tional | acid | acid |tamine| gine | cine | nine | cine | nine | dine
supply
5 days| -+ — + - + — — + -
control
13 days | + — + - + + — + -
4
" additional !
additiona 5days|, + + + + + + - + -
. supply of
! nitrogen | 13 days -+ + + + — -+ — + -
5 days ‘ + + + + + - - + -
control
13 days| -+ + + + — - — + -
5 R |
additional | 5 days | + + + + — + — + —_
supply of i
nitrogen | 13 days i\ + -+ + + — + — + —
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were used for the following experiments. Water extractions of the
rice plant leaves were deproteinized and after the removal of ammonia
by distillation in vacuum they were concentrated to a small quantity.
The kinds of amino acids in the concentrated sap were determined
by paper partition chromatography. Any one of phenol, butanol and
lutidine were employed as the solvents of one direction development.
All the amino acids which were detzctable all through the experiments
were the nine: glutamic acid, aspartic acid, glutamine, asparagine,
glycine, alanine, leucine, arginine and histidine. In addition to them
there were often found some undeterminable spots on the testing paper.
Table 40 shows the presence of the amino acids in every section of
experiments 1, 2 and 3. As will be seen in the table, the kinds of
amino acids detectable are not always the same even in the control
sections of each experiment. But it may safely be said that the
number of kinds of amino acid detectable is apt to increase in com-
pany with the increasing of the amount of nitrogen supplied, though
there are some discrepancies in experiment 2. Table 41 shows the
results of experiments 4 and 5 when excess nitrogen was supplied
additionally in the course of the rice plant growth. In these experi-
ments the kinds of amino acid detectable were generally fewer in
comparison with the results in the previous experiments. But the
inclination for the number of amino acids to increase with the additional
supply of nitrogen may be recognizable.

In conclusion it seems to be certain that the excess nitrogen supply
exerts some effects on the amino acid composition in the rice plant,
but they are rather indistinct in comparison with the effects on the
quantity of amino acids in the rice plant,

5. Sugar content.

The effects of the excess nitrogen supply on the sugar content in
the rice plant were investigated as described in this section. Use was
made of the same rice plants as used in the previous experiments 1,
2 and 3. The sugar contents were determined by BerTraxp-method on
the expressed sap of the leaves which had been previously deproteinized.
The total sugar content is shown in table 42,

It will be seen from the table that the sugar content not only in
the whole amount of leaves of one plant but also in 1g fresh weight
of leaves increases fairly with the increase of nitrogen supply. On
the other hand it is shown in the previous ssction that the increasing
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TaBLE 42. Total content of sugar in the rice plants of
the different nitrogen levels.

- \
mlg\.loe%;n items exp. 1 exp. 2 ‘ exp. 3
1
standard in all leaves of one rice plant 32.00 mg 28.41 mg | 43.99 mg
amount of . .
nitrogen in 1g weignt of fresh leaves 19.61 » 13.03 » 18.66 »
double in all leaves of one rice plant| 44.68 » 76.02 » 64.31 »
amount of A .
nitrogen in 1g weight of fresh leaves 20.80 » 27.95 » 25.12 =
triple amount in all leaves of one rice plant — 105.21 » 87.85 »
of nitrogen | jp 1 g weight of fresh leaves - 29.89 » 28.71 »
. . T
quadruple | in all leaves of one rice plant — 119.70 » —
amount of . .
nitrogen in 1g weight of fresh leaves — 34.20 » -
quintuple | in all leaves of one rice plant — 135.03 » —
amount of i i
nitrogen in 1g weight of fresh leaves — 29.04 » —
g exp. 1 - @ ©XPe 2 % exp. 3
160 — — 100} o0} — F... —
8o} 80 g r
40} a0t gor
.0 0

20+ 20

stangard 2N stanlid!ard 2N 3N 4 N 5 N Stanc%lazd 2N 3N

D reducing sugar
. non-reducing sugar

Fig. 10. Percentage of reducing and non-reducing sugar in the total
sugar of the rice plants of the different nitrogen levels.
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of the nitrogen supply to the plant results in the increasing of the
content of amino acid in the rice plant. And the formation of the
more amino acid has to be accompanied by the more consumption of
sugar. Therefore the increase of sugar content shown in the table
seems to mean the higher activity of photosynthesis in the rice plants
supplied with excess nitrogen. The total sugar was divided into re-
ducing sugar and non-reducing sugar. The content of each kind of
sugar is given in table 43. Generally speaking it will be clearly seen
from the table that the content of reducing sugar in the rice plant

TaBLE 43. Content of reducing and non-reducing sugar in
the rice plants of the different nitrogen levels.

3 |
Exp.l “igf,%f“ ] items | red. sugar | non-red. sugar
, standard I in all leaves of one rice plant’  17.92mg 14.08 mg
amount of ' | . '
nitrogen in 1g weight of fresh leaves 10.98 » 8.63 »
1 —— S . _
. |
! double in all leaves of one rice plant 33.20 » 11.48 »
I amount of .
nitrogen in 1g weight of fresh leaves 15.46 » ' 5.34 »
standird  in all leaves of one rice plant 2294 » , 547 »
amount of | . :
nitrogen in 1 g weight of fresh leaves 12.61 » 0.42 »
_ i
double in all leaves of one rice plant 4181 » | 3421 =
amount of | X
nitrogen in 1g weight of fresh leaves 15.37 » ‘ 12.58 »
triple in all leaves of one rice plant 6.86 » | 98.35
2 amount of .
nitrogen - in 1g weight of fresh leaves 195 » 27.94 »
I
quadruple l in all leaves of one rice plant 4137 » 78.33 »
amount of | | X .
nitrogen ’ in 1g weight of fresh leaves 11.82 » 22.38 »
quintuple ! in all leaves of one rice plant 10839 » 26.64 »
amount of | i . '
nitrogen  in 1g weight of fresh leaves 23.31 » 5.73 »
standard | in all leaves of one rice plant 25.83 18.16 »
amount of | . X '
nitrogen in 1g weight of fresh leaves 1153 » 7.13 »
double in all leaves of one rice plant 3937 » | 2494 .»
3 amount of | . . !
nitrogen in 1 g weight of fresh leaves 15.38 » 9.74 »
triple in all leaves of one rice plant 62.97 » 24.88 »
amount of | | .
nitrogen in 1g weight of fresh leaves 20.58 » 8.13 »
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increases with the increasing amount of nitrogen supply, though there
are some discrepancies in experiment 2. The contant of non-reducing
sugar never increases in the same proportion and on the contrary there
are sometimes found some decreases in its content. Therefore, taking
the percentage composition of each kind of sugar into consideration
(see figure 10), there are clearly shown the increase of reducing
sugar percantage snd the decrease of non-reducing sugar percentage
accompanied by the increase of nitrogen supply, though there are
some exceptions in experiment 2. This faet may be explained as
follows. In the rice plant supplied with excess nitrogen the most part
of the sugar is converted into the form of reducing sugar with which
the organic nitrogenous substances such as amino acid are conveniently
synthesized.

6. Conclusion

In this chapter the experiments have been described which were
planned to learn the critical point of nitrogen supply at which the
blast susceptibility of the rice plant comes to be enhanced, and also
to learn the critical amount of nitrogen supplied by which the accumu-
lation of soluble nitrogen in the rice plant begins to appear. The
effects of the additional supply of excess nitrogen at about the ear
formation stage upon the blast susceptibility of the rice plant as well
as upon the chemical components were also examined. In addition the
attention was paid on effect of supply of high level nitrogen on the
silification of the epidermal cells of the rice plant.

As shown by the experiments, however, it is quitz difficuit to find
out the critical point of the nitrogen supply just at which the blast
susceptibility of the rice plant comes to be enhanced because in some
instances the blast susceptibility of the rice plant is enhanced by the
supply of double the amount of nitrogen as the standard while in other
instance such effects do not appear so remarkably till the application
of five times as much nitrogen as the standard. On the other hand
the additional supply of excess nitrogen at about the ear formation
stage beging to enhance the blast susceptibility of the plants on the
second day after the additional supply and it becomes striking with
the lapse of time till 8th day after the additional supply. On exam-
ining the degree of silification of the epidermal cell of those rice plants,
one finds clearly, especially on the motor cell, that its silification be-
comes the less with the supply of ths larger amount of nitrogen. It
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is clearly known by observation of the number of diseased lesions
developed by the inoculation experiment that their number is greater
on the rice plant applied with the larger amount of nitrogen. There-
fore, taking into consideration the fact that the blast fungus enters
the rice plant mostly through the motor cells, it is certain that a part
of the reason for the higher susceptibility of the rice plant supplied
with the excess amount of nitrogen lies in the lower silification of the
epidermal cells which is caused by the application of the excess amount
nitrogen.

As for the nitrogen content in the leaves of these rice plants, the
applications of high level nitrogen results in the increase of total
nitrogen in their leaves. Among the parts of the total nitrogen, how-
ever, in that case the soluble nitrogen increasz at a far greater rate
in comparison with the protein nitrogen. Therefore, on observation
of the percentage composition of both sorts of nitrogen in the total
nitrogen, it is seen that protein nitrogen percentage decreases while
the soluble nitrogen percentage increases in the rice plants supplied
with high level nitrogen. It must be noted that, on such occasion, the
increase of a-amino acid among the soluble nitrogens is most remarkable.
Such a state of nitrogen composition in the rice plant which is caused
by the application of the high level nitrogen appears already in the case
of two times as much nitrogen apply as standard in some experiments
while in other experiments it does not appear till five times as much
nitrogen is supplied as standard. Thus it is rather difficult to find
out the critical amount of the nitrogen level for producing the symp-
toms of excess nitrogen supply. It is quite the same as in the diffi-
culties of finding the critical amount of nitrogen for the enhancement
of the blast susceptibility. However it must be noticed that in these
experiments the degree of blast susceptibility always goes parallel
with the increase of such soluble nitrogen as a-amino acids.

Such parallelisms are also seen in the case of the rice plants which
were given the additional supply of excess amount of nitrogen in the
course of the plant growth. On the other hand it is ascertained that
the increase in the amount of amino acid in the rice leaves which is
caused by the supply of the excess amount nitrogen does not always
mean the increase of the kinds of amino acids detectable in the rice
leaves., The kinds of amino acids which are ordinarily found in the
leaves, are following nine : glutamic acid, aspartic acid, glycine, alanine,
leucine, arginine and histidine.
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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 1V

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 their 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 the 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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as follow: ammonium nitrate, urea, ammonium sulfate and natrium
nitrate. The supply of high level nitrogen as great as quintuple amount
seemed to be unfavorable to the growth of rice plants which showed
lower height and smaller number of tillers in all cases of every
nitrogen sources excepting urea. '

TABLE 44. Inoculations of the blast fungus on the rice plants which
were supplied with the different kinds of the nitrogen source.

nitrogen . . .
M standard amount of nitrogen quintuple amount of nitrogen
nitrogen N N
. AN sources NH4N03 NaN03 (NH4)2SO4 urea NH4N03 NaN03 (NH4)2SO4| area
items ~——"" |
height | 67 cm| 65 cm 61 cmi 66 cm| 65 cm 64 cm 57 em 67 cm
number of tillers 115 8.3 93 | 100 |10.0 7.3 10.0 11.0
number of i ' ‘
leaves examined! 120 108 132 120 130 i 119 130 126
total number ' -
2 et ! 50 | 46 B e 62, 6 68 73
average number ! [ ‘
of lesions per leaf 0.42 0.43 0.40 | 051 0.48 ‘ 0.53 ‘ 0.52 0.58
a%/erage number | | !
of lesions per ‘ i
100 cm length . 1.8 2.0 1.9 ! 2.2 1.9 2.2 2.5 2.3
of leaves [ ‘
max. + 12ecm 1.1lcm l4cm; 1l5cm! 1l3cm 1.2cm l5em 15cm
length of !
fetions ymin. . 02 »| 02 02 s | 02 » 02 0z 030 04
aver, « 0.49» 047 » 0.51» ‘ 052» ¢ 0.52» 0.50 » 0.63 » 0.86 »
"chronie,| chronie, chronie, Ichronic,1

type of lesions acute ' acute acute acute

acute | acute acute } acute i
]

Urea is the only nitrogen source of which a high level favors the
plant growth.

The results of the blast fungus inoculation on those rice plants
are given in table 44. In the cass of the standard nitrogen level,
there are not seen so great differences in the number of lesions
developed between the sections of each nitrogen source, though the
number is a little greater in the urea ssction than in the other sections
of nitrogen sources.

The size of the lesions is somewhat larger in both the sections of
urea and ammonium sulfate than in the other sections, while their
types are chronic and acute through all the experimental sections. On
the other hand the lesions which develop on the rice plant of high
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level nitrogen are all the acute type irrespective of the kind of nitrogen
source; also their number and size are greater than thoss which
develop on the rice plant of standard nitrogen level. Such relations
are specially prominent in the cases of both urea and ammonium sulfate
nitrogen source. In conclusion it is certain that the difference of the
nitrogen sources supplied to the rice plant does not exert any great
effects on their blast susceptibility, though the employment of urea
or ammonium sulfate as nitrogen source a little enhances their blast
susceptibility. On the other hand the supply of excess amount of
nitrogen always favors their susceptibility irrespective of the kind of
nitrogen source.

2. Contents of the various kinds of nitrogen
in the rice plants.

The contents of the various kinds of nitrogen in the previously
employed rice plants are determined. The plants were collected two
days after the inoculation and were immediately used for the deter-
mingtion. The results are summarized in table 45, the figures in the
table showing mg of each kind of nitrogen in 1g fresh weight of rice
plant.

In the rice plants of standard nitrogen level, the total nitrogen
content was greatest in the urea section followed by ammonium nitrate
section, ammonium sulfate section and natrium nitrate section in order.

TaBLE 45. Contents of each fraction of the nitrogen in the rice plants
which were supplied with the different kinds of nitrogen sources.

nitrogen . ] ]
levels standard amount of nitrogen 1 quintuple amount of nitrogen

nitrogen o | |
. sources| NH4N03 NaN03 (NH4‘2$O4 urea \NH,;NO:; NaN03 (NH4)2SO4 urea
items ™S~ |
mg mg; mg mg mg]| mg| mg mg
total-N 12.23 11.85 11.99 12.51 14.82 13.52 14.26 | 14.93
protein-N ‘ 10.42») 9.68» 9.51 » 996+ 11.23»% 10.15» 9.89 » ‘\ 10.25
soluble-N ; 1.81» 2.17 » 2.48 » 2.55» 3.59 » 3.37» 4,37 .. 4,68 »
soluble protein-N  0.63», 0.54» 0.64 » 0.73»| 1.08», 1.02» 1.38 » 1.35»
a-amino~-N ‘ 0.64»| 0.65» 0.72 » 0.87» 1.22»| 1.05» 1.36» 1.40 »
basic-IN 0.36»] 0.48» 0.50 » 051»; 0.72»| 0.66» 0.77» 1 0.84»
amide-N ’ 0.14»]| 043» 0.48 » 038! 0.54»| 0.58» 0.74 » 0.98 »
ammonium-N ! 0.03»| 0.04» 0.10 » 0.04» 0.03»| 0.04» 0.10 » 0.08 »
nitrate-N | 0.02»| 003~ 0.04 » 0.02»| 0.01»] 0.03 0.02» 0.02 »
1}
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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 szction 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 szction. On
the other hand in the urea section and also in the ammonium sulfate
section there szems to be some tendency toward soluble nitrogen
accumulation though not so clear, showing 802 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

80

60

[ ]sotuble N
s0f

.)protein N

NHNO, NaNO, (W}S0, urea NHNO, NeNOs(Ng,), S0, urea
STANDARD AMOUNT OF N  QUINTUPLE AMOUNT QF N

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 scluble 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 aceumulation
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 cass 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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The procedures of the measurement are quite the same as those
described in the previous chapter.
The results are given in table 46.

TaBLE 46. Kinds of amino acids which are found in the rice
plants supplied with different nitrogen sources.

\\ nitrogen . . .
T levels standard amount of nifrogen guintuple amount of nitrogen

B N nim ! | ) | T
i temw NH, N03i NaNO; | { NHszO; ‘ A ure: NH,N Osi NaNO; | (NH,);SO; | urea
glutamic acid | + li + + + + -+ -+ -
aspartic acid + o) - + + | + + + -
glutamine + , + + R 4- 4 5 T
asparagine + — + -+ + + -+ +
glycine — + - A + - .
alanine I+ +- + R 1 ; | 4 +
leucine E + - + i 4 a1 ; a- .
arginine I + + I - 3 4 +
histidine l — | — [ _ _ _ 1

The full list of amino acids found in the rice plants through every
experimental section is the following nine : glutamic acid, aspartic acid,
glutamine, asparagine, glycine, alanine, leucine, arginine and histidine.
Among them the five amino acids, glutamie acid, glutamine, alanine,
leucine and arginine are always found in every rice plant no matter
what the nitrogen source. Aspartic acid and asparagine are also
recognizable all through the experimental sections with one exception
of the case of standard amount supply of natrium nitrate. Glycine is
not found in the rice plants supplied with ammonium nitrate or am-
monium sulfate as nitrogen source irrespective of the amount of supply ;
histidine is found only in the rice plants supplied with urea as nitrogen
source. As described in the previous section the content of amino acid
is apt to become greater when urea is supplied as nitrogen source and
it is shown in this experiment that the number of kinds of amino acid
found in those rice plants also becomes greater.

However, it may attract one’s attention that the larger amount
of nitrogen supplied does not always result in the greater number of
the amino acids found in the plants.
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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 ammoniumn 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.



ON THE RELATION BETWEEN THE PRINCIPAT. COMPONENTS OF RICE PLANT 89

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 be concerned with the infection of the fungus
and their principal chemical components are examined with the final
purpose of finding out why the blast susceptibility 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 proecedure 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, taking on the
whole the appearance of the acute type lesion. Ordinarily they do
not long retain such appearance but are soon convertad 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—acute type—
chronie 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 raisad 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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the latter ordinary nursery seedlings. But it is clear that such char-
acters in the seedling stage never remain long after the plants are
transplanted to field from the nursery bed. The susceptibility of rice
plants to the blast dissase fluctuates rather greatly with their growing
stages. In the elongation stage, irrespective of the kind of nursery
in which they are raised, the rice plants are most resistant against
the infection of the blast disease when they begin to grow vigorously
after transplantation. The lesions developed in the course of inoculation
experiment are comparatively few, and their sizes are generally smaller,
while their type are mostly of the brown spot accompanied with some
of the chronic type. On the contrary the next ‘“ear formation stage”
is the most favourable stage for the infection of the blast fungus.
The number of lesions developed by the inoculation at that stage are
quite numerous and their size is remarkably larger while their type
is mostly acute accompanied by some of the chronic type. The rice
plants are rather susceptible to the infection also at the next “boot
stage”. But it is evident that the leaves at thes “flowering stage”
become rather resistant against the infection of the blast disease, in
view of the results of inoculation experiments. The leaves of the rice
plant in the ripening stage are also clearly resistant against the in-
fection. This is the general story of the fluctuation of the blast sus-
ceptibility during the development and growth of the rice plant, which
is cultivated under ordinary conditions. On the other hand, when the
rice plants are cultivated under the condition of excess nitrogen supply,
the elongation stage loszs its characteristic of the stage most resistant
against blast disease, since the plants are infected as favourably as in
the following ‘“‘ear formation stage” or in the “boot stage”. Both at
the “ear formation stage” and at the “boot stege” the enhancement
of the blast susceptibility by high level nitrogen supply is not so great
as has been supposed, because plants in both stages are basically rather
highly blast susceptible even when standard level of nitrogen is sup-
plied. On the other hand, at the “flowering stage” and the “ripening
stage” the tendency for the leaves of the rice plants to become rather
resistant to the blast fungus remains, even when high level nitrogen
is supplied. But it must be noticed that the high level nitrogen supply
increases the length of the growing stages having the higher blast
susceptibility as well as enhancing the blast susceptibility of each
growing stage. It seems, however, to be quite difficult to know the
critical amount of the nitrogen upon the supply of which the rice sus-
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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 (NH,).,SO,, NH,NO,,
NaNQO,, urea respectively in the water culture of the rice plant does
mnot 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 to 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 to 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 o 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
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in the ordinary nursery seedlings while there is not so great difference
in the amounts of organic substances. Regarding -the fluctuation of
such contents with the growing stage, the moisture content in the
rice plant decreases while the amount of organic substances increases
generally with the progress of the growing stage. The amount of
inorganic substances in the rice plant is least in both ‘““the ear for-
mation stage” and “the boot stage” when the rice plants are most
susceptible to the blast disease. Thus it will be seen that the amount
of inorganic substances is lower in the rice plants which are the rather
blast susceptible. On examining the content of the inorganic sub-
stances, one finds the amount of the almost every kind of inorganic
element such as P, K, Ca, ete. to be comparatively lower in the more
susceptible rice plant while such a condition is most conspicuous in
the amount of the silica. The relation between the susceptibility and
the silica content of rice plants has been discussed since many years
ago, and it has been thought that the silica acts as a preventive against
the penetration of the causal fungus through the cuticle. But according
to the present experiments, the correlation between blast resistance
and the amount of silica in the leaves i3 always quite significant even
when there exists a rather reverse relation between the silification of
the epidermal cell and the bla t resistance. This may suggest the
existence of other functions of silica which may act against the in-
fection of the blast fungus. In fact W. Excen (1953) suggested some
physiological function of the silica from the fact that the most of that
element in the rice plant is connectad with galactose. This is a problem
which needs to be examined fully in the future.

