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Abstract

Soybean, a recently introduced leguminous crop in West Africa, does not usually nodulate satisfactorily unless it is inoculated
with selected rhizobial strains. The development of the Tropical Glycine Cross (TGx) soybean varieties by IITA has made it
possible for this promiscuous varieties to nodulate with the naturally occurring strains with source belonging to the cowpea
bradyrhizobia spp. For many tropical countries particularly in Africa, Biological Nitrogen Fixation (BNF) continues to be the
most promising alternative or supplement to the use of chemical Nitrogen fertilizers for sustainable Agriculture. Greenhouse
experiments were carried out at the University of Ghana-Legon to determine the effect inoculation of soybean with
bradyrhizobia has on nodulation, nodule dry weight %N and total N in three promiscuous soybean varieties, Bengbie, TGx
1903-7E and TGx 1910-2F, and the cultivar Bragg, anon- promiscuous genotype in three Ghanaian soil series, Oyibi (Sodic
solunchaus), Hake (Eutric cambisol) and Nzima (Ferric acrisols). The Most Probable Number (MPN) technique was used to
determine the bradyrhizobial population in these soils. Eighty four Bradyrhizobium isolates obtained from randomly selected
nodules were assessed for effectiveness in nitrogen fixation. Three of the most effective Bradyrhizobium isolates were used in
the inoculation studies. There were tremendous inoculation responses in these soils for both the promiscuous and non-
promiscuous cultivars, with even the promiscuous ones responding better to inoculation than the non-promiscuous Bragg.
Inoculation gave rise to significant increases in nodule number, nodule dry weight, shoot dry weight and total nitrogen
accumulation compared to the uninoculated control. However, the response of these soybean cultivars was higher in Hake soil
series despite the high number of numerous indigenous bradyrhizobia strains in this soil which might have offset the
inoculation response in this soil.
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effective bradyrhizobia strains for nitrogen to be fixed.

1. Introduction Following infection of soybean by bradyrhizobia to form
nodules, N from the air is converted into a form readily
available to the plant. The International Institute of Tropical
Agriculture (IITA) developed promiscuous soybean varieties,

Soybean as an introduced crop often nodulate poorly in most
Ghanaian soils hence it is necessary to inoculate it is
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which are capable of establishing symbiotic relationship with
indigenous bradyrhizobia, as a practical alternative to
inoculation by African farmers [8]. Even though there were
yield response by non-promiscuous soybean to inoculation,
this was not significant in the promiscuous soybean lines
[20]. This raised the question of the effectiveness of the
bradyrhizobia used as inoculants by these authors. It was
important to find out whether inoculants, if available can be
used on promiscuous soybean varieties to promote rapid
nodulation or whether indigenous bradyrhizobia will out
compete the inoculant strains. Recent studies with these
promiscuous soybean lines, however, have shown
considerable variability in the effectiveness and population
communities of indigenous bradyrhizobia in a given location
[23; 10]. [22] also found a direct relationship between
bradyrhizobia cell counts and promiscuous soybean response.
Thus promiscuous soybean may also need inoculation with
exotic bradyrhizobia depending on effectiveness and
indigenous bradyrhizobia in the locality [19], as well as the
degree of promiscuity of the soybean variety [23]. There is
therefore the need to examine the response of promiscuous
soybean lines to inoculation in more soil series using
different types of soybean varieties to assess whether
effective bradyrhizobia strains capable of nodulating
promiscuous soybeans occur in Ghanaian soils. Our objective
of this study is to isolate bradyrhizobia from promiscuous
and non- promiscuous soybean genotypes and to determine
their effectiveness in nodulation and nitrogen fixation (as
measured by total nitrogen accumulation in the plant).

2. Materials and Methods

The three soils used include Oyibi, Hake and Nzima. These
soils were sampled from fields that had no history of soybean
cultivation in order to establish the fact that no introduced
crop enabled the soil to harbor the rhizobia strain. Soil
samples were collected from 0-20cm depth to ensure that the
soil series is actually a true representation of the area. Three
promiscuous soybean namely Bengbie, TGx 1903-7E and
TGx 1910-2F and a non-promiscuous variety, Bragg all
obtained from the seed store of Crop Science Department,
University of Ghana-Legon were used in the experiment

