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Abstract

The objective of this study was to increase the productivity of soybean seeds by the applica-
tion of controlled release nitrogen fertilizers (coated urea).  Based on the results obtained in 
field experiments carried out for 3 years (1989-1991), deep placement of coated urea 
consistently enabled to increase the seed yield by about 10-20% over the conventional 
treatment.  Deep placement of coated urea did not depress the N2 fixation activity throughout 
the growth stages until maturity, though N from fertilizer was actively absorbed.  The basal 
deep placement of coated urea for soybean cultivation enabled to supply N from the lower 
part of roots without concomitant depression of N2 fixation, and consequently seed yield 
increased.  High recovery rate (over 60%) of fertilizer N was also advantageous from 
economical viewpoints.

Discipline: Soils, fertilizers and plant nutrition/Crop production
Additional key words: N2 fixation, ureide, root growth, Rb uptake

J ARQ 33, 235-242 ( 1999) 

Introduction 

Soybean i s the most important leguminous 
grain crop used by human beings and livestock as 
food or feed, respectively, worldwide. In Japan 
there are many traditional soybean products, such 
as ' tofu ', 'miso', soy sauce, 'natto' (fermented soy-· 
bean), etc. Soybean seeds are useful materials for 
the food industry, because they are very rich in. 
oil and protein with a good nutritive value. 

Soybean plants require a continuous supply of 
a large amount of N for maximum seed yield, and 
N is generally derived from 3 sources under field 
condi tions; from symbiotic N2 fixation by root 
nodules, from N absorbed from soil mineralized N 
and from fertil izer. In spite of the high demand 
for N , a large supply of N fe rtilizer markedly 
depresses nodule development and N2 fixation activ
ity, resulti ng in the reduction of the seed yield. 

In Niigata Prefecture, about 80% of the soy
bean plants are cultivated in upland fie lds converted 
from drained rice paddy f ields. T he fields consis t 
mostly of clayey Gray soil, and adverse soi l con
ditions such as poor waler drainage lead lo a low 

average soybean seed yield of 1.3 Mg ha- 1
• On 

the other hand, the cont ribut ion of N2 fixation is 
est imated to be relatively high in soybean plants 
cultivated in drained paddy fie lds in Niigata, and 
about 60- 80% of total accumulated N in shoot or ig
inates from fixed Nz. 

I n the present studies, a new technique consis ting 
of deep placement of coated urea fertilizer has 
been developed to obtain high yield, efficient fer
tilizer uti lization, and high N2 fixation activity6•8•

14
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Materials and me thods 

I) Cultivation 
Soybean [Glycine max (L.) Merr. cv. Enrei] 

plants were grown in an upland field converted from 
a drained paddy field of Niigata Agricultural 
E xperiment Stat ion. Seeds were sown on May 
31- June 4, in 1989-1991. The seeds were stripe
sown at a density of 8.9 seeds m-2 (15X75 cm) by 
single stem training. Cultivation method was 
applied according to the guidebook for soybean cul
t ivat ion publ ished by Niigata Prefecture. Main 
operation sequence was as fo l lows: fer t ili za
l ion-> l illagc; harrowing->hcrbicidc appl icati on 
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- sccding-i ntcrlillage: ea rthing up (late in June 
- early in .Ju.ly). Agricultural chem icals were spreacl 
2 or 3 times to cont rol the insect pests. 

T he terminology of the reproductive stages fol
lowed that r epo rt ed by Fehr and Cavi ness' }. 
Corresponding description with the stage numbers 
was as follows: Rl: beginning of bloom. RJ ; 
beginning of pod development, RS: beginning 
seed of development, R7: beginning of maturity, 
R8: full maturit y. 

2) Field conditions 
The ex perimental field had been co nvened 

from a paddy field in the previous year. The soil 
was a fine-textured Gray Lowland soil. Chemical 
properties of the soil were as follows: texture; 
cl ay loa m, pH (H20) ; 7.1 , CEC (cmol(+)kg· 1

); 

3 1.3, total carbon content (I 0-2 kg kg· ' ); 1.0, total 
nitrogen cont ent (I 0-2 kg kg- 1

) ; 0.11, C/N; 9.1. 
amount or minera lized N determined by the incu
bation of air-dried soil under upland conditions 
for 4 weeks at J0°C {J o·7 kg kg I); 4.8. 

