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Abstract 

The high diversity of bradyrhizobia in tropical soils offers great advantage in making the nodulation of an array of tropical 

legumes possible. The nodulation, N2 fixed (using 
15

N) and growth of three uninoculated promiscuous soybean varieties, TGx 

813-6D, TGx 1448-2E and TGx 1903-8F and Bragg, and a non-promiscuous American-type soybean variety were examined in 

five soil typesin a greenhouse at the University of Ghana, Legon. Except for the Bekwai soil that contained 4.0 x 10
1
 

Bradyrhizobium (sp.) cells g
-1

 soil, the other soils contained 10
3
 or more cells g

-I
 soil (1.0,4.0, 4.6 and 6.0 x 10

3
 cells g

-1
 soil in 

Aveime, Hatso, Adenta and Chichiwere soils, respectively). Both plant genotype and soil type significantly influenced 

nodulation, withTGx813-6D and TGx 1903-8F generally forming more nodules than TGx 1448-2E, whose nodulation was 

similar (P<0.05) to that of Bragg. However, step-wise regression indicated that the native Bradyrhizobium population was most 

important in determining the outcome of nodulation, accounting for 56.90% of the total variation in nodule numbers. The 

contribution of Bradyrhizobium population to N2 fixation was even higher, accounting for 74.46% the variation in % N fixed. 

Highest nodulation and N2 fixation occurred in Chichiwere and Adenta, followed by Hatso and Aveime soils in that order with 

the TGx varieties on average deriving > 60% N from fixation, compared to 30-46%, for Bragg in these soils. No nodulation 

and N2 fixation occurred in soybean in the Bekwai soil with lowest bradyrhizobia population, and averaged for all five soils, 

N2 fixation contributed less than 50% of the N in the TGx varieties. The ability of promiscuous soybean varieties to nodulate 

with indigenous bradyrhizobia was highly variable and was strongly influenced by the abundance of bradyrhizobia cells in soil. 

With average of less than 50% N fixed by indigenous strains, there is scope for enhancing the symbiotic performance of TGx 

varieties in many soils through inoculation with more effective Bradyrhizobium strains. 
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1. Introduction 

Many reports have indicated that while the promiscuous 

soybean varieties nodulate freely in most tropical soils, the 

non-promiscuous lines have often failed to nodulate unless 

inoculated with Bradyrhizobium japonicum cells [22, 30]. 

Specificity in bradyhizobial requirement for nodulation in the 

North American soybean genotypes has been attributed to 

breeding from a relatively narrow genetic base [12] and the 

absence of diverse compatible rhizobia in soil. Observations 
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of spontaneous nodulation of the Asian-type soybeans in 

African soils led to the establishment of an intensive 

breeding programme at the IITA in Nigeria [22, 30, 29] with 

the aim of developing high-yielding, adapted soybean 

germplasm able to nodulate with indigenous rhizobia [16, 

29]. This effort resulted in improved soybean genotypes 

designated as Tropical Glycine Cross (TGx) [16], soybean 

genotypes that nodulate freely with the indigenous 

Bradyrhizobium spp and thus do not need to be inoculated. 

Despite these claims, some experiments conducted in Nigeria 

and Ghana with some of these newly developed high yielding 

TGx soybean varieties have indicated poor nodulation and 

low nitrogen fixation when they were not inoculated [23, 26]. 

Thus although the breeding programme at IITA achieved 

early success in identifying genotypes that could nodulate 

with indigenous rhizobia in Nigerian soils, making use of this 

trait has proved perhaps more complex than initially 

imagined. For example, the selected promiscuous lines have 

been found to nodulate with a rather more restricted range of 

the indigenous cowpea bradyrhizobia that occur in soils [7] 

To resolve the uncertainty, more investigations into how 

widespread this promiscuity is in different soils and for the 

many promiscuous varieties developed, and whether the 

earlier expectation that farmers in Africa growing them might 

no longer need to purchase and use bradyrhizobial inoculants 

to ensure satisfactory nodulation and N2 fixation are 

necessary. This will call for identifying the most promising 

TGx varieties assessing the conditions under which the 

promiscuity trait may or may not be expressed, and the 

ability of the nodules formed by the naturally occurring 

bradyrhizobia to satisfy the nitrogen requirements of different 

TGx varieties in various localities. 