Estimations of the amount of sugar in the rice plants above men-
tioned, show that it is lower in the hot bed nursery ssedling than in
the ordinary seedling because of the presence of the frame cover in
the former. But on the other hand the fluctuations of sugar contsnt
in rice plants with the progress of their growing stage are pretty
intricate. It is rather difficult to find out any relationship between
the blast susceptibility and the amount of sugar, while the fluctuation
of the sugar content may be partly explained as dependent upon the
nitrogen metabolism of the rice plant.

The amounts of the various kinds of nitrogen in the rice plants
described above are reviewed in the following. First, on comparison
between the hot bed nursery seedlings and the ordinary seedlings,
the total amount of the nitrogen is higher in the former than in the
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latter. When the total is divided between the protein nitrogen and
the soluble nitrogen, the protein nitrogen percentage is found to be
lower while the soluble nitrogen percentage is higher in the former
seedling than in the latter seedling. Therefore the amount of soluble
nitrogen in lg fresh weight of the former seedlings is far beyond
that of the latter seedling while the differences in the protein nitro-
gen amount are not so great. On inspecting the composition of the
soluble nitrogen, one sces that the amount of every kind of such
substance as soluble protein or a-amino acid and so on is always higher
in the hot bed nursery seedlings than in the ordinary seedlings because
the total amount of soluble nitrogen is great in the former, but the
difference in the amount of soluble protein nitrogen is more striking.

Regarding the fluctuation of the nitrogen amount in the rice leaves
with the progress of their growth, the total amount of nitrogen in-
creases gradually with the progress of their growth till the ear for-
mation stage and then decreases a little. On dividing this total nitrogen
into its two compositions, protein nitrogen and soluble nitrogen, one
notices that both the growing stages of “the ear formation stage” and
“the boot stage” are quite different from the other growing stages in
the percentage composition of the nitrogen. The percentage of soluble
nitrogen in the total nitrogen is remarkably higher at both the stages
just mentioned on comparison with any other growing stages. Further,
the amount of soluble nitrogen in 1g fresh weight of rice leaves is
greatest at “the ear formation stage” or at ‘“the boot stage”, while
the amount of protein nitrogen is least at those two stages. Examining
the details of the soluble nitrogen one sees certainly that the amounts
of every kind of soluble nitrogen are always higher in the rice leaves
of the two, ear formation and boot stages than in the rice leaves of
the other growing stages, and among them difference in the amount
of three nitrogen fractions, that is a-amino, soluble protein and basie
nitrogen, is quite prominent. When the high level nitrogen is supplied
to the rice plants, the amount of nitrogen found in the leaves of that
rice plants become higher through every growing stage. Moreover it
takes one’s attention that the effects of the excess amount nitrogen
supply are most noticeable at “the elongation stage”. In that growing
stage the percentage of soluble nitrogen in the total nitrogen, becomes
higher and the percentage of protein nitrogen becomes lower as a result
of the supply of the high level nitrogen, thus the conditions become
nearer to those in “the ear formation stage” or “the boot stage”.
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It must be noted that the amount of a-amino nitrogen and soluble
protein nitrogen among the fractions of the soluble nitrogen are caused
t0 become remarkably greatsr by the supply of high level nitrogen
during “the elongation stage”, resembling the stage in the ear formation
stage or the boot stage. When the excess amount of nitrogen is
supplied just before ‘“the ear formation stage”, the effects on the
nitrogen composition of the rice plant, as shown by the remarkable
increase of the amount of soluble nitrogen such as a-amino acid, begin
t0 appear on bth day after the supply, becoming more evident on the
13th day after the supply. However it is quits difficult to find out
the critical amount of nitrogen, of which supply just gives the typieal
effect of high level nitrogen supply on the nitrogen component in the
rice plant.

The variation of the nitrogen source to the rics plant among any
one of NH,NO,, (NH,),S0,, NaNO, and urea does not result in any great
effects on the nitrogen amount nor on its composition, excepting the
case of urea in which the total amount of nitrogen is a little higher
than when other nitrogen sources are given. It is same in each nitrogen
source that the high level nitrogen supply gives always those effects
as already mentioned on the nitrogen amount and on the nitrogen
composition in the rice plant, while the effects seem to be more evident
in the case of the urea nitrozen source.

On putting together the above summarized results of inoculation
experiments and of the nitrogen analysis in the rice plants it is clearly
evident that thosz rice plants of which nitrogen composition is com-
paratively lower in the percentage of protsin nitrogen while compara- .
tively higher in the percentage of soluble nitrogen are always more
susceptible to the infection of the blast discase as far as the pressnt
experiments are concerned. Also as the amounts of total nitrogen in
the rather blast susceptible rice plants are generally higher, the amount
of soluble nitrogen in the susceptible plants becomes remarkably
greater. Thus the parallelism between the greater amount of soluble
nitrogen in the rice plant and their greatsr blast susceptibility draws
one’s attention. When the total amount of soluble nitrozen is com-
paratively greater in the rice plant, every fraction of the soluble
nitrogen also seems generally to be greater. But it is important as
well as interesting to find out what kinds of fractions of the soluble
nitrogen in the rice plant are most closzly correlated with the blast
susceptibility of the plant. Therefore the correlation coefficient be-
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tween the amount of every fraction of the nitrogen in the rice plant
and the size of the lesions developed in the inoculation experiment
were caleulated on the 59 examples of the above described experiments.

As will be seen in table 47, there is found some positive correlation
between the amount of total nitrogen and the size of the lesions, though
not very distinct.

TaBLE 47. Cotrelation coefficient between each fraction of the
nitrogen in the rice plants and the sizes of the lesions
which were developed by the inoculation experiments.

1 - %%2%13{283 ‘ probable error
total nitrogen \ + 0.26 } + 0.08
protein nitrogen ’I —0.02 [ + 0.08
total soluble nitrogen : -+ 0.37 ! £ 0.07
soluble protein-N | -+ 0.15 : =+ 0.09
a-amino-N -+ 0.46 ! +0.06
basic-N ; -+ 0.32 l + 0.07
amide-N + 0.02 i +0.09
ammonium-N ) + 0.35 1‘ + 0.08

nitrate-N ‘ + 0.29 t + 0.08

On dividing the total nitrogen into protein nitrogen and soluble
nitrogen, one finds with certainty a positive correlation between the
soluble nitrogen amount and the lesion size, while there seems to be
no correlation between the protein nitrogen amount and the lesion
size. Among the every fraction of the soluble nitrogen, correlation
coefficients are comparatively greater in the three fractions, that is
a-amino nitrogen, basic nitrogen and ammonium nitrogen. Especially
the correlation with the a-amino nitrogen is the strongest. Smaller
values in the correlation coefficients of amide nitrogen and soluble
protein nitrogen are rather contrary to the expectation. However it
is important to pay attention to the fact that the soluble protein and
amide are easily converted to amino acid, which has clear correlation
with the susceptibility. It is also known from the experiments that
the following kinds of amino acids or amides, viz., glutamic acid,
aspartic acid, glutamine, asparagine, glycine, alanine, leucine, arginine
and histidine are ordinarily found in the rice plant. And even though
the total amount of these amino acids or amides varies, the numbers
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of their kinds to be detected in the rice plant do not ordinarily vary
so greatly. From the experimental results described above the fol-
lowing conclusions may be drawn with safety. The rice variety “Eiko”,
which is originally medium in its blast susceptibility, changes its blast
susceptibility in accordance with the progress of the growing stages
and with the differences in conditions of cultivation. It is certain that
one part of the direet cause responsible for such fluctuations of blast
susceptibility lies in such morphological characters as the thickness and
the silification of the outer wall of the rice epidermal cells, but they
are concerned chiefly with the penetration of the blast fungus through
epidermis and have no connections with the proliferation of the fungus
in the rice plant. The fungus proliferation in the rice plant is con-
cerned rather with some chemical components of the plant. It is
certain through all the experiments that the blast susceptibility of the
rice plant fluctuates parallel with the inereass or decrease of the soluble
nitrogen amount contained in the plant. Among the fractions of the
soluble nitrogen, amino acids or those fractions which are easily con-
vertsd into amino acid are most closaly correlated with the susceptibility.

Such correlations between the blast susceptibility and the soluble
nitrogen amount may be explained from two different standpoints.
The one is the standpoint which attaches much importance to the
defensive reaction of the rice plant against the blast infection. On
thinking from this standpoint, the accumulation of a large quantity of
soluble nitrogenous substances such as amino acids may be supposad
to weaken or make slower the development of such defensive reaction
against the infection. From the other standpoint much importance is
attached to the strength of the aggressiveness of the parasitic fungus
in the rice plant. On thinking from this standpoint, the accumulation
of much soluble nitrogenous substances may increase the strength of
the aggressiveness of the causal fungus in the riece plant. Thus the
problem needs to be investigated from the both standpoints. It is,
however, worthy of notice that, as will be known from the developing
procass of the diseased lesion on the rice plant, the defence reaction
against the blast infection is not originally very strong nor very quick
in the rice variety “Eiko” which is used in these experiments. There-
fore in the following part of the report on the present investigation,
physiological studies on the blast fungus are carried on with the final
purposz to follow the problem from the latter of the standpoints
mentioned above.
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PART B

Physiological studies on the rice blast fungus.

It is shown in the previous part that the accumulation of soluble
nitrogen such as soluble protein, a-amino, basic and amide nitrogen in
the rice plant favours their susceptibility to the blast dissase. Truly
there is need to examine from the various points of view why such
accumulation of soluble nitrogen promotes the susceptibility. However
the present writer believes that the first step to solve this problem
lies in knowing what effects such accumulation does exert on the
physiological characters of blast fungus, as the disease development is
concerned with the struggle between the host plant and the parasite.
The experiments which were planned from such view point are de-
scribed in the following.

Chapter 1
Growth factor of the blast fungus.

For the physiological studies of rice blast fungus it is quite neces-
sary to culture the fungus on a synthesized culture medium. But the
blast fungus does not grow well on the pure synthesized culture medium
without the addition of such natural substances as rice straw or potato
decoction and so on. The intentions of Tocuivar and Naxkaxo (1940) to
culture the fungus on complete synthesized media resulted in failure,
while the very good growth of the fungus obtained on the media added
with the peptone of which chemieal component was rather ambiguous.
Recently F. W, Leaveg, and his co-workers®, Taxaxa and Katsuky, ¢!
and also the presznt writzr“™ have come to know that the lack of
some growth factor results in the failure of the good growth of ths
fungus and have discovered that the addition of biotin and vitamin B, on
the synthesized media improves remarkably the growth of the fungus.

Exp. 1: First, biotin was extractad from beef liver as its meth-
ylester according to Gyorey. After having been saponized some
quantity of it was added to the standard culture media. The concen-
tration of the extracted growth factor was determined by bioassay using
“Fr.eiscnMaN’s Saccharcmiyces cerevisiae” as test crganism according to
S~Err, and the concentration on which the growth of yeast in 12 hours
became maximum was determined as two units. Tocninar and Naxawo’s
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culture solution was employed as standard ; its composition was as fol-
lows: KNO, 2g, KH,PO, 1g, MgS0,-7TH,0 0.5¢g, CaCl,-2H,0 0.1g, sucrose
8.0g, trace of FeCl, and water added up ts 1000cc. KEach chemical
used was biotin-free; if it was shown by the bioassay that the chemicals
contained trace of biotin, it was removed by treatment with charcoal.

The fungus was of same strain as used in the inoculation experi-
ments of previous part. Hydrogen ion concentration of the culture
solution was pH 5.4 initially. After incubation of 20 days in the 28°C
thermostat, the fungus was filtered out and pH of the filtrate was
determined. The filtrated fungus was fully washed with hot water
and its dry weight was determined.

The results are shown in table 48. As will be seen in the table,
the fungus does not grow at all in the biotin-free culture solution,
while in the culture solution containing one unit biotin and vitamin
B, the fungus growth reaches to 8.0mg in the dry weight. The addition
of more biotin till 50 units improves the more the fungus growth,
showing the growth of 37.6 mg weight in 50 units biotin supply.

TaBLE 48. Addition of biotin ahd vitamin B, and
growth of the blast fungus.

(crude biotin)

experimental | concentration | addition of fungus spore final pH
section of biotin added | vitamin B, - growth formation | of medium

1 50 units + 376mg |-+ 7.4

2 30 » + 37.9 » + 7.4

3 10 » + 345 » + 7.6

4 5 » ) + 13.0 » — 7.6

5 1 » ! + 8.0 » — 5.8

6 1 » : - 3.8 » — 5.8

7 0o » . -+ 0o » - 5.4

8 0o » - 0o » - 5.4

However in the culture solution containing one unit biotin and no
vitamin B,, the growth of the fungus remained 3.8mg dry weight.
The addition of vitamin B, to the biotin-free culture solution was invalid.
In the cultures in which the biotin of ten units and more were added,
the formation of a few spores was observed. It is also shown that
the pH value of the culture solution increases with the growth of the
fungus because of the unequivalent absorption of ions. Thus it is clear
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that the biotin is indispensable for the growth of the fungus and
vitamin B, is a supplemental factor.

Exp. 2: In order to know the optimum concentration of biotin
for the fungus growth and also to check the previous results the next
experiments were planned using synthesized biotin.

Culture solution containing 0.57 of vitamin B, and 0, 1, 5, 10, 15, 20,
25, 30, 40, 50, 70, 90, 110 m7 of biotin respectively in each flask were
prepared and the fungus was inoculated. The dry weight of the fungus,
formation of the spore and final pH after 20 day’s incubation are given
in table 49. As will be seen in the table there is no growth in the
biotin-free culture solution. The fungus growth is improved with the
addition of biotin till 90 m7, while the addition of too much biotin as
110 m7 seems to be unfavourable for the fungus growth.

TaBLE 49. Addition of biotin and vitamin B, and
the blast fungus growth.

(purified biotin)

otin adied | g [ apere [ Sl of

0 mr ' 0 mg — ’ i 54

1o ' 46.0 » - | 6.0

5 » : 55.4 » + ' 6.2
10 » ‘ 64.8 » + J 6.2
15 » ‘ 76.3 » + | 6.2
20 » 84.0 » + 6.4
25 » ' 95.5 » + 1 6.4
30 » ‘ 107.6 » + i 6.6
40 » : 142.3 » + | 6.4
50 » ‘ 1974 » + i 6.8
70 » i 2055 » + 7.2
90 » ! 202.0 » + ! 7.2
110 » J 183.4 » + | 7.2

Some spores, though quite few, are found in the culture solution
containing biotin of bmr and more. pH value of the culture solution
on which the fungus growth was fair always increases, because of the
unequivalent absorption of the ions. On calculating the optimum con-
centration of biotin from the results, one finds it to be in the 2.3-
8.0mr/ml. In order to certify again the necessity of vitamin B, as
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a factor supplementary to biotin, some cultures as shown in table 50
were prepared.

TaBLE 50. Indispensability of biotin and vitamin B,
for the blast fungus growth.

culture addition of addition of fungus dry final pH of
No. biotin vitamin B, weight medium
1 4+ * 4 F% 203.5 mg 7.2
2 + — 78.8 » 6.0
3 — -+ o » 5.4
4 - - 0 = 5.4

* showing the addition of 80 mr biotin in 30cc culture solution.
*%* showing the addition of 50 mr vitamin B; in 300 ce culture solution.

It is clearly shown that the addition of vitamin B, to the biotin-
containing culture solution greatly improves the fungus growth while
its addition to the biotin-free culture solution is invalid.

To summarize the results, it is known that the presence of biotin
is indispensable for the Dblast fuagus growth and the optimum con-
centration lies in 2.80-3.00m7/ml. Moreover the vitamin B, acts as
supplementary growth factor with biotin for the fungus growth.

Chapter 1I

Nitrogen sources of the blast fungus.

As shown in the previous chapter, the addition of biotin and vitamin
B, to the pure synthesized culture solution made it possible to culture
the blast fungus on ths solution. So the expsriments were planned
first to learn the nitrogen sourcs of this fungus in detail. The relations
between the kinds of nitrogen sources and the fungus growth, the
aspect of nitrogen absorption by the fungus and the relations between
the level of nitrogen supplied and the fungus growth are described
in the following. Through all the expsriments 80 mr biotin and 0.57
vitamin B, were added in each flask of 30cc culture solution.

1. The kind of nitrogen source and fungus growth.

The value as nitrogen source for the fungus growth was compared
on various kinds of nitrogen by replacing ths nitrogen of standard
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solution by each one respectively of the following nitrogenous com-
pounds ; KNO,, Ca(NQ,),, NaNO, as nitrate nitrogen; (NH,),S0,, (NH,),HPO,,
ammonium oxalate as ammonium nitrogen; NH,NO, as ammonium
nitrate nitrogen; KNO,, NaNO, as nitrits nitrogen; glycocoll, 1-alanine,
dl-a-amino-butyric acid, dl-valine, l-leucine, dl-rorleucine, 1-cystine, di-
methionine, tyrosine, arginine-hydrochloride, dl-ornithine hydrochloride,
aspartic acid, d-glutamic acid, creatine, taurine, urea, asparagine as
amino-acid and amide nitrogen. All these chemicals were certified not
to contain any trace of biotin by bioassay using Saccharomyces cerevisiae
and if any trace of it were found, thes traces were removed by charcoal
absorption before use. In all cases same amount of nitrogen as in the
standard solution was supplied.

As the addition of some kinds of nitrogenous compounds acidifies
the solution, adequate qunatities of 0.5-0.2N NaOH were added to
adjust their pH at 54. Tha fungus growth (in dry weight), spors for-
mation and the pH value after 20 day’s incubation were examined.
The results are given in table 51. From the table it is known that
the supply of nitrate rnitrogens always favours the fungus growth
irrespective of their kind of anion and that the pH of the culture
solution increases with the fungus growth. The fungus grows fairly
in cass of the supply of ammonium nitrogen or ammonium nitrate as
nitrogen source, but the growth is clearly inferior to that in the nitrate
nitrogen culture. In this case, however, the pH value in the solution
decreases with the fungus growth. Therefore the decrease of pH value
in the culture solution which probably is due to the unequivalent
absorption of ions hinder the further growth of the fungus. It is
evident from ths table that any nitrite nitrogen is inadequate as
nitrogen source for the fungus growth. The value of amino acids and
amides as nitrogen source is different respectively. The supply of
glycocoll, 1-alanine, aspartic acid, dl-glutamic acid, asparagine in each
case greatly favour the growth; each of urea, dl-valine, l-leucine, I-
cystine, dl-norleucine, dl-methionine, tyrosine, arginine hydrochloride,
dl-ornithine hydrochloride is inferior to the above noted amino acids
or amides in value as nitrogen source, though rather fair growths are
observed. Each taurine, creatine and dl-a-amino-butyric acid is rather
an inadequate nitrogen source for the fungus growth. According to
the daily observation on the fungus growth (see table 52) the growth
rats s2ems to be greater in cultures of l-alanine, asparagine, aspartic
acid, dl-glutamic acid respectively than in nitrate nitrogen culturss.
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TaBLE 5l. Various nitrogen sources and the blast
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fungus growth.

nitogen somnces | SEEOr | e formation | il piL o
Ca (NO3), 181.7 mg + 6.0
KNO, 208.7 » + 8.0
NaNO; 2154 » =+ 7.6
NH,NO; 64.2 » — 4.4
(NH)2S0; 385 » — 4.1
(NH,).HPO, 55.6 » — 34
Ammonium oxalate 60.2 » - 4.8
KNO, 0 » — 5.6
NaNO, 0 » — 6.0
glycocoll 249.5 » =+ 5.4
I-alanine 2304 » + 5.4
dl-a-amino-butyric acid 0.6 » — 5.4
dl-valine 64.2 » — 5.2
I-leucine 90.6 » — 5.4
dl-norleucine 153.5 » + 54
I-cystine 455 » - 5.0
dl-methionine 705 » 5.4
tyrosine 152.3 » + 5.4
arginine hydrochloride 1158 » - 5.4
dl-ornithine hydrochloride 815 » - 4.6
aspartic acid 218.7 » + 7.6
dl-glutamic acid 216.2 » 4 7.4
creatine 7.7 » — 5.4
taurine 199 » — 5.4
urea 954 » - 5.4
asparagine 269.6 » + 5.4

With respect to the change of pH value in amino acid or amide nitrogen
cultures, it increasss up to 7.4 in aspartic acid or dl-glutamic acid
culture while in dl-ornithine hydrochloride culture it decreases to 4.6.

In the other cultures pH does not vary so greatly.

