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Genetic structure in field populations of Bradyrhizobium japonicum isolated in Poland was determined by
using several complementary techniques. Of the 10 field sites examined, only 4 contained populations of
indigenous B. japonicum strains. The Polish bradyrhizobia were divided into at least two major groups on the
basis of protein profiles on polyacrylamide gels, serological reaction with polyclonal antisera, repetitive
extragenic palindromic PCR fingerprints of genomic DNA, and Southern hybridization analyses with nif and
nod gene probes. Serological analyses indicated that 87.5% of the Polish B. japonicum isolates tested were in
serogroups 123 and 129, while seven (12.5%) of the isolates tested belonged to their own unique serogroup.
These seven strains also could be grouped together on the basis of repetitive extragenic palindromic PCR
fingerprints, protein profiles, and Southern hybridization analyses. Cluster analyses indicated that the seven
serologically undefined isolates were genetically dissimilar from the majority of the Polish B. japonicum strains.
Moreover, immuno-cross-adsorption studies indicated that although the Polish B. japonicum strains reacted
with polyclonal antisera prepared against strain USDA123, the majority failed to react with serogroup 123- and
129-specific antisera, suggesting that Polish bradyrhizobia comprise a unique group of root nodule bacteria
which have only a few antigens in common with strains USDA123 and USDA129. Nodulation studies indicated
that members of the serologically distinct group were very competitive for nodulation of Glycine max cv.
Nawiko. None of the Polish serogroup 123 or 129 isolates were restricted for nodulation by USDA123- and
USDA129-restricting soybean plant introduction genotypes. Taken together, our results indicate that while
genetically diverse B. japonicum strains were isolated from some Polish soils, the majority of field sites
contained no soybean-nodulating bacteria. In addition, despite the lack of long-term soybean production in
Poland, field populations of unique B. japonicum strains are present in some Polish soils and these strains are
very competitive for nodulation of currently used Polish soybean varieties.

Bradyrhizobium japonicum strains form nitrogen-fixing root
nodule symbioses with soybean (Glycine max (L.) Merr.)
plants. Results from several studies in the United States and
abroad have indicated that there is considerable physiological
(15, 21, 23, 24), symbiotic (19), serological (5, 7, 27, 32, 40), and
genetic (10, 14, 19, 34, 37) diversity among strains and sero-
groups of B. japonicum. Soybean nodulation in production
fields often occurs by competitive, yet ineffective bradyrhizo-
bia. It has been recognized that one of the major problems in
the application of N2 fixation technology is the establishment
of introduced Bradyrhizobium strains in the nodules of soybean
plants grown in soils which contain indigenous bradyrhizobial
populations (11–13, 38, 41). In the Midwestern United States,
strains in serocluster 123 are the dominant competitors for
soybean nodulation (3, 22, 29, 32). Immunoadsorption studies
(5, 9, 32) have shown that serocluster 123 consists of at least
three distinct serogroups, 123, 127, and 129, and strains within
the serocluster differ in competitiveness (4). It has been esti-
mated that even 10 competitive bradyrhizobia per g of soil can
act as an effective barrier for the introduction of new B. ja-
ponicum strains (36).
Most studies done to examine the diversity and population

structure of B. japonicum have used isolates obtained from
production fields having relatively large and established pop-

ulations of indigenous soybean-nodulating bacteria. Little in-
formation, however, is available concerning the persistence
and population dynamics of bradyrhizobia recently added to
fields having no or very low numbers of indigenous B. japoni-
cum. Moreover, in studies in which soybean inoculants were
added to soils having low numbers of indigenous B. japonicum
strains, the investigators were concerned mainly with assessing
soybean yield response and the competitiveness of the intro-
duced strains (2, 8, 13, 33, 36, 41).
Soybeans are becoming an important newly emergent crop

in Poland and will be used for human consumption (as an oil
crop which replaces or augments rapeseed oil) and for feeding
livestock. There are four fully registered domestic soybean
cultivars for use in Poland: Aldana, Progres, Polan, and
Nawiko. Estimates obtained from soybean breeders indicate
that 3,000 to 5,000 hectares of soybean plants will be planted in
the not-too-distant future. Despite the use of soybeans in Po-
land, there is, however, no information available concerning B.
japonicum in Polish soils.
In this study, we investigated diversity among field popula-