2. Materials and Methods 

Thisgreenhouse study was conducted with five soils, namely, 

Aveime (a Chromic cambisol), Hatso (a Gleyic cambisol), 

Adenta (a Ferric acrisol), Chichiwere (a Dystric fluvisol) and 

Bekwai (a Ferric acrisol). No Bradyrhizobium inoculant was 

applied to seeds or into any of these soil series. Soil pH was 

determined on a 1:2 soil to water ratio. Available soil P was 

determined (Olsen and Dean, 1965). Total soil N was 

estimated using the Kjeldahl digestion method [3]. The Most 

Probable Number (MPN) method [38] was used to estimate 

TGx bradyrhizobia populations in the five soils. Plastic pots 

(18 cm high, 15 cm wide at the top and 12 cm at the base) 

with four holes made at the bottom were each filled with 

1.2kg of 2mm size sieved soil. Seeds of three promiscuous 

soybean varieties, TGx813-6D, TGx 1448-2E and TGx 

1903–8F and one American-type soybean, Bragg, were 

surface sterilized [34], pre-germinated on 1% (w/v) water 

agar and incubated at 28°C for 3 days. A non-nodulating 

(non-nod) soybean genotype was included as a reference 

crop. Four seeds were planted per pot and thinned to two at 8 

days after planting. A solution of 10% 
15

 N-labeled 

ammonium sulphate was prepared and applied in three splits 

(40 ml at planting, 30 ml at 3 as well as at 5 weeks after 

planting) to each soil to give a total rate equivalent to 20 

kgN/ha. The experiment was conducted in the green house 

and each treatment replicated four times in a randomized 

complete block design. The plants were watered by capillary 

flow from tap water contained in saucers placed beneath each 

pot. At harvest, shoots were decapitated at soil surface level, 

nodules were separated from the roots after careful washing, 

and counted. Shoots and nodules were oven-dried for 24 

hours at 70°C, and weighed. Dried shoots were milled for 

Kjeldahl N digestion [3] and analysis of 
15

N in the milled 

samples was performed at the IAEA Laboratories in 

Seibersdorf on a mass spectrometer [9]. 

The % N derived from N2- fixation (%Ndfa) by each legume 

treatment was calculated using the 
15

N isotope dilution 

equation: 

%Ndfa = (1-[R legume/R reference plant] x 100), 

(where R represents atom % 
15

N excess) 

The total amount of N derived from fixation was calculated 

as 

Total N-fixed = %Ndfa/100 x total N in legume [10]. 

Statistical analysis was done using Genstat statistical 

software version 6.1(Genstat, 2000). Significant differences 

were assessed at 5% level and Mean separation was carried 

out by the Least Significant Difference (LSD) procedure. 

3. Results 

Table 1. Some physical and chemical properties of five soils used for 

growing uninoculated soybean. 

Soil Series pH (in H20) % N 
Total P Available P Calcium 

(mg kg-1) (Me/100) 

Aveime 7.0 0.85 127 5.83 4.4 

Hatso 6.5 0.43 52 7.81 4.2 

Adenta 6.3 0.31 120 5.73 2.0 

Chichiwere 6.0 0.33 126 9.49 4.8 

Bekwai 5.9 0.23 173 4.40 5.4 

The chemical analyses conducted on the five soils used show 

that the Bekwai soil was the most acidic, followed by the 

Chichiwere soil, and all five soils had sub-optimal levels of 

available P for plant growth (Table 1). The MPN tests 

indicated the presence of Bradyrhizobium sp. in all five soils, 

with the numbers and ranking being as follows Bekwai (4.0 x 

10g
–1

 soil) <Aveime (1.0 x 10
3
g

–1
 soil) <Hatso (4.0 x10

3
g

–1
 

soil) <Adenta (4.6 x 10
3
g

–1
 soil) <Chichiwere (6.6 x10

3
g

–1
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soil).With the exception of the Bekwai soil in which no 

