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Soil Microbial Properties in Various Rotation Systems and Ecological
Control of Fusarium Root Rot of Kidney Beans in the Tokachi District

by
Masatoshi Okumura

Synopsis : The rotation system in upland fields greatly contributed to maintain crop
productivity. To support high crop productivity and microbial activity of the upland soi-
Is in the Tokachi district of Hokkaido, sugarbeets and wheat should be appropriately in-
corporated into the rotation system. Microbial activities were high and microflora was
improved in the subsequent goils when sugarbeets and wheat were planted. These two
crops were also important for controlling Fusarium root rot of kidney beans. Various
plants tested as green manure crops showed an antagonistic reaction in controlling the
root rot, and alfalfa would be the feasible plant under the present rotation system. At
the same time, an adequate fertilizer management was prerequisite in the suppression
of Fusarium root rot through the control of soil pH, available phosphate and exchangeable
potassium. Among the various advantages of the rotation system, the improvement of
soil microbial activity, fungistasis and antagonism against pathogens played the important
role in the maintenance or increase of soil fertility. An appropriate rotation system will
make crop productivity sustainable through various favorable effects, especially with

the control of the soil microbial properties.

Various types of rotation systems have been practiced in the large-scale farming areas in the
Tokachi district of Hokkaido, The relationship among rotation cycles, crop sequences and productivity has
not yet fully understood, however, To clarify the relationship between the fluctuations of several soil microbial
properties and crop productivity, the rotation experiment was carried out with sugarbeets, potatoes, kidney
beans and wheat, Besides, the ecological control of Fusarium root rot of kidney beans was studied both
from the views of soil chemistry and soil microbiology. For this purpose, crop sequences, fertilizer appli-

cation and green manure management were taken into consideration,

1) Crop yield and soil microbial properties in various rotation systems

Four crops have been planted in 4- (control), 3-, 2-year rotation cycles and continuous cropp-
ing in low-humic Andosol from 1985 to 1994, Several crop combinations were practiced : 2, 3 and 5 crop
sequences in 4-, 3- and 2-year rotation, respectively, Yields of sugarbeets and kidney beans declined in the rot-
ation cycle of 3years or less, and those of potatoes and wheat declined in the rotation cycle of 2years or less,
The averaged declining rate of yield due to continuous cropping over the whole experiment period was in the
order of kidney beans > wheat> potatoes> sugarbeets,

Crop productivity was affected with both the rotation cycle and previous crops, The influence of
the former was greater than the latter except in the case of potatoes, Yields were higher in subsequent crops
after sugarbeets planting and in any rotation systems in which sugarbeets and wheat were incorporated,

In this paper, soil microbial properties were characterized with microflora and microbial acti-

vities, The former was estimated with the number of total bacteria (T-B), crystal violet tolerant bacteria



BRIER T B 28R E HIEORUEYMRIE & A 27 AR OEEREIENCBE T 5 HAEIDE SRR 99

(CV-B), actinomycetes and fungi, and the latter with soil respiration (CO,-C), cellulase and phosphatase
activities, biomass-C (BM-C) and biomass-N (BM-N),

Of those microbial properties, the number of T-B, CV-B and all microbial activities in the rhizo-
sphere were higher in sugarbeets and potatoes than in kidney beans and wheat, In the rotation systems
where the crop productivity was declined due to a shortened rotation cycle, the number of T-B, CV-B and
all microbial activities in non-rhizosphere soils were decreased, All microbial activities were high in the ro-
tation systems whenever sugarbeets and wheat were included, whereas those in the soils planted with kidney
beans and potatoes declined when the rotation cycle was short,

Microbial activities and the amount of microbial substrates in non-rhizosphere soil were positively
correlated with each other, and also with the number of T-B Therefore, the quantity and quality of substr-
ates affected the microbial properties.The amount of residues as substrates was large in the order of wheat
> sugarbeets™> potatoes > kidney beans, The wheat residue degraded slower than that of other crops did,
However, the wheat residue enhanced the microbial population and activities with an advancement of rota-
tion cycles, Soil microflora was characterized with crop species, and can be classified into three types; (1)
bacteria-type (sugarbeets), (2)fungi-type {kidney beans and wheat), and (3) intermediate-type (potatoes),
This classification was applicable both in the rhizosphere and in the non-rhizosphere soil,

