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Soybean plants have been considered as 
one of the most difficul t crops in cu ltivation 
management, s ince the soybean yield does not 
increase readily by mere improvement of fer
ti lizer application. 

T hey accumulate much more nitrogen in the 
seed as compared with the grain crops so that 
they are in need of a large amount of nitrogen 
throughout the whole growth period, especial
ly at the pod fill ing stage. 

However, when a large amount of nitrogen 
is applied to soybean plants for the purpose of 
increasing the nitrogen uptake, the weight of 
the vegetative portions and the number of 
flowers increase remarkably but the bean yield 
hardly increases because the fall ing of flowers 
and young pods also increase. 

Their fa lling may be caused by sterilization, 
mechanical damage and insufficient or un
balanced supplies of metabolites to them. 

Generally, soybean plants continue to grow 
vigorously after the blossomi ng stage; there
fore, growing vegetative portion may compete 

with the pods for some metabolites. This 
tendency is more remarkable in cool regions, 
such as Hokkaido, than in warm districts:' 
The author has been studying on the meta
bolities, for which the pods are in competition 
with the growing vegetative portions. 

Causes of the falling of young pods 

T he pods which will fall , cease to grow and 
then change from green to yellow-green color. 
In order to know which of the metabolites 
is insufficient fo r the normal growth of the 
pods, several components in green and yellow
green pods were determined .2 ' 

As shown in Table 1, in regard to total-N, 
a-amino-N, nitrate-N and allantoin-N concen
tration, the difference between both kinds of 
pods is not remarkable. But the total sugar 
contents in the yellow green pods and in the 
seeds which are enveloped in them are very 
small as compared with the green ones. 

The total sugar contents in the stems grown 

'!'able I. Concentration of nitrogenous components and total sugar in pods of soybean plants 
(% based on dry weight) 

amount of Pod Seed 
Kind of pod nitrogen 

Total a-Amino Allantion Nitrate Totol Total a -Amino Total application -N - N - N -N sugar - N -N sugar 

Yellow- 0 
kg/a 

2. 83 0.162 0.825 0. 043 1. 28 6. 79 0. 031 0.28 
green pod 0.4 2. 96 0. 182 0. 735 0.060 2.19 6.57 0.045 0. 49 

Green pod 
0 2. 68 0.143 0.668 0.013 10.56 6. 12 0. 293 6.23 
0. 4 2. 75 0.152 0. 521 0. 020 8. 23 6. 01 0. 265 4.95 
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Fig. 1. Total sugar concentration in stems of soybean plants grown in the field. 

in the field were determined at successive 
stages of growth. From the results shown in 
Fig. l, one should note that sugar contents 
increase until the blossoming stage and then 
decrease during the early pod setting stage 
when soybean plants are rapidly growing 
vegetatively, and the falling of pods occu rs 
frequently. After cessation of rapid growth, 
sugar content in the stems increases gradually 
and the falling of pods decreases rapidly. 
Therefore, we concluded that the insufficient 
supply of sugar to the pods may be related to 
the falling of the pods, and that any nitrogen
ous components do not seem to be responsible 
for it. 

In order to increase the bean yield and to de
crease the falling of pods, the vegetative 
growth must be controlled or repressed during 
the early pod setting stage. It is also impor
tant to promote the vegetative growth before 
the blossoming stage in cool regions. 

Relationship between the growth and 
the nitrogenous components 

It is generally recognized that two thirds 

(% based on fresh weight) 

of nitrogen uptake by soybean plants may be 
supplied fi·om the root nodule and the re
mainder is absorbed from the soil. In the 
case of researching on the effects of nitro
genous components, we should consider the 
difference between the soil and the nodules as 
sources of nitrogen. 

Therefore, the nodulating-type soybean 
plant, A62-1, and the non-nodulating type, 
A62-2, were cultivated in solutions containing 
various amounts of nitrogen, and determined 
the weights and the nitrogen concentration in 
the stems and leaves. From the results it is 
recognized that the dry weights and the nitro
gen concentrations increase with increasing 
of nitrogen in culture solution. 

One should note that the difference in nitro
gen concentration between both types of soy
bean plants is remarkable, while the difference 
in the dry weights can be neglected, when the 
culture solution has the same nitrogen con
centration. It is also found in field grown 
soybean plants that the growth rate of non
nodulating type is greater than that of the 
nodulating type containing the same nitrogen 
concentration as the 11011-nodulating type. 
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Table 2. Effect of N-concentration in culture solution on the vegetative growth and 
N-concentration in leaves and stems of soybean plants 

Dry weight g/plant 

N-concentration (Lea ves+Stems) 

in solution Strain 
A62-1 A62-2 

Oppm 6.13 

20 6.37 6.64 

50 7.56 8.34 

100 8.26 8.52 
---

From the facts described above, we con
clude that the root nodule not only supplies 
fixed nitrogen to the host plants but also may 
control the vegetative growth of the host, and 
that the vegetative growth rate may not pri
marily depend on total nitrogen concentration 
in the vegetative portions, but depend on the 
concentration of soluble nitrogenous com
ponents, for instance, amino acid, a llantoin, 
and nitrate. Therefore they were determined 
at successive stages of growth. 