nodules were formed on any of the four soybean varieties, 

nodules were observed on all varieties grown in the other four 

soils, ranging from 15 to about 27 nodules per plant on 

TGx1448-2E and Bragg, respectively, in the Aveime soil, 24 to 

33 for TGx 1448-2E and TGx 1903-8F, respectively, in the 

Hatso soil, 21to 32 for Bragg and TGx 813-6D, respectively in 

the Adenta soil, and 23 to about 35 for Bragg and TGx 813-

6D, respectively, in the Chichiwere soil (Table 2). Thus while 

Bragg formed the lowest number of nodules in two of the four 

soils in which nodulation occurred, it also formed the highest 

number of nodules in the Aveime soil, compared toTGx813-

6D with highest nodulation in two, and TGx 1903-9F in one 

soil. These data are indicative of the significant differences in 

nodulation (P<0.05) that were observed among the soil series, 

among soybean varieties and also the significant soil x variety 

interaction. On average, the highest number of nodules were 

formed in the Chichiwere soil, with a mean of 30 nodules 

plant
-1

compared to the 20 nodules plant
-1

 formed in the Aveime 

soil, the lowest among the soils. 

With the varieties, TGx 813-6D with a mean of 23 nodules 

plant
-1

supported highest nodulation, but this was statistically 

similar (P<0.05) to what was formed on TGx 1903-8F (22 

nodules plant
-1

), but higher than nodulation on Bragg (19 

nodules plant
-1

) and TGx 1448-2E (18 nodules plant
-1

). 

Similarly, significant differences (P<0.05) occurred among 

the four soybean varieties and the five soil series with regards 

to nodule dry weight, and with a significant soil x variety 

interaction (Table 2). The ranking among varieties for nodule 

dry weight was similar to that for mean number of nodules. 

Significant differences were also observed between soils, 

with mean nodule dry weight per plant being again highest 

for Chichiwere series (182 mg plant 
-1

), almost double that of 

the lowest (97mg plant 
-1

), for Aveime. Mean nodule dry 

weight values for the intermediates, plants grown on the 

Hatso and Adenta soils (147.8 and 134.6 mg plant
-1

, 

respectively), were statistically similar (P< 0.05). 

Table 2. Number of nodules (plant-1) and dry weights (mg plant -1) of nodules formed on five uninoculated soybean varieties in five soils. 

 Number of nodules Nodule dry weight (mg plant-1) 

  Soil   Soil  

Varieties Aveime Hatso Adenta Chichiwere Bekwai Aveime Hatso Adenta Chichiwere Bekwai 

TGx-813-6D 23.8 24.8 31.5 34.8 0.0 119.0 164.0 181.5 264.0 0.0 

TGx1448-2E 15.0 24.0 23.3 28.3 0.0 56.5 124.0 114.0 141.5 0.0 

TGx1903-8F 16.3 32.5 28.8 34.0 0.0 74.0 169.0 144.0 234.0 0.0 

Bragg 26.8 25.5 20.5 23.0 0.0 136.5 134.0  99.0  89.0 0.0 

LSD (P<0.05); Soil=3.2, Variety=2.8, Soil x Variety=6.3 LSD (P<0.05); Soil = 21.0, Variety = 18.8, Soil x Variety = 42.0 

Although TGx 1903-8F overall accrued the highest plant N 

(mean, 147.6 mgN plant
-1

), there were not much statistical 

differences (P<0.05) among the varieties, with the exception 

of the non-nodulating variety, for which the N accumulated 

(mean, 87.4 mg N plant 
-1

) was lower than for any other 

variety. Soil effect appeared more pronounced than the 

varietal influence on differences in the total N acquired by 

plants (Table 3). Chichiwere soil series registered the highest 

mean value for N accumulated in plants (158.6 mg N plant
-1

), 

with plants grown in the Bekwai soil series which did not 

support nodulation, accumulating only about a third (57.1 

mgN plant
-1

) of that in the Chichiwere soil. Aveime series, 

which was second lowest, was only higher than for Bekwai 

series, while no significant differences were observed in 

comparison to the other three soils.  

