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Summary

Development of Techniques to Reduce the Amount of
Nitrogen Fertilizers for Upland Vegetable Cultivation

Futami Yamamoro

Nitrogen applied in excess to agricultural land, especially upland fields for vegetables, is not
absorbed by crops. The excessive nitrogen penetrates and leaches into groundwater, increasing its
nitrate concentration. Therefore, nitrogen applications to crops need to take into consideration not
only productivity but also environment. In other words, it is important to review conventional
standard fertilizer application rates and efficiently apply the amounts of nitrogen required by crops.

The author has studied methods to reduce nitrogen application for protected and open-field
cultivations of vegetables. The amount of applied nitrogen is generally determined by subtracting the
amount of nitrogen supplied by soil from the amount of absorbed nitrogen required for a standard
yield and dividing the difference by the use efficiency of applied nitrogen. In developing techniques for
low-fertilizer application, the author studied methods for increasing the use efficiency of applied
nitrogen by improving fertilizer placement and the time of fertilizer application. The author further
studied fertilizer application methods that took into account residual nitrogen in soil for the efficient

use of soil nitrate before fertilizer application.

I . Fertilizer Placement (Localized Deep Placement of Fertilizer)

1. Effects of Nitrogen Fertilizer Levels as Related to Application Method in Chain Pot System by
Using Release Controlled Fertilizer and Topdressing for Summer Welsh Onion

1) Low fertilizer application technique was studied for summer welsh onion by applying a
release-controlled fertilizer to substrate in chain pots.

2) The nitrogen release rate of a coated ammonium nitrate phosphate (2401-100S) of a 100-day
sigmoid type for suppressed initial nitrogen release was 3.3% during the period of raising seedlings.
No high-concentration damage was observed on welsh onion nursery plants, which grew as well as
standard cultivation nursery plants.

3) Under a constant amount of top dressed nitrogen (standard application rate of nitrogen, 160 kg
ha?'), the amount of nitrogen from 60 kg ha' of the 100-day type coated ammonium nitrate
phosphate by the application method in chain pot system yielded an equivalent harvest to that
from a standard application rate (basal dressing nitrogen, 80 kg ha”). Also, from the nitrogen
release rate of this fertilizer, top dressing applied three times was judged adequate in contrast to
four applications prescribed for the standard application rate.

4) When 60 kg ha” of the 100-day type coated ammonium nitrate phosphate was applied in the chain
pots, 90 kg ha” of top dressed nitrogen resulted in an equivalent harvest to that from the standard
application rate. The total amount of applied nitrogen was 150 kg ha”, which was 38% lower than
240 kg ha" from the standard application rate of nitrogen. The utilization ratio of applied nitrogen

also increased to 43% in contrast to 256% for the standard application rate.
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Soil nitrate in the soil after cultivation from the application method in chain pot system was lower

in all soil horizons ranging 0-60 cm than that from the standard application rate.

Effects of a Release Controlled Fertilizer for the Application of Total Basal Dressing Nitrogen
within a Chain Pot System on the Growth and Harvest of Welsh Onion

I developed a method for the application of total fertilizer nitrogen within a chain pot system using
a release controlled fertilizer for summer welsh onion and for winter welsh onion.

The ratio of nitrogen leaching out of a coated ammonium, nitrate, and phosphate preparation of a
140-day type (2401-140S), a fertilizer with initial nitrogen leaching suppressed, was 1.6% for
summer welsh onion and 3.4% for winter welsh onion during the period of raising seedlings. No
high-concentration damage of onion nursery plants occurred with either cropping type during the
period of raising seedlings.

The application of the release controlled ammonium, nitrate, and phosphate preparation of a
140-day type at 120 kg ha® without top dressing yielded harvests for summer welsh onion and for
winter welsh onion, which were equivalent to harvests obtained from a standard fertilizer
application rate. This resulted in a low-fertilizer application: 50% to 240 kg ha" of nitrogen, the
standard fertilizer application rate.

This fertilizer application method improved the recovery ratio of applied nitrogen to 44% for
summer welsh onion of the 120 kg ha" plot from 22% of the plot of the standard application rate.
This fertilizer application method also increased the ratio to 60% for winter welsh onion from 30%.
The amount of soil nitrate remaining after cultivation for summer welsh onion in the plot of 120 kg
ha'! of nitrogen applied by this fertilizer application method was less in every soil layer 0-60
centimeters deep than the amount of the soil nitrate in the plot of the standard rate of nitrogen
application. The amount of the soil nitrate remaining after cultivation for winter welsh onion

similarly decreased in soil horizons 0-45 centimeters deep.

. Fertilizer Application Time (Realtime Diagnosis)
. Effect of Soil Nitrate before Cultivation on N Application rate of Green House Tomato based on

Realtime Diagnosis with Petiole Sap

This study was carried out to clarify the effects of soil nitrate before cultivation and amounts of
basal-dressed nitrogen on additional N application rate and yields of semi-forced tomato for three
years from 1998 to 2000.

