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Abstract

The ability of soybean to nodulate with a wide range of indigenous bradyrhizobia has been used in a breeding programme

since 1997 in Nigeria. As far as is known, these indigenous bradyrhizobia strains have not been tested for compatibility and
e�ectiveness with recent selections from a breeding programme which has proceeded without input from soil microbiologists for
the last 20 yr. Twenty bradyrhizobia strains isolated from soyabean and cowpea grown in Ibadan and Zaria soils in Nigeria

were examined in a pot experiment for symbiotic e�ectiveness on two promiscuous soyabean breeding lines (TGX 1660-19F and
TGX 1456-2E) and a cowpea cultivar (IT 849-92). Two bradyrhizobial isolates (R25B and IRj 2180A) had an average symbiotic
e�ectiveness (SE) of 2.36-fold and 1.62-fold of the uninoculated control when inoculated on 1456-2E and 1660-19F, respectively.

These strains, however, were less e�ective on cowpea having a SE of 1.20-fold. Cowpea bradyrhizobia inoculated on
promiscuous soyabeans produced less than 77 nodules plantÿ1 compared to an average of 120 by the two best bradyrhizobia
strains from soyabean. The best isolates (R25B, IRj 2180A and their mixture) and one cowpea bradyrhizobia (IRc 461) were

further tested on these lines under ®eld conditions at three sites in di�erent agroecological zones in moist savanna (Fashola,
Mokwa and Zaria) in Nigeria. Both soyabean lines nodulated with the local rhizobia, but the degree of e�ectiveness depended
on the plant genotype and ®eld sites. Soyabean line 1456-2E showed improved growth and yield in response to N fertilizer
application indicating that in this line N2 ®xation induced by the indigenous bradyrhizobial community supplied less than

optimal amounts of N. The mixture of bradyrhizobial isolates R25B and IRj 2180A increased grain yield of 1456-2E by 30 and
25% at Zaria and Mokwa but failed to do so at Fashola. Grain yield of 1660-19F was not a�ected by bradyrhizobial
inoculation and N fertilizer at any of the three sites. Thus, the need for bradyrhizobia inoculation will be determined by the

degree of promiscuity of soybean lines and the e�ectiveness of the community of indigenous bradyrhizobia present in the
site. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

`US-type' soyabeans when grown in Nigeria were
poorly nodulated by indigenous bradyrhizobia and
responded to inoculation with Bradyrhizobium japoni-
cum. `Asian type' soyabean were well nodulated by

local bradyrhizobial strains and did not respond to in-
oculation with B. japonicum (Rao et al., 1981; Pulver
et al., 1982). These observations have been the basis
for the IITA breeding programme which aims at com-
bining the agronomic advantages of the US soyabean
with the promiscuity of the Asian cultivars, so that the
crop could be grown without bradyrhizobial inoculants
(Kueneman et al., 1984).

Results of laboratory evaluations of bradyrhizobia
collected in Nigeria from 1979 to 1984 (Rao et al.,
1981; Eaglesham, 1985; Sinclair and Eaglesham, 1990;
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La Favre et al., 1991) may be summarised as follows:
(i) strains nodulating promiscuous soyabeans only
comprised approximately 10% of the total soil bradyr-
hizobial community, (ii) this community was predomi-
nantly ine�ective on cowpea, few strains could infect
on US soyabean lines, (iii) the infective bradyrhizobia
show a range of e�ectiveness on both cowpea and
soyabeans; the isolates were equally variable in colony
morphology, tolerance of environmental stresses, and
production of black nodules and (iv) a number of iso-
lates could be useful inoculant strains for the pro-
miscuous soyabeans and some even for US-type
soyabeans. None of these potentially useful strains
appears to have been tested for compatibility with
recent selections from the breeding programme which
has proceeded without input from soil microbiologists.
Our work (Sanginga et al., 1996) has concentrated on
ecological aspects and on the quantitative limitations
of the soil populations concerning whether the
restricted range of suitable strains in the soil are su�-
cient to form e�cient nodules on soyabean. The e�ec-
tiveness of the strains was not addressed.

Selection for promiscuity (i.e. the ability to nodulate
with a wide range of indigenous bradyrhizobia) has
been used since 1977, and inoculation with bradyrhizo-
bia is not used experimentally or by farmers. However,
some evidence suggests that responses to inoculation
are possible (Okereke and Eaglesham, 1993; Olufajo
and Adu, 1993; Sanginga et al., 1996).