Significant differences (P<0.05) again existed among 

soybean varieties and soil series for shoot dry weight (Table 

3). The TGx 1903-8F variety recorded the mean highest 

shoot dry weight (4.83g plant
-1

), with TGx1448-2E 

producing the lowest mean shoot dry weight (3.98gplant
-1

). 

Mean shoot dry weight of the non-nodulating soybean was 

statistically not different from those of Bragg and TGx 1448-

2E that formed nodules. Soil type also affected plant growth, 

with Chichiwere and Hatso on average producing highest 

shoot dry weight, while the Bekwai soil in which soybean did 

not form any nodules being the lowest. Aveime and Adenta 

soils were intermediate and statistically similar in supporting 

soybean growth.  

Table 3. Total N and dry matter yields of four soybean varieties in five soils. 

 Total N (mg N plant-1) Mean shoot dry weight (g plant-1) 

  Soil   Soil  

Varieties Aveime Hatso Adenta Chichiwere Bekwai Aveime Hatso Adenta Chichiwere Bekwai 

TGx.813-6D  111.4 188.1 139.9 223.4 53.4 4.17 5.24 4.45 5.60 2.59 

TGx1448-2E 111.4 154.1 157.1 160.3 52.7 3.99 4.43 4.31 4.47 2.69 

TGx1903-8F 121.2 185.6 169.6 202.8 58.6 4.36 5.58 4.96 6.35 2.90 

Bragg 120.4 145.7 179.3 118.0 66.2 4.58 4.82 4.85 4.37 3.34 

Non-nod 90.2 107.3 98.0 86.6 54.7 4.53 5.24 4.00 4.58 2.92 

LSD (P<0.05); Soil=22.8, Variety= 22.8, Soil x Variety=51.1LSD (P<0.05); Soil=0.36, Variety=0.36, Soil x Variety=0.80 
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There were significant differences (P<0.05) among soil types 