tions of B. japonicum isolated in Poland. Our studies were
done to assess the genetic, physiological, serological, and sym-
biotic diversity of nodulating strains and to obtain phenotypic
characteristics that can be used for strain identification and
recovery. In addition, since soybeans have been introduced
into Poland within only the last 10 to 15 years, our studies were
also done to obtain information concerning the spread and
persistence of newly introduced B. japonicum in Polish soy-
bean production fields. Our results indicated that while genet-
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ically diverse B. japonicum could be isolated from some Polish
soils, most of the field sites studied contained no soybean-
nodulating bacteria. In addition, we show that despite the lack
of long-term soybean production in Poland, field populations
of unique B. japonicum strains are present in some Polish soils
and that these strains are very competitive for nodulation of
the currently used soybean varieties.

MATERIALS AND METHODS

Isolation of B. japonicum strains from field-grown soybeans in Poland. Isolates
of B. japonicum were obtained from nodules of field-grown plants collected in
two locations in Poland, Dłoń and Skomlin, or from greenhouse plants grown in
soils from the Złotniki and Brody field sites. Soils from the Złotniki, Brody, Dłoń,
and Skomlin field sites were previously cultivated for soybean production. The
Brody, Złotniki, and Dłoń soils are characterized as coarse, loamy, typic Haplu-
dalfs. No information is available about the classification of soil from the Skomlin
field site. Nodules were obtained from three soybean cultivars, Proges, Polan,
and Nawiko. The locations of the field sites used in this study are shown in Fig.
1.
B. japonicum strains from Poland were isolated from surface-sterilized nodules

(39) on AG medium (29) containing cycloheximide at 50 mg/ml. Isolates were
streak purified twice on the same medium and maintained as frozen glycerol
stocks at 2708C. Over 80 isolates were collected, of which 70 were used for
further characterization. Twenty-one, 19, 18, and 12 isolates were obtained from
the Złotniki, Brody, Dłoń, and Skomlin soils, respectively (Table 1). Reference
B. japonicum strains with USDA designations were obtained from the culture
collection of the U.S. Department of Agriculture, Beltsville, Md.
Analysis of antibiotic resistance. All isolates were tested for intrinsic resis-

tance to antibiotics essentially as described by Josey et al. (16). The following
antibiotics were tested (at the concentrations in parentheses): streptomycin (20
mg/ml), spectinomycin (10 mg/ml), kanamycin (20 mg/ml), tetracycline (30 mg/
ml), nalidixic acid (30 mg/ml), erythromycin (30 mg/ml), and rifampin (1 mg/ml).
SDS-PAGE protein profiles. Total cytoplasmic proteins were extracted from

bacterial cells and analyzed by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) on 15% polyacrylamide gels containing 0.1% SDS as
previously described (29). Protein profiles were converted to a two-dimensional
binary matrix and analyzed as described by Judd et al. (17).
Immunologic analyses. Antibodies were prepared against surface somatic an-

tigens of B. japonicum strains as described by Schmidt et al. (31) and stored at
2208C until used. The serum immunoglobulin G fraction was isolated as previ-
ously described (35). Fluorescent antibodies (FA) for detection of B. japonicum
USDA4, USDA38, USDA110, USDA122, USDA123, USDA127, USDA129,
USDA135, USDA138, and Webster 48; B. elkaniiUSDA31, USDA46, USDA76,
USDA94, and USDA130; and Polish isolates 501 and 631 were prepared as
previously described (31). Immunofluorescence analyses were done as previously
described (27, 31), and the FA were made strain specific by immuno-cross-
adsorption as described by Robert and Schmidt (25).
REP-PCR analysis of Polish B. japonicum strains. Genomic DNAs from Pol-

ish strains were isolated as previously described (29). The PCR was performed
with repetitive extragenic palindromic (REP) primers (6, 17), and the REP-PCR
fingerprints were converted into a two-dimensional binary matrix and analyzed as
described by Judd et al. (17).
Southern hybridization analysis of Polish B. japonicum strains with nod and