The formation of a few conidia is to be seen in each culture of
Ca(NQO,),, KNO,, NaNO,, glycocoll, l-alanine, dl-norleucine, tyrosine,

aspartic acid, dl-glutamic acid and asparagine.
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TABLE 52. Speed of the blast fungus growth on the culture
solutions of various nitrogen sources.

culture age |
nitrogen (days) r| 2 3 4 5 6 7
sources
KNO, - ‘\ + + + + + |+
NaNO; - = I £ + + + + -
Ca (NOy); - b x o + + G | e
glycocoll £+ i T I e Al B at ot
alanine N e I o o e o e el M bt
spartic acid £ 1k | FE | L [ |
glutamic acid e i Bt I B
asparagine S s I R B B

2. Rate of growth of fungus on some culture solutions and
the absorption of nitrogen by the fungus.

In the previous section it is described that the fungus seems to
grow fastzr in some amino acid culture solutions than in the nitrats
nitrogen culture solutions. In order to make certain of this point and
to know the aspzet of nitrogen absorption by fungus, the following
experiments were planned on cultures of KNO, NaNO,, glycocoll and
asparagine respsctively. All the handling for preparing culture solu-
tions and inoculating the fungus were the same as describsd in the
previous ssction; 5-15 cultures in accordance with the fungus growth
were taken out to determine the dry weight of fungus at every two
days from the 2nd till 20th or 26th day of culture. And at the same
time the nitrogen amount left in each culture solution was determined
by KierLpaur msthod. From thess results increased amount of fungus
dry weight and the amount of nitrogen absorbed for every two day
period were calculatzd. In all expsriments the results per one flask
are shown. The nitrogen amount supplied per one flask was 8.28
mg in all expasriments.

i) KNO, culture: The results on the KNO, culture are shown in
table 53 and figure 12.

A little fungus growth is ssen already at 2 days after the be-
ginning of the culture and the growth rats increases remarkably from
6th day till 16th day of culture. Then the growth becomes slow and
reaches the maximum at 22nd or 24th day of culture. During the
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TABLE 53.
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Increase of blast fungus dry weight measured at 2-day

intervals and nitrogen absorption by the fungus.

(KNO; culture

)

[ I
culture age | 2 2
(days) 2 4 6 ‘ 8 l 10 12 }l 14 16 18 20 2 4 26
fungus dry 180.0) 1.6 208.0 207.9 2
weight (mg) 1.81 7.9 34.11 68.3| 90.9| 130.2) 164.1 80.0j 189.1} 201. . | 06.5
increased wei gh'cI
of the fungus 6.1 262 342 22.6 393 339 159 91 125 1.4 49 —14
(mg)
amount of l
nitrogen left
in the culture 8.20| 7.61| 6.68| 6.00| 4.56| 3.92; 2.88| 2.72| 2.28| 2.12 2.12‘ 2.08| 2.00
solution (mg) |
amount of
nitrogen 059 093 0.68 144 064 104 016 044 016 O 0.04 0.08
absorbed {mg)
g
220 L m3
{\\ e 8 g
~
780 N\ )
\, )
17
kN o
*r——ao—= g
= fungus dry {6 X
w 40 weight 3
Ul
g *--—o---9 15 2
> nitrogen 8
% 100 remaining in 1. ﬁ
w the culture solution 89
& 5
- N I
A"y .. g
\."*_..___. {2 8
[+]
)
20 {7/ g
- E
5 10 15 20 25 days

Fig.

] culture age

12. Increase of blast fungus dry

weight and the decrease

of nitrogen in the culture solution at 2-day intervals.

(KNO; culture)
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period of vigorous fungus growth, that is from 6th till 16th day of
culture, most remarkable increass of the fungus dry weight is seen
on the 10th-12th days of culture when an increass as great as 39.3
mg is recorded for this two days. In view of the absorption of the
nitrogen by the fungus, it is evident that the fungus absorbs the
nitrogen vigorously during the same period when vigorous growth is
ssen. But it is to be noticed that the maximum absorption of nitrogen
as great as 1.44 mg occurs on 8$th-10th days of culture which period
precedes the days of the most vigorous growth, viz., the 10th-12th
days. The absorption rate of the nitrogen drops once on 10-12 days
of culture but vigorous absorption recovers again soon after. But after
the 15th day of culture the nitrogen absorption decreases in accordance
with the decrease of growth rate of the fungus. About 2.0 mg nitrogen
remains in the culture solution when the fungus growth reaches the
maximum on 22nd day of culture. From these results it will be said
that the activity of the fungus is greatest at the rather earlier stage
of fungus growth and the greater amounts of nitrogen are also ab-
sorbed at the earlier stage. Then immediately after the greatest
amount of nitrogen has been absorbed, the most vigorous growth of
the fungus occurs as a result of utilization of that nitrogen.

ii) NaNO, culture: The experimental results on NaNO, culture
are shown in table 54 and figure 13. They are almost the same as in
the KNO, culture. The rather vigorous growth begins on 6th day of
culturs ard it continues till the 16th day.

TaBLE 54. Increase of the blast fungus dry weight measured at
2-day intervals and nitrogen absorption by the fungus.
(NaNO; culture)

culture age 2 f 4 6 20 22 24

(days) l | 8 ’ 10} 12 14 ‘ 16 18

fungus dry | 9o 75| 961 535! 82.9% 120.8~ 1443

weight (mg) 1 174.1 193.0‘ 206.1| 205.9| 211.9

increased
weight of the 52 189 274 294 379 235 298 189 131 —0.2 6.0

fungus (mg)
|
7.20| 6.01

4
amount of
nitrogen 0.60 044 119 141 0.76 0.88 0.52 0.44 —0.16 0.24 0.04

absorbed {(mg)

amount Ioi; )
nitrogen left '
in the culture 824 7.64
solution (mg)

{ ]
{ \
4.60 2.16 | 1.92{ 1.88

3.84 2.00

|
2.96 | 2.44
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Fig. 13. Increase of the blast fungus dry weight and the decrease
of nitrogen in the culture solution at 2-day intervals.
(NaNO; culture)

The greatest increase of fungus dry weight, as great as 37.9 mg, is
observed on the 10th~12th days of culture while the greatest absorption
of nitrogen occurs on 8th-10th days which precede the time of the
greatest inerease of the fungus. The nitrogen absorption drops ones
on 10th-12th days of culture but recovers soon after. After the 16th
day the fungus activity declines gradually accompanying the decrzas:
of nitrogen absorption. The fungus dry weight finally on 24th day
of culture is 211.9 mg.

iii) Asparagine culture: Th2 expsrimental results on the aspara-
gine culture are shown in table 55 and figure 14.

The aspects of fungus growth and the nitrogen absorption are
almost same as in the cass of nitrate nitrogen culture but the spzed
of fungus growth is clearly faster. Thz fungus shows a growth of
7.0mg already on 2nd day of culture and remarkable increases in
fungus weight are observed from 4th day till 12th day of culture. The
greatest increase of the fungus weight among the two day periods
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TABLE 55. Increase of the blast fungus dry weight measured at
2-day intervals and the nitrogen absorption.

(asparagine culture)

culture age
days) 2 t 4| 6| 8 ' 10 | 12 l 14 | 16 ‘ 18 | 20 ‘ 22 | 24 | 26
fungus dry )
weight (mg) | 70 | 116 348|114.1 153.7) 186.6) 209.0| 213.4| 220.1| 222.3| 224.5( 222.0| 222.6
increased
weight of the 4.6 232 793 396 329 224 4.4 67 22 22 -—25 06
fungus (mg)
amount i)ff
nitrogen left
in the culture 8.24| 7.52| 6.48| 5.68| 4.42| 3.07| 2.64| 2.12| 1.64| 1.44| 1.04| 1.04| 0.96
solution (mg)
amount of
nitrogen 072 1.04 080 1.26 1.35 0.43 052 048 020 040 O 0.08
absorbed (mg)
g
5 ,
I {? «
(e}
= i
200 | % {s &
> o
I\ 14
N\ i o
\ 7 4
760 } \ ﬁ
L \ - ° ls 3
’Eu L o fungus dry weight °
o \ *————— NP ° o
= 20 nitrogen remaining {5 *
2 | in the culture solution 5
o I \\ ls w
%] \ : _5
& N g
80 ° ] 5
5 AN J
. g
N iz §
o0
'.\.-—;. i/ :tj
[ =
5 10 /.‘5 20 days

culture age
Fig. 14. Increase of the blast fungus dry weight and the decrease

of the nitrogen in the culture solution at 2-day intervals.
(asparagine culture)
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oceurs on 6th-8th days of culture, that is about 4 days earlier than
in the nitrate nitrogen culture. Moreover that greatest increase is as
great as 79.3 mg which is far beyond the amount in the nitrate nitrogen
cultures. After the 14th day of culture the increase of fungus weight
becomes slow and it reaches its maximum of 222mg in dry weight at
the 20th day of culture. Viewing the aspect of nitrogen absorption
by the fungus, one sees that much nitrogen is absorbed on 4th-6th
days of the culture when the amount reaches to 1.04 mg. But the total
amount of nitrogen absorbed before the greatest fungus growth, ap-
pearing on the 6th-8th days, is 1.76 mg which is far less in comparison
with the 3.6mg nitrogen absorbed in the case of nitrate nitrogen
cultures. This may show the higher value of this amino acids as
nitrogen source for this fungus on comparison with nitrate nitrogen.
The nitrogen absorption drops once on the 6th-8th days of the culture
when the greatest increase of the fungus weight oceurs; but it recovers
soon showing greater absorption of nitrogen, as great as 1.26 mg on
8th-10th days and 1.35mg on 10th-12th days of the culture. These
periods of greater nitrogen absorptions may be due to the remarkable
increase of fungus mycelium volume. After the 12th day of the culture
the nitrogen absorption declines accompanied by the decline of fungus
activity.

iv) Glycocoll culture: The experimental results on the glycocoll
culture are shown in table 56 and figure 15. In this case the speed
of the fungus growth is also clearly faster than that in the nitrate
nitrogen culture, though it does not attain to that in case of the aspara-
gine culture. The greatest increase of fungus weight, as great as 51.5mg
for two days, appears on the 8th-10th days of the culture while greatest
nitrogen absorption, as great as 1.60 mg for two days, occurs on 6th-8th
days. The total nitrogen amount absorbed before the greatest fungus
growth, which appears on 8th~10th days of the culture, is 252 mg that
is less than the absorption in the case of the nitrate culture, revealing
the higher value of this amino acid as nitrogen source for this fungus
growth, Other aspects of the fungus growth and the nitrogen absorption
are almost the same as in the asparagine culture.

On summarizing the results above set forth, the period of the
fungus growth may be divided into three stages. The first is the
“early stage” during which the increase of fungus weight is not so
great, the second is the stage to be called “middle stage” during which
the fungus growth is most vigorous and the last is the stage to be
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‘TABLE 56. Increase of the blast fungus dry weight measured at
2-day intervals and nitrogen absorption by the fungus.

(glycoeoll culture)

culture age

(days) 2 4 ' 6 8 10 12

14 16 18120‘22[24

fungus dry 209.9| 227.5 233.3\ 234.0

weight (mg) 242.1

2.8 | 18.0] 50.1| 99.8| 150.9| 183.5 240.9

inereased
weight of the 15,2 32.1 49.7 511 326 264 176 5.8 0.7 0.8 —1.2
fungus (mg)

amount of

nitrogen left ‘ !
in the culture 8.12| 7.60| 7.20| 5.60| 4.11 | 3.36 | 2.44 | 1.72 | 1.64 ‘ .33 1.24 { 1.12
\ 1

_ _solution (mg) | S

amount of
nitrogen 0.52 040 1.60 149 075 092 072 008 031 009 0.12
absorbed (mg)

7
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Fig. 15. Increase of the blast fungus dry weight and the decrease
of the nitrogen in the culture solution at 2-day intervals.
(glycocoll culture)



110 Y. OTANI

called “latter stage” in which the activity of the fungus declines
gradually. It is till the middle stage that the vigorous nitrogen absorp-
tion oceurs and it is in the earlier part of middle stage that the greatest
increase of fungus weight appears, the greatest amount of nitrogen
having been absorbed just before. This earlier part of middle stage
when the greatest increase of fungus weight appears msay be called
the “greatest activity period” of the culture. In table 57 the “greatest
activity period” of the four cultures and the amount of increase in
fungus weight during that period are given.

TaBLE 57. Period of greatest activity in the culture of blast
fungus on four kinds of nitrogen source and the increase
of the fungus dry weight within that period.

nitrogen sources greatest activity fungus weight increased
. during the greatest
of the culture period activity period
KNO; ' 10th-12th days 30.3 mg
NaNO, 10th-12th days 37.9 »
asparagine 6th— 8th days 79.3 »
glycocoll 8th-10th days 51.1 »

It is certain that the “early stage” of the fungus growth is shortened
in the culture in which such better nitrogen sources as asparagine or
glycocoll are supplied 'and consequently, the “greatest activity period”
appears earlier. Also in those cultures fungus growth in the middle
stage, especially in the greatest activity period is far more great. Thus
it is known that the differences of fungus growth in cultures different
in their nitrogen source are determined during the middle stage of
growth.

The utilization ratios of various nitrogens for fungus growth, which
are calculated by dividing the fungus weight grown by the nitrogen
amount absorbed, are shown in table 58.

On comparing the ratios which are calculated at the end of the
culture, one sees that they are a little greater in the nitrate nitrogen
culture than in the amino acid nitrogen culture. But this is because
the greater amount of nitrogen absorbed by the greater volume of
fungus at the latter stage of the fungus growth comes into the calcu-
lation. The ratios which are calculated at the greatest activity period
are clearly greater in the amino acid nitrogen cultures than in the
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TaBLE 58. Utilization ratio of four kinds of nitrogen
source on the blast fungus culture.

nitrogen sources ‘ at the end of at the greatest
of the culture the culture activity period
KNO, j 33.5 2.98
NaNO, ‘ 33.1 27.2
asparagine ! 312 é 43.9
glycocoll ] 34.6 36.1

nitrate nitrogen cultures, showing the high utilization of sueh amino
acids as asparagine and glycocoll by the blast fungus.

3. Transformations of the nitrogen supplied in the culture solution.

The nitrogenous compounds supplied in the culture solutions are
generally transformed by the fungus into ammonium nitrogen before
they are absorbed. In order to examine this point on blast fungus,
the filtrates of the cultures were chemically analyzed on each culture
of KNO,, NH,NO,, aspartic acid and glycocoll.

i) KNO, culture: When nitrate nitrogen is supplied in the cul-
ture solution, it is usually presumed that the nitrate nitrogen is
reduced to ammonium nitrogen by the fungus before it comes to be
assimilated. In order to make certain of this point on the nitrate
nitrogen culture, five cultures were taken out at 2-day intervals and
the amounts of nitrate and ammonium nitrogen in the filtrate were
examined. Nitrate nitrogen was determined colorimetrically by phenol-
disulfonic acid method and ammonium nitrogen was determined colori-
metrically by Nessrer’s reagent. Table 59 and figure 16 give the
experimental results. The figures in the table show the mg of nitrogen
per one flask filtrate.

As will bz seen in the table and the figure, ammonium nitrogen
is not detected till 16th day of the culture. On the 18th day, when
the fungus growth and the nitrogen absorption become smaller, the
ammonium nitrogen becomes detectable, and after then the amount
inereases gradually, reaching to the amount of 0.48mg on the 24th
day of the culture. This may suggest that all the reduced nitrogen
is immediately absorbed by the fungus while its growth is vigorous,
and that the ammonium nitrogen becomes detectable when the nitrogen
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TABLE 59.
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Decrease of the nitrate nitrogen and the appearance of
ammonium nitrogen in the process of blast fungus growth.

(KNO; culture)

culture age (
(days) 2 4 6 8 10 12 14 16 18 20 22 l 24
nitrate- mg mg mg mg mg mg mg| mgi mg) mg
nitrogen 8.08 7.52| 6.72 | 5.76 468 3.72 304 2.641 212 | 1.80 l
ammonium- ; ,,:‘ " " nl
nitrogen 0 » 0 "I 0 o 0 » O » 0 » 0 » 0 %0.24 0.32 048‘ 0.48»
total 8.08» 7.52nl 6.72» 5.776» 4.68» 3.72» 3.04») 2.64”' 2.367, 2.12”| 2()9”i 1.92»
| |
k')
g 8
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Fig. 16. Decrease of the nitrate nitrogen and the appearance of

ammonium nitrogen in the process of blast fungus growth.
(KNO; culture)

absorption comes to be rather smaller in the latter stage of growth.
Yosi (1936), Tanaka and Katsuxi (1951) reported that no trace of nitrite
or ammonium nitrogen is found in the filtrate of nitrate nitrogen
culture. This is perhaps because their expsriments were carried on
by using the filtrates of rather younger cultures.
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ii) NH,NO, culture: Though the fungus growth is not so good in
the ammonium nitrate culture solution, it seems of interest to ascertain
which kind of nitrogen, ammonium or nitrate, is absorbed mostly by
the fungus when ammonium nitrate is supplied in the culture as nitrogen
source. Therefore culturing the blast fungus in ammonium nitrate
culture solutions, the writer determined both the ammonium and ni-
trate nitrogen in the filtrate on every other day of the culture.

TaBLE 60. Decrease of nitrate and ammonium nitrogen
in the course of blast fungus growth on
the ammonium nitrate culture solution.

|
cult(:é::;s)age 2 4 6 8 10 12 14 16

18]20'22

nitrate- mg| mg m mgi mg mg mg mg mg mg m
nitrozen 416 | 4127| 4.08 | 4.08 | 4.04 | 4.01| 4.00 | 3.96 ' 391 392 3.98
f=3 . ] '

i |
ammonium- ! , " » " ”
mitrogen. | 4087 388 348+ 304\ 2.80n 2404 248 2.5%n 258 2627 258

total 8.24» '8.00» 7.56» 7.12» €.84»

| | i
| 641 648+ 6487 649 6.547 6.567
. . ' !

nitrate N

ammonium and nitrate nitrogen found
in the culture solution

4 8 /2 76 20 days
culture age

Fig. 17. Decrease of nitrate and ammonium nitrogen in the course
of blast fungus growth (NH,NO; culture)
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The results are given in table 60 and figure 17. As will be seen in
the table, ammonium nitrogen in the filtratz decreases clearly with
the fungus growth while the decrease of nitrate nitrogen is rather
uncertain. Thus it is clear that the fungus absorbs mostly the am-
monium nitrogen when both kinds of nitrogen, ammonium and nitrate,
are supplied. It is expzcted that the unequivalent absorption of the
ammonium ion results in the depression of pH; ths pH determination
of the filtrate verifies this point (Table 61).

TABLE 61. Decrease of pH value in the culture solution
of ammonium nitrate culture in the course
of the blast fungus growth.

culture age
(days)

2 4 6 8 10 \ 12 14 ' 16 18 ‘ 20 22

pH 54 | 54 | 50 | 4.6 | 42

3.8 3.2 3.2 3.4

Therefore the reason, why the fungus growth is not so good in
the ammonium nitrate nitrogen culture, lies in such depression of the
pH value of the culture solution.

iii) Glycocoll culture: When amino acids are supplied in the
culture solutions as nitrogen source, they may be decomposed by the
fungus before the nitrogen is absorbed. Therefore the fluctuation of
the amount of amino acid and ammonium in the filtrates of glycocoll
culture were examined on every other day. The amino acid nitrogen
was determined by vaxSryke’s method and the ammonium nitrogen
colorimetrically by Nessuir’s reagent. Table 62 and figure 18 show
the results. The figures in the table indicate the amount of nitrogen
per one flask filtrate. While the amino nitrogen decreases with the
days of culture, the ammoniam nitrogen becomes detectable on the
6th day of the culture. The ammonium nitrogen in the filtrate reaches
to the maximum 0.76 mg on the 10th-12th days of the culture and then
decreases gradually. These facts may suggest the decomposition of
the amino acid by oxidase which is produced by the fungus. As
described in the following chapter, the blast fungus does produce the
oxidase in fact and its activity is strong during 6th-14th days of
the culture. As will be seen in the table, however, the ammonium
nitrogen found in the filtrate is rather less even in the high activity
period of the oxidase; this is because most of the ammonium produced
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by the decomposition of amino acid is immediately absorbed by the

fungus.

TABLE 62.

Decrease of the amino nitrogen and the appearance

of ammonium nitrogen in the glycocoll culture solution
in the process of the blast fungus growth.

culture age
(days) 2 4 i 6 8 | 10| 12 | 14 | 16 | 18 , 20 | 22 i 24
amino- | D mg mg mg mg mg mg mg mg mo‘ mg| mg
nitrogen 832 | 7.58 | 6.40 | 5.12 | 3.98 292 2.01 | 1.52 | 1.20 100 0. 8' 0.80
ammonium- _ ’ § ”‘ )
nitrogen 0 | 0 » 0_4();" 0./2” 0.72n 0_76” 0,64:; 0.56;: 0.44 044’ 044. 044
total 8.32»| 7.58” 6.8 0"= 5.84» 4,707 3.68’{ 2.65»| 2.08» 1.64 1.44”: 1.32"I 1.24»
m
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culture age

20

24 days

Decrease of the amino nitrogen and the appearance

of ammonium nitrogen in the glycocoll culture solution
in the process of the blast fungus growth.

iv) Aspartic acid culture: Experiments were carried on the aspar-

tic acid culture.

The results are shown in table 63 and figure 19.