The nodulation scoring system used by breeders at
IITA to de®ne promiscuity, is based on the number of
nodules formed and may be poorly correlated with
e�ectiveness of the nodulation. This selection criterion
may not be su�ciently discriminative to choose those
selections which have nodulated with the most e�ective
members of a soil community.

We have assessed the e�ectiveness of bradyrhizobial
isolates from cowpea and soyabeans, their pattern of
diversity, and their potential as bradyrhizobial inocu-
lants in some growing areas of the moist savanna in
Nigeria. The de®nition of promiscuity is examined in
relation to the symbiotic e�ectiveness of soyabean
breeding lines and bradyrhizobial response across the
moist savanna agroecological zones in Nigeria.

2. Materials and methods

2.1. Source and isolation of rhizobia nodulating
soyabeans

Fifteen bradyrhizobial strains were taken from the
IITA rhizobial collection. These included 10 bradyrhi-
zobial (IRc) obtained from cowpea and ®ve B. japoni-
cum (IRj) strains obtained from soyabean, all isolated
in 1979 from Ibadan (derived savanna) in Nigeria. The

other ®ve were isolated from fresh nodules of pro-
miscuous soyabeans 1660-19F grown in Zaria (north-
ern Guinea savanna) in Nigeria and one
bradyrhizobium Tc 9B was isolated from a nodule of
Mucuna pruriens growing in the derived savanna of
Nigeria.

Nodulation of the promiscuous soyabean 1660-19F
was examined in plastic pots containing 5 kg soil from
a ®eld cropped to soyabeans in Zaria. The soil was
®rst air-dried, sieved (<2 mm), and thoroughly mixed.
All pots were fertilized with 250 mg P as single super-
phosphate, 50 mg K as muriate of potash and 1 ml of
a combination of micronutrients (Bo 0.05%; Zn
0.005%; Mo 0.005% and Cu 0.002%) kgÿ1 of soil.
They were arranged in a randomized complete block
design with ®ve replications.

Seeds of soyabean and cowpea were surface steri-
lized and then rinsed several times in sterile water
prior to sowing (Vincent, 1970). Four seeds were sown
in each pot and thinned to two plants 1 week after
emergence. At 8 weeks after planting, shoots were cut
at soil level, dried and weighed. Roots in each pot
were carefully removed, and the nodules were
detached, counted and weighed before isolation of rhi-
zobia.

Bradyrhizobia from fresh nodules were isolated as
described by Vincent (1970). Single colony isolates
were maintained in McCartney bottles on yeast extract
mannitol agar. In order to characterize the isolates
and to determine their growth rate, cultures were
grown in yeast extract mannitol broth at 288C on a
reciprocal shaker.

Compatibility of bradyrhizobial isolates with the
host plant was assessed in plastic pouches (Weaver
and Frederick, 1972). Seeds were surface sterilized as
described by Vincent (1970) and then germinated on
sterile moist cotton wool in petri dishes at 308C. Two
seedlings per plastic pouch containing Jensen's N-free
nutrient solution were inoculated with the appropriate
cell suspensions (108 cells mlÿ1). Plants were grown at
288C under daylight ¯uorescent tubes and nodulation
was examined 30 d after inoculation.

2.2. Symbiotic properties of bradyrhizobial strains on
soybeans and cowpea

Screening of bradyrhizobial isolates for e�ectiveness
on promiscuous soyabeans 1660-19F and 1456-2E and
cowpea was done in pots containing soil (an Al®sol)
collected in a secondary forest at IITA, Ibadan.
Surface sterilized seeds of soyabeans and cowpeas were
planted in each pot and inoculated with 1 ml of the
broth culture (108 cells mlÿ1). In addition to the iso-
lates obtained from the root nodules of promiscuous
soybean growing in Zaria soils, 10 IRc and 5 IRj (B.
japonicum) from IITA collection were included.
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Controls included uninoculated plants and those
watered with KNO3 at a concentration of 75 mg lÿ1.
The pots were arranged in a randomized complete
block design with three replications in a screenhouse
with temperature of 228C (night) to 328C (day). Six
weeks after planting, the shoots and root nodules were
harvested, oven-dried at 658C for 48 h and weighed.