Soil pH was determined in both distilled water and in 0.01M
CaCl, using pH meter. Available P was determined using a
spectrometer [4]. Total soil N was estimated using Kjeldahl
method [2]. The Most Probable Number (MPN) count was
used to determine the number of infective rhizobia in soils
[28]. Bradyrhizobia were isolated from randomly selected
soybean and a loopful of the suspension was then streaked on
yeast extract mannitol (YEM) agar plates and incubated at
28°C to assess their growth [26]. The bradyrhizobial isolates

were assessed for their effectiveness on sand obtained from
the Densu river bed using soybean cultivar Bengbie as a
reference crop described by [12]. There were three replicate
jars for each Bradyrhizobial isolate. Uninoculated seedlings
grown in jars supplied with nitrogen (70ugml'1 KNO3) [26]
and without nitrogen served as control. The inoculated plants
and the uninoculated ones without nitrogen were supplied
with N-free nutrient solution [3] Plants were harvested 42
days after planting and nodule number was counted, nodule
dry weight and shoot dry weight were also recorded. Shoots
were severed from their roots at the collar, put in labelled
envelopes and oven-dried at 70°C for 72 hours after which
their dry weights were taken.

The “equation below was used to calculate the effectiveness
index (Ej)

Xj-X
= =S 270 yy00112).

Er=
J XTN = XTO

Where, X is the mean dry weight of shoot, J is the shoot dry
weight of inoculated test strain, TO is that of the
uninoculated control and TN that of the nitrogen control.
Plant dry weight value of each inoculation treatment was
compared with those of the N-controls and the LSD at P =
0.01 level was used to delineate isolates significantly
different from the N control [1]. Classes of effectiveness
were defined from comparison with the N controls.Thus as
criteria for grouping isolates, isolates with effective index
more than 80% were classified as highly effective, effective
index between 50% and 80% was classified as moderately
effective and isolates with effective index less than 50% were
classified as ineffective.

Three most effective indigenous bradyrhizobial isolates
(Isolates 19, 37 and 57) were used for the inoculation. Each
soil type was air-dried and the soil aggregates were gently
crushed in a mortar using pestle to pass through a 2mm mesh
sieve.The experiment was conducted in the Greenhouse of
the Ecological Laboratory within the Geography department
of University of Ghana with maximum and minimum day
and night temperatures being 35°C and 23°C respectively.
For inoculation, a Iml, washed rhizobial suspension
(containing about 10% cells) was diluted to 50 ml in sterile
distilled water and mixed thoroughly with 1.5 kg soil
contained in plastic pots ( 18cm high, 15cm wide at the top
and 12cm at the base). Each pot was therefore inoculated
with about 6.0 x10* cells g-' soil.

Uninoculated soil served as control. All soils were fertilized
with essential macro and micro-nutrients except N [7]. Four
surface—sterilized soybean seeds [27] were planted in each
pot, and thinned to two after germination. The treatments
were replicated four times in a completely randomized split-
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block design with soils as the main blocks. Plants were
watered daily with distilled water and were harvested six
weeks of growth. The shoots were oven dried for 70°C for
48hrs and Kjeldahl N analysis [2] was done on ground
samples (<0.2mm). Nodules were sun-dried and stored in

serum bottles. Statistical analysis was done using Genstat
statistical software version 6.1 [13]. Significant differences
were assessed at 5% level. Mean separation was carried out
by Least Significant Difference (LSD) procedure.

3. Results
Table 1. Some physical and chemical properties of three soils used for growing inoculated soybean.
Soil Series pH(in H;0) % N Available P(mgkg-") PotassiumMe/100g MagnesiumMe/100g
Oyibi 5.3 0.32 6.08 0.64 3.0
Hake 5.2 0.33 9.49 1.28 4.8
Nzima 4.8 0.23 4.40 1.28 8.2

Most Probable Number (MPN): The ascending order of MPN
used to enumerate bradyrhizobial population in the soils
include Nzima (2.5 x 10'/gsoil) <Oyibi (6.2 x 10%*/gsoil)
<Hake (6.0 x10*/gsoil)

Effectiveness grouping of 84 bradyrhizobial isolates: 55 were
ineffective (65%), 12 (15%) were moderately effective while
17 (20%) were highly effective. The highest effectiveness
index was detected in isolates number 37 (128%) and it also
accumulated the highest nitrogen value of 177.85mgN
followed by isolate 57 (114%) and 19 (111%)
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Figure 1. Effectiveness grouping of 84 Bradyrhizobium lsolates obtained
from soybeans grown in Ghanaian soils.

