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Studies on Nutritional and Physiological Characteristics of
and Methods of Fertilizer Application for
Adzuki-beans in Hokkaido

by

Masatoshi SAWAGUCHI

Summary

Adzuki-bean plants are one of the most important field crops in Hokkaido, and Hokkai-
do 1s a major production area for adzuki-bean plants in Japan. However, the yield is
rather low and unstable, varying considerably from year to year. It 1s considered that
this is partly due to climate, as the growth of adzuki-beans are strongly affected by temp-
erature, and partly due to inadequate knowledge of the optimum cultivation methods, especi-
ally in fertilizer application.

Up to the present, fertilized practices have been investigated to improve soil fertility,
while investigations of the nutritional and physiological characteristics and methods of fer-
tilizer application have been lacking. On the other hand, there is a tendency towards heavy
application of fertilizer, and inefficient fertilizer applications are common in the cultivation.

This reseach attempts to determine effective methods of fertilizer application to improve
the yield of adzuki-beans, by observing the nutritional and physiological characteristics
of adzuki-bean plants and their response to fertilizer application. The results of the

experiments may be summarized as follows:

1. Accumulation of Nitrogen and Carbohydrate and Determination of Growth Stage

1) The growth period of adzuki-beans is about 120 days and until the beginning of flo-
wering at the middle of the growth period, growth is rather slow and becomes rapid only
shortly after the beggining of flowering. Growth in the reproductive phase overlaps veg-
etative growth for a long period (about 30 days), up to the time of maximum growth when
the weight of the vegetative part reaches its maximum.

2 ) Nitrogen accumulation also increases rapidly after the beginning of flowering. The
increase in daily nitrogen accumulation is highest in the middle of August. This indicates
the importance of the nitrogen supply in the last half of the growth period.

3 ) Carbohydrate is accumulated in various organs of the plants during the growth: in
the early stage it is accumulated in the leaves; after the biginning of flowering, when
vegetative growth is the most remarkable, 1t 1s in the petioles; between the beginning of
pod-filling and the time of maximum growth it 1s in the stems; and later, until maturity,
in pods and seeds.

4 ) From the relationship between the changes in carbohydrate and growth, the time when
the third trifolilate leaf is completely unrolled ( mid July ), the beginning of flowering

( late July ), the beginning of pod-filling ( mid August ), and the time of maximum



86 LA T L BRI W BSAE (1986)

growth ( late August ) are considered critical periods in the growth. Therefore, the

growth season can be divided into five stages, based on these critical periods.

2. Characteristics of Root Nodules of Adzuki-bean Plants and the Effects
of Nitrogen Fertilizer Application

1) The weight of root nodules increased until the time of maximum growth and later there
was a gradual decreased. Nitrogen fixation ( acetylene reduction per plant ) reached a
maximum in mid August at the beginning of pod-filling, and later there was a rapid decrease.
From this it is inferred that nitrogen supplied exclusively by nitrogen fixation is limited.

2) Root nodule weights decreased with increases in nitrogen fertilizer application.

3 ) Allantoin-N ( allantoic acid-N included ) in the xylem sap accounted for more
than 80% of total-N in a plot without nitrogen fertilizer. This shows that allantoin
1s the principal form of fixed nitrogen for transport in adzuki-bean plants.

4 ) With nitrogen fertilization, the amino acids, amides, and NOs -N each amounted
to more than 30% of total-N in the xylem sap, and the percentage of asparagine in the
amino acid and amide fraction was highest ( more than 60%).

5) In plots with heavy applications of nitrogen fertilizer, the concentration of NOj -
N in the petioles were maintained at a high level, about 1 % ( more than 30% of total-
N ), until the beginning of pod-filling. Therefore NO3-N in the petioles was estimated
to be related with growth.

3. Response to Fertilizer Application and Correlations between Growth,
Yield, and Nutrient Accumulation

1) CGR in every growth stages and seed ylelds were correlated, and the correlation
coefficient was highest in the early stage of growth, before flowering. This indicates
that to improve yields it is essential to promote growth in the early stage as well as in
the steady growth stage after flowering.

2) Heavy use of phosphate fertilizer was effective for growth promotion in the early
stage and nitrogen fertilizer application for the growth after flowering.

3 ) From the relationship between the level of available phosphate and nitrogen in the
soil and the growth in each growth stage, it was found that there were correlations between

Truog — P,O, and growth in the early stage and between hot-water-soluble nitrogen and
growth after flowering.

4) At each stage there was a correlation between the amounts of nitrogen and phosphate
accumulated in the plants and the CGR. Water-soluble nitrogen in the plants appers to
affect the growth considerably. From the relationship between growth and the concentration
of nitrogen and phosphate in each part of the plants, it was found that phosphate was closely
correlated with the growth before flowering and nitrogen with the growth after flowering.

5) It was found that the amounts of nitrogen and phosphate accumulating at each growth

stage was closely correlated with the seed production.
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6 ) There were close correlations between the amounts of hot-water-soluble nitrogen in
the soil and the yield. It is presumed that to achieve increases in yield, it 1s necessary
to maintain a hot-water-soluble nitrogen density of over 10mg.100g soil even after flowering.

7 ) From these findings it follows that fertilizer reseach must focus on the effects of
phosphate fertilizer application in the early stage of growth and on nitrogen fertilizer

after flowering.

4. Effects of Phosphate Fertilizer and Application Methods

1) The effects of various phosphate fertilizers on growth in the early stage were examined
and comared and it was found that water-soluble phosphate resulted in highest growth promotion
and that it also helped root activity.

2 ) In field experiments, a heavy application of water-soluble phosphate ( more than 30
kg of P,O, per 10a ) promoted growth and increased yields. This effect was especially
remarkable at low temperatures.

3 ) Among the methods of fertilizer application, row application, chiefly around the
roots, was more economical and effective than broadcasting and whole layer application.

4) A heavy application of phosphate fertilizer enhanced root nodules and nitrogen
fixation. However, weight increaces of the root nodules decreased when the level of

Truog- P,0O. was over 10mg.100g soil.

5. Application Methods for Nitrogen Fertilizer

1) In field experiments, it was found that nitrogen row application of 5kg or more per
10a may possibly decrease the number of stands, because of damage at germination, and result
in yield decreases. It is, therefore, advisable to limit the application of nitrogen to
around 3 — 4 kg per 10a when applying as a basal row fertilizer.

2) In order to avoid damage at germination and also to supply sufficient nitrogen after
the beginning of flowering, three application methods were examined: top-dressing, foliar
fertilization, and the use of slow-release nitrogen fertilizer (CDU).

3 ) When useing top-dressing, nitrogen absorption increased and later top-dressings res-
ulted in a higher harvest index. When applied in the middle of July, yields were rather
higher with the top-dressing method. It 1is, therefore, effective to apply 5 —10kg of
nitrogen per 10a in the form of ammonium sulfate in the middle of July.

4 ) The effect of nitrogen top-dressing is enhanced when used with a heavy basal applic-
ation of phosphate.

5) Foliar fertilization, which is a method of supplying nitrogen by spraying leaves
after the beggining of flowering, was examined and it was found that the nitrogen absorption
and harvest index were improved and that yield increased when spraying was repeated more
than three times ( spraying repeated every other day ) .

6 ) Urea was the most effective for spraying and the concentration of the sprayed urea
liquid should be less than 2 %.

7 ) Use of slow-release nitrogen fertilizer is also effective. Growth and yield were
increased by 4 kg of CDU-N plus 3 kg of quick acting nitrogenous fertilizer ( A-N )
per 10a.
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