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Phytopathological and Plant-Breeding Investigations

on Determining the Degrec of Blast-Resistance in Rice Plants.

The paper consisted principally of introduction, threc experimental chapters, and dis-
cussion.

The writer accounted for his idea of the hreeding of blast-resistant rice-plants in the
introduction,

In chapter 1, the writer described two methods of inoculation experiments in testing
the blast-resistance of rice- plants belonging to various varieties and dwelt upon the principles.

In the first method, the seedling-inoculation method, the intensity of blast-resistance was
determined by the types lesions formed on leaf- sheaths. It is different entirely from the
customary method in which the number and size of the lesions produced on leaf blades arec
calenlated and measured to estimate the severity of infection.

The writer described 6 types of lesions and gave them grade-numbers from 1, the high-
est resistant type, to 6, the most sansceptible type, i~espeutivoly.

When an individual plant had lesions of different mixed typs, the degree of resistance
of the plant was cstimated by the lesions showing the type of weaker nature.

As all the individuals helonging to one varicty do not always show lesions of the same

type, the resistance of the variely is shown by the following formula.

n ¢ total mimber of affected individuals.

e z 'l.f, d: grade-number corresponding to the intensity of resistance

designated by 1—6.

[+ frequency of the occurence of cach grade-number.

In the above formula, as the value of S grows smaller, the higher will the resistance
of the variety be estimated.

According to the results of the cxaminations of ahout 20 rice-varietics in Hokkaido by
this method, S-valne of each variety was variable owing to the environmental and cultural
conditions, but excepting a few cases, the ranking of the varicties in the intensity of blast-
resistance was not inverted. These reversions of the ranking order in a few rice-varicties
concerning blast-resistance which happened under certain conditions, were also experienced
under analogous conditions in the fields.

The present seedling-inoculation method is not applicable to the studics of gene-analysis
in commecticn with the blast-resisance of rice-varicties, and for that purpose the sheath-inocula-
tion method recommended by Sakamoto is very useful.

The writer gave the following formula to incarnate quantitatively the results obtained



in the experiments after Salkamoto’s sheath-inoculation method.

it total numbers of the appressoria formed on the inner epidermal layer of
the leafs-heath and producing infection-hyphae more or less distinctly.

P2 . . . .
S=—_= d,-f,, d: number of numerical order given to each appressorium according to the
i

e timation of growth of the hyphae produced from it.
f+ frequency of the occurance of appressoria having each d value.

In this formuln, the smaller the wvalue of S is, the higher will be the estimated blast-
resistance of the sheath cells.

As the present sheath inoculation method is devised to determine the resistance of an
individual plant by examining the resistance of a particular local part of the plant, for ex-
ample the epidermal tissues of the inside of sheath, care must be taken in collecting and
dealing with the materials.

According to the results of the writer’s experiments, the following points were made clear.

So far as the materials were collected in the daytime, the tirie of collecting exerts no
influence upon the resistance of an individual,

If the sheath materials cut off from the stem have been supplied with sufficient water
in any way, the lapse of time from the collection to the inoculation exerts almost no influence

upon the resistance.

In the rice-plants nearly in shoot stage, the sheath tissues of lower leaves show higher
resistance to the blast infection than those of upper leaves in one and the same plant, and
the lower part of a sheath shows higher resistance than the upper part of the same.

In general, it is safety said that the older the tissues the more highly resistant they arc
in comparison with the younger ones within a certain limit of growing stage of the plant.

Comparing the blast-resistance of rice-plants diff ering in their growing stage with the
leaf-sheaths of the same ordinal position, the older individuals are stronger than the younger
ones even in the same variety, bul comparing it with the sheaths of leaves at equal lengths
of time after their opening, regardless of their ordinal position, there is no diff'erence in the
strength of the resistance among them.

In consequence, the corresponding parts of equally old leaf-sheaths should be used in the
experiments for genc-analysis. In practice, the sheaths of the leaves about 20 days alter open-
ing gave good results in the experiments.

