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Abstract 
Results of the studies, including relevant methodologies, on nitrogen fixation and metabolism 
in soybean plants which have been undertaken in Japan in the past 10 years are reviewed 
in this paper. Three methods, i.e. 15N

2 
gas feeding, 15N dilution and 15N natural abundance, 

were employed for estimating an amount of fixed nitrogen. In the two isogenic line of soybean: 
non nodulating (T201) and nodulating (T202) lines, the ratio of symbiotically fixed N 
in the total absorbed N were estimated to be 76% by the 15N dilution method, while it was 
52% by the 15N natural abundance method. Contribution of the following three N sources; 
fertilizer, N

2
fixation and soil-N, was estimated with a 15Ntracer technique in combination 

with 15N natural abundance and with low level 15N application. Nodulating soybean plants 
obtained 13±10% of their N from fertilizer, 66±8% from N

2 
fixation and 21±10% from 

soil Nin Andosol. In the experiment in which nodules attached to the intact roots was exposed 
to 15N

2
, it was observed that the fixed N was rapidly translocated from bacteroids to 

plant cell cytosol in the form of ammonia, and assimilated by the GS/GOGAT system in the latter. 

Discipline: Soils, fertilizers ad plant nutrition 
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2
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Introduction 

Soybean plants demand for plenty of nitrogen and 

nutrient, absorbing 8- 10 kg of N in producing 100 
kg of grain yields. Approximately 40-70% of N re
quirements of the plants are met by symbiotic nitro

gen fixation during the whole growing period. In 

recent years, grain yields of about 3 t/ha are 
produced in Japan by well-experienced producers. 

The amount of N necessary for maintaining this yie ld 
level is estimated at approximately 270 kg/ ha. From 

the viewpoint of economy of energy and environ

mental preservation, it might not be appropriate to 
depend on further increase in the input of N chemi

cal fertilizer to meet N requirement. Therefore, 
perspective of increasing the contribution of N fixa

tion to total absorbed nitrogen is of great si,g
nificance. The use of tsN has been a powerful too l 

in research on nitrogen fixation in general, and its 

quantitative and metabolism analyses in crop plants 
in particular. 

In the last IO years, a great number of research 

papers containing various information on the bio

logical N2 fixation and the metabolism of fixed N 
using tsN tracer techniques have been presented in 

Japan. This paper attempts to review the results ob

tained in those studies. 

Estimation of symbiotically fixed N by 15N 
tracer methods 

Estimation of fixed N with a tsN tracer technique 

has been made by the following three approaches; 
1sN2-feeding, tsN dilution and natural 1sN abundance 

methods. The tsN2-feeding method, in wtJich the 
1sN-labelled N2 gas is supplied to rhizosphere, is 

called "a direct method". It demonstrates determi
nation of the N distribution in a plant and provides 

an insight into the assimilation processes of the fixed 
N. Its applicability, however, is limited due to two 

reasons: one is the difficulties in sealing N2 gas 

released into the experimental system ; and the other 
is the unavoidable contamination with non-labelled 
N2 gas in air. On the other hand, 15N dilution and 

·natural tsN abundance methods have been widely 
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employed in field tests. 
Nitrogen-fixing activity of plants has been conven

tionally determined by an acetylene-reducing method. 
Theoretically speaking, che conversion racio of N fix
ation from acetylene reduction is three, but it is 
known that the actual values obtained differ from 
the 1heore1ical value. The conversion factor was 
measured by Kanamori et al.3> and Kumazawa et al.6> 
in order to estimate accurately an amount of N fix
ation from that of acecylene reduction. Kanamori 
et al. indicated that the conversion factor varied be
tween 3 .9 and I I.I (Table I), and Kumazawa et al. 
reported that the determination of evolved Hz was 
essential 10 calculate the amount of N fixation. Tak
ing that H2 into account, the following relationship 
was formulated (Table 2): 

15N2 fixation x 3 + H2 evolution 
= C2H2 reduction. 

Although it is difficult to adopt a 15N2 gas method 
under field conditions since it requires a closed sys
tem, this method is usable for the studies on parti
tioning and metabolism of fixed N and determination 
of C2H2/N2 racio. Examples of application of the 
' 5N2 gas method to a field test were presented by 

Table I. Relationship between N2 fixation and C2H2 
reduction by intact soybean plants 

N fertilizer 15N2 fixed C2H2 reduction C2H2/N2 
(g/m,) (mg/pot· day) (µM/pOI • hr) ratio 

0 2.71 28.76 7 .13 
4.74 46.85 6 .64 

4. 6.47 37.59 3.90 
8 2.43 40.12 11.09 

Source : Kanamori et al. (1983)31. 

Table 2. Relationships among C2H2 reduction, 15N2 

fixation and H2 evolution 
(Uni1: µmol/hr·g nodule fresh weigh!) 

