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Study on Characteristics of Soil Fertility of Onion Field and

Improvement of Soil and Fertilizer Application Management in

Central Hokkaido.

by

Haruo IWABUCHI

Summary

Onion is one of representative vegitable in Hokkaido, and its cropping has increased greatly in
recent year, at the same time deterioration in the quality and fluctuation in yield have become an issue.
The present paper deals characteristics of soil fertility of onion field and causes of onion yield
decreasing in central Hokkaido, which is the traditional major production area of onions. And with
field surveys and cultivation tests, this paper shows the influence of soil fertility on onion yield and

yield components, and then points out the improvement of fertilizer application.

1. Soil Fertility of Onion Fields and Manuring Practices

Soil fertility of onion fields are characterized by remarkable accumulation of available phosphorus
and high base-saturation. In the greater part of fields, the acumuration of phosphorus are over 100mg
/100g soil in terms of TRUOG-P,0;, and in a part of fields available phosphorus are over 200mg.
The accumulation increases with the length of onion cropping, and is due to intensive manuring practice
rather than soil properties.

The accumulation of nourishment is concidered an impotant facter in productivity improvements in
recent years. Ixcessive accumulation of available phosphorus, however, has a tendency to impede growth
of onion. The growth effects of rises in intensity of base—saturation is not known, but the presence
of large amount of inorganic nitrogen in soil in the latter growth stage shows a tendency to decrease
vield. Heavy application of nitrogen also increase the incidence of basal rot of onion by Fusarium
Oxysporum f. cepae, which is an important factor decreosing yields. It may therefore be inferred that
with the customary fertilizer application and soil management practices which considerably exceeds the
guidelines, the excess nourishment in soil upsets both yield and stable production. With the rapid
increase in onion cropping another cause of unstable vield is the increased use of unfavarable field,

that is not suited for onion cropping with inferior physical properties of subsoil.
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2. Factors Impeding the Growth and Yield of Onions, and Effect of Water Management and
Nitrogen Fertilizer Application.

Increasing the number of marketable bulbs and improving bulb development are the components in
increasing onion yield. It was found that the most important factor decreasing the number of marke-
table bulbs is basal rot and missing plant which suffered from basal rot in young stage. W}len the
number of marketable bulbs decreases dramatically, bulb development is also affected. In drier soils
the growth is impeded and there are more missing plants and rotten bulbs. Adequate watering (about
pF 2.0 soil moisture) from the early growth stage to the active-bulb developing stage greatly increased
growth and bulb development, and decreased the incidence of missing plant and bulb rot. With insuf-
ficient water supply to soil when large amount of nitrogen fertilizer is applied, the result is poor bulb
development and frequent basal rot.

It was found that increases in the frequency of damage and poor growth correlate with rises in
soil electric conductivity, and that salt damage in the early stage increased basal rot of onion. From
this it is inferred that heavy fertilizer application, as practiced in recent years, intensify the instabil-
ity of onion production with the climatic fluctuation.

Topdressing of fertilizer to prevent salt damage and to supply the nitrogen required in the latter
growth stage was not found very effective, but later topdressing retarded bulb development. It is

therefore advisable to apply basal dressing as a basic application of fertilizer.

3. Effect of Phosphate Fertilizer Application and Available Phosphorus Fertility of Soil
on the Growth and Yield.

Heavy phosphate fertilizer application impoves growth even in P accumulated soil with content of
TRUOG-P of 100mg P.0;/100g soil. However, butb development is retarded by declining growth at
the bulb developing stage. The appropriate range of TRUOG-P content is between 80 and 130mg P,O;
/100g. When the content is higher the bulb development is affected negatively. Higher P content lead
to more frequent basal rot of onion and it is considered that the occurrence of basal rot is related to
excessive P absorption of onion plant. The range of P accumulation retarding bulb development varies
with the nitrogen fertility of soils, and soils with same P accumulation level have different gfowth rates,
growth pattern and yields. Soils with insufficient P accumulation showed the growth type of “poor
growth over the whole period”, giving extremely low yields, or “early poor growth and vigorous in the
latter stage”, giving rather higher yields. Soils with appropriate range of P accumulation brought
about “vigorous growth over the whole period”, giving high yields, or “declining growth in the latter
stage”, giving insufficient yields.

