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SUMMARY
The effect of inoculation and added nitrogen fertilizer on soybean variety TK-5 were studied in
pot and field experiments. In the former bean yields with IARI and CB 1809 inoculants were
better than with Nitragin-S. In the field experiment, inoculation alone was inadequate to
supply the nitrogen need of the crop, 30 kg. N/ha. being needed with inoculation, and 60 kg. N/ha.
without inoculation, for maximum yield. Higher nitrogen application, combined with inoculation,
increased dry matter, N-uptake, bean yield, pod number, bean weight and nitrogen content of
seed. Oil content of the seeds decreased with inoculation and nitrogen application.

The importance of nodulation in soybeans (Glycine max (L.) Merr.) in supplying
nitrogen for the crop, and its relations with nitrogen application and yield, have
been extensively studied. Allos and Bartholomew (1959), working with several
legume species, found that nitrogen application tended to increase nitrogen
fixation and that fixation processes did not supply sufficient nitrogen for maxi-
mum growth. On the other hand others (e.g. Weber, 1966; Beard and Hoover,
1971) were not able to increase yields of well-nodulated soybeans by adding
nitrogen.

In tropical Africa, where soybean has been introduced for more than three
decades, limited data are available on the effects of inoculation and nitrogen
application. As a result of pot trials Goldsworthy and Heathcote (1964) con-
sidered that nitrogen application in northern Nigeria was unnecessary. Field
trials conducted in the Cameroon (Silvestre, 1970) and in Kenya (Okalo and
Zschernitz, 1971) have also shown no significant responses to nitrogen application.
However, inoculation was shown to give significant yield increases in the equatorial
region of Zaire, where soybean yields in field trials were increased by 80 to 300
per cent with inoculation (Bonnier, 1957; Bonnier and Seeger, 1958). In
Rhodesia, Corby (1967) obtained responses to both inoculation and nitro-
gen application only when effective soybean rhizobia were absent. This paper
examines the effects of inoculation and nitrogen application on soybean in western
Nigeria.

EXPERIMENTAL METHODS

Pot experiment
The effects of four nitrogen rates and commercial peat base inoculants (Nitragin-S,
from Nitragin Company, Milwaukee, U.S.A.; IARI from Indian Agricultural
Research Institute, New Delhi, India; and CB 1809 from Tropical Inoculants,
Brisbane, Australia) were tested in a pot experiment, in 1971, using a complete
randomized block design with five replications. The soil, an Egbeda series
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(Tropudalf—USDA, or Ferric Luvisol—FAO) obtained from a cocoa plot, was
a sandy loam with the following characteristics: pH in saturated H2O-paste,
6-2; i-6 per cent organic C; 0-15 per cent N; CEC 5-3 meq./ioo gm; and avail-
able P (Bray 1) 6-5 ppm P. The soil was sterilized at i2O°C for 48 hours in an
electric oven. Five kilograms of soil were placed in each pot and uniformly
fertilized with 100 ppm P2O6 (single superphosphate) and 25 ppm K2O (muriate
of potash). Nitrogen (urea) was applied at three rates, namely 50, 100 and
150 ppm N, half being applied before planting and the remainder 30 days after
planting (DAP). Seeds of the soybean variety TK-5 were surface-disinfected for
5 minutes with 90 per cent ethyl alcohol and then rinsed with distilled water.
For the inoculation treatments, after surface disinfection the seeds were treated
with the respective inoculants, with the addition of Nitracoat sticker. Eight seeds
were planted in each pot and thinned to four plants eight DAP. Pots were
watered daily with distilled water. Two replicates were harvested 49 DAP, to
check for nodulation, and the remaining replicates 90 DAP.

Field experiment
A field experiment was carried out during the second cropping season of 1971, at
the International Institute of Tropical Agriculture, Ibadan, western Nigeria,
on an Egbeda soil series recently cleared from secondary forest and cropped to
maize previous to this trial. The loamy sand soil had the following characteristics:
pH in saturated H2O-paste, 6-3; i*o per cent organic C; o*oi per cent N; CEC
4-1 meq./ioo gm and available P (Bray 1) 4-1 ppm P.

The experimental design was a split-plot with four replications, inoculation
and rates of nitrogen applications being the main- and sub-plots respectively.
The plots were 6 X 6 m. with plants 5 X 100 cm. apart. A basal application of
80 kg. P2Os/ha. (single superphosphate) and 40 kg. K2O/ha. (muriate of potash)
was applied to all the plots. Ammonium sulphate nitrate was applied at rates of
0, 30, 60 and 120 kg. N/ha., half broadcast and ploughed in the day before
planting and the remainder side-dressed in a band approximately 10 cm. from the
plants 30 DAP. Seeds of soybean variety TK-5 w e r e surface disinfected with 90
per cent ethyl alcohol for five minutes, and half the seeds then treated with
Nitragin-S inoculant. Seeds were planted on 24 September, three seeds per hill
5 cm. apart in the rows, and plants were thinned to 20 per metre-row 10 DAP to
give a population of 200,000 plants/ha.