In this case the ammonium nitrogen becomes detectable on the
4th day of the culture and reaches maximum 0.64mg on 8th day.
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TABLE 63.
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Decrease of the amino nitrogen and the appearance
of ammonium nitrogen in the aspartic acid culture solution
in the process of the blast fungus growth.

culture age 2
(days)

4 8 10 12

14

16

18

20

22

24

amino-
nitrogen

ammonium-; 0
nitrogen

total

mg
712 |

mg mg

mg|
5.89’ 4.76

3. 8 2.84

0.28» 0.56» 0.64» 0.56 0.41»

|
|
|

\

7.40  6.45 540" 424” 3.28»

| |

mg
2.08
0.48»

2.561

mg
1.64

0.34>

1.98»

mg
1.36

0.28

1.64»

mg
1.20

0.16~,

1.367

mg|
0.98

0.22+

1.207

mg
0.88
021

1.09»

)
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found in the culture solution
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Decrease of the amino nitrogen and the appearance
of ammonium nitrogen in the aspartie acid culture
solution in the process of the blast fungus growth.
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It may be said that the amino acid is vigorously decomposed by the
fungus producing ammonium in 6th-14th days of culture when the
activity of the amino acid oxidase is most vigorous as described in

the following chapter.

But the amount of the ammonium nitrogen

found in the culture solution during these period is rather small be-
cause the most of the ammonium produced by the fungus would be
immediately absorbed by the fungus.
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4. The nitrogen level and the fungus growth.

In all experiments above described the nitrogen given in each
culture solution was always 8.28 mg per flask (30cc culture solution).
In the followings the effects of the supply of greater amounts of nitrogen
on the fungus growth are examined. In these experiments each KNO,,
NaNO,, asparagine and glycocoll was employed as nitrogen source, the
amount supplied being 8.28 mg, 16.56 mg, 33.12mg, 49.68 mg, 66.24 mg,
82.80mg and 99.36 mg respectively. After 20 days of culture in each
culture solution, the fungus was filtrated out; the fungus dry weight
and the amount of nitrogen absorbed were determined. The fungus
dry weight per 1 mg nitrogen absorbed was calculated in each case.
When the large quantity of nitrogen was supplied, it was found by
other experiment undescribed to be often necessary to add sugar
during the course of the culture; 3cc of sugar solution, containing
6.0g sugar in 100 ce, was added strilely on the 12th day of the culture.

i) KNO, culture: Experimental results on KNO, culture are given
in table 64. Experimental sections 1, 2, 3, 4, 5, 6, 7, means the supply
of nitrogen of 8.28 mg, 16.56 mg, 33.12mg, 49.68mg, 66.24 mg, 82.80mg
and 99.36 mg per each flask (30cc culture solution) respectively (same
in the following experiments).

TaBLE 64. Blast fungus growth, nitrogen absorption, and
the utilization ratio of the nitrogen in the culture
solution of various nitrogen levels.

(KNO; culture)

R . |
experimental l
section 1 ‘ 2 ] 3
|

]
fungus dry 210 mg| 227 mg 244 mg 256 mg 271 mg 281 mg\ 290 mg
|

weight

. \

nitrogen : " " » » " » ”
nitrogen 6407 | 13167 | 2624» | 40.25- | 53.87v | 67220 | 79.48
vye . I
utilization 3281» | 17.25»| 930~| 636»| 5032 418»| 3.16»
ratio |

As shown in the table, the more the amount of nitrogen supplied
in the culture solution, the greater the fungus growth becomes. On
the other hand while the amount of nitrogen absorbed during 20 day’s
culture becomes greater with the greater amount of nitrogen supply,
the ratio of nitrogen utilization is contrariwise reversely proportional
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to the amount of nitrogen supply.
ii) NaNO, culture: Experimental results on the NaNO, culture
are given in table 65.

TaBLE 65. Blast fungus growth, nitrogen absorption and
the utilization ratio of the nitrogen in the culture
solution of various nitrogen levels.

(NaNO; culture)

el L L N R T R
fugvi‘ilgh‘:fy 220 mgl 29 mg 238 me 247 mg 255 mg 261 mgi 287 mg
g;)tsf)‘;ﬁ% 6.50» | 1357» | 26.61»| 39.24» | 5219» | 6527 [ 77.46 »
utilization | 5355, | 1688 | 895»| 6200 | 4895 400» l 371

As in the casz of KNO, culture, the greater amount of nitrogen
supply favours larger fungus growth in company with the more nitrogen
absorption. But the utilization ratio of nitrogen becomes less with
the greater amount of nitrogen supply.

iii) Asparagine culture: Experimental results on asparagine cul-
ture are given in table 66.

TABLE 66. Blast fungus growth, nitrogen absorption and
the utilization ratio of the nitrogen in the culture
solution of various nitrogen levels.

(asparagine culture)

=S T T T N N T B
funw%ilgh(};ry 235 mgl 251 mg| 264 mg| 279 mg| 290 mgl 302 mg| ' 527 ;g
:{)‘;‘;‘;ﬁg 7.27» | 14120 | 28.80» | 47.71» | 60.36» | 73.26» | 87.05»
viilization | gp 900 | 17784 | 917w | 624w | 480»| 4120 | 876n

As already described, asparagine is a nitrogen source more favor-
able for the fungus growth than nitrate nitrogen; the fungus growth
reaches to 235mg even in the solution with original amount (8.28 mg)
of nitrogen supply. On the other hand the greater supply of the
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asparagine favors more the plant growth, and supplying of 99.36 mg
asparagine nitrogen results in a fungus growth as great as 327 mg.
The amount of nitrogen absorbed by the fungus increases in proportion
to the amount of nitrogen supply.

The ratio of nitrogen utilization is contrariwise reversely propor-
tional to the amount of nitrogen supply, quite the same as in the
case of the nitrate nitrogen cultures.

iv) Glycocoll culture: Experimental results on the glycocoll cul-
ture are recorded in table 67.

TaBLE 67. Blast fungus growth, nitrogen absorption and
the utilization ratio of nitrogen in the culture
solutions of various nitrogen levels.

(glycocoll culture)

(3]

experimental i
section 1 i 3 l 4 5 6 7

fungus dry 239 mg 259 mg| 275 mg ' 289 mg 306 mg1 310 mg 324 mg
i |

weight }
. , .
nitrogen - . | )
absorbed 706 1418» | 2023» 45150 60697 | 7467» 8915
i
utilization ' !
ratio 33.85 » 18.27 » 9.41. » 6.40 » 5.04 » 4,15 » 3.63 »

Glycocoll is one of the most favourable nitrogen sources for the
fungus growth; the fungus growth is somewhat great even in the
original amount of nitrogen supply as is also true in the case of the
asparagine culture. The greater the amount of glycocoll nitrogen sup-
plied, the more the fungus growth, accompanied a greater absorption
of the nitrogen, quite the same as in the asparagine culture. The
ratio of nitrogen utilization is reversely proportional with the greater
amount of nitrogen supply.

Summarizing the results of the four experiments above described,
it is evident that the nitrogen level in the standard culture solutions
acts rather -as a limiting factor for the fungus growth while the increase
of the nitrogen level favors the fungus growth. So further experiments
were planned to examine the relations between the growth rate of the
fungus and the nitrogen level supplied. Asparagine cultures were
employed. In these experiments three szsctions were prepared; the one
was the standard nitrogen level (ssction I), the second was given half the
amount of nitrogen of the standard (section II) and the third was given
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eight times as much nitrogen as the standard (section III). Some of
the cultures were filtrated each two days, and the fungus dry weight
per one flask was determined. The results are given in table 68 and
figure 20. The figures given between the adjacent culture days in the
table show the increase of fungus dry weight during the two days.
Examining the fungus growth, one notes that the early stage
continues till the 6th day of culture in the case of section I; in the
case of the section III it is till the 4th day, while in the case of section
II it is prolonged to 10th day of the culture. On the other hand “the
greatest activity period” of the fungus growth, when the greatest
growth for two days is seen, is found to be on the 6th-8th days period
in the case of section I; in the case of section III it is distinguished

mg
300}
PRSI S
p---0- "1y
p
7/
260 + p”

/80 +

740+

fungus dry weight

/7004

60 +

20

2 6 70 /4 78 22
culture age
Fig. 20. Increase of the fungus dvy weight by two-day periods
in the culture solution of different nitrogen levels.

26 days
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TaBLE 68. Increase of the blast fungus dry weight by 2-day periods
in the culture solutions of the different nitrogen levels. (mg)

culture| 2nd | 4th | 6th | 8th | 10th | 12th | 14th | 16th | 18th | 20th | 22nd | 24th | 26th
age day| day| day| day| day| day| day| day| day| day| day| day| day
7.0 ‘ 116 348 } 114.1| 153.7 186.6 209.0] 213.4 220.1{ 222.3| 224.5 222.0] 222.6

: 46 232 793 396 329 224 44 67 22 22 —25 06
] [ 8.0 ‘ 195 l 38.2 ' 59.1 l 80.8 ‘ 109.0\ 118.2‘; 130.0[ 138.1 j 140.5‘ 1413

1 115 187 396 217 282 92 118 81 24 08
o 9.4 ‘ 110 | 121.0\ 190.8, 2206 | 258.0‘ 2815 282.0‘ 285.ol 290.0[ 291.5\ 29;.(;] 200.2

320 800 698 388 2384 235 05 3.0 5.0 15 0.5 1.8

earlier on 4th-6th days of the culture; in the case of section II it is
found later on 10th-12th days of culture. Thus it is evident that the
duration of “the early stage” is shortened in the high level nitrogen
section while it is prolonged in the low level nitrogen section; there-
fore the growth rate of the fungus becomes the greater in the solution
having the greater amount of nitrogen supply. As will be seen, most
of the fungus growth is completed in the middle stage which continues
for about 10 days in every section. But the increase of the fungus
dry weight during this stage is naturally greater in the case of the
higher level nitrogen supply.

The amounts of nitrogen absorbed in each two-day period of the
culture are shown in table 69,

TaBLE 69. Amount of nitrogen absorbed in every other day in
the culture solution of the different nitrogen level. (mg)

culture| 0-2nd] 2nd- ’4th— |6th- |8th— |10th-| 12th- | 14th-| 16th=| 18th~ | 20th-| 22nd- 24th-
a g 4thl  6th  8th! 10th| 12th| 14th 16th) 18th| 20th| 22nd| 24th| 26th
g day | day \ day } day | day | day | day | day | day | day | day | day | day

I o012 0.68I 1.36| 092]| 1.29/ 1.20; 0.78| 0.35| 0.20 0.13| 0.11| 0.04} 0.05

0.02 0.241 035| €70 1.00| 0.64| 080! 0.20| 0.06/ 0.08| 0.02 ] 0.02

%
1T } 0.26 11.45! 11.12| 9.24| 10.95| 6.40| 7.20| 2.40( 0.61{ 0.28( 0.13; 0.08! 0.18
: |

In all the experimental sections the greatest absorption of nitrogen
occurs just before the appearance of the greatsst fungus growth (“the
greatest activity period”) while the nitrogen absorption in the latter
stage of the fungus growth is rather small. On the other hand the
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amount of nitrogen absorbed by the fungus during the time from the
early stage till the middle stage of growth is greater in the section
of greater amount nitrogen supply while it is smaller in the section
of lower level nitrogen supply.

The ratio of nitrogen utilization in each section, which was deter-
mined by dividing the fungus dry weight by the nitrogen amount
absorbed, is recorded in table 70.

When the fungi completed their growth, the ratio is greater in
the section of the lower level nitrogen supply. But on the contrary
the ratio calculated at “the greatest activity period” of the fungus
growth is greater in the first section (I) than in the second (II), while
in the third (III), in which fungus was supplied with the greatest
amount of nitrogen, the ratio is the least; this is because the amount
of nitrogen absorbed is extremely greater in the third section (III).
In other words the supply of a greater amount nitrogen does not
always mean the more effective utilization of the absorbed nitrogen
although the fungus growth is always the greater in the case of greater
amount of nitrogen supply.

TaBLE 70. Utilization ratios of nitrogen in the blast
fungus cultures on the culture solution
of different nitrogen levels.

at the full growth at the greatest

of the fungus activity period
I 30.6 37.9
I 34.2 ’ 20.0
111 4.8 5.3

In conclusion of this section, it may be said that the nitrogen
amount in the standard culture solution acts as a rather limiting factor
for the fungus growth and therefore the increase of the nitrogen level
supplied favors the fungus growth. And the greater amount nitrogen
supply leads to the greater amount of nitrogen absorption at the early
stage of the fungus growth, resulting in the faster growth of the
fungus.

5. Conclusion.

There have been reported some studies on the nitrogen sources
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of the blast fungus. Among them the studies by Tocuinar and NARKANO
(1940) using synthesized culture solutions go into detail. But at the
time of those studies it was not yet known that biotin and vitamin
B, are indispensable for the blast fungus growth and therefore the
growth on the synthesized culture solutions was generally quite poor.
As the fungus growth seems to have been hardly maintained by the
trace of biotin contained in the supplied chemicals such as sucrose in
those experiments, the nitrogen source of the blast fungus needs to
be re-examined by means of the use of synthesized culture solutions
which contain both biotin and vitamin B,. According to the present
studies, some amino acids or amides such as glycocoll, alanine, aspartic
acid, glutamic acid and asparagine are quite excellent nitrogen sources
for promotion of the fungus growth, while the fungus can synthesize
the inorganic nitrogen also. When each one of the above mentioned
amino acids or amides are supplied, the growth of the blast fungus is
quite improved, the duration of the ‘“lag phase’” shortened and the
increase of the fungus dry weight in “the middle stage” of the fungus
growth becoming quite large. But the fungus growth is rather poor
on the amino acids other than those mentioned above. This is because
the action of the amino acid oxidase which is produced by the blast
fungus is specific for those amino acids as described in the following
chapter. Examining the value of the inorganic nitrogen as the nitrogen
source of the blast fungus growth, one learns that nitrate nitrogen is
superior to ammonium nitrogen. But it is evident that the depression
of pH value of the culture solution by the unequivalent absorption of
ions in the ammonium nitrogen culture is the direct cause of these
difference in their value as the nitrogen source.

In view of the fact that the ammonium becomes detectable in the
culture solution in which the amino acids are supplied as nitrogen
source, it is certain that the amino acids are decomposed to ammonium
by the blast fungus before the assimilation. Studies on the amino acid
oxidase of the blast fungus are described in the following chapter.

On the other hand it is certain, in view of the fact that the am-
monium becomes detectable in the culture solution in which the nitrate
nitrogen is supplied as sole nitrogen source, that the nitrate nitrogen
is reduced to ammonium nitrogen preceding the assimilation.

The nitrogen absorption by the blast fungus is generally vigorous
at the rather earlier growing stage and the greatest nitrogen absorption
by the fungus always occurs just before the greatest increase in fungus
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dry weight appears.

On caleulating the utilization ratio that means the increase of
fungus dry weight by lmg nitrogen absorption, one finds that the
better nitrogen sources are not always higher in utilization ratio. But
this is because the ratio was calculated at the end of the culture (at
about 24 days culture). When the ratio is calculated at the earlier
part of “the middle stage” of the fungus growth in which it is quite
vigorous, it is certain that the better nitrogen sources are also higher
in their ratio of utilization. No matter what kind of nitrogen is sup-
plied as nitrogen source in the culture solution, nitrogen concentration,
0.275mg/ml, that is original in standard solution, is a rather minimum
concentration for the fungus growth. A greater nitrogen supply clearly
favours the more vigorous growth up to the concsntration of 3.312mg/ml.
When a greater amount of nitrogen is supplied, much of it is absorbed
early and the duration of “the lag phase” is quits shortened; moreover
the fungus growth in “the middle stage” becomes remarkably vigorous.
But on the other hand, the utilization ratio of the nitrogzen is rather
lower in the case of greater nitrogen supply, though the fungus
growth is remarkably greater.

Chapter 111

Amino acids oxidase of rice blast fungus.

As deseribed above, the ammonia becomes detectable in the culture
solution in which only amino acid is supplied as nitrogen source. This
naturally means the decomposition of amino acid by the blast fungus.
The decomposition of amino acid by the micro-organisms is a catalysis
by either oxidase, reductase or hydrase; decomposition by oxidase is
most common, The presence of amino acid oxidase in the blast fungus
culture was first reported by thz present writer (1954); NAKAMURA,
Summomura and Suermoro (1955) reported the production of l-amino acid
oxidase by the fungus. In the following the experiments on that
enzyme produced by the blast fungus are described. As every effort
to extract the pure enzyme from the fungus has not come to success
yvet, the thoroughly washed fungus mat itself was used in the following
experiments. The oxygen absorption by the fungus, which was.cultured
in the standard culture solution for ten days, was determined by
WarsurRe manometer. KFach glutamic acid, aspartic acid or glycocoll
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was employed as substrate for this determination; their pH wvalues
were adjusted to 7.0 with phcsphate buffer and the temperature of the
water bath was adjusted to 30°C. At the same time the oxygen con-
sumption by natural respiration by the funcus was determined in
distilled water. The value obtained by subtracting oxygen consumption
by natural respiration was treated as the oxygen consumption by the
oxidase of amino acid. On the other hand, the decrease of the amount
of amino acid in the vessel of Warrure manometer was determined by
vAN SLYKFE'S method, and the increase of the ammonia in the vessel was
determined colorimetrically by Nesster's reagent. The results are
shown in table 71. The figures in the table show the consumption of
oxygen by the fungus of dry weight 100mg in one hour. As will be
seen in the table, about 65mm?® oxygen are consumed by the oxidase
of the blast fungus, while ths estimated value of decreasing amount

TaBLE 71. Amino acid oxidase in the blast fungus.

oxygen decrease of amino acid | increase of ammonia
substrate consumption . - ] . ;
by oxidase estimated | calculated *| estimated | calculated *
glutamic acid : 63.3mm’ |  0082mg  0079mg  0.098mg  0.095mg
i
aspartic acid \ 60.8 » 0.071 » 0.076 » 0.093 » 0.092 »
glycocoll | 69.5 » i 0.085 » | 0,087 » ! 0.102 » 0.105 »
| '

!
! |

* calculated from the oxygen comsumption.

of amino acid and also of increasing amount of ammonia are quite near
to the value calculated from the oxygen consumption. Thus the pro-
duction of amino acid oxidase by the blast fungus is quite certain,
and the activity of this enzyme is rather weak on comparison with
that of bacteria, while the value is rather strong on comparison with
saprophytic fungus such as penicillium, aspergillus, neurospora. Some
characters of amino acid oxidase caused by the blast fungus are deter-
mined in the following. In all the experiments the oxygen absorption
was determined by Warnpure manometer under the conditions of 30°C
and pH 7.0.

i) Specificity of the amino acid oxidase: The activities of the
enzyme in relation to some kinds of amino acid were examined., In
these experiments the fungus which was cultured on the standard
culture solution for ten days was employed as the test organism.
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The results are given in table 72. The enzyme does not act against
each dl-methionine, dl-valine or argirine hydrochloride; these amino
acids are valueless nitrogen sources for ths fungus growth as described
already. The activity against the dl-tyrosine is doubtful. The activity
toward the each of glycocoll, l-aspartic acid, 1-glutamic acid, d-glutamic
acid, dl-glutamic acid, 1-alanine, l-leucine, di-leucine is certain; all these
amino acids are good nitrogen sources for the fungus growth.

TaBLE 72. Specificity of the amino acid oxidase
of the blast fungus.

substrate activity substrate activity

glyeocoll - dl-tyrosine +

l-aspartic acid I-leucine -+
I-zlutamie acid arginine hydrochlorids —

d-glutamic acid dl-leucine -+

+ o+ o+

dl-glutamic acid | dl-valine ‘ -

l-alanine i

-+

dl-methionine ! -~

ii) Effect of KCN addition: Employing the fungus culturzd in
glutamic acid culture solution for ten days as the test organism, the
effects of the addition of 1/1000M KCN on the enzyme action were
examined. The results are shown in table 73 and figure 21.

TasLE 73. Effect of KCN addition on the amino acid
oxidase of the blast fungus.

exp. - time | 10 min. | 20 min. | 30 min. | 40 min. | 50 min. | 60 min.
section ~ . |
. i ;
cont. 11.6mm?® 28.5mm?® 41.0mm3 59.9mm? 66.3mm® 82.5mm?

|

addition of KCN 5.8 » 12.0 » 180 » | 223 » 294 » ‘ 35.8 »
|

As will be szen, the addition of M/100 KCN obstructs the action
of the oxidass as much as about 579%5. As the amino acid oxidasz
itself is originally indifferent to the addition of KCN, this result may
suggest the intermediation of cytochrome system in the living cell of
the fungus on the transfer of oxygen from outside to the oxidasz as
Usani, Kaneko and Sasakr (1954) suggested on living cell of proteus.
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Fig. 21. Effect of KCN addition on the amino acid

oxidase of the blast fungus.

iii) The age of the culture and the oxidase activity:
the cultures in the glutamic acid culture solution were filtered out
on every other day from the 2nd till 26th day of the culture, and the
oxidase activity against glutamic acid was examined by WARBURG

manometer.
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Some of

The results are given in table 74 and figure 22 (curve I).

The figures in the table show the amount of oxygen which was ab-
sorbed in one hour by the fungus of 100 mg dry weight.

As noted

TaBLE 74. Culture age of the blast fungus and the activity
of the amino acid oxidase.