The three most promising isolates and one isolate
from cowpea (IRc 461) and one from mucuna (Tc 9B)
were further tested in pots containing sterilized or
unsterilized soils from IITA Ibadan under greenhouse
conditions. The experimental layout was also a ran-
domized complete block design with ®ve replications
with treatments and soil preparations as in the above
pot experiment. Plants were harvested at 10 weeks
after planting and their nodule number, nodule weight
and shoot dry weight recorded. The percent symbiotic
e�ectiveness (%SE) was scored on the basis of
increased shoot dry weight accumulation in compari-
son with uninoculated controls.

2.3. Field evaluation of selected bradyrhizobia on
promiscuous soyabeans

Field trials were conducted in 1996 in a transect of
three sites (Zaria, Mokwa and Fashola) representing
three agroecological zones of the moist savanna in
Nigeria. Zaria lies in the northern Guinea savanna
zone with a mean annual rainfall of about 900 mm
yrÿ1, concentrated almost entirely from June to
September. Mokwa is situated in the southern Guinea
savanna with a mean rainfall of about 1100 mm yrÿ1

rainfall pattern. Fashola is located in the derived
savanna (transition between forest and savanna) with
a bimodal rainfall pattern (1230 mm yrÿ1). The exper-
imental plots were newly cleared from 10 or more veg-
etation fallows. No previous history with soyabean
was recorded in any of these three sites.

Soil samples were collected before clearing at 0 to 10
cm depth (composite of 20 cores for each of the four
blocks). They had low total N (0.06%) and the popu-
lation of ine�ective bradyrhizobia was less than 5 cells
gÿ1 of soil. A basal application of 15 kg P as single
superphosphate and 15 kg K haÿ1 as muriate of
potash was applied to the soil by broadcasting before
planting.

Soyabean lines obtained from the Grain Legume
Improvement Programme (GLIP) at IITA included:
lines 1456-2E classi®ed as highly promiscuous and
1660-19F moderately promiscuous. All seeds were sur-
face sterilized with H2O2 and alcohol to avoid bradyr-
hizobial contamination.

Soyabeans lines were inoculated with a mixture of
bradyrhizobia isolates (IRj 2180A and R25B) and indi-
vidual strains IRj 2180A, R25B and IRc 461 following
the practice described by Vincent (1970). The popu-

lation of bradyrhizobia was approximately 107 cells
seedÿ1. Control included uninoculated seeds with or
without N fertilizer at 60 kg N ha1 as urea. The exper-
imental design was a split plot arranged in a random-
ized complete block design with four replications.
Main-plots were soyabean lines and subplots were the
di�erent inoculated treatments and controls with or
without N fertilizer. Each subplot corresponding to
each inoculated soyabeans treatment consisted of four
rows, 10 m long with an interrow spacing of 0.75 m
and 5 cm within rows.

Harvests were made at various stages of develop-
ment by gathering all aboveground plant material
within the innermost 1.2 m of the four central rows of
each subplot. Harvested plant samples were chopped
into 10- to 20-mm pieces and subsampled, and about
500 g fresh weight were oven-dried at 708C before
grinding to <0.5 mm. For the last harvest, 60 plants
collected also within the innermost 1.2 m of the four
central rows of each subplot were separated into repro-
ductive (grains) and vegetative parts (shoots) before
subsampling. The dry weight of shoots and seeds were
measured.

Data was analysed using SAS (Statistical Analysis
System Institute Inc., 1989). Analyses of variance were
done using `PROC GLM' to determine the statistical
di�erences between treatment interactions. Speci®c
pair-wise comparisons of treatment levels were made
using the Duncan test or the least signi®cant di�erence
(LSD) test at P = 0.05.

3. Results

3.1. Nodulation and symbiotic e�ectiveness of
bradyrhizobia nodulating soyabeans

3.1.1. Nodulation
All 20 bradyrhizobial isolates were able to infect

soyabean and cowpea plants in plastic pouches (data
not shown) but the number and weight of nodules
formed di�ered signi®cantly depending on the host
and the bradyrhizobial strains in pot experiments.
Three bradyrhizobial isolates from soyabean (R25B,
R24B and IRj 2180A) formed most nodules, (on the
average 120 nodules plantÿ1) on the two promiscuous
soyabeans while the other soyabeans rhizobial isolates
and those from cowpea produced on average less than
77 nodules plantÿ1 (Table 1). When inoculated onto
cowpea, bradyrhizobial isolates from Zaria soil pro-
duced between 66±137 nodules plantÿ1 and the di�er-
ences between isolates were not statistically signi®cant
from the uninoculated control. The superiority of the
two isolates (R25B and IRj 2180A) when compared
with cowpea and mucuna bradyrhizobial isolates, on
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Table 2