Nodulation, dry matter yield and nitrogen fixation: Fewer
nodules developed on the uninoculated soybean in both
promiscuous and non-promiscuous varieties in all the soil
series tested than the inoculated ones. Both promiscuous and
non- promiscuous soybean varieties failed to nodulate in
Nzima soils but with the application of the inoculants strain
nodulation occurred with the promiscuous variety TGx 1903-
7E recorded the highest value (40 nodules plant™) compared to
the non-promiscuous soybean varieties in the Nzima soils.
(Table 2). There were significant differences (P<0.05) among
Bradyrhizobium isolates used with isolate 37 effecting the
production of high nodule number in Oyibi (26 nodules plant™)
and Nzima (34 nodules plant™). Nonetheless the highest mean

number of nodules per plant was recorded by Bradyrhizobium
isolate 19 in Hake soil series (50 plant™). Hake soils produced
the highest nodulation in both uninoculated and the inoculated
soils (18 and 49 nodules plant’) respectively. There was
significant difference (P<0.05) among the soybean varieties in
Hake soils in terms of nodulation. While Bengbie recorded the
highest nodule number (56 nodules plant™), the least number
of nodules recorded by Bragg in Hake soil (35 nodules plant™)
is higher than all the nodule number values recorded by the
soybean varieties in Oyibi soil. The highest nodule value was
produced in Bengbie by isolate 19 in Hake soil (61 nodules
plant™) compared to lowest value recorded by Davis (25).
Surprisingly, all the soybean varieties in exception of TGx
1910-2F (22 nodules plant™), all the other soybean varieties in
Nzima soil recorded higher mean nodule numbers than all
soybean varieties in Oyibi soils.

Nodule dry weight of inoculated soybean plants were
significantly (P<0.05) greater than for the uninoculated
counterparts. In exception of Nzima soil, Bengbie appeared a
better nodule dry weight producer than all the soybean
varieties (Table 3). Bengbie recorded the highest nodule dry
weight (514mg plant-") in Hake soil while the least nodule
dry weight was recorded in Oyibi soil by TGx 1910-2F (103
mg plant™). Bragg, the non-promiscuous soybean varieties
produced the higher nodule dry weight (351mg plant™) in
Hake soil than all the soybean varieties in both Oyibi and
Nzima soils. Significant difference (P<0.05) occurred among
Bradyrhizobium isolates in nodule dry weight production.
Isolate 57 produced the highest nodule dry weight (450 mg
plant™) in Hake soils; Isolate 37 recorded the highest nodule
dry weight in both Oyibi (149 mg plant-") and Nzima soils
(302 mg plant’). On the whole Bengbie maintained its
superiority in terms of nodule dry weight production in both
inoculated and uninoculated soils. Apart from the Oyibi soil
in which the non-promiscuous Bragg produced nodule dry
weight (145 mg plant™) higher than the promiscuous TGx
1910-2F (103 mg plant™) the non-promiscuous soybeans in
both Hake and Nzima soils produced lower nodule dry
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weight (351 mg and 213 mg plant” respectively) than their
promiscuous counterparts. Even though TGx 1910-2F
produced more nodules than Bragg, this did not reflect in
their nodule dry weight production sincethe reverse was true
as Bragg produced more nodule dry weight (145 mg plant™)
than TGx 1910-2F (103 mg plant™)

Shoot dry weight of inoculated soybean plants also showed a
greater and significantly higher yield (P<0.05) than the
uninoculated controls. TGx 1903-7E produced the highest
shoot dry weight in Hake soils (5.98 g plant™) followed by
Bengbie in Oyibi soil (4.19 g plant™) (Table 4). Interestingly,
Bragg superseded Bengbie and other two promiscuous
soybeans in mean shoot weight production in one out of the
three soils. This was recorded in Nzima soil (3.71 g plant™)
Inoculum 57 appeared better by producing more shoot dry
weight in all the three soils.These soils are Hake (5.56 g
plant™), Oyibi soils (4.02 g plant™) and Nzima soil (3.49 g
plant™). Without inoculation, the highest shoot dry weight
was recorded in Hake soil by TGx 1903-7E (3.07 g plant-")

Inoculation generally increased the total N fixation by way of
nitrogen accumulation by soybean plants in all the three soils.
Whilst significant differences (P<0.05) existed in some of the
soybean varieties in terms of nitrogen fixation some soybean
varieties are statistically similar. For example while TGx
1910-2E and Bragg are statistically similar in nitrogen

fixation (90.5 mgN plant” and 88.2 mgN plant™) respectively
in Oyibi soil, TGx 1903-2F and Bengbie are statistically
different in terms of nitrogen fixation (100.9 and 151.9 mgN
plant™) respectively. (Table 6).