(standard culture)

age of culture oxygen absorption “ age of culture

2nd day 9.8 mm? ) 16th day
4th » 250 » ! 18th »
6th » 62.6 » , 20th »
8th » 751 » ’ 22nd »
10th » 82.7 » 24th »
12th » 82.8 » : 26th »
14th » 77.0 »

oxygen absorption
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Fig. 22. Fluctuation of amino acid oxidase activity with
advance of age of culture of the blast fungus.

already the fungus growth is most vigorous in the period of the 6th-
10th days of the culture when glutamic acid is supplied as nitrogen
source. On the other hand, as will be seen in the table and the figure,
the activity of amino acid oxidase is also most vigorous on 6th-10th
days and then its activity falls gradually. As mentioned in the previous
chapter, the greatest amount of nitrogen is absorbed on 4th-6th days
of the culture when glutamic acid is supplied as nitrogen source. And
it must be noticed that the greatest increase of the oxidase activity
also appears on the 4th-8th days of culture. The same kind of experi-
ments were carried out on thoss fungi which were cultured in culture
solution of double nitrogen level (16.56 mg psr flask). The results are
shown in table 75 and figure 22 (curve II). In this case the activity
of the amino acid oxidase was rather vigorous already on the 2nd
day of the culture, and the oxygen consumption reached to 103.5mm?
on the 8th day. This is in accordance with the faster and greater
growth of the fungus in the case of the high level nitrogen supply.
Thus it is known that the blast fungus growth is closely connected
with the activity of the amino acid oxidase produced by this fungus.
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TasrLE 75. Culture age of the blast fungus and the activity
of the amino acid oxidase.

(high level nitrogen culture)

age of culture oxygen absorption age of culture oxygen absorption

2nd day 30.8 mm? 16th day 45.0 mm?®

4th » 75.3 » i8th » 35.1 »

6th » 98.9 » 20th » 31.1 »

8th » 103.5 » 22nd » ) 28.4 »

10th » 101.1 » ) 24th » 26.3 »

12th  » 80.0 » a 26th » 24.1 »

14th » 89.8 »

iv) Nitrogen source of the culture and the activity of amino acid
oxidase: The differences of nitrogen source in the blast fungus culture
may exert some influences on the activity of the amino acid oxidase.
In order to examine this point, five kinds of cultures, in which each
KNO,, l-aspartic acid, l-glutamic acid, l-leucine or l-alanine were given
as nitrogen source, were prepared; the activity of amino acid oxidase
of each culture was examined employing l-aspartic acid, l-glutamic
acid, l-leucine, l-alanine as substrate. The measurements were carried
on with the fungus of 10th-14th day’s culture, as the activity of the
oxidase was high at that age of the culture. The results are given
in table 76. As will be seen in the table, the activity of the amino
acid oxidase is most vigorous on the same kind of amino acid as given
as nitrogen source of the culture, and it is clear that the activity of

TaBLE 76. Nitrogen sources of the blast fungus culture
and the activity of amino acid oxidase
produced by the fungus.

nitrogen source substrate for enzyme action

for the fungus | l-aspartic acid i l-glutamic acid I-leucine { l-alanine
KNO; 60.8 mm?® 63.3mm? 62.9mm?3 i 58.8mm?

l-aspartic acid 90.6 » 704 » 742 » ’ 715 »

l-glutamic acid 72.3 » 825 » 69.5 » ‘( 67.4 ..

l-leucine 70.2 » 755 » 80.8 » ! 72.1 »

l-alanine 69.3 » 63.8 » 702 » l 80.1 »
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the enzyme is rather adaptive to the same kind of amino acid given
as nitrogen source of the culture. However the activity of the oxidase
is clearly detectable even when only inorganic nitrogen is given as
nitrogen source, although it is comparatively lower than that noted in
the case of amino acid nitrogen source. When the amino acid is given
as nitrogen source of the culture, the difference of the kind of the
amino acid supplied does not make so great differences in respsct to
the production of the enzyme, as long as the amino acid provides
adequate nitrogen source for the fungus growth.

Summarizing the expsrimental results in this ssction, the oxidase
activity of the blast fungus is far beyond that of such saprophytic
fungi as penicillium, aspergillus or neurospora while the activity is far
inferior to that of bacteria. The enzyme is inactive for some kinds
of amino acid such as dl-msthionire, dl-vealine, arginine-hydrochloride
which are also inadequate nitrogsn sourcas for the fungus growth. But
the activity is quite evident for such kind of amino acids as glycocoll,
I-aspartic acid, I-glutamic acid, d-glutamic acid, dl-glutamic acid, I-
alanine, l-leucine, dl-leucine, each of which is a good nitrogsn source
for fungus growth. The activity of the enzyme is detectable even
when only inorganic nitrogen is given as nitrogen source, but its activity
is comparatively lower than that in ths fungus supplied with some
amino acids nitrogen source. When ths some kind of amiro acid is
given as nitrogen source the action of ths enzyme is greatsst against
the same kind of amino acid as employed as nitrogen sourcs, suggesting
the adaptive production of the enzyme to the amino acid given as
nitrogen source. Considering from the fact that the action of the
oxidass is hindered by the addition of KCN, the cytochrome systam
may intermediate the transfer of oxygen from outside to the oxidase
in the living fungus. On seeing the fluctuation of the enzyme activity
with the age of the culture, one notss that the activity begins to in-
creass immediately after the fungus growth begins and it is most
vigorous at the earlier part of “middie stage” when the fungus growth
is most vigorous, after which it begins to fall. If the fungus growth
rate is favoured by the high level nitrogzn supply, ths peak of enzyme
activity appears the earlier and its activity becomes remarkably high.
It must be noticed here that the growing stage of the most vigorous
enzyme activity is always in accordance exactly with the growing stage
of ths most vigorous nitrogen absorption.
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Chapter 1V

The proteolytic enzyme of the blast fungus.

It ssems to be quits natural to suppos= that the proteolytic enzyme
produced by the phytopathogeric fungi may exert some important
effects on the process of the diszass development.

In this chaptzsr, therefore, examination of the proteolytic enzyme
produced by the blast fungus is reportad. As every effort to extract
the enzyme from the filtrate or ths myczlium has not yet come to
success, all the experimesnts were carried on by employing the filtrate
or mycslium itself as the enzyme source. Five cultures were filtered
out aftar some days of the calture and the filtrate was coneentratad
to the total volume 25ce by vaccum distillation at temperature of 38°-
40°C. Five cc portions of the material were usad as the enzyme source
in the following experiments. On the other hand the fungus mats
remaining on the filter paper were thoroughly washed with distilled
water and stood still at room temperature for some time in order to
drain off the water. Somsz parts of them, supposad about 20mg in
dry weight, were also employed as enzyme sourcs in the followings.
In this case ths accurate dry weight of tho used fungus was determined
at the end of ecach experiment and ths activity on the fungus of dry
weight 20mg was calculated on the basis of the supposition that the
enzyme activity is proportional to the amount of the fungus. Six
percent gelatine or six parecent cascin were employed. as substrates for
the detsrmination of the enzyme activity. Five cubic-centimetres of
the substrats were add=d with 5cec of phosphate buffer of each hydrogen
ion concentration. The enzyme was allowed to act on that solution
with a drop of toluol in thz tharmobath of 40°C, and at some interval
the increzase of amino nitrogen was determined on 2c¢c of the solution
by vax Styxe’s method. Thus the enzyme activity was shown by ths
increass of the amount of amino acid in the substrate. All the vessels
used for the expsriments wecre sterilized previously and all attention
wes paid during the whole procedure to avoid contamination by bacteria.

1. The proteolytic enzyme detectable in the filtrate
(exo-emzyme),

i) The time of reaction and the kind of substrate: The enzyme
source was prepared from ths filtrate of 15 day’s cultures and gzlatine
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was employed as substrate,the pH bzing adjustad to 5.4. The increassz
in amount of amino acid in the solution was determined at 2 hours,
4 hours, 8 hours, 18 hours, 24 hours, 32 hours and 48 hours of ths
reaction respsctively. Table 77 shows the results.

TaBLE 77. Proteolytic exo-enzyme of the blast fungus.

time of reaction amount of amino-N
2 hrs. 0.0l mg
4 » 0.04 »
8 = 0.08 »
18 » 0.14 »
24 » 0.22 »
32 » 0.31 »
48 » 0.40 »

As will be seen in the table, the increass of amino acid in the
solution becomes detectable already at 2 hrs. of the reaction, and the
amount continue to increase with time, reaching to 0.40 mg at 48hrs..
On the basis of these observations, the activity of the proteolytic enzyme
in the filtrate of blast fungus may be said to be not so great though
its activity is evident. A part of the cause of rather lower activity
in this experiment may lay in the rather inadequate pH of the solution
as described below. The enzyme activity was naxt examined on sub-
strates of each gelatine, casein, glycyl-glycine and chloracetyl-1-tyrosine.
The pH value was adjusted to 7.0 in thesz experiments, and the
increasss of the amino acid in the solution were examined at 24 hrs.
of the reaction. The results are given in table 78.

TaBLE 78. Specificity of proteolytic enzyme
of the blast fungus.

(exo-enzyme)

substrate activity

glyeyl-glycine +
chloracetyl-l~tyrosine -

casein -

gelatine +
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The enzyme is active against each ons of glyeyl-glycine, casein, and
gelatine, while it is inactive toward the chloracetyl-l-tyrosine.

ii) pH and the enzyme activity: In order to know the optimum
pH for the enzyme activity, each preparated of pH 2.2, 2.6, 3.6, 4.6,
5.6, 6.6, 7.0, 8.6, and 9.6 were made. Gelatine was employed as sub-
strate and the increasing amounts of amino acid were determinad at
12, 24 and 48 hrs. of the reaction. All the results are shown as com-
parative values by treating the increassd amount of amino acid at 48
hours of reaction in the section of pH 7.0 as 100. The results are given
in figure 23. The enzyme zctivity is remarkably low in every sample
below pH 5.6. When ths pH was adjusted to 7.6, the enzyme activity
was quite vigorous till 12 hrs. of the reaction but at the longer reaction
times activity began to fall. The same kind of tendencies are also
seen in both szctions of pH 8.6 and 9.6; on the other hand, the in-
creasing state of the amino acid in both sections of pH 7.0 and 6.6
seems to bs normal and the amino acid found in ths section of pH 7.0
at 48 hours of thz reaction was greatest of all.

/00{

enzyme activity

2 24 78
time of reaction

Fig. 23. Relations between pH value and the proteolytic
enzyme activity. (exo-enzyme)

Therefore it is certain that the optimum pH for the enzyme action
lics at the pH 7.0 and the activity of the enzyme is rather high on
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the side of decreasing alkalinity.
iii) Temperature for enzyme activity: In order to know the

optimum tempzrature for enzyme action, sections of each 20°C, 30°C,
40°C and 50°C were prepared. Casein was employed as substrate and
the pH was adjusted to 7.0. The determination of the amino acids in
the solution was carried on at 12, 24 and 48 hours of reaction. All
the results are shown as comparative values by treating as 100 the
amount of amino acid in thz section 40°C at 48 hrs. of reaction. The
results are given in figure 24.

100
144

80

~
Y

o
Q

enzyme activity
@

s 3§ ¢

\~

N
N

~
N

+

2 24 48 hrs

time of reaction

Fig. 24. Relations between the temperature and the proteolytic
enzyme activity. (exo-enzyme)

As will be ssen in th efigure, the temperature of 20°C is too low
for the enzyme action while the temperature of 50°C is rather too
bigh. And it is clear that the tempearature of 40°C is the optimum
for the enzyme action.

iv) Addition of cysteine or KCN and enzyme activity: In some
proteolytic enzymes as papain their action is activated by the addition
of some SH-compounds or cyan-compounds. It is important to know if
the activity of the proteolytic enzyme in question is influenced by
the addition of such chemicals. Therefore the effects of the addition
of cysteine or KCN on the enzyme activity were examined. The
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concentrations of added chemicals were each 1/100, 1/200, 3/1000, 1/1000,
1/2000M, and casein was employed as the substrate. The pH and the
temperaturz of the rcaction were adjusted to 7.0 and 40°C respectively.
The effects of ths addition of cysteine are shown in table 79.

TaBLE 79. Effect of cysteine addition on the proteolytic enzyme.

{exo-enzyme)

concentration of duration of reaction

cysteine 24 hrs. ‘ 48 hrs. 72 hrs.

cont. 70 95 100
1/2000 mol 68 90 97
1/1000 » 62 93 98
3/1000 » 57 91 105
1/ 200 » 41 105 172
1/ 100 » 43 ! 127 191

The results are calculated by treating the amount of amino acid
at 72 hrs., of reaction in control section as 100. The effect of the
addition of cysteine is evident at the concentrations above 1/200 M, while
there are no effect at the concentration below 3/1000M. When the
cysteine is added at the concentration above 1/200M, the amount of
amino acid in the cysteine added section is less than that in the control
at 24 hrs. of reaction, but with the longer duration of reaction time
the amino acid amount in the cysteine added section comes to get ahead
of the amount In control. And it is clear that the activity of the
enzyme in the blast fungus is encouraged by the addition of cysteine
at concentration above 1/200M. The reason why action of the enzyme
is inhibited temporarily at 24 hrs. of the reaction by the addition of

TapLE 80. Effect of KCN addition on the proteolytic enzyme.

(exo-enzyme)

concentration duration of reaction
of KCN 24 hrs. I 48 hrs. 72 hrs. 96 hrs.
0 mol 66 93 98 100
1/2000 » 59 86 90 96 .
1/1000 » 57 79 92 98
3/1000 » 46 83 94 105
1/ 200 » 43 80 101 104
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cysteine is uncertain, but a part of the reason may lie in the employ-
ment of unpurified material as enzyme source instead of the purified
one. The effect of the addition of KCN on the enzyme action is sum-
marized in table 80. The results are calculated by treating the amount
of amiro acid at 96 hrs. of reaction in the control as 100.

There seems to be some tenderncy for the addition of KCN to
irhibit the actiorn of the enzyme at 24 hours of reaction and on the
longer duration of reaction for the activity of the enzyme to be
activated a little. But the effort to get the clearer evidence that the
action of enzyme is promoted by the addition of KCN has not come
to success, though the determination was continued to 96 hrs. of the
reaction. The proteolytic enzyme that is activated by the addition of
SH-compourd is to be also activated by the addition of KCN. The
reason why the erzyme is not activated by the addition of KCN in
this experiment, while it is activated by the addition of cysteine, is
uncertain. A part of the reason may lie in the employment of unpurified
material as the enzyme source.

v) Age of the culture and the activity of the enzyme: The activity
of the enzyme fluctuates with the age of the culture. In order to know
the details, four cultures of KNO, nitrogen source were filtered out
at each 4, 7,9, 12, 14, 16, 21, 26 days of the culture and the filtrate were
concentrated respectively to 50 ce by vaccum distillation. Employing
5ce of this concentrated filtrate as the enzyme source, the enzyme
activity was determined at each age of the culture. The substrate
was gelatine and the pH was adjusted to 7.0. The enzyme activities
weore determined by the measurement of amino acid at 24 hours of the
reaction. The results are shown in figure 25. The results were calculated
by treating the activity of 9 day’s old culture as 100. As will be seen
in the figure, the enzyme activity inereases gradually till 9th day of the
culture and after then begins to fall suddenly. The activity in the
21 day’s old culture is quite weak. It is noticeable that the enzyme
activity reaches maximum on the 9th day of the culture when the
most remarkable fungus growth appears.

vi) The kind of nitrogen source of the culture and the enzyme
activity: It seems to be of interest to know if differences of nitrogen
source of the culture exert any effect on the activity of the proteolytic
enzyme produced by the fungus. In order to find out about such
relations, the following described experiments were planned. The
nitrogen sources employed in thess experiments were asparagine,



ON THE RELATION BETWEEN THE PRINCIPAT, COMPONENTS OF RICE PLANT 137

X4
e
100 T {200
’/
//
g0 // 480
so} {760,
<
& 60
L 7or {r¢0
s >~————» R4
k enzyme activit .
g e . Y T Jrze b
g - - ———— * 3
sob / fungus dry weight
@ / {ro0 2
2w / &
5 # 120 &
so0t _ 4
/// 60
20
// 40
//
10 ;
120
y 4
// .
< 7 ? 2 /4 16 42L/ 2Ié days

culture age
Fig. 25. Culture age and the proteolytic enzyme activity.
(exo-enzyme)

glyecine, l-alanine, aspartic acid, glutamic acid, urea and KNO,, which
have all been proved to be good nitrogen sources for the fungus growth.
Gelatine was used as substrate and the pH was adjusted to 7.0. The
enzyme activity was determined by the increasing of amino acid in
the substrate at 24 hours of the reaction. As shown in the previous
section the enzyme activity fluctuates with the age of the culture in
every experimental sections of each nitrogen source. Therefore the
age of the culture when the peak of the enzyme activity appears, and
the value of maximum enzyme activity are shown in table 81. The
figures which represent the enzyme activity in the table were calculated
by giving the amino acid in KNO, section a value of 10. The enzyme
activity of the urea section was inferior to that of the KNO, section;
at the same time the urea is a rather inferior nitrogen source to KNO,.
The peak of the enzyme activity appears earlier in the KNO, section
than in the urea section. All the other amino acids and amides, with
the one exception of glycine, were excellent for the enzyme production
and the enzyme activity was generally greater in such amino acid or
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TaBLE 81. Relations between the nitrogen source of the culture
and the enzyme activity.

{exo-enzyme)

activity of age of culture dry weight of
N-sources when the activity mycelium when
the enzyme reached maximum activity examined
KNO; 10 9th day 70.6 mg
asparagine 17.3 9th » 120.1 »
glycine 5.8 9th » 105.1 »
l-alanine 16.4 16th » 1955 »
agpartic acid 19.1 12th » 163.2 »
glutamic acid 17.8 9th » 834 »
urea 79 16th » 75.1 »

amide cultures than in KNO, culture. But only in the glycine culture
the enzyme activity was exceptionally weak, although glycine is an
adequate nitrogen source for the fungus growth., The age of culture
at which the enzyme activity reaches maximum seems not to have any
correlation with the greatness of the enzyme activity or the growth
rate of the fungus. This statement takes into consideration the facts
that the peak of the enzyme activity appears on the 9th day of the
culture both in the KNO, and asparagine sections while the difference
in the value of the maximum activity of the enzyme is rather great
between the two sections and also the facts that in the case of aspartic
acid culture the peak of the enzyme activity appears on 12th day of
culture which is 3 days later than in the other amino acid sections
while the greatest value of the enzyme activity is seen in that culture.

2. The proteolytic enzyme detectable in the mycelium
(endo-enzyme).

The endo proteolytic enzyme of the blast fungus was examined
by employing the mycelium as the enzyme source.

i) The reaction time and the substrate: The fungus which was
cultured for 15 days in standard culture solution was employed as the
enzyme source. The substrate was gelatine and the pH was adjusted
to 5.4. The results are shown in figure 26. The relation between the
time and the proteolytic enzyme is almost the same as in the casz of
the exo-enzyme, but thz activity is a little greater in the mycslium
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Fig. 26. Proteolytic endo-enzyme of the blast fungus.

of dry weight 20 mg than in the 5cc of concentrated filtrate. The
specificity of the enzyme was examined for each one: gelatine, casein
glyeyl-glycine and chloracetyl-l-tyrosine, The results are shown in
table 82. Like as in the exo-enzyme, the endo-enzyme is active against
each gelatine, casein and glycyl-glycine while it is inactive toward
chloracetyl-l-tyrosine.

TaABLE 82. Specificity of proteolytic enzyme of the blast fungus.

{endo-enzyme)

substrate enzyme activity

glyeyl-glycine +
chloracetyl-1-tyrosine —

casein L

gelatine -+

ii) pH and the enzyme activity: Employing the mycelium as the
enzyme source, the writer examined the relations between the pH of
the solution and the enzyme activity in the same way as in the previous
section. The results are calculated by treating the amino acid at 27
hrs. of reaction in the section of pH 7.0 as 100. Figure 27 shows the
results,
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It is quite same as in the previous section that the optimum pH
for the enzyme action lies in 7.0. But thz range within which the
enzyme action pretty fair, is rathesr narrow. In the pH below 5.0 and
above 8.0 the enzyme action becomes quite weak.

iii) Addition of KCN or cysteine and the enzyme activity: The
effects of the addition of cysteine or KCN on the enzyme activity were
examin>d by adding 1/100 N eithar of cysteine or of KCN.,

The results, which were calculated by treating the amino acid
at 29 hrs, of reaction in the control ssction as 100, are given in
figure 28.

As will bs seen in the figure, the enzyme action is clearly promoted
by the addition of the cysteine, and there is not any such tzndency
as a temporary inhibition in the beginning of the addition as was seen
in the previous experiments where ths concentrated filtrate was em-
ployed as thz enzyme source. Moreover the activation of the enzyme
action was clearly shown also by the addition of KCN, while any efforts
to prove such fact never cams to success in the case of the exo-
enzyme,
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iv) The age of the culture and the enzyme activity: The relations
between the age of the culture and the enzyme activity are quite
the same as in the experiments of the previous saction. At first ths
enzyme activity increasss gradually with the duration of the culture
and it begins to fall rather suddenly immediately after the activity
reaches its maximum. Figure 29 graphs ths results in ths culture of
KNO, nitrogen source.

v) The nitrogen source of the culture and the enzyme activity:
In order to know the relations between the nitrogen source of the
culture and the enzyme activity, nine various cultures were prepared
in which one each respsctively KNO,, asparagine, glycine, l-alanine,
aspartic acid, glutamic acid, urea, casein and gelatine was supplied as
the nitrogen source. The experiments were carried on in the same
way as in the previous section. The experimental results are sum-
marized in table 83. The activity of the enzyme in the table was
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TaBLE 83. Relations between the nitrogen source of the culture
and the proteolytic enzyme activity.