Sequence of C2H2 ISN2 H2 
1rea11nc111s produc1ion fixation evolution 

,sN2 fixation 
I 9.73 2.97 9.5 1 

C2H2 reduc1ion 

C2H2 reduc1io11 
I 20.54 1.79 4.34 

,sN2 fixation 

Source: Kumazawa el al. (1983)6>. 
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Yoshida and Yoneyama22>, and Akao and lshii 11• 

They supplied 15N2 gas, using a specifically designed 
chamber and pot for gas-light pla111 growth. Yoshida 
el al. investigated the amount of N fixed by micro
organisms in the rice rhizosphere. These results are 
outlined in detail by Marumo101>. Akao et al. con
ducted an experiment, in which 15N2 gas was put 
imo buried pots in a field for five days at three stages 
each; flowering, early pod-filling and middle pod
filling. Their findings indicate 1ha1 the amount of 
fixed N is the highest at the early pod-filling stage, 
followed by 1ha1 at the nowering stage and the mid
dle pod-filling stage in this order. Fixed N accumu
lated most.ly in the leaves al the flowering stage, in 
the stems al the early pod-filling stage, and in lhc 
grains al the middle pod-filling stage. 

The isotope dilut ion technique is based on the as
sumption that each of the test plant and the non
nodulating reference plant absorbs the same propor
tion of soil N and applied N during the growing 
period. For the purpose of comparison, a nodulating 
genotype and a non-nodulating one in the same plant 
species have been used in general. Kanamori et al. 3> 

estimated the symbiotically fixed N with mullisplil 
application of 15N-labelled ammonium sulfate, us
ing the following two isogenic lines of soybean: i.e. 
non-noclulating (Toi-I) and nodulating (Tol-0). The 
data obtained indicated 1ha1 760/o in total N absorbed 
throughout I he growing period was derived from 
symbiotically fixed N. lchiia2> estimated the contri
bution of symbiotic fixation to the total plant N 
under a basal application of 15N-labelled ammonium 
sulfate at a rate of 24 kg/ha, using non-nodulating 
(T20 I) and nodulating (T202) soybean lines. It was 
found that the relative proportion of symbiotic N 
in the 101al N increased from 250Jo at the flowering 
stage to 400Jo al the pod-filling stage (Fig. I). In 
his study which dealt with hydroponically grown soy
bean supplied with '5N-labellcd nitrate (3.32 atom 
%, 50 ppm N), Kato5> found that the daily rate of 
N2 fixation increased with vegetative growth of plants 
and reached a maximum al the early pod-filling stage, 
when the amount of N derived from symbiotic N2 
fixation became nearly equal to 1ha1 from nitrate. 
During the middle and late pod-filling stages, N2-fix
ing activity declined sharply while nitrate uptake con
tinued ac an almost maximal rate until the late 
pod-filling stage (Fig. 2). These results indicate that 
the proportional contribution of fixed N reaches 
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Source : lchita ( 1986)2>. 

its peak at the pod-filling stage. 
Some srndies milizing a natura l 15N abundance 

technique have also been conducted in Japan4·u ·20>, 
since it was reported that the natural 15N abundance 
of N2 fixing plants was genera lly lower than that of 
non-nodulating plants14

•
11

·
19>. This technique has a 

great potential for estimating the amount of N fixa
tion under a field condition. The difference in natur
al 15N abundance between legumes and non-legumes 
is based on the 15N abundance in soil N, which is 
derived from organic mailers and is generally higher 
than that of atmospheric N2. Yoneyama et al. 16

•
20

,
2 1> 

investigated variat ions in na1ural 15N abundance of 
field grown soybean grains in Japan. It was reco.g
nized that o15N values of the nodulating soybean 
varied among locations, and the values were lower 
than those of the non-nodulat ing soybean in each 
location (Tables 3 & 4). On the basis of these fun
damental studies, Yoneyama16> concludes that 52 
± 260/o of the total N content of soybean in Japan 
is derived from N2 fixation. On the other hand, in 
a field experimenl using natural isotopic abundances 
and a low level 15N tracer technique simultaneous
ly, Wada et al. 13' show that use of the low level 1>N 
tracer technique at natura l abundance levels can 
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Fig. 2. Changes in nitrogen content and dail )' rate 
of N2 rixation of soybean plants 

Source : Kaio ( 1981)5>. 

provide several advantages, such as estimation of the 
contributions of three N-sources (fertilizer, N2 
fixation and soi l N), economy of expensive 15N and 
applicability to a large-scale field experiment. The 
experiments were undertaken al the sites of Andosol 
Brown (a dry volcanic ash soil), Andosol Black (a 
wet volcanic ash soil) and Alluvial soil. It was 
reported that the noclulating soybean line obtained 
13 ± 10% of its N from ferti lizer, 66 ± 8% from N2 
fixation and 21 ± I Oo/o from soil N in Andosol Brown 
soil ; 30, 16 and 54<r/o in Andosol Black soil; 7, 77 
and 16% in Alluvial soil , respectively (Table 5). 