3) Fertiliz.er application 
Ferti lizer appl ica tio n is outli11ecl in Table 1. 

Three treatments were designed as follows: (a) 
control; basa l dressing o f ammonium sulfate ( 16 

kg N ha 1 
), (b) deep placemen!; basal dressing of 

ammonium sulfate ( 16 kg N ha 1
) and deep place

ment or coated urea, 100-day type (JOO kg N ha-1) , 

(c) top dressing; basal dressing or ammonium sul
fate (16 kg N ha· 1) and top dressing or coated 
urea,70-day rype ( 100 kg N ha ·' ). In addit ion , 
phosphorus and potassium fert ilizers were sup
plied as basal dressing for al l the experimental 
plots (60 kg P20 s ha·•. 80 kg K20 1111 1

), respec
tively. Each treatment was tr iplicated in random-
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ized plots. 
Two types of coated urea fertili zer were supplied 

by Chisso-Asa hi Co .. Ltd., namely the I 00-day 
type or coated urea was used for the deep place
ment and 70-day type of coated urea for the top 
dressi ng treatment. which require JOO days and 70 
days to release 80% of N by incubation in water 
al 25°C, respectively. 

The deep placement of coated urea was carried 
out using the ferti lizer injector (Fig. I a) devised 
by Shioya ( 1985)71 or a fertiliw tion machine (Fig. 
I b) produced by N iigata A gric. Exp. Stn. on an 
experim en tal basis in 199J . Fertilizers w er e 
injected just under the seed-placement lines at a 
20 cm depth along the ridges. T op dressing of 70-
day type coated ure11 was carried out just before 
the flowering stage. ln the control treatment. N 
16 kg ha· ' (NH~hSO, was supplied as basal appli
cation. 

Effect of deep placement 

The accumulat io n of dry matter and total N 
content in shoot were always the highest in the 
plants with the deep placement treatment at R7 
stage (Table 2). On the other hand, in the top 
dressing treatmen t, the amoun t or N accum ulated 
fr<im the R3 to R7 stages was lower than in the 
deep placement treatment (Table 2). Consequently, 
the seed yield in the deep pl11cement was 4.17-5.92 
Mg ha-1

, surpassing that in the control (3.73- 4.80 
Mg ha 1

) and the Lop dressing (3.59- 5.32 Mg ha-1) 

treatments (Table 3). 
T he promotive effect of seed yield by lhc deep 

placement was anaJyzed from the characters in 
the shoots at the R8 stage. Since the number of 
pods per node of the plants with deep placement 

Table I. Ferlili;,:cr 111>plication h'catmcnts 

Basal application•> Top dressing 
Trc111mcn1 Type of N Applied N POaccmenl Type or N Applied N Placemen! 

feni lizer (kg ha"1
) de pl 11 (cm) fcriilizer (kg ha-1) dcplh (cm) 

Control (NH,):SO, 16 0-13 

Deep placement (N H,)zSO, 16 0- 13 
Coated ureabl 1 on 20 

Top dressing (NH ,)2SO, 16 0- 13 Coaled urea'> I 00 2- 5 

a): Fused magnesium phosphaie (60 kg P20 $ h:a-1) nncl potassium chloride (80 kg K10 ha-1) rcrli liz
ers were used for basal application in all 1he cxperimcnial plols. 

b): 100-day type of coated urea which releases 80% of the N in water al 25°C in IOO days. 
c): 70-clay lype of coa1ccl urea which releases 80% of l he N in waler al 25°C in 70 clays. 
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Fig. 1. Ferlilizer injcclOI' (a) ancl fe rlilizalio n machine (b) used 
Fertilizer injector was used in l 989- 1990. 
Fertililrntion machine was used in 199 1. 