From the above growth analysis and the results of phosphate fertilizer application tests, the follow-
ing requirements for high yields are: A growth index (GI; Plant height cm X Number of leaves) at the
active—top growing stage of 200-250, and a GI at the active—bulb developing stage over 600. In order
to achieve an optimum GI, it is necessary to keep appropriate range of TRUOG-P content in soil and
to secure phosphorus absorption in the early stage of onion at 1.0-1.3% P,0.. It was shown that the

appropriate amount of phosphate fertilizer varies with level of P accumulation in soil.
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4. Nitrogen Fertilizer Application Based on the Soil Fertility of Nitrogen and Phosphorus.

Growth analysis and tests of fertilization effect were performed in four types of soil with different
fertility of nitrogen and phosphorus, and from the results, the correlation between nitrogen and phos-
phorus fertility and the optimum fertilizer application are discussed.

Growth in the early stage is strongly affected by the phosphorus content in onion plant, and growth
is vigorous when the nitrogen absorption is high, at around 4% of nitrogen, Howeves, growth in the
bulb developing stage is affected by the nitrogen absorption rather than the phosphorus absorption.
Vigorous growth for the whole period is achieved when nitrogen content in the foliage is 3.0-3.4% at
the time of bulb development and nutrient condition of N and P are well balanced. When the content
of nitrogen in plant relatively exceeds the phosghorus absorption, there are “early poor growth and
vigorous in the latter stage” or “poor growth over the whole period”. When the nitrogen content is
relatively low, there are “vigorous growth over the whole period” or “declining growth in the latter
stage”.

From thus, a high phosphorus accumulation in soil together with relative low nitrogen fertility
activates growth in the early stage but tends to decline in the latter stage. Here, haevy nitrogen appli-
cation keeps the vegitative growth vigorous and improves the development of the bulbs. On the one
hand, with insufficient range of phosphorus accumulation and high fertility of nitrogen, growth is checked
in the early stage and the insufficient phosphorus absorption coupled with high nitrogen absorption at
the latter stage causes poor growth over the whole period”. Here, haevy application of phosphate
accelerates the growth in the early stage and also activates the growth in the latter stage. However,
in soil with high nitrogen fertility, onion is susceptible to salt damage caused by the rise in electric
conductivity of soil, this undesirable effect is especially enhanced by heavy nitrogen application and
results in early poor growth and basl rot. The investigation thus shows that appropriate fertilizer
application considering the fertility of soil is indispensable and that the amount of appropriate fertiliz-
er varies with the soil fertility.

The foregoing facts that the excess range of P accumulation varies with nitrogen fertility and
that the common fertilizer application practices tended to heavy nitrogen application in parallel with
gradual accumulation of phosphorus in soil are explained well by the interaction between nitrogen and
phosphorus fertility on onion growth. In order to avoid the excess accumulation of nourishment,
growyh damage, and unstable yields caused by haevy fertilizer application, fertilizer application stand-

ards based on soil diagnosis have been established.

5. Requirements for Stable Increased Yields
From the avobe findings the following requirments for stable and high yields can be established.

Conditions for the growth of onion:
1) Maintaining sound growth at the early stage and yigorous vegitative growth until the bulb
developing stage.

2) To achieve this, enable high nitrogen and phosphorus absorption in the early stage and relatively
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lower nitrogen absorption at the bulb developing stage.

3) Especially, high absorption of phosphorus promotes early growth decisively, but it is necessary
to evade excessive absorption and maintain the balance between phosphorus and nitrogen.

4) Increase of the number of marketable bulbs by preventing the occurence of missing plants and
rotten bulbs.

Requirements for soil and fertilizer application management:

1) Control of soil moisture by improving the physical properties of soil: especially, ensuring
adequate water supply to soil at the early stage and not applying fertilizer heavyly, as this
compounds the'bad effects.

2) Ensuring a stable yields by field irrigation from the early stage until the bulb developing
stage.

4) Maintenance of the proper balance between nitrogen and phosphorus fertility.

3) Maintenance of appropriate range of phosphorus accumulation in soils.

5) Preventing excessive nourishment accumulation in soil and ensuring appropriate fertilizer

application management considering fertility differences.
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