E�ect of selected bradyrhizobial isolates on nodulation and growth of grown in sterile and nonsterile soils from IITA, Ibadan

Rhizobia isolates Sterile Nonsterile

Nodule number

(No. plantÿ1)
Nodule fresh weight

(g plantÿ1)
Shoot dry weight

(g plantÿ1)
Nodule number

(No. plantÿ1)
Nodule fresh weight

(g. plantÿ1)
Shoot dry weight

(g. plantÿ1)

TGX1456-2E

IRj 2180A 152 3.10 11.53 195 4.66 10.71

R 25B 298 4.90 11.05 80 2.20 7.65

R 24B 117 4.06 10.25 51 2.10 6.18

IRc 461 A 75 2.83 8.21 28 1.26 3.61

Tc 9B 41 0.83 5.68 33 1.23 3.23

Control 82 2.60 9.68 76 2.83 19.33

N fertilizer 82 1.80 6.31 50 1.36 3.35

Means 121 2.87 8.96 73 2.23 7.72

LSD 5% 94 0.95 1.96 43 1.04 1.48

TGX 1660-19F

IRj 2180A 214 4.10 14.05 187 3.46 9.13

R 25B 145 3.76 11.21 146 3.03 7.78

R24B 90 3.53 10.41 52 1.76 4.66

IRc 461A 58 2.23 7.66 37 1.03 3.30

Tc 9B 34 0.80 5.46 46 1.43 3.40

Control 43 1.50 9.60 75 1.56 6.71

N fertilizer 18 0.46 5.66 32 0.90 4.30

Means 86 2.34 9.15 82 1.88 5.61

LSD 5% 74 1.53 1.02 18 0.91 1.40

Table 1

E�ect of bradyrhizobial isolates on nodule number and shoot dry weight of promiscuous and cowpea in pot containing soil from IITA, Ibadan

Nodule number (No. plantÿ1) Shoot dry weight (g plantÿ1)

1456-2E 1660-19F cowpea mean 1456-2E 1660-19F cowpea mean

Promiscuous isolates

R 25B 133 139 124 132 5.83 7.60 6.83 6.75

R 24B 111 95 137 114 5.87 8.10 6.80 6.92

R 3B 57 55 66 59 4.70 6.13 6.40 5.74

R 31B 32 53 114 66 4.73 5.30 6.96 5.66

R 2B 31 49 112 64 4.40 4.80 7.36 5.52

IRj isolates

IRj 2180A 116 124 95 111 7.43 7.90 6.40 7.24

IRj 2177A 54 54 72 60 4.23 5.10 6.17 5.16

IRj 2192II 37 44 121 67 3.67 5.00 6.70 5.12

IRj 2185BI 30 62 92 61 4.26 6.40 6.53 5.73

IRj 2179AI 22 56 77 51 4.53 5.70 6.30 5.51

IRc isolates

IRc 461A 76 60 157 97 4.97 6.40 7.00 6.12

IRc 299AII 65 59 103 75 4.70 5.73 6.17 5.53

IRc 291 55 58 97 70 4.53 6.30 5.10 5.31

IRc 383A 51 56 119 75 5.50 6.43 6.70 6.21

IRc 334A 50 52 78 59 4.78 4.60 6.73 5.36

IRc 383C 49 44 148 80 4.73 5.76 6.77 5.75

IRc 462D 48 35 77 54 4.60 5.90 6.60 5.70

IRc 430A 44 58 128 76 5.50 6.76 7.13 6.46

IRc 506C 39 51 117 63 4.57 6.76 7.23 6.18

IRc 400A 30 50 105 62 5.07 5.63 6.83 5.84

Control 36 47 125 69 2.80 4.76 5.50 4.42

N fertilizer 12 31 87 43 2.93 4.70 7.10 4.91

LSD 5%a 18 0.90
b 22 1.11

a For comparing host plants within inoculated treatments.
b For comparing inoculation treatments within individual host plant.
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1660-19F and 1456-2E was also con®rmed in pots con-
taining sterilized or unsterilized soils. (Table 2).