nif gene probes. Genomic DNAs from selected B. japonicum isolates were di-
gested with EcoRI, and the resulting fragments were separated on 0.8% agarose
gels by using Tris-EDTA-borate buffer (30). The DNA was blotted onto Nytran
membranes (Schleicher & Schuell, Inc., Keene, N.H.) and hybridized to the nif
or nod gene probe as previously described (28, 29). The nod gene probe used was
pRjUT10 (26), and the nif probe was pCHK12 (29). The probes were labeled
with [32P]dCTP by using the Multiprime DNA Labeling System (Amersham) in
accordance with the manufacturer’s protocol. The autoradiograms were analyzed
after conversion of the hybridization patterns into a two-dimensional binary
matrix (17).
Nodulation performance of Polish B. japonicum strains on soybean cv. Kasota

and plant introduction (PI) genotypes. Soybean [Glycine max cv. Kasota, PI
377578, and PI 417566 (3, 4, 18)] seeds were surface sterilized (39) and planted
in modified Leonard jars containing a 3:1 mixture of vermiculite and perlite as
previously described (28, 39). Seeds were individually inoculated with 1 ml
(about 108 cells) of late-log-phase, AG-grown cultures of 32 Polish B. japonicum
isolates and with strains USDA122, USDA123, USDA129, and USDA110. Three
Leonard jars, each containing three plants, were inoculated with each strain.
Uninoculated plants served as controls. Plants were grown in a plant growth
chamber at 208C with an 18-h photoperiod and watered with N-free Keyser’s
plant nutrient solution (18) as needed. Plants were harvested after 5 weeks, and
root nodules were counted. Statistical significance was determined by using the
analysis of variance and Duncan’s new multiple-range procedures of SAS.
Competition-for-nodulation studies. On the basis of REP-PCR profiles and

serological characteristics, five Polish B. japonicum isolates were selected for
competition studies. Polish soybean cv. Nawiko was used as the host plant.
Surface-sterilized soybean seeds were planted in modified Leonard jars as de-
scribed above. Seeds were inoculated with equal numbers (about 108 cells of each
strain per ml) of AG-grown cultures of two Polish B. japonicum strains. Four
combinations of Polish strains were inoculated in triplicate. B. japonicum
USDA110, USDA123, and USDA129 were used as controls. Plants were grown
in a growth chamber as described above. After 5 weeks of growth, plants were
harvested and 36 randomly selected nodules were collected from each replicate.
Twelve nodules per replicate were collected from the control plants. Nodules
were placed in a microtiter plate and crushed in 100 ml of distilled water. Nodule
occupants were determined by immuno-spot blot analysis as previously described
(1, 4).

RESULTS

Isolation of Polish B. japonicum strains. We examined 10
field sites in Poland with the goal of isolating and characteriz-

FIG. 1. Locations of field sites in Poland. The inset shows the relationship of
field sites near Poznań to the rest of the country. Symbols: ç, locations where B.
japonicum isolates were obtained; F, locations having soils free of B. japonicum
strains.

TABLE 1. Origins of B. japonicum isolates obtained from soybean
production fields in Poland

Location Soybean cultivar Isolate designations

Złotniki Progres 1, 6, 16, 26, 31, 151, 161, 176, 181, 191
Polan 206, 207, 221, 226, 236, 246, 351, 356,

366, 386, 396

Brody Nawiko 426, 431, 436
Progres 456, 466, 501, 506, 516, 531, 536, 541,

601, 606, 611, 631, 636, 641, 701,
716

Dłoń Nawiko 608, 610, 612, 613, 614, 615, 616, 617,
618, 619, 620, 621, 622, 623, 624,
625, 626, 627