TGx 1910-2E performed better recording the highest
nitrogen fixation value in Nzima soil (150.2 mgN plant™)
with TGx 1903-7F recording the least N fixation (99.6 mgN
plant™). Surprisingly Bragg in Nzima soil fixed more N
(109.4 mgN plant™) than allthe soybean varieties in the Oyibi
soil except Bengbie (151.9 mgN plant”). Significant
difference (P<0.05) existed among soybean varieties in Hake
soil which also recorded the highest value in terms of N
fixation by TGx 1903-7F (283.3 mgN plant™) with the least
nitrogen fixation being Bragg (126.4 mgN plant™) in Hake
soil.  Significant difference(P<0.05) existed between
uninoculated and inoculated soybean varieties. The
Bradyrhizobium inoculums 57 fixed the highest nitrogen in
two out of the three soils recording 125.5 mgN plant” in
Oyibi and 218 mg plant” in Hake soils. Inoculum 19 fixed
the highest N in Nzima soil (141.3mgN plant-").The highest
N value was recorded in the uninoculated Hake soil by TGx
1903-7F (97.1mgN plant™). Averagely the Bradyrhizobium
isolates 19, 37 and 57 respectively performed better in the
uninoculated and the inoculated Hake soils (68.2, 207.4,
205.4 and 218.7 mgN plant-").

Table 2. Effect of inoculation with indigenous Bradyrhizobium japonicum isolates on nodule number per plant of four varieties of soybean in three different

soils.
Soil Series Varieties No q Inoculum
Inoculation Isolate 19 Isolate 37 Isolate 57 Mean

Oyibi Bengbie 6.0 24.0 27.3 23.3 24.9
TGx 1910-2F 1.7 21.0 23.0 22.0 22.0
TGx 1903-7E 5.7 22.3 29.7 27.0 26.3
Bragg 1.3 22.7 22.0 20.7 21.8
Mean 3.7 22.5 25.5 234

Hake Bengbie 243 61.3 54.7 52.7 56.2
TGx1910-2F 23.7 55.7 52.7 53.3 54.0
TGx 1903-7E 243 443 49.3 58.3 50.6
Bragg 1.3 37.7 35.7 31.3 35.0
Mean 18.4 49.7 48.1 48.9

Nzima Bengbie 0.0 273 383 30.3 32.0
TGx1910-2F 0.0 22.7 24.0 19.7 22.1
TGx 1903-7E 0.0 42.7 40.3 35.7 39.6
Bragg 0.0 27.3 343 31.0 30.9
Mean 0.0 30.0 342 29.2

LSD (P < 0.05); Soil =2.30, Variety =2.65, Inoculant= 2.65 Soil xVariety =4.60 Soil x variety X inoculants =9.19
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Table 3. Effect of inoculation with indigenous Bradyrhizobium japonicum isolates on nodule dry weight in mg per plant of four varieties of soybean in three
different soils.

Soil Series Varieties No dsgculiim
Inoculation Isolate 19 Isolate 37 Isolate 57 Mean
Oyibi Bengbie 100.0 186.7 150.0 186.7 174.5
TGx 1910-2F 40.0 110.0 100.0 100.0 103.3
TGx 1903-7E 103.3 146.7 160.0 163.3 156.7
Bragg 53.3 120.0 186.7 126.7 144.5
Mean 74.2 140.9 149.2 144.2 -
Hake Bengbie 3233 530.0 4533 560.0 514.4
TGx 1910-2F 220.0 466.7 430.0 460.0 452.2
TGx 1903-7E 276.7 426.7 430.0 446.7 434.5
Bragg 60.0 373.3 346.7 333.3 240.0
Mean 293.3 449.2 415.0 450.0 -
Nzima Bengbie 0.0 293.3 343.3 300.0 312.2
TGx 1910-2F 0.0 233.3 240.0 216.7 229.8
TGx 1903-7E 0.0 283.3 360.0 283.3 308.9
Bragg 0.0 260.3 263.3 213.3 245.6
Mean 0.0 292.5 301.7 253.3 -

LSD (P < 0.05); Soil =19.3 Variety =22.3, Inoculant= 22.3Soil xVariety =38.Soil x variety x inoculants =77.3

Table 4. Effect of inoculation with indigenous Bradyrhizobium japonicum isolates on shoot dry weight (g) per plant of four varieties of soybean in three

different soils.