3.1.2. Shoot dry weight and symbiotic e�ectiveness
Soyabean line 1456-2E responded more to bradyrhi-

zobial inoculation than 1660-19F. Cowpea was almost
equally responsive. Sixteen bradyrhizobial isolates pro-
duced signi®cantly higher shoot dry matter than did
the uninoculated control when inoculated on 1456-2E
(Table 1). Only ®ve bradyrhizobial isolates had higher
shoot dry weight than the uninoculated control on
1660-19F, while 14 did so on cowpea.

In the second experiment again, bradyrhizobial iso-
lates (R25B and IRj 2180A) which nodulated well,
produced higher shoot dry matter than cowpea IRc
461A and mucuna Tc9B rhizobial isolates in sterilized
or unsterilized soils (Table 2). Soyabean line 1456-2E
had on average, 1.76 fold symbiotic e�ectiveness com-
pared to 1.28-fold for 1660-19F and 1.24-fold for cow-
pea (Table 3). Variations in symbiotic e�ectiveness
also occurred within each bradyrhizobial group and
these were more pronounced for promiscuous soya-
beans than for cowpea. The symbiotic e�ectiveness of
strains (R25B, and IRj 2180A) on the two promiscu-
ous soyabeans was on average 1.99-fold compared
with 1.40-fold obtained by the other soyabeans isolates
(Table 1). Soyabean bradyrhizobial isolates were

equally e�ective as cowpea bradyrhizobia on cowpea,
having a similar symbiotic e�ectiveness of 1.20-fold.
Cowpea bradyrhizobia had a symbiotic e�ectiveness of
1.74-, 1.26- and 1.20-fold on 1456-2E, 1660-19F and
cowpea , respectively, (Table 3) with little variation.

3.2. Field evaluation of selected rhizobia on promiscuous
soyabeans

3.2.1. Nodulation
The two soyabeans lines 1456-2E and 1660-19F

nodulated in both inoculated and uninoculated plots
at all the three sites. Soyabean line 1456-2E produced
relatively more nodule fresh weight than 1660-19F and
responded to bradyrhizobial inoculation with R25B
and the mixture of R25B+IRj 2180A. Nodulation of
1660-19F was not a�ected by bradyrhizobial inocu-
lation (Table 4).

3.2.2. Shoot dry weight and grain yield
Inoculation with the mixture of bradyrhizobia IRj

2180A and R25B, increased shoot dry biomass of
1456-2E whereas that of 1660-19F did not respond to
inoculation (Table 4). Inoculation with the mixture of
R25B and IRj 2180A increased grain yield of 1456-2E
by 30 and 25% above those of the uninoculated con-
trols in Zaria and Mokwa, respectively but not at

Table 3

Symbiotic e�ectiveness of bradyrhizobial isolates inoculated on promiscuous soyabean and cowpea grown in soils collected at IITA, Ibadana

Strains origin TGX 1456-2E TGX 1660-19F Cowpea

Promiscuous soyabeans (R) 182224 134230 138214

Soyabeans (IRjb) 172253 126225 11623

Cowpea (IRCb) 174212 126213 12028

Mean 176 128 124

a Symbiotic e�ectiveness=(shoot dry weight of inoculated plants/shoot dry weight of uninoculated plants) � 100.
b Rhizobial isolates from IITA culture collection.

Table 4

E�ect of bradyrhizobial inoculation on number and dry weight of nodules and shoot dry weight of promiscuous soyabeans TGX 1456-2E and

TGX 1660-19F grown in the ®eld (mean value of three sites: Fashola, Mokwa and Zaria)

Treatments Nodule numbers (No. plantÿ1) Fresh nodule weight (g plantÿ1) Shoot dry weight (g plantÿ1)

1456-2E 1660-19F 1456-2E 1660-19F 1456-2E 1660-19F

IRc 461 26227 23230 1.6521.57 0.8520.82 3228 2123

IRj 2180 18210 31223 0.8220.47 1.1220.79 2424 2923

R25 52232 1125 2.8821.67 0.4820.10 3629 2728

IRj 2180+R25 45223 38242 2.7021.22 1.5321.58 3425 2428

Control 35224 39237 1.7620.87 1.3421.19 2823 29212

N fertilizer 27225 421 1.5721.45 0.1620.09 4126 3125

Mean 33a 24a 1.85a 0.91b 32a 27b

a,b values followed by the same letters are not significantly different at P=0.05.
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Fashola (Table 5). The grain weight of 1660-19F did
not respond to bradyrhizobial inoculation at any of
the three sites. Similarly 1456-2E responded to N ferti-
lizer application whereas 1660-19F did not (Table 4).

