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Studies on Ecology and successful Use

of Rhizobium japonicum in Hokkaido

by
Tadao IsHII

SUMMARY

The effect of inoculation of Rhizobium japonicumon soybeans has been generally
inferior in Hokkaido.
This report is an explanation of that inferiority, and a study of the ecology of

the inoculated strain and indigenous Rhizobium japonicum in field soils.

1. The effect of inoculation of the Rhizobium japonicum on soybeans:
1) In previous works, little or no apparent effect was observed in most fi-
elds with some exceptions.
2) When we actually examined the effect of inoculation of the Rhizobium
japonicum on soybeans, an effect was recognized in only two of the ten
experimental fields. In the other fields some effect was expected, but no real effect

was recognized.

2. The population and nitrogen fixing ability of indigenous Rhyzobium japoni-
cum in principal field soils:

1) The population of indigenous Rhizobium japonicum varied from fields
to fields. A large majority of field soils have a population of 10% ~ 10°per gram
of dry soil, and a second group of field soils have a population of 10°~10°.

These two groups made up fifty percent of all the fields. Most of the others
had a population of above 10! per gram of dry soil.

2) The population of the indigenous Rhizobium joponicum of field soils
converted from paddy fields was 10! ~10% per gram of dry soil in the first year
fields; on the other hand, the second and third year fields planted with soybeans
continuously showed a remarkably high density of 10%~10"

3) The populations of the field soils described above in (1) and (2) were
closely related to the frequency of soybean cropping.

4) The nitrogen fixing ability of those indigenous Rhizobium japonicums
were varied from very ineffective strains to those equal to or exceling commer-
cial effective strain.

5) In some fields converted from paddies, a lot of high nitrogen fixing

strains were found. This seemed to be caused by continuous soybean cropping,
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and showed the result of a special combination of the Rhizobim strain and ' the
soy- bean variety of the host

6) It was proved that indigenous Rhizobium joponicum lived in many field
soils. In some flelds, soils contained Rhizobium japonicum of high density and
superior nitrogen fixing ability. It was considered that in those fields the inoculation
was ineffective.

3. Analysis of the effects of inoculation:

1) Kasgamycin-resistant mutants were used as marker strains. The marker strain
had not only similar ability to the original effective strain as a root nodule
bacteria, but also high tolerance to Kasgamysin. Therefore, when the inoculated
marker strain formed the nodules, it was possible to recover selectively and
surely from the nodules of soybean by using the medium containing a high cnec-
entration of Kasugamycin

2) Inoculation tasts of the marker strain, in which seven field soils were
used respectively, showed that the marker strain was recovered from some of the
nodules of soybeans cultured in only two of the seven soils, and not recovered
at all from the soybean nodules in other soils.

3) The behavior of the marker strain in soils was observed by fluorescent
microscope using both the immunofluorescent antibody technique and the buried
slide method. The result was dependent on soil treatments. The unmber of the
marker strain decreased remarkably in -soil adjusted to low pH, and then in
untreatmented soil, followed by phosphorus-enriched soil. On the other hand, the
number of the marker strain increased gradually in soil added with ammonium
sulphate, and in sterilized soil it increased remarkably at first, and then decreased
rappidly.

4) Survival in soil and nodule fomation of the inoculated marker strain was
extremely inferior. It was concluded that most of the nodules were formed by the
indigenous Rhyzobium japonicum. Therefore, when the commercial noculant strain
was inoculated, the nodule formation of the strain must be inferior. From the
facts described above, we may conclude that the ineffectiveness of inoculation in
practical farmer fields was due to the inferiority of the inoculant strain to form

the nodules.

4. Improvement of inoculation technique:

1) High nodule formation rate of the inoculant marker strain was obtained by the
following inproved methods. @ Inoculation of a large number of organisms to make
up for the decrease of inoculated organisms in rhizosphere. @ Inoculation by the
combinated methods of @ and addition of Kasugamycin to the soil in order to
suppress the competition of other soil organisms. ® Inoculation of the inoculum

marker strain with wood coal or peat powder to prevent the contact marker strain
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with soil.

2)

From the facts descibed above, it is expected that the

will be reised by the development of inoculation mehods. The

practical techniques is a problems for future study.

fect of inoculation

development of
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