As shown in Fig. 2, the nitrogen appli
cation results in a decreasing of allantoin-N 
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concentration and an increasing of a-amino-N 
concentration in the nodulating type plants, 
A62-l. The allantoin increases rapidly after 
the blossoming stage. The a llantoin in non
nodulating type plants, A-62-2, is so little as 
to be neglected, but a-amino-N is almost the 
same in concentration as A62-1 when it is 
applied with the same amount of nitrogen. 
These facts prove that the amino acid con
centration is controlled by nitrogen applica
tion and that the allantoin by the degree of 
nodulation. 

Subsequently, the field experiment was car-
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Fig. 2. a-Amino- and allantoin-nitrogen concentration in stems of soybean plant grown 
in the field. 



ried out to elucidate the effect of soluble nitro
genous components on the vegetative growth 
of soybean plants, the conelation coefficient 
between the relative growth rate (RGR) and 
the concentration of a-amino-, allantoin and 
NO,-N were calculated.0 ·

2> 
As shown in Table 3, the factors which 
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positively with RGR. As indicated in Table 3, 
the author can not reach a conclusion that the 
allantoin is consumed for protein synthesis in 
leaves and stems. 

We consider that most of the allantoin in 
soybean plants may be translocated into the 
pods and plays an important role in seed 

Table 3. Correlation coefficient between RGR and concentration of nitrogenous components 
- - -- ----

~ 
, Component 

Period 
Nitrate 
- N 

July 1 -July 10 0. 24 

July 10- July 23 0.56 
July 23-Aug. 6 0. 32 

Neaves 

a-Amino Allantoin 
- N - N 

0.39 - 0.33 

0.73 - 0. 21 

0.43 - 0.10 

Stems 

Nitrate a-Amino Allantoin 
-N -N -N 

0.59 0. 70 - 0.11 

0. 66 0.83 - 0.17 

0.13 0.46 - 0.69 

RGR= log.(w.l(l)iJ, where w1 or w2 : fresh WP.ight of vegetative portions at t ime t, or l s 
t,-t2 

correlated possitively with RGR were a-ami no
and the NO.-N concentration. It is natural 
that a-amino-N concentration correlates close
ly with RGR because amino acids in vegeta
tive portions seem to be used directly as block 
material for protein synthesis. Therefore, the 
promotion of vegetative rrrowth by nitrogen 
application is considered to be attributable 
to the increase of the amino acid concen
tration . 

On the contrary, the allantoin concentration 
conelates negatively with RGR. It is well 
known that a very small amount of allantoin 
is contained in many plant species and that 
a large amount of it is accumulated in some 
plant species, such as maple and comfrey.~> 
The allantoin contents in maple and comfrey 
are involved in an annual rhythm. 

In spring, allantoin ascends from the roots 
and arrives in the leaves where it is decom
posed. In autumn, the reciprocal process takes 
place. Therefore, in these plants, allantoin 
plays an impor tant role in storage and the 
translocation of nitrogen. If allantoin played 
the same role in soybean plants as in maple, 
etc. and were consumed for protein synthesis 
in the vegetative portions, the allantoin con
centration might be expected to correlate 

protein synthesis because it is accumulated 
very abundantly in the pods as shown in 
Table 1. 

From another experiment, it is suggested3> 
that only a few kinds of amino acids, for 
instance, Arginine and Canavanine, are rapid
ly translocated from the pods into the em
bryos via the seed coats, but other amino 
acids hardly translocate. These results are 
considered to be the reason why allantoin is 
an important substance among various nitro
genous components moving into the embryos 
via the seed coats. 

The physiological roles of allantoin in the 
vegetative portions are the storage of nitro
gen which is needed for seed protein synthesis 
and the repression of excessive growth, since 
the allantoin synthesis results in the decreas
ing of amino acid concentration. 

As described above, the vegetative growth 
rate may depend on the composition of nitro
genous components. However, their composi
tion can't be controlled arbitrarilly yet. We 
can easily increase the amino acid concen
tration by nitrogen application, but we have 
never been able to decrease it after the pod 
setting stage for the purpose of the repression 
of vegetative growth. The sole way of in-
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creasing allantoin concentration is to promote 
nodulation, and any other effective ways have 
never been found. The studies on the mecha
nism of its accumulation are now in progress, 
and will be published in near future. 
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