Incorporation and adequate arrangement of sugarbeets and wheat were essential to the desirable

rotation system,

2 ) Soil microbial properties and Fusarium root rot of kidney beans

The yield decline of kidney beans in continuous and short cycle rotation system was due to the
incidence of Fusarium root rot caused by F, solani{. sp, phaseoli(F s, p), F.oxysporum was also identified
as a pathogen from the rot roots. The disease severity index (DSI) was positively correlated with the popu-
lation of Fusarium spp. both in the rhizosphere in June and in the non—fhizosphere soil before planting of
kidney beans. When the rotation cycles was shortened, the root rot increased. The microbial activities decl-
ined in the continuous cropping because the amount of microbial substrates was reduced. At the same time,
the T-B population decreased, but fungi population increased. The inoculation experiment using the soils
with different microbial activities showed that the decline of microbial activities and the increase of fungi
elevated the DS,

In the 2-year rotation, the DSI was most reduced when sugarbeets were planied as a previous crop
(sugarbeet soil), followed in the order of potatoes> wheat> kidney beans at the beginning of the experiment.
With the progress of rotation cycles, however, the DSI was largely improved in the wheat soil. The microbial
activities were highest and the population of Fusarium spp. was smallest in the sugarbeet soil. The micro-
bial activities gradually increased in the wheat soil as the rotation cycle went on.

The quality of crop residues in the previous year affects the growth and activity of Fusarium and
the other soil microorganisms. The sugarbeet residue in the soil per se was rich in bacteria and poor in fungi
and Fusarium spp. : v. s., the kidney bean residue. The sugarbeet residue and the kidney bean residue were
greatly utilized by F. s. p in the sterile soil, but the population of Fusarium spp. declined in the non—sterile
soil in which the sugarbeet residue was incorporated.

The microbial activities, the ratio of T-B to fungi (B/F ratio) and the ratio of T-B to Fusarium
spp. (B/Fus ratio) increased in the soil into which easily decomposable substrates were incorporated. In
contrast, microbial properties were not changed in the soil when hardly decomposable substrates were incor-
porated,

These results showed that the microbial activities and microflora were changed with the charac-

teristics of residue decomposition. When sugarbeets and wheat were the previous crops, general antagonisms
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inhibited the pathogen competitively.

The DSI was highest during the period of 3 to 6 years of continuous cropping, but the disease inc-
idence was improved after 5 to 7years onward. Fluorescent pseudomonads in the rhizosphere increased with
the decline of root rot. It possessed an antifungal activity against F.s.p stronger than T-B and CV-B. Thus,
specific antagonism might prevail under continuous cropping. Such specific antagonism was also pronounced

in the soils after sugarbeets planting.

3) Effect of soil physicochemical properties on Fusarium root rot and its control by fertilizer management
Result of continuous cropping for 4 years showed that the averaged DSI was higher in low~humic
Andosol and alluvial soil, and lower in high-humic Andosol and diluvial soil. Soil chemical, physical and
biological properties were linked with the suppression of root rot: e. g., low pH(5.2) and fine texture in the
diluvial soil ; high water retention capacity and high microbial activities in the high-humic Andosol.
Nitrogen fertilizer containing carbon sources (e. g., CDU and urea) were effective for the control
of root rot through the stimulation of soil microbial activities. I recommend the following three soil diagno-
sis standards: soil pH at approximately 5.5, available phosphate (Truog-P) larger than 20 mg P,0; per 100g
soil and exchangeable potassium under 30 mg K,0 per 100g soil. The difference of disease suppressiveness

among soils should be further clarified in the future.

4 ) Ecological control of Fusarium root rot with antagonistic plants

Fifty-two plant species (e. g., vegetables, green manure crops, herbs and flowers) were screened
to find which plant showed the most preventative capability against the root rot. Alfalfa was selected as the
most feasible antagonistic plant, which could be possibly incorporated into the present rotation system.

There are two choices of alfalfa incorporation into the rotation system. One of them is a planting
even for a short period after the harvest of wheat or early growing potatoes, and the other one is a fallow
manure planted throughout the year.

The methanol extract of alfalfa roots showed a strong antifungal activity against the pathogen.
The antifungal substances such as saponins contained in roots were possibly the ones showing preventative
capability against root rot. In addition, the increase of fluorescent pseudomonads would contribute to dis-

ease prevention because their population was increased with alfalfa planting.
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