Table 2. Dry maller procluction 1uu~ N 11ccu11111 h1tion in shoot of soybean plant 

Experiment 
year 

1989 

1990 

1991 

Treatment 

Comrol 
Deep placement 
Top dressing11 

Control 
Deep placement 
Top dressing 

Cont m l 
Deep placement 

Dry weight of shoot 
(Mg ha·1) 

R3 R7 

3.16a 7.40 a 
3.68a 9.57 b 
3.94 7.56 

3.12 a 9.13 a 
3.8311 10.98c 
3.21 a 9.85 b 

2. 1411 6.5811 
2.29a 9.1 1 b 

N accumulation in shoot 
(g 111·2) 

R3 R7 

8.33a 23.56 a 
9.69a 31.35 b 

10.83 24.45 

9.3 1 a 34.77 a 
l 1.69 b 42.59b 
9.88ab 38.47 ab 

5.30 a 24.77 a 
6.30 a 33.33 b 

Wi thin a column. means followed by the same le Ltcr arc not signiricantly different 
by 5% level LSD test . 
I): These darn were considerably differen t in each block, and thus omitted for 

statistical calculation. 

Table 3. Seed yie ld .11111 yield compmumts 

Experiment Seed yield 
Yield components 

Treatment No. of pods No. of seeds 100-~ccd No. or seeds year (Mg ha· 1) 
(111·2) per pod ( 111-1) wcighi (g) 

1989 Control 3.73 a 523 a 2.06a l,080a 34.6a 
Deep placement 4.24 b 571 a 2.04 a l,163 h 36.4 b 
Top dressing 3.59a 509a 2.01 a 1,023 a 35.0 a 

1990 Con1rol 4.80a 766 a 1.86a 1.423 a 33.8 a 
Deep placement 5.92c 928b l.89ab 1.752 b 33.Sn 
Top dressing .5.32 h !!36 ab 1.91 b l .597 ab 33.8a 

1991 Con1 rol 3.79a 596n 1.91 a 1,101 a 34.5 a 
Deep placement 4.17 b 631 b 1.89a 1.193 a 34.9a 

Within a column. means followed l>y tyc same letter arc not significnr1t ly cl iffcrc rll by 5% level 
LSD tC$L 
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T11ble 4. Characteristics of shoots of soybean plants at RS stage 

Experimem Treatment 
Main stem No. of nodes No. of first Stem diameter No. of towl No. of pods 

year length (cm) in main stem branches (mm) nodes (m-2) per node 

1989 Control 56a 13.8a 4.5 a 9.3 a 315 a 1.66a 
Deep placement 56 a 13.7 a 4.9a 9.1 a 334a 1.7.1 a 
Top dressing 55a 13.5 a 4.7 a 8.9a 321 a 1.60 a 

1990 Control 53a 13.Sa 6.5a 9.4 a 442a 1.83 a 
Deep placement 53 a J3.8a 7.0 a 10.0a 451 a 2.06 b 
Top dressing 53a 13.6a 6.5a 9.7 a 425a L97 b 

1991 Control 47 a 12.4 a 4.5 a 9.3a 281 a 2.05 a 
Deep placement Slb l2.4 a 4.811 9.7 a 287 a 2.20b 

Within a column. means followed by lye same letter are not significantly different by 5% level LSD tesl. 

was higher than in the control ones, total pod and 
seed number increased by deep placement (Tables 
3, 4). 

The average seed size expressed as I 00-seed 
weight shown in Table 3 indicates that the seed 
size in the deep placement was larger than or the 
same as that of the control or top dressing treat
ments. The chemical composition of seed. such as 
protein. oil, carbohydrates, minerals, etc., was almost 
similar among the treatments<•>. T herefore. the 
seed quality was not lower in deep placement or 
coaled urea. 

Evaluation of N2 fixatio n 

A modified relative urcide method has been 
employed for the estimation of the proportion or 
plant N derived from N2 [ixation by analyzing the 
N content of ureides, nitrate, and ami no N in 
xylem sap collected from root bleeding xylem 
sap31. We used the relative abundance of ureide
N (ureide-N/(ureide-N + NQ3-N + am ide-N) as an 
indicator for the relative dependence on N2 fixa
tion , based on the ract that the major pan of 
fixed Ni is transported in the (Orm of ureides4l, 
whereas the t ransport fo rms of absorbed N from 
soil and fert ilizer N , were mainly nitrate, amino 
acids, and amides5l . We compared the " relative ure
ide-N method" with the conventional " N-balance 
method" using nodulating (1'202) and non-nodu
lating (T201) isolines grown in the field. and the 
results suggested that the relative ureide method 
is a useful technique for estimating the current 
ratio of N derived from N2 fixation versus the 
total N assi milation91. 