The plots were sprinkle irrigated at intervals of five to six days from 21 October
until 7 December. Observations on nodulation were made 14, 20, 34, 51 and
62 DAP, after which i-m. strips were randomly selected for nodule counts. A i-m.
strip was also harvested from each plot 69 DAP for determination of dry matter
and nitrogen uptake, and the remainder of the five middle rows was harvested on
15 December for bean yields, which are expressed at 14 per cent moisture content.
Total nitrogen in plants and seeds was determined by the micro-kjeldahl method.
The oil content in seeds was measured using a Varian Model 20, Nuclear Magnetic
Resonance oil analyser.
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RESULTS
Pot experiment
Plants were slightly chlorotic at first in the zero nitrogen and inoculation treat-
ments, and it took more than three weeks for plants in inoculation treatments
to change gradually from a nitrogen-deficient state to a normal green. Near
harvest time marked differences were observed between the inoculated plants and
those receiving nitrogen which, even at the highest rate, were chlorotic and
developed early signs of leaf senescence in contrast to inoculated plants, which
retained most of their green leaves.

At 49 DAP excellent nodulation resulted from the three inoculant sources
(Table 1), with nodules well distributed between the tap- and lateral-roots.
Nodule number and dry nodule weight varied between the inoculants, but the
IARI inoculant formed conspicuously larger nodules.

Table 1. Effects of inoculant sources and nitrogen application on growth on soybeans

Treatment

NoN
50 ppm N
100 ppm N
200 ppm N
Nitragin-S inoculant
IARI inoculant
CB 1809 inoculant

S.E. ±
L.S.D. (P = 0 0 5 )

Oven-dry weight
of tops (haulms
and leaves) per

pot (gm)

52-8

56-7
60-7
62-7
69-5
65-7

2 - 2

6 7

Oven-dry
weight of
beans per
pot (gm)

1 5 6
1 6 3
' 9 3
22-9
2 3 1

25-9
25-7

0 9
2 7

Number of
nodules per
plant at 49

DAP

—
—
—
54
45
67
—
—

Oven-dry weight
of nodules per

plant at 49
DAP(gm)

—
—
—
—

0-07
o n
0 0 9

—
—

Nitrogen application resulted in significant increases in dry matter and bean
weight, even to the maximum rate of 200 ppm N (Table i), but dry matter and
bean yields with nitrogen were lower than in the inoculated treatments. Although
there were no significant differences in dry matter yield due to inoculation with
the three inoculant sources, there were significant differences in bean yields.
Inoculation with Nitragin-S gave significantly less bean yields than IARI and
CB 1809 inoculants, which did not differ significantly between themselves.

Field experiment
Growth. Patterns of growth were similar to those in the pot experiment. Plants
receiving no nitrogen were small and had pale yellow leaves throughout the
entire experiment, whereas those from the inoculated plots with zero nitrogen
showed a gradual improvement in growth and appearance 30 to 35 DAP. A
sharp contrast was also noticed between the plants of the nitrogen treatments with
and without inoculation, the latter being dark green. Close to maturity it was
also noticed that plants from the inoculated treatments showed less leaf senescence
than those from the uninoculated treatments, even at the highest rate of nitrogen
application. There were no differences in the initial flowering data between the
various treatments, in all of which flowering took place between 28-30 DAP.
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Days after planting (DAP)

FIG. I . Influence of inoculation and nitrogen rates on number of nodules (In both figures; A, uninoculated;
B, inoculated; N rates I, 2, 3 and 4, o, 30, 50 and 120 kg. N/ha. respectively).
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Nodulation. Data on nodulation and nodule weight are shown in Figs. 1 and 2.
At 14 DAP no nodulation was visible, but by 20 DAP nodules were just visible,
mostly on the tap-roots, and there were already differences in nodule number
between treatments, with less nodulation at increasing rates of nitrogen. Less
consistent nodulation was also observed in the uninoculated plots. At 20 DAP
nodulation appeared in 90 to 100 per cent of the plants sampled in the inoculated
treatments, but only in 0-4 per cent of samples from the uninoculated treatments.
In subsequent sampling the differences in nodulation between inoculated and
uninoculated plants increased. The rate of increase of nodule number with 120 kg.
N/ha. was less than for the other inoculated treatments, but changes in nodulation
with age between the uninoculated treatments were insignificant. At 62 DAP
there was a highly significant increase in nodulation with inoculation, and
significant differences in nodulation between nitrogen treatments in the uninocu-
lated plots. With inoculation there was a linear reduction in nodulation with
increasing rate of nitrogen (Y = 32-995 — 0-13014 N).