Soil Seri Varieti No Inoculum
o1l Series arieties Inoculation Isolate 19 Isolate 37 Isolate 57 Mean

Oyibi Bengbie 1.82 435 3.79 443 4.19
TGx 1910-2F 1.37 3.82 3.74 3.76 3.80
TGx 1903-7E 1.96 3.75 3.92 4.00 3.89
Bragg 2.15 3.88 3.83 3.87 3.86
Mean 1.83 3.95 3.82 4.02 -

Hake Bengbie 2.77 5.77 5.66 6.23 5.89
TGx 1910-2F 2.55 4.79 5.56 5.76 5.37
TGx 1903-7E 3.07 6.11 5.65 6.19 6.00
Bragg 2.40 4.54 4.99 4.06 4.53
Mean 2.70 5.30 5.47 5.56 -

Nzima Bengbie 1.63 3.28 3.08 3.48 3.28
TGx 1910-2F 1.67 3.67 2.94 3.26 3.29
TGx 1903-7E 1.69 3.26 3.38 343 3.36
Bragg 2.19 3.70 3.67 3.77 3.71
Mean 1.80 3.48 3.27 3.49 -

LSD (P < 0.05); Soil =0.15 Variety =0.17, Inoculant= 0.17Soil xVariety = 0.30Soil x variety x inoculants =0.60

Table 5. Effect of inoculation with indigenous Bradyrhizobium japonicum isolates on %N per plant of four varieties of soybean in three different soils.

Soil Series Varieties O Inoculum
Inoculation Isolate 19 Isolate 37 Isolate 57 Mean
Oyibi Bengbie 1.45 3.52 3.09 423 3.61
TGx 1910-2F 1.28 2.37 2.15 2.61 2.38
TGx 1903-7E 1.14 2.65 2.31 2.82 2.59
Bragg 1.42 222 2.03 2.63 2.29
Mean 1.32 2.69 2.40 3.07 -
Hake Bengbie 2.72 4.25 3.75 4.58 4.19
TGx 1910-2F 3.15 4.01 4.03 3.84 3.96
TGx 1903-7E 3.20 4.50 420 3.85 4.18
Bragg 0.85 2.56 2.90 2.94 2.80
Mean 2.48 3.83 3.72 3.80 -
Nzima Bengbie 1.62 3.89 3.96 2.70 3.52
TGx 1910-2F 0.66 5.59 4.45 344 4.49
TGx 1903-7E 0.65 3.59 2.71 2.62 2.97
Bragg 0.81 2.81 2.88 2.98 2.89
Mean 0.94 3.97 3.50 291 -

LSD (P < 0.05); Soil =0.42 Variety =0.49,Inoculant= 0.49,Soil xVariety = 0.840il x variety x inoculants =1.68,
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Table 6. Effect of inoculation with indigenous Bradyrhizobium japonicum isolates on Nitrogen fixationin mg N per plant of four varieties of soybean in three

different soils.

Soil Series Varieties No dsgculiim
Inoculation Isolate 19 Isolate 37 Isolate 57 Mean
Oyibi Bengbie 27.3 153.3 117.2 185.1 151.9
TGx 1910-2E 17.3 91.9 79.2 100.4 90.5
TGx 1903-7F 23.6 98.5 90.6 113.6 100.9
Bragg 29.2 85.2 77.4 102.1 88.2
Mean 243 107.2 91.1 1253 -
Hake Bengbie 77.2 245.6 213.3 291.8 250.2
TGx 1910-2E 80.5 192.4 226.3 224.4 214.4
TGx 1903-7F 97.1 275.8 237.1 239.8 283.3
Bragg 18.0 115.6 144.7 118.9 126.4
Mean 68.2 207.4 205.4 218.7 -
Nzima Bengbie 25.6 128.9 120.7 90.6 113.4
TGx 1910-2E 10.7 205.4 130.8 114.4 150.2.
TGx 1903-7F 11.3 121.2 87.0 90.5 99.6
Bragg 17.6 110.6 106.0 111.5 109.4
Mean 16.3 141.5 111.1 101.8 -

LSD (P < 0.05); Soil =17.8 Variety =20.5, Inoculant= 20.5Soil xVariety = 35.5Soil x variety x inoculants =71.0