with regard to the proportion of soybean’s N that was derived 

from atmospheric N2 fixation (Table 4). None of the soybean 

varieties derived any of its N from atmospheric N2 in the 

Bekwai soil. Also, for plants grown in the Aveime soil, 

appreciable N2 fixation occurred in only two varieties, TGx 

813-6D and TGx 1903-8F, with none of Bragg’s N and only 

a negligible proportion of the N in TGx 1448-2E attributable 

to fixation. Besides, the highest %N fixed in soybean in the 

Aveime soil was only about 39 in TGx 813-6D, making 

Aveime the second lowest after the Bekwai soil in terms of a 

soil supporting N2 fixation. For soybean grown in the Hatso 

soil N2 fixation ranged from 32.1 in Bragg to 48.2 in TGx 

1903-8F, with no variety deriving up to half of its N from 

fixation. The situation improved in the Chichiwere and 

Adenta soils; two varieties, TGx 819-6D and TGx 1903-8F 

each derived over 60% of its N from N2 fixation in the 

Chichiwere soil, while all three TGx varieties obtained in 

excess of 60% of their N from fixation in the Adenta soil, 

with the highest being 64.4% in TGx 1903-8F. Bekwai soil 

was thus clearly the lowest in terms of supporting N2 

fixation, followed by Aveime with a mean of 15.8%, Hatso 

with 39.6%, Adenta and Chichiwere, 54.5% and 55.1%, 

respectively. Significant varietal effects (P< 0.05) on the 

proportion of soybean’s N derived from atmospheric N2 

fixation were also recorded. The range in %Ndfa was wide, 

from 0 in each varietyto the highest of 66.4% and 67.7% in 

TGx 813-6D and TGx 1903-8F, respectively. Treating the 

Bekwai soil as an unusual case and thus excluding the zero 

values recorded for the Bekwai soil in arriving at the mean 

values, then, the best fixing variety in this study, TGx813-6D 

derived on average 53% of its N symbiotically, followed 

closely by the 51% in TGx 1903-9F, while TGx 1448-2E 

derived significantly less, 35.8%, with Bragg recording the 

lowest %Ndfa of 26.4 and was besides the only variety in 

which %Ndfa never reached 50% in any of the five soils 

examined. 

Table 4. Percent and total nitrogen fixed (mg plant-1) in four soybean varieties in five soils. 

 % N fixed Total N fixed (mg N plant-1) 

  Soil   Soil  

Varieties Aveime Hatso Adenta Chichiwere Bekwai Aveime Hatso Adenta Chichiwere Bekwai 

TGx- 813-6D 38.8 44.6 62,8 66.4 0.0 45.5 84.1 93.8 150.5 0.0 

TGx1448-2E 0.5 33.9 62.7 46.2 0.0 0.7 57.1 98.4 74.1 0.0 

TGx1903-8F 24.0 48.2 64.4 67.7 0.0 29.6 90.8 110.5 137.1 0.0 

Bragg 0.0 32.1 28.7 44.9 0.0 0.0 50.5 51.1 53.3 0.0 

LSD= (P< 0.05) Soil = 4.6, Variety = 4.6, Soil x Variety =10.2LSD (P<0.05) Soil =15.47, Variety =15.47. Soil x Variety =34.59 

Total N fixed like the other parameters examined, displayed 

wide variation within the varieties (Table 4). With or without 

theBekwai soil, this variation was high. Even without the 

Bekwai soil, the values ranged from 0 and 0.7 mg N fixed 

plant
-1

 in Bragg and TGx 1448-2E, respectively, to 150.5 mg 

plant
-1

 in TGx 813-6D.These differences were evident among 

varieties grown in each soil; for example, the almost three-

fold difference of 53.3and 150.5 mg N fixed for Bragg and 

TGx 813-6D, respectively, in the Chichiwere, or the zero to 

45.5 mg N plant 
-1

 fixed in Bragg and TGx 813-6D in the 

Aveime soil. Highest mean for total N fixed across soils (if 

we should exclude the Bekwai soil) occurred in TGx-8136D 

and TGx 1903-8F (92.0 and 93.5 mg plant
-1

, respectively) 

compared to the 38.7 and 57.6 mg N plant
-1

 for Bragg and 

TGx 1448-2E. Although the % N fixed values were 

substantially lower if Bekwai soil was included in striking 

the mean, the ranking remained the same. Soils continued to 

have a marked effect, as exhibited by the average of 19 mg N 

fixed plant 
-1

 in the Aveime soil to the corresponding 103.8 

mg, i.e., more than 5-fold difference in the Chichiwere soil. 

4. Discussion 

With no Bradyrhizobium cells inoculated unto seed or into 

any of the soils used, any nodule formed on soybean in this 

study must have originated from infection by the indigenous 

bradyrhizobia in that soil. The extent to which nodulation 

occurred was therefore a reflection on the achievement of the 

major objective for breeding of these TGx cultivars, i.e., that 

they would nodulate freely without artificial inoculation [24], 

in contrast to the generally poor nodulation exhibited by most 

uninoculated American-type soybean genotypes in tropical 

soils [22, 31, 29, 16, 4, 6, 28]. The fact that the TGx varieties 

used in this study were well nodulated in four of the five 

soils, attests to their being promiscuous. Also noteworthy is 

the fact that the non-promiscuous American-type soybean 

variety, Bragg, nodulated fairly well in three of the five soils, 

indicating that some American-type soybean varieties may 

take advantage of the high diversity of bradyrhizobia in 

tropical soils and nodulate with the indigenous 

Bradyrhizobium strains [17, 13]. That the breeding 

programme must have given rise to a range in promiscuity is 
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evident from the observed differences in nodulation between 