Table 2. Mean dry matter yield and nitrogen uptake 69 days after planting

Dry matter yield (kg./ha.) Nitrogen uptake (kg./ha.)
Applied N ,—
(kg./ha.) Uninoculated

0

30
60

1 2 0

Means

L.S.D. (P = 005)

2732
4096
4797
4878
4118

Inoculation means, 258 (S.E.
Nitrogen means,
Nitrogen within

1084 (S.E. ±

767 (S.E. ±
inoculation,
365•3)

A

Inoculated

2984
4719
5204
5833
4710

± 86-8)
258-3)

Means

2908
4408
4986
5366

—*
Uninoculated Inoculated

6 9 6
9 4 9

1160

1339
103-9

L.S.D. (P = 005)

9 1 9
137-6
165-3
1789
143-2

Inoculation means, 14-3 (S.
Nitrogen means,
Nitrogen within

33-4 (S.E. ±

23-5 (S.E.
inoculation,
1 1 - 2 5 )

Means

8 0 9
1268
140-7
156-4

E. ±3-2)
±7-9)

Nodule weight (Fig. 2) generally showed a similar trend to nodule number,
with insignificant differences in nodule weight between uninoculated treatments.
At 62 DAP no significant differences were observed between various nitrogen
treatments without inoculation or between the zero and 30 kg. N/ha. treatments
with inoculation, though higher nitrogen rates resulted in a significant reduction
of nodule weight. Nodule weight and applied nitrogen rate showed an inverse
linear relationship (Y = 96-745 — 0-7056 N).

Dry weight and nitrogen uptake. Plant dry weights and total nitrogen uptake, esti-
mated from plants harvested 69 DAP (Table 2), showed that dry matter weight
and nitrogen uptake were significantly increased by inoculation. Dry matter
weight increased linearly with nitrogen rates (Y = 3407 + 19-0 N), and total
nitrogen uptake showed a quadratic increase with increased rates of nitrogen
applied (Y = 8o-l2O — 1-296 N — 0-00562 N2). Without inoculation, 60 kg. N
was needed to give a significant increase in dry matter yield and nitrogen uptake,
whereas 30 kg. N/ha. was sufficient with inoculation.
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FIG. 2. Influence of inoculation and nitrogen rates on weight of nodules.
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Without nitrogen, inoculation resulted in an increased uptake of 22-0 kg. N/ha.
over the uninoculated treatment, but no significant interaction was observed
between inoculation and nitrogen rates on the dry matter weight and nitrogen
uptake. Irrespective of the rate of nitrogen application, nodulation increased the
amount of nitrogen uptake.

Bean yield. Yield of beans showed a significant increase with inoculation (Table 3)
and a significant linear increase with increased applied nitrogen (Y = 1209-52 +
6-25 N). At the zero nitrogen level there was hardly any difference in yield
between inoculated and uninoculated treatments, the latter showing no difference
in yield between zero and 30 kg. N/ha. treatments. A dressing of 60 kg. N/ha. was
needed to give a significant yield increase, but there was no further increase with
120 kg. N/ha. With inoculation, 30 kg. N/ha. gave a significant yield increase, but
further increases up to 120 kg. N/ha. were not significant.

Table 3. Mean yields of beans (kg.jka.) at 14 per cent moisture content

Anniird N

Applied N
(kg./ha.)

0

30
60

1 2 0

Means
L.S.D. (P =

Uninoculated Inoculated Means

1108
1141
1639
'758
1410

= 005)
Inoculation means, 205 (S.E.
Nitrogen
Nitrogen

means, 279 (S.E. ±
within inoculation, !

Table 4. Mean pod number
Pod number (per plant)

X

(kg./ha.) Uninoculated Inoculated Means

0

30
60

1 2 0

Means
L.S.D. (P = 0 0 5 )

' 9 9
2 1 4
28-6
3'-5
25-4

Inoculation means, N.S.
Nitrogen means,
Nitrogen within

6-2 (S.E. ± 2

4-4 (S.E. ± 1
inoculation,
•«)

19-6 ig-8
25-5 23-5
29-4 29-0
33-5 32-5
27-0

•48)

1141 1125
1699 '420
"799 «7'9
2007 1883
1662

±45)
94)
295 (S.E. ± 133)

and 100-bean weight
100-bean weight (gm)