4. Discussion

Our study supports the success of the selection of
breeding program at IITA in so far as both soybeans
nodulated with the local bradyrhizobia. However, the
symbiotic e�ectiveness of the nodules di�ered between
the two soyabeans lines depending on the source of
bradyrhizobia and the ®eld site. Using one of the cri-
teria of promiscuity de®ned by Kueneman et al. (1984)
1456-2E and cowpea were shown to be more pro-
miscuous than 1660-19F as they nodulated e�ectively
with diverse bradyrhizobia. However, the ®eld results
show that 1456-2E failed to nodulate e�ectively with
the indigenous community of bradyrhizobia in the
three locations whereas 1660-19F did. Line 1456-2E
also showed improved growth and yield to applied N
indicating that in this line N2 ®xation induced by the
indigenous community supplied less than optimal
amounts of N. With this line therefore, the potential
existed to increase N2 ®xation and consistently increase
yields by arti®cial inoculation. The strategy of identify-
ing superior and competitive bradyrhizobial strains

such as R25B and IRJ 2180A, and boost their num-
bers within the soil community was useful in this case
(Tables 4 and 5). However, by the second criterion
used by Kueneman et al. (1984) for selection of pro-
miscuous genotypes, that is, ``the promiscuous soya-
beans crop should be grown by farmers in the growing
area without bradyrhizobial inoculants'' soybean 1660-
19F which did not respond either to N fertilizer nor to
bradyrhizobial inoculation became the line of choice
for farmers in these locations. This line was able to
meet its N requirements through the indigenous rhizo-
bial community. This line was closer to cowpea known
to meet its N needs by indigenous rhizobia community
in this region. `Promiscuity' in the strict sense, only in-
dicates the ability to form nodules with a wide range
of bradyrhizobia and does not imply e�ective nodula-
tion. As shown in Table 1, promiscuity could be essen-
tially a qualitative measure. However, assessment of
e�ectiveness as shown in Table 5 must be considered
by breeders when they have to select agronomically-
useful genotypes. In practice, the IITA selection pro-
gram has tried to select for both promiscuity and e�ec-
tiveness. Kueneman et al. (1984) described the
breeding and selection methodology applied between
1978 and 1984 in which plants were selected which
were healthy in low-N soils and had presumably nodu-
lated e�ectively with local bradyrhizobia. Observations
of nodulation are made afterwards and further selec-
tion was made on the basis of nodule mass. The lack
of correlation between nodule scores and symbiotic
e�ectiveness is the weakness of the present criteria
used by breeders for selection. Attempts to include
e�ectiveness criteria such as nodule number, nodule
size and leghaemoglobin rating as well as plant vigour
in selection for promiscuity were made by Pulver et al.
(1985). Of 400 accessions screened over a wide range
of sites only 10 were capable of forming e�ective sym-
biotic relationships with the soil bradyrhizobia in ®ve
locations including two of the locations used in this
study. Although, this study was concerned with more
than promiscuity it is di�cult to show how the e�ec-
tiveness criteria could be quanti®ed. On the basis of
the argument presented above and in spite of the re-
sponse of 1456-2E to diverse bradyrhizobial strains,
line 1660-19F appears to be a superior product of the
selection program on the basis of e�ective promiscuous
nodulation with the indigenous bradyrhizobial commu-
nity. It is also a suitable line of choice for small scale
farmers who will not arti®cially inoculate their soya-
bean seeds.