Having studied in detail the cowmparative results obtained in cxperiments carried out by
the methods of seedling inoculation and sheath inoculation with 17 rice-varieties in Holkkaido
cultured under different conditions, it was proved that there is high correlation between the
blast resistances of the varieties manifested by these two inoculation methods.

In chapter 2, the writer reported experimental results concerning the change of patho-
genicity of rice-blast fungus caused by passing through the host plants which are resistant

or susceptible, wheather genetically or circumstantially, and he presented a discussion upon



the mechanisms of blast-resistance in rice-plants.

The blast fungus which had passed through genetically susceptible rice verictics was
proved to be more virulent than that which had grown on resistant ones.

It was also corroborated that the pathogenicity of the blast-fungus is alterable by passing
through the host plants which were diff erent in resistance ov suscoptibility to the blast fungus
owing to cultural conditions. As a rule, the fungus-strains which had developed on rice-
plants being in susceptible condition were more virulent than those passed through vesistant
ones. In consequence, it is suggested that genetical and acquired blast-resistance have some
common phases in their mechanisms.

Such modification of pathogenicity of the blast-fungus strains, however, did not become
fixed after successive passing through the same variety extending over 1 or & generations.

When the fungus was cultured on rice-plants whose mechanical resistance had been in-
vigorated by a particalar supply of silica, the pathogenic virulence of the fungus-strain was
not reduced.

By the writer’s experiments, it became clear that the condition of the host-cells at the
time of the fungus invasion had no influcnce upon the pathogenic virulence of the fungus,
but that during the groswth of the f ungus in the tissues its pathogenic virulence was materi-
ally influcuced.

The Dlast-resistance of rice-plants invigorated by a particular supply of silica scems to
depend on the mechanical hardness of the epidermal cell-wall, and not on the physiological
property of cell-protoplasm. In the present considerations on the modifications of pathogenic
virulence of rice-blaust fungus infiuenced by the susceptibility or resistance of host plants on
which the fungus developed, physiological or protoplasmic of rice plants is the problem and

not the mechanical resistance such as is duc to mere silicifieation of epidermal cell walls.

Seedling inoculation method and sheath inoculation method described in chapter 1 are
not good for testing the degree of Dblast-resistance of rice-plants caused by the mechanieal
toughness of cpidermal cell-membrane, but hereditary blast-resistance in rice-varietics being
a very important one of the physiological characters, these two methods may in reality be
fundamentally applicable in the practical breeding of blast resistant rice-varicties,

In chapter 3, the writer reported experimental results concerning the gene-analysis of
the blast-resistance of rice varicties,

He came to the conculation that the rice-varietics examined in his experiments had 3
pairs of multiple factors related to blast resistance and also that the resistance was heritable,

A group of rice varieties strongly resistant to the blast disease in Hokkaido has two
pairs of the responsible factors, but some varieties have hereditarily diff erent factors, From
the fact above mentioned, it is highly probable that some more strongly resistant varieties
may be obtained by the hybridization of such varietics which are hereditarily different in

the blast-resistant factors in order to develop these 3 pairs of responsible factors in one plant.



Each resistance-gene has no correlation with similar genes nor with those responsible for

the cold-resistance,

Lastly the writer discussed the application of these two test methods of the blast-resistance

in rice-plants to the practical breeding of blast-resistant rice-varieties. For an example, he

proposed the following svstem.

Ist year

2nd year

3rd year

4th year

oth year

G6th ycar

P (X)) (superior in qualities, but not resistant).

Crossing i
x & (Y) (resistant).
Raising ¥, Plants.
Raising F, Plants, and select resistant individuals by the sheath-

inoculation method among I, progenies,

Examine F, plants originated from resistant 17, progenics by the scedling
inoculation method, and select the strains which are fixed concerning blast-
resistance.  Traunsplant them in the fickd, and scleet the individuals (Yf)
similar to the maternal plant (X)) in propertics,

Crossing L (X) x & (YD)

Raising 1BF, Plants,

Raising 1BF, Plants, and thenceforward the procedures hitherto carvied

out since the 3rd year should be repeated.