Uninoculated Inoculated

1 5 5 1 6 7
1 6 2 1 7 6
» 5 9 1 7 9
1 8 3 1 8 4
16-5 17-6

L.S.D. (P = 0 0 5 )
Inoculation means, 1 • 1 (S.E.
Nitrogen means, 1 • 2 (S.E. ±
Nitrogen within inoculation,

1-7 (S.E. ±0-56)

Means

1 6 1
16-9
1 6 9
. 8 4

± 0-25)
0-40)

Pod number and bean weight. Data on pod number and bean weight (Table 4)
showed no differences in mean pod number per plant due to inoculation, but a
significant linear relation between nitrogen applied and pod number (Y =20-5225
+ 0-1073 N). A significant increase in pod number was obtained with 60 kg.
N/ha. but 120 kg. N/ha. gave no further increase. The 100-bean weight was
significantly increased by inoculation, and by increased nitrogen rate (Y =
16-130 + 0-177 N), but significant increases in bean weight were only observed
with application of 120 kg. N/ha.
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Nitrogen and oil content in beans. The nitrogen content of beans showed a significant
increase with inoculation (Table 5), and a significant linear increase with increased
nitrogen rates (Y = 6-322 + 0*006.3 N), but without inoculation a significant
increase in the nitrogen content was only observed with 120 kg. N/ha. With
inoculation, though there were increases in nitrogen content with increased nitro-
gen application, the differences were not significant. The oil content was signifi-
cantly lowered with inoculation and also with increased nitrogen rates.

DISCUSSION AND CONCLUSIONS

Inoculation with the commercial inoculants resulted in good nodulation of the
soybean plants in both pot and field experiments. As expected, the nodule number
and weight showed a linear inverse relationship with increase in rate of applied

Table 5. Nitrogen and oil content of beans

Applied N
(kg./ha.)

0
30
60

120

Means
L.S.D. (P =

Un

= 0-05)

Nitrogen content (%)

inoculated Inoculated

5-45
5-10

6-41

5-57

6-30
5-99
6-46
6-68
636

Means

5
5
5
6'

•86

55
•89

55

Oil

Uninoculated
22-5
22-3
22-0
21-8

22- I

L.S.D. (P = oc

content (%)

Inoculated

2 1 - 4
2 1 - 4
21 ' i
21-0

21 -2

'5)

Means
22-0
21 -9
21 -6
21-4

Inoculation means, 0-39 (S.E. ± 0-09) Inoculation means, 0-90 (S.E. ± 0-20)
Nitrogen means, 0-55 (S.E. ±0-19) Nitrogen means, 0-4 (S.E. ±0-25)
Nitrogen within inoculation, 0-78 (S.E. ±0-26) Nitrogen within inoculation, N.S.

nitrogen (Figs, i and 2), with little effect on nodule number and weight at a low
nitrogen rate (30 kg. N/ha). Significant depression of nodule number, and
particularly of nodule weight, was observed with the higher rates of applied
nitrogen (60-120 kg. N/ha.). The presence of a few nodulated plants in the
uninoculated plots, where no soybean had previously been planted, might be due
to (1) rhizobia being carried by seed, (2) infection by indigenous rhizobia, or (3)
cross-contamination from adjacent plots.

Contrary to results of the pot experiment, inoculation with Nitragin-S in the
field, without the addition of nitrogen, failed to give a significant improvement in
dry matter and bean yields (Tables 2 and 3). This difference in response might
have been due to the lower organic matter and nitrogen status of the field soil.

Due to poor initial nodulation on this low fertility Egbeda soil series, the
addition of small quantities of nitrogen seems to be necessary to supply part of
the pre-bloom nitrogen requirement of the early flowering TK-5 variety. This is
supported by observations that (1) nodulation was scanty at 20 DAP, and (2)
plants receiving no nitrogen, even when nodulated, were stunted during their
early growth. The importance of adding inorganic combined nitrogen during the
first five weeks of growth of well-nodulated soybean plants was also reported by
Yoshiwara and Kawanshe (Ohlrogge, i960), but further field studies are needed
to test the effects of nitrogen when used together with more effective inoculants.



Inoculation and N fertilizer on soybean 31

Inoculation seemed to contribute significantly to the nitrogen need of the crop
at later stages of growth, even where higher amounts of nitrogen were added
(60-120 kg. N/ha.), as was shown by the increased vigour and later senescence of
inoculated plants and also by their higher yields, N-uptake and nitrogen content.

The oil content of the seed showed a significant increase with inoculation and
increased nitrogen rates. Similar results with inoculation were also reported by
Hymowitz et al. (1971), except that they failed to find any effect of nitrogen
application on the oil content of Bragg and Clark 63 varieties.
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