{endo-enzyme)

nitrogen enzyme days of culture when | fungus dry weight
L. enzyme activity when the activity

sources activity reaches to maximum was examined
KNO, 10 9 days ‘ 70.6 mg
asparagine 16.8 9 » 120.1 »
glycine 6.5 9 » 1054 »
l-alanine 17.2 14 » 1955 »
aspartic acid 18.4 14 » 1632 »
glutamic acid 17.1 9 » 83.4 »
urea 5.8 16 = 75.1 »
casein 25.6 9 » 215.0 »
gelatine 26.1 9 » 221.0 »
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calculated by treating the amino acid at 24 hrs. of the reaction in the
KNO, szction as 10. Like as in the case of the exo-enzyme, the enzyme
activity is generally greater in ths section in which the fungus growth
is the bstter; in the urea nitrogen section in which the fungus growth
is not so good the enzyme activity is also rather inferior to the other
ssctions; the enzyme activity is exceptionally weak in the glycine
saction. In the both sactions of casein ard gelatine nitrogen source
the enzyme activity is also remarkably high while ths fungus growth
is also excellent; this may suggest the adaptive production of the
proteolytic enzyme caused by the preserce of protein in the culture
solution. As in ths casz of the exo-enzyme the culture age when
enzyme activity reaches maximum ssems not to have any correlation
with the growth rate or the greatness of the enzyme activity.

Summarizing the above stated results on the proteolytic enzyme of
the blast fungus, the enzyme activity is eclear both in the culture
filtrate (exo-enzyme) and in the mycelium (endo-enzyme) though each
of them is not always very strong. There seem to bs a few observable
differencss in the characters of the endo-snzyme and the exo-enzyme,
but ths responsibility for the observation of these differences seems
to rest upon the employment of unpurified filtrate or mycelium itself
as the enzyme source in these oxpsriments. Ths charactsrs of the
proteolytic erzyme of the blast fungus may, in general, be summarized
as follows: the enzyme is active against each caszin, gelatine, and
glyeyl-glycine while it is inactive against the chloracetyl-lI-tyrosine; the
optimum pH for the reaction lies in 7.0; the optimum temperature is
about 40°C ard the action of this enzyme is promoted by the addition
of either cysteine or KCN at the concentrations above 1/100 N. Thinking
from this characters, it seems to the writer the erzyme in question
here is similar to papain. The activity of the enzyme fluctuates with
the age of ths culture. It reaches generally to its maximum at the
age when the growth rate of the fungus begirs to be great and there-
after it decreases rather suddenly. It is evident that fungus supplied
with a good nitrogen source as some amino acids produces the enzyme
abundantly. Moreover the supply of the protein as casein or gelatine
in the culture media favors adaptively the production of the proteolytic
enzyme by the fungus.
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Chapter V

Carbon sources of the blast fungus.

Since the indispensability of biotin and vitamin B, for ths growth
of the blast fungus has been proved, the studies on the carbon source
of the blast fungus should be re-examined. This chapter consists of
a description of experiments on the carbon source which were carried
on by employing the culture solution containing biotin (80 m7 in 30cc
culture solution) and vitamin B, (0.57 in 30ce culture solution). Carbon
sources examined are the following—sugars: viz., glucose, fructcse,
galactcse, sucrose, lactosz, maltose ; polysaccharides: viz., soluble starch,
inulin ; higher aleohols: viz.,, glycerine, mannit; and organic acids:
viz., formic acid, acetic acid, oxalic acid, succinic acid, lactic acid,
and citrie acid. The amount of the carbon ssurce supplied was always
the same as the amount of carbon contained in the standard culture
solution™, All the chemicals ussd in these experiments were tested

TaBLeE 84. Carbon sources and the blast fungus growth.

carbon sources fu‘r]lvge?gh?ry spore formation ﬁr;gé dli)lftanf
glucose 113.6 mg + 6.6
fructose 57.0 » + 5.8
galactosz 17.7 » — 5.6
sucrose 129.8 » + 7.0
lactose 325 » - 6.4
maltose 134.7 » =+ 7.2
soluble starch 56.5 » + 6.2
inulin 100.1 » + 6.8
glycerine 1.8 » — , 5.4
mannit 96.4 » + 6.8
formic acid 0 » — 5.4
acetic acid 0 » — 5.4
oxalic acid 1.3 » - 5.6
suceinic acid 57.5 » - 6.2
lactic acid 1.0 » - 5.4
citrie acid 27.0 » - 5.6

* It is the same as described in chapter I of this part.
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previously for contamination of the growth factor by the bicassay of
“Saccharomyces cerevisiae” and if even a trace of contamination of the
growth factor in the chemicals were proven it was completely removed
by absorption with charcoal before material was used. The pH of the
culture solution was adjusted to 5.4 in original. The cultures were
filtered after two week’s culture and fungus dry weight, spore forma-
tion and the final pH were determined. The results are summarized
in table 84. As will be seen in the table, maltcse and sucrose were
the most excellent carbon sources for the fungus growth while lactose
was far inferior to them. When glucose was given as carbon source, the
fungus growth was fairly good though a little inferior to that of sucrose.
On fructcse carbon source, the fungus growth remained at half of
that in the case of glucose, while galactose, though one of the hexcses,
was a rather inadequate carbon source for the fungus growth. Inulin
among polysaccharides was a rather good carbon source while spluble
starch was not so good. Mannit among higher alcohols was also a
rather good carbon source but the fungus growth was very scanty
on glycerine. As to the organic acids, the fungus growth of 57.5mg
in dry weight, which corresponds to the growth on fructcse or soluble
starch, was to be seen on succinic acid carbon source; some growth
could be seen also on citric acid, while no growth was seen on formic
acid, acetic acid, oxalic acid and lactic acid. The pH value of the
culture solution rose with the duration of the culture whenever the
fungus growth was fairly gocd, because of the unequivalent absorption
of ion. Slight spore formation was seen in each of the cultures of
glucose, fructcse suercse, maltose, soluble starch, inulin and mannit.

To summarize the results, the carbon sources are enumerated in
the order of their nutritiousness as follows: 1. maltose, 2. sucrcse,
3. glucose, 4. inulin, 5. mannit, 6. succinic acid, 7. fructose, 8. soluble
starch, 9. lactcse, 10. citric acid, and 11. galactose. The excellency of
maltose as the carbon source for the blast fungus was reported already
by Tocuinal and Naga~o (1940); gluccse and mannit were also reported
as good carbon sources by them. But the present writer can not agree
with their conclusions that glucose is a carbon source superior to sucrose
or that soluble starch and glycerine are fairly good carbon source.
Their results might have been disturbed by the trace of biotin con-
taminated in the used chemicals. Last of all it is worthy of notice
that the fungus growth is pretty good on such organic acids as succinic
acid and citric acid which are included in T. C. A. cycle.
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Chapter VI
Respiration of the blast fungus.

It is quite natural that the activity of the fungus growth is con-
cerned with the intensity of the respiration of the fungus. In this
chapter experiments on the respiration of the blast fungus are de-
scribed. The fungus was cultured on the standard culture solution,
which contained 80 m7 biotin and 0.57 vitamin B, in 30 cc culture solution
of each flask. Nitrogen source of the standard culture solution was
sometimes replaced by either glyecocoll, alanine, asparagine, creatine
or taurine. The experiments were performed on the fungus of 10-
20 day’s culture. Previous to the experiments the mycelia to be used
were transferred into sterilized distilled water and were left to stand
still in the thermostat for 24 hours to allow for consumption of the
respiration materials which might be stored in the mycelium. The
oxygen absorption by the fungus of about dry weight 50 mg was deter-
mined by Warsure manometsr at each ten minute interval for one
hour and Qo, was calculated.

i) Temperature and respiration intensity: In order to know the
optimum tsmperature for respiration, the intensity of respiration was
determined in each temperature of 10°, 15°, 25°, 30°, 85°, 40°, 50°C. The
usad fungus was that which had been cultured in glycocoll nitrogen
culture solution for 15 days. One cubic centimetre of M/6 glucose was
given as substrats in the Warpurc vessel. The pH of the substrate
was adjusted to 6.0 with phosphate buffer. One half cubic-centimetre
of 1095 KOH was employed as the absorbent. The results are shown

TaBLE 85. Temperature and the respiration intensity
of the blast fungus.

|
w |1 25° } 30° [ 35° I a0 50°
. | | 1
10 min. 1.6mm3 153mm? 6.4mm® 19.3mm?% 21.2mmd 27.5mm® 8.4mm?
20 » 34 » 249 » 22.0 » 382 » 415 » 564 » ! 19.0 »
30 » 4.2 » 39.8 » 33.1 » 56.6 » 66.2 » 760 » | 281 »
40 » 5.7 » 53.2 » 471 » 733 » 91.0 » 89.1 » 39.0 »
50 » 7.0 » 635 » 69.8 » 90.0 » 1139 » 1089 » 452 »
60 » 83 » 73.0 » 95.0 » 109.0 » 136.8 » 129.0 » 1 57.1 »
Qo; » 0.2 » 1 2.0 » I 2.6 » 1 3.0 » ‘ 3.7 » ’ 35 » l 16 »
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Fig. 30. Temperature and the respiration intensity
of the blast fungus.

in table 85 and figure 30. In this table the oxygen absorption by the
fungus of dry weight 36.6mg is shown. As will be seen in the table
and figure, the optimum temperature for the respiration lies at 35°C
and Qo, is 3.7 in that temperature. At 40°C the oxygen absorption is
rather greater than at 35°C up until 30 minutes of the determination
but it becomes smaller with passage of time, giving finally Qo, 3.5.
This may suggest the effect of the high temperature on the respira-
tion. For respiration 50°C is clearly too high, Qo, being only 1.6. The
respiration is also fairly good in 30°C though the Qo, is a little smaller
than at 35°C; it is pretty good even at 15°C while 10°C is too low. It
is worthy of notice that the optimum tempsrature for respiration,
35°C, is higher than the optimum temperature for the fungus growth,
28°-30°C.

ii) pH and the intensity of respiration: In order to know the
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optimum pH for the respiration, the experiments were performed
using culture solution of each pH 2.6, 4.0, 5.0, 6.0, 7.0, 8.0, which were
prepared by adding phosphate buffer solution. The used fungus was

TaBLE 86. Relations between the pH value and the réspiration
intensity of the blast fungus.
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Fig. 31. Relations between pH value and the respiration
intensity of the blast fungus.
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that which was cultured in alanine culture solution for 20 days. Sub-
strate was M/6 glucose and the temperature of experiment was 35°C.
The results are given in table 86 and figure 31.

As will be seen, fairly good respiration is seen in the pH range
of 5.0-7.0 with optimum 6.0, showing greatest Qo, 2.53. The optimum
pH for the respiration, 6.0, is about the same with the optimum pH
for the fungus growth.

iii) Respiration material: The suitabilities of various substrates
for the respiration of the fungus were examined. The tested sub-
strates are as follows: glucose, fructose, galactose, sucrose, maltose,
inulin, mannit, succinic acid, citric acid, oxalic acid. The fungus samples
employed for the experiment were those which were cultured in KNO,
culture solution for ten days. Experimental temperature was 35°C and
the pH was 6.0. The concentration of the substrates tested was always
M/6. The results are given in table 87.

TaABLE 87. Respiration intensity of the blast fungus on
the various kinds of carbohydrates.

substrate : Qo:
glucose ‘ 4.52
fructose | 0.33
galactose 0.28
sucrose 2.00
maltose 0.22
inulin ’ 1.38
mannit 1.25
succinic acid 240
citric acid 1.82
oxalic acid 1.66

As will be seen in the table, glucose is the most excellent respi-
ration substrate for the fungus, while fructose and galactose are rather
bad. The respiration intensity is unexpectedly low on the substrate
of sucrose and maltose, especially on the latter. Inulin and mannit
are not very good respiration substrates. On the other hand, succinic
acid, one of the organic acids, is a fairly good respiration substrate
for the fungus; citric acid and oxaliec acid gre also pretty good sub-
strates, while succinic acid and citric acid, are good carbon sources
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for the fungus growth as described in the previous chapter. It is
worthy of notice that the three organic acids above mentioned are
those which are included in the T. C. A. cyecle. As the comparatively
lower values of Qo, on the substrates of sucrose and of maltose were so
unexpected, the determination on the substrates of sucrose, maltose,
inulin and mannit were continued for three hours and Qo, values were
calculated at each one hour. The results are shown in table 88.

TaBLE 88. Respiration intensity of the blast fungus on some
kinds of disaccharide and of higher alcohol.

Qo:
0-1 hr. 1-2hrs. | 23 hrs
sucrose 2.00 3.07 4.32
maltose 0.22 0.96 211
inulin 1.38 1.50 1.80
mannit 1.25 1.20 \ 1.18

As will be seen in the table, the Qo, becomes greater with the
longer duration of time on each of the substrates of sucrose, maltose,
and inulin, while on the substrate of mannit it becomes rather smaller.
This may suggest that the sucrose, maltose and inulin are utilized after
they were decomposed by saccharase, maltase, and inulinase re-
spectively.

iv) Effect of KCN on the respiration: In order to learn whether
the respiration is inhibited by the addition of KCN, the following ex-
periments were planned. The used fungus was that which had been
cultured in asparagine nitrogen culture solution for 14 days. The
experiments were performed under the conditions of temperature 35°C,
pH 6.0; glucose was employed as the substrate. The M/1000 KCN was
added at 30 minutes after start of the determination. The results are
shown in figure 32. As will be seen in the figure, the respiration is
clearly inhibited by the addition of KCN, inhibition percentage being cal-
culated as 59.04%5. The higher concentration of KCN added makes
the inhibition percentage the greater. A inhibition of 77.269% is seen as
result from the addition of 5/1000 M KCN and a inhibition of 91.12%
from addition of 1/100 M KCN. From these experiments it is evident
that the respiration of the blast fungus is concerned with the cyto-
chrome system.
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Fig. 32. Effect of KCN addition on the respiration
of the blast fungus.

v) The fluctuation of the respiration intensity with the age of
the culture: The fluctuation of the respiration intensity with age of
the cultures was examined. The nitrogen sources of the cultures
employed were each KNO,, asparagine and alanine. At each chosen
culture age some cultures were filtrated and they were used for the
determination of the respiration after one hour’s starvation in distilled
water as usual. Substrate was M/6 glucose, the temperature was 35°C
and pH was 6.0. The results are shown in figure 38.

On the KNO, culture, Qo, increases gradually with the duration of
the culture till 156th day and thereafter it falls gradually. Maximum
Qo, on 15th day of culture is 7.70. On the asparagine culture, Qo,
increases till 156th day of culture and then begins to fall. Maximum
Qo, on 15th day is as great as 16.43. On the alanine culture, Qo, increases
till 9th day and then begins to fall rather suddenly. The maximum
Qo, on 9th day is 14.07. Through all the experiments the peak of the
fluctuation appears in the rather latter phase of “the middle stage”
of fungus growth.

vi) Nitrogen source and the respiration intensity: As shown in
the previous section, there is a tendency for the maximum value of
Qo, and the culture age when the maximum Qo, appears to be different
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TaBLE 89. Relation between the nitrogen sources of the culture
and the respiration intensity.
. ] o
nitrogen sources Qo, culture age when

l max. Qp, appears

asparagine 16.43 15th day
glycoeoll 12.63 : 9th »
alanine 14.07 9th »
aspartic acid 16.91 9th »
glutamie acid ' 441 gth »
KNQ; 7.70 15th »
norleucine 6.85 13th »
arginine hydrochloride 4.64 26th »

in the cultures different in their nitrogen sources. In order to ascertain
this point, experiments were planned employing cultures of 8 kinds
of nitrogen source. In table 89 the maximum Qo, through the entire
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duration of the culture and the culture age when the maximum Qo,
values appear are shown. In the table the nitrogen sources are arranged
in the order of superiority for the fungus growth from above downward.
The comparatively lower value of Qo, in the glutamic acid culture is
an unexpected result. But in general the respiration intensity Is
greater in the cultures of the excellent nitrogen sources such as aspara-
gine, glycocoll, alanine and aspartic acid on comparison with the cultures
of norleucine or arginine which are not so good nitrogen source for the
fungus growth. In the case of the asparagine culture, the maximum
value of Qo, appears on the 15th day of the culture which is six days
later than the values in the cases of the other amino acid nitrogen
sources. This is also one of the unexpected results. Although there
are some discrepancies like these, it may be generally said that the
greater respiration intensity is seen on the culture of the better nitrogen
source and the maximum value of Qo, appears the earlier in culture
age.

Summarizing the experimental resuits on the respiration of the
blast fungus, the optimum temperature lies at 35°C which is a little
higher than the optimum temperature for growth (28°-30°C), and the
optimum pH lies at 6.0 which is as same as the optimum pH for the
growth. Glucose is the most excellent substrate for the respiration
while fructose and galactose among hexoses are not good substrates.
Sucrose, maltose and inulin are utilized as substrates after the decompo-
sition by saccharase, maltase and inulinase respectively, that may be
produced by the fungus. Mannit, one of the higher aleohols, is a pretty
good substrate for the respiration though a little inferior to the poly-
saccharides. Some organic acids, succinic acid, citric acid and oxalie
acid which are all included in the T. C. A. eycle are also pretty good
substrates for the respiration of the blast fungus while they are likewise
pretty good carbon sources for the fungus growth. It is also evident
that the respiration is inhibited by the addition of KCN suggesting the
fact that the respiration is connected with the cytochrome system.
The respiration intensity fluctuates with the culture age of the fungus.
It increases with the duration of the culture and reaches to the
maximum generally at the latter part of “the middle stage” of the
fungus growth, which is a few days before the age when the fungus
growth reaches to the maximum. Thereafter the respiration intensity
begins to fall rather suddenly. The maximum Qo, and the culture age
when the maximum appears are different according to differences in
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the nitrogen source of the cultures. Generally speaking the greater
respiration intensity in the earlier culture age is seen on the cultures
of the better nitrogen sources.

Chapter VII

General conclusion.