The amounts and timing of additional N dressing was determined based on diagnosis of petiole sap
nitrate. The top-dressing was carried out with a liquid fertilizer when nitrate concentration of
leaflet's petiole sap of leaf beneath fruit which is 2-4 cm declined below 2,000 mg L.

For standard yield by the method of fertilizer application based on this condition, no basal-dressed
nitrogen was required when soil nitrate before cultivation was 150 mg kg dry soil or higher in the
0-30 cm layer; 38 kg ha" of basal-dressed nitrogen, which corresponds to 25% of the standard rate
of fertilizer application of Chiba Prefecture, was optimum when soil nitrate before cultivation was
100-150 mg kg' dry soil; 75 kg ha" of basal-dressed nitrogen, which corresponds to 50% of the
standard, was optimum when soil nitrate before cultivation was under 100 mg kg’ dry soil.

A standard yield was secured and the rate of nitrogen fertilizer application decreased by 49-76% to
the standard by keeping the nitrate concentration of tomato petiole sap between 1,000-2,000 mg L
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from early harvest time to topping time under these conditions.

Reduction of Amount of Top-dressed Nitrogen Based on Nitrate Diagnosis of Petiole Sap for
Rootstock Tomato.

Greenhouse tomato was cultivated by graft culture using rootstocks to compare with scion root
culture for the effectiveness of top-dressed nitrogen method based on nitrate diagnosis with petiole
sap to determine N application rate. The rootstocks tested were two varieties with strong nutrient
absorption ability and two varieties with weak nutrient absorption ability.

The nitrate concentration of tomato petiole sap was high, about 4,000 mg L", in all rootstock plots
when the nitrate concentration was low, about 2,000 mg L", in scion root plots. The number of
top-dressings based on the nitrate diagnosis was 7.0 for the scion root plots, whereas the number
was 4.5 for the plots of rootstocks with weak nutrient absorption ability and 4.0 for the plots of
rootstocks with strong nutrient absorption ability. Consequently, total N application rate was
decreased to 143 kg ha”, 21% reduction, for the rootstock plots of weak nutrient absorption ability
from 180 kg ha” for the scion root plots and to 135 kg ha®, 25% reduction, for the rootstock plots of
strong nutrient absorption ability. .
Tomato harvest from all the rootstock plots given top-dressings based on nitrate diagnosis with
petiole sap was equivalent with tomato harvest from the scion root plots. The Brix and firmness of
the fruit from all the rootstock plots were also equivalent with the Brix and firmness of the fruit
from the scion root plots.

4) The amount of soil nitrate after harvest in the 0-30 cm layers of all the rootstock plots was nearly
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5)

the same as the amount in the 0-30 cm layers of the scion root plots but smaller in the 30-60 cm
layers of all the rootstock plots than in the 30-60 cm layers of the scion root plots.

Actual Proof of Top-dressed Nitrogen Method Based on Nitrate Diagnosis with Petiole Sap of
Tomato in Farmer's Greenhouses.

A technique for reducing fertilizer application while maintaining harvest by top-dressing based on
nitrate diagnosis of petiole sap in the semi-forcing cultivation of tomato was demonstrated at
farmers greenhouses where soil conditions and fertilizer application practices were different.

Petiole saps from leaves beneath fruit which was 24 cm were measured for nitrate concentration
and top-dressing based on nitrate diagnosis was applied when the nitrate concentration decreased
below 2,000 mg L".

Top-dressing based on nitrate diagnosis could be maintained at 1,000-2,000 mg L' during the
harvest time when the nitrate concentration of tomato petiole sap decreased to the minimum under
these conditions and harvests equivalent to those obtained by top dressing conventionally applied
by the farmers were secured.

The amounts of top-dressed nitrogen ranged 0-50% of those conventionally applied by the farmers.
In addition, soil nitrate after cultivation with top-dressing based on nitrate diagnoses decreased
considerably from that with top dressing conventionally applied by the farmers. Soil nitrogen was
thought to be utilized effectively.

Both a simple reflection photometer and nitrate test strips were used for the measurement of
nitrate concentration of tomato petiole sap. The nitrate test strips were considered practical
because they were easy to handle in the field and low in price.
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Nitrogen Application Rate for Japanese Radish Based on Soil Nitrate before Fertilizer
Application

Japanese radish was cultivated by fall seeding for fall-winter harvest in Andosol to study nitrogen
application rate based on soil nitrate before fertilizer application. Seeds were sown at three
different timings.

When the seeding was early in September, the total sum of soil nitrate before fertilizer application
and nitrogen application combined required to obtain a root weight of 1,000 grams, which is
classified as large size, was 30 kg ha" or more by mulching culture and 60 kg ha' or more by
non-mulching culture, respectively.

When the seeding was in the middle of September, the total sum was 60 kg ha® or more regardless
of mulching,.

When the seeding was late in September, mulching culture was essential and the total sum was
90-120 kg ha.

In the mulching culture in a farmer's field seeded late in September, yield decreased whether the
total sum was less than the recommended rate of fertilizer (120 kg ha™) or significantly more than
that. The results provided an actual proof that the proper level of the total sum was 90-120 kg ha™.

51