By using the relative ureide method we obtained 
the following results (Fig. 2). Top dressing treat-

Cg N ni2 day1) 
0.6 

0 .5 Co ntrol 
0.4 

0.3 

0.2 

0.1 
>, - 0.0 
> -.. 0.6 

"' 0.5 Deep placement C 
0 - 0.4 
C. ... 

0.3 0 

"' .D 0.2 "' z 0.1 -c 
C o.o "' C 
0 0.6 ·;:; 

"' 0 .5 To p dressing .~ -.. 0.4 z 
>, 0.3 

"' 0.2 C 

0.1 

o.o 
R1 R3 R5 R1 

Days aftor soodlng 34 44 60 74 116 

Fig. 2. Daily N, fixat ion activity and N absorption rate 
(from soil + fertil izer) de1>cnding on lhe plant 
stages and treatments 

mcnt depressed the N2 fixation activity during the 
maturation stage (R5- R7) and the N absorption 
rate was higher than that of the control plants. 
On the other hand. deep placement of coated 
urea did not depress the N2 fixation activity through
out the growth stages until maturity, although act ive 
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Table 5. Fcrtil izcr-N re~o,•ery rates in the 1>lant shoot 

Experiment 
R3 stage R7 stage 

Treatment Absorbed N Recovery rate Absorbed N Recovery ra te year 
(g 111·2) (%) (g m·2) (%) 

1989 ControJ•l 0.05 3.1 0. 15 9.4 
Deep placementbl 2. 10 2 1.0 4.75 47.5 
Top dressing<> 0.63 6.3 2.56 25.6 

1990 ControJ"l 0. 13 8.3 0.15 
6.24 
3.26 

9.2 
62.4 
32.6 

Deep placementbl 1.23 12.3 
Top dressing<1 0.22 2.2 

a): 15N-(NH.,)zSO. . b): 15N-Coated urea 100-day type. c): 15N-Coated urea 70-day type. 
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2 
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Jlnrcl T20l 

(non-nodnlalinc) 
T202 

(nodnlatin1J 

0-RI 0 R1- R3 • R3- R7 

Fig. 3. Amount of ro11ts depending on the J>l:1111 stages, cultivars, and 
treatments 

C: Control. D: Deep placement. T: Top dressing. 

N absorpt ion from fert ilizer was confirmed by lhe 
15N trace r expe riments. The N recovery rate in 
the plants with deep place me nt of coated urea 
was about 62% , a value much higher than that of 
the plan ts with top dressing of coated urea (33%) 
at the R7 stage (Table 5). 

Root growth and activity 

The effects of placement of coated urea fe rti l
izer on the root growth and activity were investi
ga ted by measuring t he root dry we ig ht a nd 
Rubidium (Rb) absorption activity (Figs. 3, 4). 
A lte rnative ly 32P and Eu trace r have been used lo 
study the root activity. However these me thods 
are expensive and require a special equipment for 

ana lysis. 
Recently Rb has been used in field studies as 

a convenient trace r and some reports were pub
lished2>. We employed the Rb tracer me thod to 
measure the moisture uptake activity and the root 
density. 

The results shown in Fig. 3 suggested that the 
deep placement of coated urea promotes the growth 
of roots , especially during the reproductive stages 
(Rl- R7). Also top dressing treatment slight ly 
enhanced the root growth. 

When Rb was injected at a 10 cm depth in 
soil, the total amount of Rb accumula ted in the 
plants was larger in the sequence of controkdeep 
placemenl<top dressing. On the other band, the 
a mount of Rb accum ul ated from an area al a 
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25 cm depth was always the largest in every vari 
ety subjected to deep placement of coated urea 
followed by the top dressing trea tment. Con
sequently, i t was considered that deep placement 
of coated urea exerts a beneficial effect on the 
growth of soybean plants, where the extended 
roots are able to absorb moistu re from deepe r 
areas and drought can be avoided. Moreover. it 
is possible that deep placement of coated urea 
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Fig. 4. Amount of Rb uptake depending on the cult i
vars, trentments, and depth of Rb injection 
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docs not exert a hannful effect on nodule devel
opment especially those located near the surface 
layer. 