While a great many investigations have been reported on the blast
disease, the physiological studies on the blast disease fungus have been
rather few. The reason seems to lie chiefly in the fact that the blast
fungus has been difficult to culture on the pure synthesized media.
Recently, however, it has come to be known by such investigators as
F. W. Leaver and the coworkers®”, Tanaka and Karsugi®="?, and the
present writer™ that biotin and vitamin B, are indispensable for the
blast fungus growth. And the fungus has come to be cultured fully
on the pure synthesized culture solution containing the growth factors
above mentioned. The blast fungus never develops on the complete
lack of biotin, but only a trace of it improves the growth. Greater
amounts of it favour the more the growth till the dose of 2.3-3.0mr/ml;
the excess biotin has no effect upon the fungus growth. The other
growth factor vitamin B,, on the other hand, is a complementary one
to the biotin. As biotin and vitamin B, are almost always de-
tectable in slight amounts in such organic compounds as sucrose even
of the highest quality, the results of the experiment which were made
without paying any attention to the growth factors might have been
disturbed by the small amount of biotin which was contaminated in
the used chemicals. Therefore the studies on the nitrogen source or
the carbon source of the blast fungus need to be re-examined. The
present studies were carried on by employing the culture solutions in
which the adequate quantities of both growth factors were supplied.
According to these studies some amino acids or amides as glycocoll,
alanine, aspartic acid, glutamic acid, asparagine are the comparatively
more excelient nitrogen sources for the fungus growth while the blast
fungus can synthesize the inorganie nitrogen. On such nitrogen sources
as the amino acids or amides named above, “the early stage” of the
fungus growth is shortened and “the greatest activity period” of the
fungus growth appears earlier. Moreover the fungus growth in “the
middle stage” is remarkably great. In short, the fungus grows faster
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and to a larger size on the nitrogen source of above-named amino acids
or amides. Among the inorganic nitrogens, nitrate nitrogen appears
to be superior to ammonium nitrogen as the nitrogen source of the
blast fungus, but the responsibility lies in the falling of pH value in
the ammonium nitrogen culture solution because of the unequivalent
absorption of the ion. Whatever the nitrogen source may be, the
nitrogen given in the culture solution is generally absorbed vigorously
till “the middle stage” of the fungus growth. The absorption of the
greatest amount of nitrogen in each two day period occurs in the early
part of “the middle stage” just before the greatest increase of fungus
dry weight appears. Fairly great absorption of the nitrogen is often
seen also in the latter part of ‘“the middle stage” especially on the
cultures of rather excellent nitrogen sources. But such greater ab-
gorption is attributed to the greater amount of mycelium developed
in the earlier part of “the middle stage”. Thus it is evident that
the absorption of nitrogen in the earlier growing stage is remarkably
vigorous considering the comparatively smaller amount of the mycelium.
On calculating the utilization ratios of the various nitrogen sources,
by measurement of the increase of the fungus dry weight by 1mg
nitrogen absorption, one finds that the value is always higher on the
better nitrogen sources, if it is calculated at the earlier part of “the
middle stage”. In order to compare the efficiency of the various
nitrogen sources in furthering the fungus growth, it is quite reasonable
to calculate the utilization ratios at the earlier part of “the middle
stage” in which the fungus activity is most vigorous. ‘Thusit is certain
that the better nitrogen sources, such as above named amino acids or
amides, are also utilized in higher efficiency by the fungus. When
nitrate nitrogen is given in the culture solution of the blast fungus,
it is first reduced to ammonium by the blast fungus as in the case of
the other micro-organisms. This is shown by the fact that ammonium
comes to be detectable in the culture solution in which the nitrate
nitrogen is supplied as the only nitrogen source, but the detection of
ammonia is often quite difficult in the culture of rather early growing
stage. This is because the fungus is vigorously active at the earlier
growing stage, and the resulted ammonia is absorbed immediately
after the reduction. Yosumr (1936), Tanara and Katsukr (1951) reported
that they could never find out any trace of nitrite or ammonia in the
blast fungus culture solution in which nitrate nitrogen was supplied,
but this discrepancy in the results may be attributed to the fact that
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their experiments might have been made by employing rather young
cultures. It was already stated that some kinds of amino acids or
amides are good nitrogen sources for the blast fungus, and when such
amino acids or amides are supplied as only nitrogen source in the
culture solution of the blast fungus, ammonia comes to be found in
that culture solution. This will suggest naturally the secretion of an
amino acid oxidase by the fungus. And in fact its production by the
fungus was ascertained in the present experiments. - According to the
experiments, the enzyme is active against the following amino acids;
glycocoll, l-aspartic acid, l-glutamic acid, d-glutamic acid, dl-glutamic
acid, l-alanine, l-leucine, dl-leucine, while it is inactive for the amino
acids: arginine-hydrochloride, dl-valine, dl-methionine. The amino acids
for which the oxidase is active are those which were proved to be
good nitrogen sources, and it is certain that effectiveness of various
amino acids as nitrogen source of this fungus is attributable to the
fact that those amino acids are acted upon by the oxidase. The
activity of the oxidase fluctuates with the age of the culture: generally
it increases gradually with the growth of the fungus till “the middle
stage” of the fungus growth and begins to decrease from the latter
part of “the middle stage.” As mentioned already, the greatest ab-
sorption of the nitrogen in each two days period occurs in the early
part of “the middle stage”, and the oxidase activity reaches also to
the maximum at about the same age of the culture. Thus the greater
decomposition of the amino acid at that stage stimulates the greater
absorption of the nitrogen by the fungus, which encourages the greater
increase of the fungus growth. While the activity of the amino acid
oxidase is proved even in the culture solution in which only inorganic
nitrogen is supplied as the nitrogen source, far greater activity is found
in the culture solutions in which some kinds of amino acids as named
above are given, It is certain that the activity is always greatest
toward the same kind of amino acid which is given as the nitrogen
source, suggesting their adaptive production to the kind of the given
amino acid as the nitrogen source of the culture. In these experiments
in which the living mycelium itself was employed as the enzyme source,
the action of the amino acid oxidase was inhibited by the addition of
KCN. This may suggest intermediation of the cytochrome system
between the oxidase and the oxygen outside. Examining the relations
between the amount of nitrogen given to the fungus and the fungus
growth, the nitrogen concentration of 0.275 mg/ml in TocHiNal-NARKANO'S
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culture solution was never the optimum concentration for the fungus
growth irrespectively of the kind of nitrogen given as source. It is
clear that the fungus growth increases with the increase of the nitrogen
amount given in the culture solution at least to the concentration of
3.312mg/ml. On the other hand, the high level nitrogen supply stimu-
lates a greater absorption of the nitrogen by the fungus especially at
the earlier age of the culture, and shortens the duration of “the early
stage” of the fungus growth. Thus the growth rats of the fungus is
quickened and especially the growth in “the middle stage” becomes
remarkable. It must be noticed here that those relations are more
conspicuous on the better nitrogen sources of the fungus growth. On
the other hand utilization ratio of the nitrogen is not always the greater
in the case of greater nitrogen supply, because of the too much absorp-
tion of the nitrogen. The blast fungus has a proteolytic enzyme, which
is active toward gelatine, casein and glycyl-glycine while inactive to-
ward chloracetyl-l-tyrosine. Optimum temperature for the enzyme
action lies at 40°C and the optimum pH at 7.0. The activity of the
enzyme is promoted by the addition of cyan-compounds at a concen-
tration above 1/200 M. Considering from these characters of the enzyme,
one may safely conclude that the enzyme is one closely related to
papain. The activity of the proteolytic enzyme fluctuates with the
age of the culture; the peak appears generally in “the middle stage”
of the fungus growth. It seems to be that the matter of fluctuation
with the culture age is not affected greatly by the kind of nitrogen
sources given in the culture solution nor by the amount of the nitrogen
given. But the maximum value of the enzyme activity within the
culture period is greatly affected by the kind of the nitrogen source.
The employment of some amino acids or amides as nitrogen source
makes the enzyme activity greater, while rather smaller activity results
even in the case when inorganic nitrogen is given as only nitrogen
source. Generally speaking greater activity of the proteolytic enzyme
is seen in the cultures of the better nitrogen sources, although there
are some exceptions as in the case of urea and glycine. Examining
the carbon sources of the blast fungus, one finds that sucrose and
maltose are the most excellent carbon sources for the blast fungus
growth while lactose, among the disaccharides, is far inferior to them
as carbon source. Glucose among hexoses is fairly good earbon source
and fructose is also a pretty good one while galactose is inadequate.
Inulin is a fairly good carbon source but soluble starch is not so good.
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The fungus grows fairly with mannit as the carbon source while it
does not grow with glycerine. Among organic acids, succinic acid is
a pretty good carbon source and fungus growth as great as in the
case of fructoss carbon source is seen. Some fungus growth is seen
also when citric acid is supplied as carbon source, but growth is not
seen when such organic acids as acetie acid, oxalic acid and lactic acid
are supplied. As well known, the carbon sources given in the culture
are used as the substrate for respiration and also as the constitutional
material of the mycelium. It is the excellent carbon sources which
are used well both as the respiration substrate and as the constitutional
material of the mycelium. There are no data to indicate the superiority
of one carbon source over another as supplying material for the con-
stitution of the mycelium. However on comparing the superiority of
the carbohydrates as respiration materials, one finds glucose to be the
most excellent one for the blast fungus while both fructose and
galactose are rather inadequate substrates. Sucrose and maltose come
to be utilized as the respiration substrate after they are decomposed
by saccharase and maltase respectively. While maltose is the most
excellent carbon source for the fungus growth as described above, its
value as the respiration substrate is far inferior to glucose. Inulin
and mannit are fairly good respiration substrates as well as good carbon
sources for the fungus growth. As for the organic acids, succinie,
citric and oxalic acids are proved all to be good substrates for encour-
aging the respiration of the blast fungus, suggesting that the T.C. A.
cycle is included in the respiration mechanism of the blast fungus.
Optimum temperature for the blast fungus respiration lies at 35°C
which is a little higher than the optimum temperature for growth;
optimum pH lies at 6.0 that is as same as the optimum pH for growth.
Respiration is inhibited by the addition of cyan at concentrations above
1/1000 M and thus it is certain that the blast fungus respiration is
concerned with the cytochrome system. The respiration intensity
fluctuates with the age of the culture: it increases gradually with the
duration of the culture till “the middle stage” and then begins to
fall. It is certain that the respiration intensity becomes greatest at
the culture age when the most active increase of the fungus dry
weight per two-day period is occurring. The maximum value of respi-
ration intensity during the culture and the culture age when that
maximum intensity appears are affected by the nitrogen source given
in the culture. Generally the better nitrogen sources such as some
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amino acids or amides make the maximum value of respiration the
greater and makes the culture age when it appears the earlier. In
other words it is eertain that greater growth is always accompanied
by greater respiration.

DISCUSSION

As well known, blast susceptibility is not only different between
the rice varieties, but also even in the same one variety it is caused
to fluctuate by some differences of the environmental conditions under
which the rice plants are grown. The present writer tried first to find
some cases in which the rice variety “Eiko” varies in blast susceptibility.
The rice variety “Eiko”, used all through the present study, is originally
m dium in its susceptibility and develops ordinarily the chronic type
lesions accompanied by 2 few of the acute type ones upon infection
of the blast fungus. On observing the process of the lesion develop-
ment one sees first appear a small brown spot, around which an area
looking somewhat transparent or yellowish appears soon, to produce
thus the acute type lesion. The most of the lesions do not remain
ordinarily in such form for long, but soon the disintegrated zore and
the necrotic zone come into appearance transforming the acute type
lesion into the chronic type one. Such process of lesion development
may suggest that the so-called “defence reaction” is neither very strong
nor very quick in this rice variety. When the blast susceptibility of
this variety is enhanced for some reason, not only do both the number
and the size of the developed lesions become greater, but also the
period of remaining in the acute type in the process of lesion develop-
ment becomes longer, producing a greater number of acute type lesions.
Such course is found in the case of examining the lesions at about 10
days after the inoculation. By examining the lesions developed by °
the inoculation experiments, the present writer ascertained the fol-
lowing five points: 1. when the rice seedlings are raised on the hot
bed nursery, they become more susceptible to the blast disease in
comparison with those which wer eraised on the ordinary nursery bed.
2. The rice plants are most resistant to the blast disease at “the
elongation stage” and most susceptible to the blast disease at both
the “ear formation stage” and the “boot stage” through all their
growing stages. 3. The high level nitrogen supply lengthen the highly
susceptible growing stage of the rice plant and the characteristic of
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the “elongation stage” to0 be most resistant against the blast infection
is completely lost. 4. Although it is quite difficult to find out the
critical level of nitrogen at which the blast susceptibility just begins
to rise, two times as much nitrogen amount as the standard often
remarkably raises the blast susceptibility. 5. When the excessive
nitrogen is supplied additionally just before the “ear formation stage”,
the blast susceptibility of the rice plant is enhanced clearly at 7 days
after the additional supply. The reason why the same rice variety
varies in respect to blast susceptibility as mentioned above is to be
sought from different two sides. The one is research from the side
of the host (rice plant) and the other is research from the side of the
parasite (blast fungus). And finally it is desirable to discuss the problem
by synthesizing the results of the researches from both sides. Re-
searches from the side of the host plant (rice plant) may be also divided
into two parts. The one is those studies on the rice plant characters
which are concerned with the susceptibility in the process from the
spore germination till the completion of the penetration of the fungus
through the cuticle; the other part includes studies on the rice plant
characters which are concerned with the proliferation of the fungus
in the rice plant. Studies on the morphological characters of the rice
epidermis, through which the blast fungus penetrates into the plant,
are ore of the most important items in the former classification. Studies
concerning the chemical components of the rice plant, which may favor
or inhibit the fungus growth in the plant, are important subjects in the
latter. In line of the former studies H. Suzuxi (1933~1940) studied
the relations between the blast susceptibility of the rice plant and
degree of silification and also the thickness of the outer wall of those
rice leaves. He emphasizes the parallelisms between the thinner outer
wall of the epidermal cell or the inferior silification of the wall and
the greater blast susceptibility. According to the present investigations
the leaves of the hot bed nursery seedlings which were proved to be
more blast susceptible are thinner in their epidermal cell walls and
are inferior in the silification of epidermal wall, in comparison with
those of ordinary nursery seedlings. Especially such relations are re-
markable in the motor cells (bulliform cells) through which the penetra-
tion of fungus occurs most frequently. It is also known that the rice
plants supplied with high level nitrogen are inferior in silification of at
least the motor cells in their leaf epidermal cells while they become
more susceptible to the blast diseasé by this supply of nitrogen. On the
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other hand it is rather difficult to find out any such correlations between
the fluctuation of the blast susceptibility with the advance of their
growing stages and those morphological characters of the epidermal wall.
Generally there are tendencies for the silification and the outer wall
thickness of the epidermal cell to increase with the advance of growth.
The susceptibility is smallest at the “elongation stage” and greatest
at the next “ear formation stage” as mentioned already. At any rate
it is certain that such morphological characters of the epidermal cell,
as outer wall thickness and silification, are concerned with the blast
susceptibility by determining the difficulties or facilities of epidermal
penetration of the causal fungus, but it is impossible to attribute all
the responsibility to such morphological characters. Thus the relations
between the susceptibility and the amount of various chemical com-
ponents in the rice plant come to be discussed. According to the
present research, the contents of the inorganic substances are smaller
in the hot bed nursery seedlings than in the ordinary nursery seedlings
and also the leaves of the rice plant contain smaller amount of inorganic
substance both at the “ear formation stage” and at the “boot stage”
comparing with those at the other growing stages. Thus the higher
blast susceptibility is concerned with the lower content of inorganic
substances in the rice plant. On examining the composition of the
inorganic substance, one finds that the content of every kind of inorganic
element, such as P,K, Ca etc., becomes smaller on the more blast
susceptible rice plant. As almost half of the total inorganic substance
is supplied by silica, the differences in the content of silica are most
clear between the rice plants different in their blast susceptibility.
H. Suzuxr (1943) reported that the rice plants of high blast resistance
contain the greater amount of potassium in their leaves. Also finding
out the facts that the presence of potassium ion is unfavourable for
the formation of appressoria of the blast fungus and that the potassium
jon is apt to come out through epidermis when the potassium content in
the rice leaves is comparatively greater, Svzuxr tried to explain the
high blast resistance by the failure of appressoria formation which
is due to the presence of potassium ion. The fact that rather numerous
lesions are developed on the riece plant low in its potassium content,
as shown in the present investigation, may be partly explained from
such a view point. The relation between the silica content in the rice
plant and the blast susceptibility has been discussed by many investi-
gators and the silica has been thought to play an important role in
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enabling the rice plant mechanically to resist the fungus penetration.
As shown in the present investigation a lower silica content in the
rice plant is always very closely correlated with greater blast sus-
ceptibility, even when no relations between the silification of the
epidermal cells and the blast susceptibility can be szen from the mor-
phological observations. This may suggest some physiological role of
silica in addition to the mechanical role for preventing the blast fungus
invasion. In fact W. Excrer (1953) wrote recently that most silica
contained in the plant exist in connection with galactose and is sup-
poszd to have some physiological function. At any rate this is a problem
to be solved in future.

The relations between sugar content in the rice plant and blast
susceptibility have been often discussad. According to the present
studies, however, it is rather difficult to find out direct correlations
between them. Even if there secems to be some correlation between
them, the blast susceptibility will be explained somewhat rightly by the
fluctuation of the nitrogen amount which is closaly connected with the
sugar content in the rice plant. The relations between blast suscepti-
bility and nitrogen content in the rice plant have also been studied
by many investigators (Sawapa 1936, '389; Tamara 1937; Semrro 1950 ;
Krisunaswanmi 1952; Tanaxka and Katsuky, 1952). Among them Tauara
states that the blast susceptibility of the rice plant is favoured by
such unbalance of nitrogen composition in the rice plant as ths extra-
ordinary increase in the amount of non-protein nitrogen, which is often
accompanied by the remarkable increass of the total amount of nitrogen
in the plant. Tanxaxa and Katsukr notice the greater content of amino
acid in thosa rice plants which are highly blast susceptible. According
to the present studies, those rice seedlings which are raised with high
blast susceptibility on the hot bed nursery contain the greater amount
of total nitrogen comparing with thoss rice seedlings which are raised
on the ordinary nursery. Dividing this total nitrogen into the protein
nitrogen and the soluble nitrogen, the percentage of the latter in the
total nitrogen is comparatively greater and the percentage of the
former is comparatively lower in the hot bed nursery seedlings than
in the ordinary nursery seedlings. Accordingly the hot bed nursery
szedlings contain the greater amount of soluble nitrogen. It is also
known that the content of soluble nitrogen in the leaves is comparatively
greater while the content of protein nitrogen is comparatively lower
both at the “ear formation stage” and at the “boot stage” comparing
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with the contents respectively in the cases of the other growing stages.
Moreover the rice pilants of which blast susesptibility has been in-
tensified by the high level nitrogen supply come always to contain much
amount of ssluble nitrogen in their leaves. Thus through all the present
experiments it is clearly shown that the rice leaves become highly blast
suseeptible when the content of ssluble nitrogen in leaves becomes
greater accompanied by the comparatively smaller content of protein
nitrogen. On examining the composition of the soluble nitrogen in the
leaves, one learns that the amounts of every kind of the soluble nitrogen,
such as soluble protein nitrogen, a-amino nitrogen, amide nitrogen and so
on, become greater with increass of the amount of the total soluble
nitrogen. However, calculating the correlation coeficient on 59 samples
between the size of the lesions developed and the amount of the various
kinds of soluble nitrogen, one finds that a positive correlation between
the lesion sizes and amount of amino acids in the rice plant is most
certain. Thus it will be concluded that the higher blast susceptibility
of the rice plant is closely connected with the increase of the soluble
nitrogen such as a-amino acid in the plant.

Now it is quite important as well as interesting to ssek the reason
why the accumulation of the soluble nitrogen such as amino acid favours
the blast susceptibility of the rice plant. Recently the so-called
“defence reaction” which appears in the cell of the host plant on the
infection of the causal fungus has attracted attention, and the problem
of the disease resistance of the plant is often discussed from the angle
of this reaction. It is natural that the degree of the ssverity of in-
vasion by the fungus is determined by the interaction between the
aggressive force of the parasite and the defence reaction of the hest
plant. Therefore the pressnt problem mentioned above may be dis-
cussed from the two standpoints. Considering from the standpoint
which places much importance upon the defence reaction, the accumu-
lation of the soluble nitrogen is supposed to weaken or to retard the
development of the defence reaction of the rice plant. While from
the other standpoint which puts much importance to the aggressive
force of the blast fungus, the accumulation of the ssluble nitrogen in
the rice plant is supposed to activate the aggressive force of the causal
fungus which has already penetrated the epidermis of the rice plant.
As described already, however, the rice variety “Eiko” is originally
medium in its blast susceptibility and it must be noticed that the
lesions develop through first the form of the acute type into the
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chronic type lesion even on those rice plants which are grown under
the ordirary conditions. This means that the defence reaction of the
rice variety “Eiko” is originally weak. In order to solve the present
problem, therefore, investigations from the standpoint which puts impor-
tance on the aggressive force of the causal fungus seems to be rather
important. Then for this purpose the physiological characters of the
blast fungus must be examined in detail by cultural studies on this
fungus. It will be noticed here that cultural study of the blast fungus
has been made easier by the recent discovery of its growth factors.
Examination of the growth of the blast fungus leads to the distinguish-
ment generally of three growing stages: they are the “early stage”
(lag phase) in which the increase of the fungus weight is rather small,
the “middle stage’ in which the fungus is most vigorous and increases
in weight greatly, and the “latter stage’ in which the fungus activity
declines. In the earlier part of the middle stage the fungus activity
becomes greatest and the largest increase of the fungus dry weight per
two day periods is seen at that time. On the other hand, the most
part of the supplied nitrogen is generally absorbed from the “early
stage” to the “middle stage” of the fungus growth. The greatest
ebsorption of nitrogen in each two-day pericd is seen just before the
greatest increase of the fungus dry weight per twc-day pericd appears
in the earlier part of the “middle stage”. According to the present
study on the nitrogen sources of this fungus, the blast fungus can
utilize inorganic nitrate or ammonium nitrogen as its nitrogen source;
the nitrate nitrogen is reduced to ammonium nitrogen as usual by
the fungus previous to utilization by synthesis. But, on the other hand,
some amiro acids, such as glycocoll, alanire, aspartic acid, glutamic
acid, asparagine are certainly superior to those incrganic nitrogens as
nitrogen source for this fungus. The amino acids applied to the blast
fungus are first decomposed by the action of the amino acid oxidase,
of which production is proved by the present study. Further, this
enzyme is active only on such amino acids as glycocoll, alanine, aspartic
acid, glutamic acid and gsparagine. This is the reason why only these
amino acids provide a good nitrogen source for the fungus growth.
When one of those amino acids is supplied as nitrogen source, the
duration of the “early stage” (lag phase) in the blast fungus growth
is shortened. This is explained by the fact that the activity of the
amino acid oxidase increases with the supply of thcse amino acids
and the greater amounts of nitrogen come to be absorbed earlier.
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Moreaover the fungus activity is increased by the supply of those amino
acids as clearly shown by the fact of the greater respiration intensity
of those fungi, which are supplied with thcse amino acids as their
nitrogen source. The greater activity is naturally accompanied by the
greater increase of the fungus dry weight. Thus it is certain that
upon the application of some kinds of amino acid as mentioned above,
the fungus activity as well as the activity of the amino acid oxidase
is enhanced earlier in the fungus growth and the greater amount of
nitrogen comes to be absirbed in the earlier growing stage, resulting
in the improvement of the rate as well as the amount of growth. It
is known also that the nitrogen concentration of 0.275 mg/ml in the
standard culture solution is a somewhat limiting factor for the fungus
growth and the greater amount application of nitrogen up to the con-
centration of 8.312 mg/ml makes greater the growth rate and the total
growth as long as the amount of carbon source is sufficient. This
relation is most manifest in the case of amino acid nitrogen ssurce;
it must be added also that the greater amount application of amino
acid makes greater the activity of the amino acid oxidase produced
by the fungus in the earlier stage of the fungus growth. It will be
noticed here that the blast fungus produces a proteinase which is
closely related to papain. The activity of this enzyme alsy becomes
greater when the fungus growth is improved by the supply of a better
nitrogen source. According to the studies on the carbon source of the
blast fungus, sucrose and maltose are most excellent carbon sources
for the fungus growth while gluccse, inulin and mannit are also utilized
well by the fungus. Some growth of the fungus is seen also on the
carbon source of such organic acids as succinic and citric acid, which
are included in the T, C. A. cycle. It is shown in the experiments that
these carbon sources can be used as substrates for the respiration of
the fungus. On the other hand, Nakayura and Suntovmura {1953) re-
ported that the blast fungus grows well on the sugar-free but amine-
acid-containing culture solution, and suggested that the organic acids
which are produced by the decomposition of some amino acids are also
utilized as the respiration material and as the constituent material
for the fungus growth. Thus the superiority of some amino acids for
the growth of the blast fungus may be explained partly at least by
those considerations.