Skomlin Nawiko 717, 718, 719, 720, 721, 722, 723, 724,
725, 726, 727, 728
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ing indigenous B. japonicum strains. Seventy B. japonicum
strains were isolated from four locations (Brody, Złotniki,
Dłoń, and Skomlin) (Table 1 and Fig. 1). The strains were
isolated from three soybean varieties which are registered for
use in Poland: Polan, Nawiko, and Progres. All four locations
had been used to grow soybeans, and information obtained
from farmers indicated that these fields had previously re-
ceived soybean inoculants. However, the origin of strains used
to prepare commercial inocula in Poland is unknown. Green-
house plants grown in soils from field sites where soybeans
have never been grown (Gulcz, Zieleniec, Szczepankowo, Li-
sówki, Konarzewo, and Pątnów) showed no nodulation. Based
on this limited study in a small portion of Poland, our results
suggest that Polish soils are most likely free of indigenous B.
japonicum strains.
Intrinsic antibiotic resistance. To initially characterize Pol-

ish B. japonicum, the 50 randomly selected isolates were ana-
lyzed for intrinsic resistance to seven different antibiotics. Five
concentrations of each antibiotic were tested, and the most
discriminatory concentration was chosen for use in analyses.
Results in Fig. 2 show that the 50 strains could be divided into
three main antibiotic resistance groups (at a relative similarity
level of greater than 0.5). Within groups I and II (which con-
tained the same number of isolates), several strains were iden-
tical or nearly identical to each other in overall resistance to
the antibiotics tested. Group III, on the other hand, contained
four different strains that were related at a similarity level of
0.80. Despite these groupings, the Polish B. japonicum isolates
were relatively heterogeneous with respect to resistance to
specific antibiotics. For example, of the 50 strains analyzed,
only four isolates (8%) were resistant to kanamycin and five
(10%) showed resistance to streptomycin. On the other hand,
40 isolates (80%) were resistant to erythromycin, 31 (62%)
were resistant to rifampin, 29 (58%) were resistant to specti-
nomycin, and 29 (58%) were resistant to nalidixic acid. Fewer
isolates, 22 (44%), were resistant to tetracycline.
SDS-PAGE protein profiles. Total cellular proteins were

extracted from 50 Polish B. japonicum isolates, and solubilized
proteins were analyzed by SDS-PAGE. The protein profiles of

the 50 strains were analyzed as a two-dimensional binary ma-
trix (as described above), and the resulting dendrogram of
similarity coefficients is shown in Fig. 3. These results show that
the isolates clustered within two major groups on the basis of
their protein profiles. Group I, in turn, could be divided into
two subgroups, a and b, at a similarity level of 0.78. Most
isolates were clustered within protein group I, subgroup b,
which represented 76% of the strains.
Serological characterization of Polish B. japonicum isolates.

To determine the serological relatedness of Polish B. japoni-
cum isolates, we examined 55 isolates for serological cross-
reactivity with FA prepared against 10 USDA B. japonicum
strains and five B. elkanii strains. Results of this study indicated
that 47 of 54 isolates (87%) showed immunoreaction with FA
prepared against strain USDA123 and 28 isolates (51.8%)
reacted with FA prepared against strain USDA129 (Table 2).
Among these cross-reactive strains, 28 reacted with FA pre-
pared against both strains USDA129 and USDA123. The Pol-
ish B. japonicum isolates did not react with any of the other
antisera that we examined, suggesting that strains representing
only a limited number of serogroups were present in Polish
soils.
To determine whether the serologically reactive Polish B.

japonicum strains showed serological identity to strains
USDA123 and USDA129 (which define serogroups 123 and
129, respectively), we used cross-adsorbed FA that were spe-
cific for strains USDA123 and USDA129. While four isolates
(191, 396, 531, and 536) reacted with strain USDA123-specific
antibodies, none of the Polish bradyrhizobia had a serological
reaction with strain 129-specific antibodies. These results indi-
cate that while a majority of the Polish bradyrhizobia have
some antigens in common with strains in serogroups 123 and
129, they are serologically distinct from the typical U.S. strains
which constitute serocluster 123.
Seven of the Polish isolates (501, 506, 541, 631, 636, 641, and

701) failed to react with any of the antisera tested. These
strains were isolated on soybean cv. Progres at the Brody field
site. Polyclonal antibodies raised against two of these strains,
501 and 631, cross-reacted with all seven isolates (Table 2) but
failed to react with any of the other Polish bradyrhizobia (or
USDA type strains). Since these seven strains had nearly iden-
tical protein profiles and were all members of Protein profile
group Ib, our results indicate that these strains represent a
distinct group of bradyrhizobia.
REP-PCR analysis of bacterial genomes. Total genomic

FIG. 2. Dendrogram of intrinsic resistance to antibiotics among Polish B.
japonicum isolates.