the TGx genotypes, with TGx 813-6D and TGx 1903-8F 

being better at nodulating with the indigenous bradyrhizobia 

than was TGx 1448-2E. Similar results were obtained by 

[24], who also found TGx 1448-2E to form the lowest 

number of nodules among four uninoculated TGx varieties 

examined. Similarly, [21, 20] reported on differences in the 

abilities of different TGx varieties to nodulate with the 

endemic bradyrhizobial populations. 

Optimum nodulation of legumes and high nitrogen fixation 

require the presence of high numbers of indigenous rhizobia 

[8, 1], and is a reliable indicator of whether or not the legume 

will respond to added rhizobia or fertilizer N [35]. Besides, 

the occurrence of a diverse distribution of Bradyrhizobium 

strains although ensures greater chances for nodulation of 

different varieties of a particular or different legumes, it 

could be a disadvantage if a large proportion of the strains 

happen to be competitive in nodule formation and yet 

ineffective in N2 fixation. Since soils often vary considerably 

in the nature and abundance of their established 

bradyrhizobial populations [33, 28], these could, all things 

being equal contribute to differences in the nodulation and N2 

fixation in legumes grown on different soils. A 

bradyrhizobial population of 10
3
 g

-1
 soil would normally be 

considered high, and enough for optimum nodulation of 

many tropical legumes [37, 6]. It is thus not surprising that 

with each of the Chichiwere, Adenta, Hatso and Aveime soils 

containing in excess of 10
3
 bradyrhizobiag

-1
 soil, soybean 

grown in them nodulated well, with the ranking for numbers 

of bradyrhizobia in these soils being similar to the abundance 

of nodules formed. Although some soils that contained as 

low as 10 rhizobia gsoil
-1

 were reported to support optimal 

nodulation of soybean [19] while [35] observed few 

responses to inoculation when numbers of indigenous 

rhizobia were greater than 10cells g
-1

 soil, this is in contrast 

to the complete failure of nodulation of all soybean varieties 

in the Bekwai soil that contained 40 times as much rhizobia. 

However, the report of [36] indicated that soils subjected to 

constraints would require greater numbers of rhizobia to 

nodulate and fix N2 than those without. It is therefore highly 

probable that the Bekwai soil being low in both pH and 

available P as shown in Table 1 may have raised the 

minimum requirement for the number of bradyrhizobia cells 

required for nodule initiation and formation in this soil. This 

would then explain why [13] observed that the TGX varieties 

form as many as 40 nodules per plant when any of seven 

Bradyrhizobium strains was inoculated into the Bekwai soil. 

Thus although numbers of bradyrhizobia cells influence the 

outcome of inoculation responses, serious consideration must 

be given to prevailing soil constraints and should not be 

based solely on numbers established elsewhere. 

From the significant soil x variety interaction obtained for 

nodulation and nitrogen fixation, it may be inferred that no 

single variety was best suited for all soils, and that for best 

results, it may be prudent to select for varieties to suit 

different soils and environments. For example, although 

Bragg, a non-promiscuous variety was the one with the 

lowest mean nodulation in all the soils, it yet out-nodulated 

all the TGx varieties in the Aveime soil, a soil that also 

supported the lowest nodulation among the four soils in 

which nodulation occurred.  