In the following the results of the above mentioned culture studies
will be discussed in connection with the problem of the blast suscepti-
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bility of the rice plant. As mentioned above, sucrose and glucoss are
excellent carbon sources for the blast fungus growth. The content of
those sugars in the rice plants fluctuated actually with the differences
of the environmental conditions under which the plants grow. But it
may be safely concluded that the sugar content in the rice plant is
always sufficient for the vigorous growth of the invader as the sugars
are being synthesized continuously in the day time by the carbon
assimilation. Thus it is naturally difficult to find out any direct
relations between the sugar content in the rice plant and the blast
susceptibility. On the other hand state of affairs are different con-
cerning the relations between the nitrogen content and the blast
susceptibility. The nitrogen contents in the rice plants are caused to
fluctuate rather largely by the differences of the environmental
conditions., Classifying the nitrogen into the each kind of nitrogen, far
more remarkable fluctuations are seen in the soluble nitrogens such as
amino acid nitrocgen. At the same time, as mentioned above, some
amino acids as glycocoll, alanine, aspartic acid, glutamic acid, asparagine
are especially excellent nitrogen sources for the fungus growth. In-
creasad application of those amino acids intensifies the fungus activity,
including the activity of the amino acid oxidase as well as the fungus
respiration, and results in the faster and greater growth of the fungus.
Such more vigorous growth of the fungus will naturally suggest the
greater aggressiveness of the fungus against the rice plant, if the fungus
has penetrated into the plant. This is supported also by the fact that
the activity of the protease, that is certainly one of the most important
factors of the aggressive force of the fungus, becomes more vigorous
with the more vigorous growth of the fungus. It must be noticed
here that those amino acids as cited above are ones which are found
ordinarily in the rice plants, Therefore the accumulation of those
amino acids in the rice plant will naturally make greater the growth
of those blast fungus hyphae which come into the rice plant and give
rise to the vigorous invasion of the plant by this fungus producing
lesions of greater size.

It is true in the present discussion that no consideration is paid
to the defence reactions which may occur in the cells penetrated by
the blast fungus, But it must be noticed again that the rice variety
“Eiko” which is used all through the present experiments, does not
react originally very sensitively to the blast invasion as will be under-
stood from the fact that the diseased lesion developed ordinarily through
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_ the process of acute type into the chronic type. Therefore if the
activity of the fungus which comes into the cell of the rice plant is
vigorous and the growth in the plant cell is rapid, the defence reaction
of the invaded cell would be unable to keep place with the fungus
growth. This is supported by the fact that the diseased lesions con-
tinue to enlarge remaining in acute type for rather long, when the
rice plants become highly blast susceptible resultant from the accumu-
lation of such soluble nitrogen as amino acid. Thus it is reasonable
enough to believe that the activity of the fungus, once it has pene-
trated into the rice plant, is influenced by the quantity of such chemical
components as amino acid in the plant; likewise it is reasonable that
the condition of the disease is determined by this activity of the fungus
as long as the problems are concerned with those rice plants which
do not react so sensitively or rapidly to the fungus invasion. It must
be confessed here that the differences in blast susceptibility between
the various rice varieties (varietal susceptibility) are not always ex-
plained by the differences of the quantity of soluble nitrogen such as
amino acid in the rice plant according to the other experiments of
the present writer. This is because the development of the disease
is determined rather by the rapid defence reaction in the case of the
higher blast resistant rice variety.

Recently Taramasur (1956) compared under microscope the growth
of the penetrated blast fungus, both in living cells and in cslls killed
by heating, by means of sheath inoculation experiments. He reported
that he could clearly recognize the differences of the fungus growth
in the living cells of the rice plants different in their susceptibility
because of the cultural conditions. In the case of killed cells, however,
Taganasur found that the fungus growth was rather greater in
every kind of rice plants and he could not find any differences in
the fungus growth in the rice plants clearly different in their sus-
ceptibility to the blast fungus. From these observations TagawumasHr
came to the conclusion that the blast susceptibility of the rice plant
is not sp much due to the differences of the quantities of their
chemical components as to the degree of the defence reaction of the
rice plant. This consideration seems to be based on the opinion that
there are always sufficient amounts of nourishing elements for the
fungus growth in the cells of the rice plant. The present writer
has tried to gather some data, employing those rice plants as material
of which the blast susceptibility was varied by the supply of nitrogen
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at different levels, In experiment 1 the rice plants were grown in
water culture solutions: in experiment 2 they were grown on the soil
in the pot. When the rice plant had grown up to the “boot stage”,
sheath of the second leaf from above on the chief stem was cut off and
used for the inoculation. All the procedures followed Taratrasur, but
the cells of the sheath were killed by freezing instead of heating.
Those cells were proved previously to be killed by standing them in
—25°C room for 5 hours, The degree of fungus growth in the sheath
cells was determined at 24-30 hours after the inoculation according
to Taxasuasurs method. The results are given in table 90. All the
figures in the table show the average of the observations on 80~100
appressoria in each 5 sheaths.

TasLe 90. Comparison between the growth of the blast fungus
mycelium in living cells and growth in
killed cells of the rice plant.

amount of nitrogen sheath killed
supplied to rice living sheath ]
plants by freezing
|
standard amount of nitrogen 2.5 | 3.1
exp. 1 triple amount of nitrogen 34 39
quintuple amount of nitrogen 4.2 X 5.7
standard amount of nitroZen ' 1.4 1.6
exp. 2 double amount of nitrogen 2.6 29 .
triple amount of nitrogen 3.1 3.8

As already shown, the rice plants supplied with high level nitrogen
are the more susceptible to the blast disease and also, in the present
experiments, the degree of fungus growth in the living cells of the
rice sheath is always greater on the rice plant supplied with the more
nitrogen. The relations are quite the same also in the killed cells and
the degree of the fungus growth is the greater in the rice plants
supplied with the more nitrogen, although the values of the measure-
ments are a little higher in the killed cells on comparison with those
in the living cells. These are somewhat different results from Taxga-
vasar's. According to him, in the case of the cells killed by heating,
the germinating hyphae often grow long over the cells of the sheath
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previous to the formation of the appressoria and moreover the germinat-
ing hyphae come into the cells frequently without formation of normal
appressoria, or even if the penetrations were carried on normally the
state of the growth of the fungus in the penetrated cells is quite often
irregular. On the other hand, it is noticed often truly, that the
germinating hyphae grow a little longer over the cells killed by freezing
previous to the formation of the appressoria on comparison with the
case of the infection on the living cells, but any other irregular growth
of the germinating hyphae is not seen in the case of the freeze-killed
cells, Although it is quite difficult to explain conclusively the reason
why there appeared some differences between the present results and
those of Taxawmassr, it may be said safely at least that heating is not
the most suitable way of killing in order to observe the state of the
growth of the fungus in the killed cells. Moreover taking into con-
sideration the fact that the contents of those soluble nitrogens in the
rice plant such as amino acids, which are quite excellent nitrogen
sources for fungus growth, are not always so great as to have no
connection with the growth of the fungus penetrated into them, the
present writer can not agree with Taxawasur’s conclusion that the
amount of some chemical components such as soluble nitrogen in the
rice plant is quite seldom responsible if at all, for the determination
of the rice susceptibility to blast infection.

Summarizing all the experiments and considerations above de-
scribed, it is concluded safely as follows. So long as the problems are
concerned with those rice varieties which are cultivated rather widely
in the field but are originally not so highly blast resistant, the cause
of the fluctuations in blast susceptibility on account of some environ-
mental conditions is quite often attributable to the accumulation of
such soluble nitrogen as amino acids, while some parts of the responsi-
bility are certainly attributed to the variations in those morphological
characters of their epidermal cells which are concerned with difficulties
of fungus penetration. The accumulation of the soluble nitrogen as
amino acids makes active the growth of the penetrated fungus and
makes greater its aggressive force against the rice plant, strengthening
its respiration and the activity of such enzymes as amino acid oxidase
and protease. On the other hand the defence reaction of the invaded
cells of a plant of an originally not so highly resistant variety, can
hardly come up with such vigorous growth and the greater aggressive
force of the penetrating fungus, so greater invasions by the fungus
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result finally in such rice plants producing numerous diseased lesions
of greater size and of the acute type.

SUMMARY

1. The fluctuations of blast susceptibility which are induced by
differences of the cultural environment of the rice plant or by differ-
ences of the growing stages are determined by the incculation experi-
ments on the one rice variety “Eiko” which is rather widely cultivated
in Hokkaido and is thought originally to be medium in its blast sus-
ceptibility. At the same time some morphological characters of the
epidermal cells which are thought to be concerned with the difficulties
of fungus penetration and also the quantities of some principal chemical
components in those rice plants were determined, the final purpose
being to inspect the cause of blast susceptibility or resistance of the
rice plant.

2. The diseassd lesions which develop on the leaves of rice variety
“Eiko” grown up under normal environmental conditions are commonly
chronic in type. In that rice variety, however, the chronic-type lesion
develops always through the process of the brown spot and the acute
type lesion. It is ordinarily for a quite short period that the lesion
remains in the acute type, but in those cases when the rice plants
become the more blast susceptible, the lesion continues to enlarge
remaining in the acute type for rather long.

3. Through all the inoculation experiments, the degree of blast
susceptibility or resistance of the rice plant is determined by examining
the numbers of lesions developed, their sizes and their types at about
10 days after inoculation.

4. Seedlings raised on the hot bed nursery are more blast sus-
ceptible than those raised on the ordinary nursery bed. But this
character of the former sesedlings never remains long after trans-
plantation to the field. "

5. Through all the growing stages the rice plant is most resistant
against attack by the blast fungus at the “elongation stage” and is
most susceptible at the “ear formation stage” or the next following
“boot stage”. But in the case of the high level nitrogen supply the
“elongation stage’ loses its characteristic of high resistance against
the blast fungus.

6. It is certainly beyond question that the high level nitrogen



ON THE RELATION BETWEEN THE PRINCIPAT. COMPONENTS OF RICE rPLANT 171

supply enhances the susceptibility of the rice plant but it is rather
difficult to find out the critical amount of nitrogen at which the blast
susceptibility begins to be enhanced.

7. The additional supply of excess nitrogen at about the “ear
formation stage” hegins to exert effects on the susceptibility of the
rice plant at two days after application; the effects become greater
with the lapse of days till eight days after application.

8. The replacement of the nitrogen source applied to the rice
plant whether natrium nitrate, ammonium nitrate, ammonium sulfate
or urea does not result in very important effect upon the blast sus-
ceptibility of those rice plant with the one exception of urea. The
rice plant grown on the nitrogen source of urea seems to be a little
more susceptible to the blast disease on comparison with plants grown
on the other nitrogen sources.

9. Examining the thickness of the epidermal cell walls and the
number of silicated cells in the epidermis of the leaves on those rice
plants which were proved by the above mentioned experiments to be
different in their blast susceptibility, one learns as to the motor cells,
at least in general, that the outer wall of the epidermal cell is thinner
and the number of silicated cells are less on the more susceptible rice
plants. It is certain, therefore, that those morphological characters of
the epidermal cells are concerned to some extent with the defence
against the blast fungus penetration through the epidermal cells.

10. Comparison of the amount of some principal chemical compo-
mnents in the leaves of those rice plants which were proven to be
different in their blast susceptibility, proves that those plants of higher
blast susceptibility are the higher in their moisture content and are
the lower in the content of their inorganic substances but that there
are not so important difference in their total content of organic sub-
stances. The contents of all kinds of inorganic elements such as phos-
phorus, potassium, calcium etc. are the less in the rice plant of higher
blast susceptibility ; the differences in the silica contents are specially
striking. The contents of those inorganic elements may be concerned
mostly with the blast susceptibility through their function of strength-
ening the tissues of the rice plant.

11. The sugar contents in the leaves of the rice plant is quite
variable. It is rather difficult in the present experiments to find out
any direct relations between the sugar content and blast susceptibility.

12. While there is a tendency for the total nitrogen content to
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be a little higher in the rice plants of higher blast susceptibility, it
is certain that in those rice plants the percentage of protein nitrogen
in the total nitrogen is less and that of soluble nitrogen is higher on
comparison with the cases of the rice plants of low blast susceptibility.
It is quite remarkable in these experiments that the higher content
of soluble nitrogen in the rice plant always goes parallel with the higher
blast susceptibility, and also that the content of a-amino acid itszIf or
the content of some organic soluble nitrogens, which are easily change-
able to amino acid, is concerned most closely with the blast sus-
ceptibility.

13. Calculating the correlation coefficient between the amounts
of various kinds of nitrogen in the rice plants and the sizes of the
lesions developed by the inoculation exp riments on the 59 examples
above described, the correlation between the size of lesions and the
amount of the soluble nitrogen is perfect showing the correlation
coeficient of 0.37. Among the soluble nitrogens, the amount of the
amino acids is most closely correlated with the size of the lesions
showing a correlation coefficient of 0.46.

14. The kinds of amino acids which are found commonly in the
rice plant are the following nine: glutamic acid, aspartic acid, glu-
tamine, asparagine, glyecine, alanine, leucine, arginine and histidine.
Greater amount of the amino acids in the rice plant is not always
accompanied by a greater number of kinds of amino acids.

15. By culturing the blast fungus on synthesized media some physi-
ological characters of the fungus are examined.

16. For the growth of the blast fungus biotin is always indis-
pensable and vitamin B, is also a supplementary factor for the biotin.
The optimum concentration of biotin for the blast fungus growth lies
in the range of 2.3 m7-3.0 m7/ml.

17. While the blast fungus can assimilate the inorganiec nitrogen
such as ammonium salt or nitrate salt, the application of either one
of the following amino acids: glycocoll, alanine, aspartic acid, glutamic
acid, or asparagine, as a nitrogen source improves the fungus growth
greatly.

18. Regarding the process of fungus growth, the following three
growing stages are distinguishable : the early stage (lag phase) in which
the fungus growth rate is rather slow, the middle stage in which the
fungus growth is most vigorous and the latter stage in which the
growth is weakened. In the earlier part of the middle stage the fungus
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activity becomes greatest; the greatest increase of the fungus dry
weight in each two day period is seen at that time.

19. When the above mentioned amino acids are supplied respec-
tively as the nitrogen source, the period of the lag phase is shortened
and the period of the greatest activity comes to appear earlier; also
the increase of fungus dry weight during the middle stage is quite
remarkable.

20. On observing the state of nitrogen absorption by the fungus,
one sees vigorous absorption from the earlier stage till the middle
stage; the greatest absorption of nitrogen per two-day period appears
just before the greatest increase per two-day period of the fungus
dry weight occurs.

21. Calculating the ratio of the nitrogen utilization at the end of
the culture on the various kinds of nitrogen source, one finds it rather
difficult to find out differences in the ratio between the cultures of
the different nitrogen sources. But when the ratios are calculated at
the time when the fungus is in the greatest activity showing the
greatest increase of its dry weight per two-day period, it is clearly
known that the amino acids above named are utilized rather efficiently
as the nitrogen sources on comparison with the other nitrogen sources,

22. The blast fungus has the ability to reduce nitrate nitrogen;
the nitrate nitrogen supplied in the culture solution is reduced to
ammonium nitrogen previous to its assimilation.

23. The blast fungus produces amino acid oxidase and the amino
acids applied in the culture solution are decomposed by the action of
this oxidase previous to assimilation by the fungus.

24. The amino acid oxidase produced by the blast fungus is
effective on the following amino acids: glycocoll, I-alanine, l-leucine
and dl-leucine. The specificity of the amino acid as the nitrogen source
of the blast fungus may be explained by the specificity of the activity
of the oxidase upon those amino acids.

25. In the living cells of the blast fungus, cytochrome system
may mediate the transportation of the oxygen to the oxidase.

26. The activity of the amino acid oxidase is seen apparently
even when inorganic nitrogen is given as only nitrogen source, but the
activity becomes quite vigorous when some amino acids as mentiored
above are supplied as nitrogen source. Moreover the activity of the
oxidase is most vigorous toward the same kind of amino acids as
supplied in the culture solution as nitrogen source of the fungus; it
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is certain that the oxidase is produced adaptively to the amino acids
given.

27. The oxidase activity increases remarkably at the time when
the nitrogen absorption by the fungus is most active.

28. On observing the relation between the fungus growth and the
amount of nitrogen given to the fungus, one finds that the nitrogen
concentration of 0.275mg/ml in the original culture solution is rather
a limiting factor for the fungus growth and that it is improved by
the greater amount of nitrogen supply up to the nitrogen concentration
of 3.312 mg/ml at least.

29. Ths greater amount nitrogen supply allows thes blast fungus
to absorb the greater amount of nitrogen in the earlier stage. The
duration of the early stage of the fungus growth is shortened and
moereover the fungus growth in the middle stage becomes quite large.

30. On the application of the greater amount of nitrogen the
activity of the amino acid oxidase increases greatly at the earlier
part of the fungus growth, .

31. On the other hand the utilization coefficient of the nitrogen
becomes rather low as a result of the greater amount of nitrogen
supply.

32. The blast fungus has a protease which may related to papain.
It is secreted in the culture solution.

33. The activity of the protease fluctuates with the advances of
the fungus growth, Its maximum appsars ordinarily at about 10 days
after the beginning of the culture.

34. It is certain that the activity of the proteases is seen even
when the inorganic nitrogen is given as the only nitrogen source, but
the supply of the amino acids or amide as the nitrogen source greatly
improves its activity.

35. For the growth of the blast fungus sucrose and maltose are
the most excellent carbon sources. Besides them glucose, inulin and
mannit are also fairly good carbon sources for the fungus growth. It
is known that the blast fungus can utilize some organic acids such as
succinic acid and citric acid as the carbon source of their growth.

36. The respiration of the blast fungus is rather vigorous on
comparison with that of an ordinary saprophytic fungus such as asper-
gillus or penicillium while it is far behind that of bacteria.

37. The optimum temperature for the respiration of the blast
fungus lies at 385°C and the optimum pH lies at 6.0. It is found that
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the respiration is inhibited by the addition of KCN of the concentration
beyond 1/1000 M.

38. Those carbohydrates which are proved to be excellent as the
carbon saurce for the fungus growth are generally utilized favourably
as the respiration material of the fungus.

39. The respiration intensity of the fungus fluctuates with the
progress of the growing stages of the fungus; its maximum appears
ordinarily in the early part of the middle stage of the fungus growth,

40. On comparing the fluctuation of respiration intensity of those
fungus samples which are different in their growth and their growth
rate because of the difference of the kind of nitrogen source applied,
their respiration intensity shows increase earlier in the growing stage
when the growth rate becomes the greater as a result of the supply
of some superior nitrogen source.

41. The proliferation of the fungus in the host plant is deter-
mined by the correlative relations between the aggressive force of the
fungus which has penetrated into the host plant and the defence
reactions which appear in the host cells invaded by the fungus. It
must be noted that the rice variety “Eiko” which has been employed
through all the present experiments is not a rice variety which reacts
sensitively to the fungus invasion and develops a defence reaction
immediately after the penetration of the fungus. It is often supposed
in “Eiko” rice variety that the defence reaction can hardly come up
with the fungus growth in the host cells, considering from the fact
that the acute type lesions continue to enlarge for rather long when
the blast susceptibility of the rice plant is enhanced by some envi-
ronmental conditions.

42. Summarizing the above described experimental results, it may
be concluded that as long as the problems are concerned with those
rice varieties which are originally medium in their blast susceptibility,
such as variety “Eiko” employed thrcugh all the present experiments,
the enhancement of their blast susceptibility caused by some environ-
mental conditions or their growing stages is quite often concerned with
the accumulation of the soluble nitrogen such as amino acids in the
rice plant. That form of nitrogen favours the growth of the fungus
in the plant as well as increases the activity of the enzymes produced
by the fungus such as amino acid oxidase or protease and also pro-
motes the respiration intensity of the fungus in the plant. Such high
activities of the fungus in the rice plant which may mean the strong
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aggressive force against the host plant go far beyond the defence
reaction which may appear in the cells penetrated by the fungus and
result at last in the even greater invasion by ths blast fungus.
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