Behavio r o f fe rtilizer-N in soil 

T he behavior of fert ilizer-N in soil was investi 
ga ted in order to analyze the effect of deep place
ment of coated urea. At the same time, the deep 
placement techn ique was eva luated to prevent 
groundwater pollution by N01- originating from fer
tilizer-N. 

Theoretically, more than ha lf of the amount of 
N should be released from deep p lacemen t of 
coated urea during the Cirst half o f the growth 
period in soybean plants (Fig. 5). Fertilizer-N was 
mainl y abso rbed during the latter half of the 
growth period as revealed by the 1$N tracer exper
iment (Table S). The time lag of the absorption 
was due to ammoni um adsorption and accumula
tion in soil released from fertilizer N 1'') (data not 
shown). A lthough the eluted urea was rapidly 
hydrolyzed to ammonia by urease activity in soil , 
the NH-1+-N could not be easily nitrified owing to 
the low activi ty of nitri fica tion in the deep layers 
of soil (Fig. 6). And the adsorbed NH,+-N on the 
negative electric charge of clayey soil was absorbed 
effectively by the roots in deep layers. As a result, 
soybean plants could absorb N dur ing the 
maturation stage when soybean required a large 

70-d. type 

! 

- --~..,---.r-- -1 
I - ---, 

7/18 Top dressing 

I 
I 
I 
I ""'----. 

I 
I 
I ----, 

I 
I 
I 
L __ 

t 
5/31 Seeding 

June July August 
7/28 R1 8/8 R3 

September 
10/3 R7 

Fig. 5. Theoreticul N rele.1sing pattern from coated urea 
(pattern based on soil tcmpernture i.n 1990) 
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Fig. 6. Nifrifica tion activity of so il depending on the 
sampling time 1111d so il depth 

0 : 5/22 0- IOcm depth. e: 5/22 15- 25cm clcpth . 
.A: 7/9 0- IOcm depth. a : 7/9 15- 25cm depth. 
Bars indicate LS() al 5% level. 

amount of N for seed production. T hen, Lhc 
absorbed N contributed effectively to the increase 
of soybean yield. 

When the 70-clay type of coated urea was applied 
in surface layers. the ferLil izer-N was easily con
verted to NOJ--N due to the high activity of nitri
fi ca tion in the surface soil, and eluviated from the 
rhizosphere so il in the No3- form8> (dat,1 not 
shown). 

Several advantages of deep placement of coated 
urea include Lhe high recovery rate of fert ilizcr
N by crop plants and prevention or groundwater 
pollut ion originating from fcrtilizcr-N. 

Application in fanue l''S fie ld 

The deep placement technique was applied in 
a farmer's fie ld. ln 1993 soybean plants sustained 
damage from extremely cold weather and wet 
injury. However the seed yield in the case of deep 
placement of coated urea i ncreased b)' 22% over 
that in the conventional treatment. As <1 result. 
due to deep placement of coated urea, the farmer's 
income increased by 43% compared with conven
tional fertilization. The increased income associ
ated with a higher seed yield compensated for the 
cost of coated urea and fertilization machine. 

Conclusion 

Deep placement of coated urea with whole layer 
basa l dressing of ammonium sulfate enabled to 

increase the soybean seed yicid by about I 0-
20% over that by the conventional whole layer basal 
dressing of ammonium sulfate. The promotive 
effect of deep placement on seed yield was clue 
to the lack of depression of N2 fixation through
out the growth stages, and to the active absorp
tion of [ertilizer-N. T he N recovery rate in the 
plants with deep placement or coa ted urea was 

about 62% , a value much higher Lh<111 that of the 
plants with top dressing (33%) at the R7 stage. 
We confirmed that the deep placement of coated 
urea exerted a beneficia l effect on the growth of 
deeper roots based on the Rb tracer experiment. 
Although the urea released from coated urea was 
rapidly hydro lyzed to ammonia, NH4 + -N could 
not be easily nilrified owing to the low activil y of 
nitrification in the deep soil layers. As a result, 
soybean plants cou ld absorb the N during the 
maturation stage when soybean requ ires a large 
amount of N for seed production. 
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