4. Discussion

The fact that Nzima contained less than 50 bradyrhizobia
cells per gram of soil supports the views expressed by [5]
that where soybean has not been previously grown, there is
generally a response to inoculation with bradyrhizobia
especially for the non-promiscuous cultivars. The present
study revealed that large bradyrhizobial counts occurred in
soils such as Hake (6.0 x 10° cell/gsoil) and Oyibi (6.2x10
cell/gsoil) and itis not surprising that Hake supported the
highest nodulation ranging from51 to 56 nodules plant™ for
the promiscuous soybean varieties in this study. This is
supported by the suggestion by [6] that population range of
10% to 10* rhizobia per gram of soil should by most standard
be adequate for high nodulation. The Nzima soil failed to
nodulate without inoculation but did so well after inoculation
suggesting that the indigenous bradyrhizobia isolate
introduced to the soil medium demonstrated effectiveness
and compatibility with the soybean varieties.

There were high increases in nodulation after inoculation for
both the promiscuous (Bengbie, TGx1910-2F, TGx 1903-7E)
and the non-promiscuous (Bragg) soybean varieties. A similar
response to inoculation by cowpea brayrhizobia was assessed
in the literature [11]. Nodulation of both promiscuous and non-
promiscuous soybean varieties by indigenous bradyrhizobia
was rather low and could not be supportive of high yield of
soybean. Similar findings have been reported for promiscuous
soybeans grown in the moist savanna of West Africa [19]. [16]
from pot studies, also demonstrated that nodulation and N,
fixation of promiscuous soybean may be increased by
inoculation with effective bradyrhizobia. The current results on
nodulation agree with the findings of [10] that bradyrhizobia
numbers and effectiveness in N, fixation vary considerably
among locations. In their study they found out that indigenous

cowpea bradyrhizobia was effective enough for inoculants
production, a situation which is similar to this study that show
soybean bradyrhizobia being effective for inoculants
production. [23] found out that the need for inoculation of
some elite promiscuous soybean breeding lines depended on
effectiveness of indigenous bradyrhizobia in a given locality.
However the good nodulation obtained by [18] and [20] on
promiscuous soybean cultivars without inoculation in contrast
to this study may support the evidence that West Africa
bradyrhizobial populations may vary in number and
effectiveness from one location to another and that
promiscuous soybeans show considerable site-specific
nodulation [21]. Many authors reported that non-promiscuous
soybean varieties nodulate more than the promiscuous ones
when they are inoculated [17, 9, 14]. These findings agree with
the findings in this experiment where Bragg nodulated very
well in Hake soils compared to the promiscuous soybean
variety in Oyibi soils. Perhaps the ability of Bragg, the non-
promiscuous soybean to produce more nodules upon
inoculation than the promiscuous ones in more of the soils
used by those authors may be due to the fact that they used
exotic bradyrhizobiainocula [20] which performed better than
the indigenous ones used in this experiment. Even though soil
series like Hake harbored a lot of indigenous bradyrhizobia,
during the most probable number MPN count, it still
responded to inoculation due to the fact that the introduced
bradyrhizobia strains were more competitive than the
indigenous strains in the soil. In this study, the low pH coupled
with low available P in Nzima soil might have accounted for
no nodulation in these soils unless inoculated. This is in
agreement with available report that soil deficient in P limit the
extent of nodulation and N, fixation [15]. [24] also reported
that phosphorus apart from its effect on the nodulation process
and plant growth has been found to exert some direct effects
on soil rhizobia.
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5. Conclusion

It is concluded that inoculation of promiscuous and non-
promiscuous soybeans with effective bradyrhizobia may be a
more important strategy for increasing nodulation, total N
accumulation in soybean plants which is also an indication
for nitrogen being fixed. High nodule dry weight produced
by Bragg, a non-promiscuous soybean in some of the soils is
an indication that its nodulation with compatible and
effective  Bradyrhizobium japonicum cannot be over
emphasized and that where inoculants are not available it can
nodulate with indigenous Bradyrhizobium for N, fixation.
The response to inoculation by the soybean lines is also an
indication that the indigenous inoculants strains were so
effective enough to compete with those Bradyrhizobium
strains in the soil. This competitive ability of the
Bradyrhizobium strains resulted in more nitrogen being fixed
rendering importation of foreign inoculants for growth and
yield of soybean unnecessary. It is also areliable solution for
nitrogen fertilizer usage especially for peasant farmers who
cultivate maize.
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