Undoubtedly, the most valued agronomic function of legume 

nodules should not necessarily be in their numbers, but more 

so in their ability to fix nitrogen, two parameters that are not 

necessarily or always directly correlated [32]. Many attempts 

have been made to arrive at average estimates of nitrogen 

fixed in various legumes. [15] reported that most estimates of 

N2 fixation in soybean fall between 25% and 75%, with 

others estimating an average of 50%. [5, 18] estimated that 

soybean on average derives about 55% and, 50%, 

respectively, of its nitrogen from fixation, with [14] reporting 

that soybean seldom derives more than 60% of its N from 

fixation. Using these values as yardstick, then the mean % 

nitrogen fixed by the native Bradyrhizobiums trains in all 

three promiscuous varieties in the Adenta and Chichiwere 

soils, 65% and 60%, respectively, could be considered as 

being high, while being medium to slightly below average in 

the Hatso soil (41.6%), low in the Aveime soil (21.1%) and 

poor in the Bekwai soil (0%). The TGx varieties varied in 

their symbiotic capabilities with the indigenous 

bradyrhizobia. For both % and total N fixed, the ranking was 

TGx 813-6D >TGx 1903-8F >TGx 1448-2E, and with each 

of them being significantly higher than for the non-

promiscuous Bragg variety. The highest %N fixed in each of 

the genotypes, 62.7, 66.4, 66.7, for TGx 1448-2E, TGx 1903-

8F and TGx 813-6D, respectively, are high enough to satisfy 

the objectives for incorporating nodulation promiscuity into 

soybean lines. However, when considered for the three TGx 

varieties in either the four soils that supported nodulation or 

in all five soils, these promiscuous nodulators on average 

sequestered more N from soil than what N2 fixation provided. 

These results may not be strange, as shown by a careful 

examination of the N2 fixation data reported by [27], for 

which of the 20 estimates of nitrogen fixed, we spotted 17 in 

which more N was accrued from soil compared to only three 

that fixed more than 50% of their total N in the two 

promiscuous soybean varieties. Such data seem to suggest 

that a large proportion of indigenous Bradyrhizobium spp. 

(TGx) populations occurring in tropical soils could be 

ineffective in fixing nitrogen, as reported by [1] who 

observed that of 258 isolates from TGx soybean nodules, 

only 27% were highly effective on soybean. [1] Further 
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suggested that indigenous Bradyrhizobium spp. populations 

that are truly specific for the TGx varieties are often not 

sufficient to meet the requirements for high yields of African 

soybeans. [7] in another study indicated that many of the 

bradyrhizobia which nodulate the promiscuous varieties in 

African soils are relatively ineffective, and may be a subset 

of the general population of Cowpea Bradyrhizobium which 

could be quite variable in its representation throughout 

African soils. Also, the relatively smaller differences between 

average number of nodules formed by the TGx varieties in 

the four soils in which nodulation occurred thanthe 

corresponding large differences in %N derived from fixation 

(>60% in the Chichiwere and Adenta soils, compared with 

the 42% and 21% in the Hatso and Aveime soils, 

respectively), seem to suggest the existence of marked 

differences in the distribution of effective strains in the 

various soils.Of the three promiscuous varieties, the two 

(TGx 813-6D and TGx 1903-8F) that accumulated higher N 

and produced higher shoot dry weights than TGx1448-2E) 

were also associated with higher nodulation and N2 fixation, 

suggesting that the higher N demand could have stimulated 

higher N2 fixation [36]. Another interesting observation was, 

that although total N in the non-nodulating soybean cultivar 

was only about 60% that of TGx 813-6D, their shoot dry 

matter yields were similar, indicating that the non-nodulating 

isoline used its N more efficiently in the production of plant 

material (20 mg N dry matter
-1

) than TGx 813-6D (32 mg N 

dry matter
-1

) and similarly than the other nodulated cultivars.  

5. Conclusion  

The ability of promiscuous soybean varieties to nodulate with 

indigenous bradyrhizobia was highly variable and was 

strongly influenced by the abundance of bradyrhizobia cells 

in soil. With average of less than 50% N fixed by indigenous 

strains, there is scope for enhancing the symbiotic 

performance of TGx varieties in many soils through 

inoculation with more effective Bradyrhizobium strains. 
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