The cowpea bradyrhizobia IRc 461A and mucuna
rhizobia TC9B formed few nodules, and the nodules
were widely distributed over the root as systems rather
than clustered around the tap root formed by strains
R25B and IRj 2180A (Table 2), characteristic of e�ec-
tive and compatible populations of rhizobia (Giller

Table 5

Grain weight (g plantÿ1) of promiscuous soyabean TGX 1456-2E

and TGX 1660-19F inoculated with di�erent rhizobial isolates in the

®eld in three sites in moist savanna, Nigeriaa

Treatments/sites 1456-2E 1660-19F

Fashola

IRc 461 5.8520.98 (65) 6.0823.26 (88)

IRj 218A 7.2621.57 (81) 6.1021.70 (88)

R25B 7.7621.57 (87) 5.9723.43 (98)

IRj 218A+R25B 8.4628.39 (95) 6.3222.00 (91)

Control 8.9021.22 (100) 6.8723.42 (100)

N fertilizer 8.3521.46 (95) 7.9321.55 (115)

Mokwa

IRc 461 12.0723.43 (95) 10.5023.12 (68)

IRj 210A 11.7324.16 (92) 14.0021.04 (92)

R25B 12.7023.74 (99) 11.9921.67 (78)

IRj 218A+R25B 15.9426.91 (125) 13.2322.81 (86)

Control 12.7423.95 (100) 15.2223.64 (100)

N Fertilizer 15.5424.86 (122) 13.2126.53 (87)

Zaria

IRc 461 12.0724.43 (87) 11.5422.53 (77)

IRj 218A 12.2221.99 (87) 13.1422.17 (88)

R25B 17.8323.70 (128) 13.9621.30 (93)

IRj 218A+R25B 18.1223.44 (130) 12.1623.60 (81)

Control 13.9225.24 (100) 14.8629.21 (100)

N Fertilizer 17.7426.86 (127) 17.3624.46 (116)

a Values in brackets are percentage increases in grain yield com-

pared with the uninoculated control.

N. Sanginga et al. / Soil Biology & Biochemistry 32 (2000) 127±133132



and Wilson, 1991). These results support earlier obser-
vations (Brom®eld and Roughley, 1980; Eaglesham,
1985) showing that these promiscuous soyabean geno-
types especially 1456-2E are probably not nodulated
by the same bradyrhizobia as cowpea. This suggests
that their nodulation can be poor even in soils where
cowpea cultivars are abundantly nodulated. We have
con®rmed this by visual observations in farmers' ®elds
at Kaya, Zaria, in the northern Guinea savanna.
Based on the above, Eaglesham (1985) stated that it
may be safer to rely on e�ective inoculant strains than
to breed for the ability to nodulate with indigenous
strains of unknown potential. This study shows that
di�erences in the degree of promiscuity are apparent
between the two soyabean lines. The statement of
Eaglesham (1985) applies well to genotype 1456-2E,
but not totally to 1660-19F, of which the response to
inoculation was closer to cowpea, as supported by
data of the symbiotic e�ectiveness in Table 3 and the
lack of response of this last line in the ®eld in the
three sites (Tables 4 and 5). Our data suggest that
strains R25B and IRj 2180A from promiscuous grown
in Nigeria are competitive for nodulation on genotype
1456-2E but not on cowpea and 1660-19F, providing
further evidence for a distinction between these groups.
It appears that cowpea strains comprise an extremely
diverse group from which cowpea cultivars select a
wide range with which they are compatible.

Knowledge of the indigenous bradyrhizobia nodulat-
ing promiscuous soyabeans is limited, and as shown in
this study, their symbiotic properties may di�er
between locations. As pointed out by Ranga Rao et al.
(1981), it may be impossible to produce a soyabean
genotype which will nodulate e�ectively with indigen-
ous bradyrhizobia in more than a few soils. However,
results showing 1660-19F having a degree of e�ective-
ness with indigenous bradyrhizobia closer to cowpea
than 1456-2E demonstrate that with future improve-
ment of IITA soyabean lines for promiscuity is poss-
ible, and having similar nodulation ability to cowpea
could be obtained. The other possibility is to breed
lines which target a speci®c indigenous population in
the soil. Response of 1660-19F to two bradyrhizobial
strains R25B and IRj 2180A in the pot experiment
con®rm the above statement, and indicate that this cul-
tivar can be selective in its bradyrhizobial requirement.
For such cultivars, the approach adopted in the USA,
namely breeding for highly-speci®c nodulation (Zdor
and Pueppke, 1988), should be used to enable estab-
lishment of more e�ective symbiosis and therefore
good yield. Thus, the need for inoculation will be

determined by the degree of promiscuity of cultivars
and the community of indigenous bradyrhizobia as
shown by (Sanginga et al. 1996).
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