Metabolism of symbiolicalJ y fixed N in plants 

The ' 5N gas pulse feedi ng experiment is the most 
effective method for the studies of the assimila tion 
process of fixed Ns-11>. While the use of 15N-labellcd 
nit rate and/ or ammonia as a tracer is also an effec
tive method for the studies pertaining to uptake, dis
tribution and redistribution of absorbed N (soi l and 
ferti lizer N) in distinction from fixed N12•15•18>. 
Ohyama et at. 9> and Matsumoto et at. 8> investigated 
the incorporation of 15N into various fractions o f 
soluble ni1rogen in soybean plams after exposing the 
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Table 3. Natural 15N abundance of soybcnn grains han•csled in farmers' fields 
in the Kanto District 

Location Non-nodulating• Nodula1ing 

{Basal fer1ilizcr) .. ~
15N(0/00) Cul1ivar o15N(0/00) O/oNdfa 

Yuuki (c) + 0.7 Enrci -0.9 70 
Johoku (c) + 11.6 Miyagioojiro 0.0 88 
Hokota {c) 0.0 Enrei -0.6 37 
Minori (c) + 2.8 Enrei -0.S 75 
Ryugasaki {b) + I.I Enrei -0.7 67 
Shimoda1e (b) -0.7 Enrci -0.9 22 

Suzuyutaka - 0.9 22 
Miyagioojiro -1.0 33 

lshigc (c} + 2.6 Enrei -0.8 8 1 
Naganochushin {a) ... 1.9 Enrci -0.2 60 

• T201 was used as non-nodula1ing reference. 
•• Basal fertilizers were applied at the levels of {a): 1-4-4, (b): 2-8- 8, and (c): 3-12-12 or 

N-PiOs-K20 in kg per 10 a. 
Source: Yoneyama (1987) 10

) . 

Tobie 4. Nuturul 15N abundance or soybean grains harvested in farmers' fields 
in lhc Hokkaido Districl 

Loca1ion 
Soil Non-nodulating• 

o15N(0! 00) o15N(0/00) 

Taiki +6.5 + 2.3 
Shimizu + 6.0 -t- 3.9 
Toyokoro t4.9 + 1.9 
Toshibe1su +4.6 + 3.6 

• Tol-0 was used as non-nodulating reference. 
Source: Yoneyama (1987)' 6l. 

Table S. Estimates of lhc contribulions of three N-source:s 
to field grown soybean plants (var.: Kilamusume) 
al 30 kg N/ha 

Soil type 
Ndff 

Anclosol Brown soil 
1980 0 .12 
1981 0. 14 

Andosol Black soi l 
1981 0.30 

Alluvial soil 
1981 0-07 

Pcrcem comribution•l 

Ndfa Ndfs 

0.60 0.28 
0.72 0. 14 

0. 16 0.54 

0.77 0.16 

Ndfa by 
N yieidb1 

0.60 
0 .81 

0.25 

0.70 

a): Ndff, Ndfa and Ndfs deno1e nilrogcn derived from re..-. 
tilizcr, atmosphere. and soil, respectively. 

b): Ndra was estimated on the basis of the difference of 
N )•iclds or 1he isogenic lines (Tol-0, Non-nod and 
Toi- I, Nod) in the same fields under the fertiliza1ion 
of 30 kg N/ ha. 

Source: Wada c1 al. (1986) 13>. 

Nodulating 

C ul1i var o'5N(OIOO> %Ndra 

Kitamusumc -0.2 63 
Toyosuzu + U 44 
Kitamusumc -0.6 71 
Toyosuzu + 1.5 40 

nodulated intact soybean plants to 15N2 gas. Their 
findings indicate that there are several compartments 
of ammonia in nodules, and that one of 1hem is 
closely associated with the N2 fixation process. Ac
cording to Ohyama et al.10

•
11

> who presented some 
details of the primary pathway of ammonia assimi
lation in soybean nodules, it is indicated that the 
fixed N is rapidly translocated from bacteroids to 
plant cell cytosol in a form of ammonium, and as
similated by the GS/GOGAT sys1em in lhe latter. 

The recent report of Yanagisawa et al. 1~> refers 
10 the translocat ion of C and N among the various 
organs of soybean plants in the double-label experi· 
ments which used ct3C02 + 15N2) and 13C02 + 15N03) 
at the f.lowering, pod formation and pod-filling 
stages. It shows that 15N is mainly distribmed 10 
nodules and leaves, then it is gradually redistrib111ed 
10 seed, with an exception that the 15N incorpora1ed 
at the flowering stage is essentially immobile. 

Allantoin and allantoic acids arc the major forms 



in the translocation of fixed N from nodules to plant 

shoots. The pathway of allamoin biosynthesis in soy
bean nodules was investigated by Ohyama & 
Kumazawa 11> through the administration of 15N
labelled compounds (ammonia, glu tamine, glycine 

and a lan ine). They demonstrated that allantoin was 
synthesized via purine degradat ion in the nodules. 
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