FIG. 3. Dendrogram of Polish B. japonicum strains determined from protein
profile data. Strains having identical profiles are grouped together.
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DNAs from 35 isolates of Polish B. japonicum were used as
templates for PCR with REP primers. To maximize genetic
diversity, the strains were selected on the basis of the hetero-
geneity of their antibiotic resistance profiles. The PCR prod-
ucts from a representative group of strains were separated on
1.5% agarose gels and stained with ethidium bromide. All
strains were run on one agarose gel to make comparisons
between adjacent lanes consistent. The primers yielded multi-
ple DNA products ranging in size from 0.14 to 2.3 kb. To
classify the strains by using this technique, we converted the
results from the stained agarose gels into a two-dimensional
binary matrix, analyzed the results with a commercially avail-
able biostatistics program, and generated a dendrogram based
on pairwise comparisons of PCR products. The dendrogram in
Fig. 4 shows that the Polish B. japonicum isolates studied could
be divided into two major groups based on their REP-PCR
profiles. Group I strains, which represent 80% of the isolates
were, in turn, divided into two major subgroups, A and B, at a
similarity level of 0.8. There were, however, a few group I
strains which had relatively unique REP-PCR profiles and
consisted of single isolates which diverged at a similarity level
of 0.68. Since the group II strains (which represented 20% of
the isolates tested) diverged from the group I strains at a
similarity level of 0.4, our results indicate that these two major
groups of Polish isolates differ significantly in genomic organi-

zation. Results in Figure 4, however, indicate that the group II
strains were nearly identical to each other and only diverged at
a similarity level of about 0.95. These group II strains (501,
506, 541, 631, 636, 641, and 701) are the same ones which
reacted with antisera prepared against strains 501 and 631
(Table 2) and had identical protein profiles (Fig. 3). Taken
together, these results further strengthen our contention that
the seven strains represent a unique group of Polish bradyrhi-
zobia.
Southern hybridization analyses using symbiotically rele-

vant gene probes. To further examine the genomic organiza-
tion of the Polish bradyrhizobia, we hybridized nod and nif
gene probes to EcoRI-digested genomic DNAs from 34 se-
lected isolates. To maximize the regions of the genome exam-
ined, Southern hybridizations were separately done with cos-
mid clone pRjUT10, which detects B. japonicum nodulation
genes nodD1, nodD2, nodY, nodA, nodB, nodC, nodSUIJ,
nolMNO, nodZ, and nolA and nitrogen fixation genes fixR,
nifA, and fixA, and plasmid pCHK12, which detects nifH and
nifD hybridizing sequences. After autoradiography, the result-
ing hybridizing fragments from each autoradiogram were com-
bined into a single two-dimensional binary matrix and analyzed
with NTSYS. The dendrogram generated by using pairwise
comparisons of hybridizing bands is shown in Fig. 5. Our re-
sults show that the Polish B. japonicum isolates were divided
into two major groups based on their nif plus nod gene hybrid-
ization profiles. Group I strains accounted for 79.4% of the
isolates. These 27 isolates were further subdivided into two
subgroups, a and b, which diverge from each other at a simi-
larity value of 0.78. The hybridization group I isolates were the
same as those revealed by serological and REP-PCR analyses.
Results of hybridization analyses shown in Fig. 5 also indicate
that the group II isolates (accounting for 20.6% of the strains),
which diverge from the group I strains at a similarity value of
0.5, represent a unique group of bradyrhizobia. These seven
group II isolates (501, 506, 541, 631, 636, 641, and 701) are the
same ones which failed to react with any of the antisera tested
(Table 2) and had identical protein and REP-PCR profiles
(Fig. 3 and 4). As was revealed by using the other methods of
analysis, the hybridization group II strains were relatively sim-
ilar to one another and formed a close group which clustered
at a similarity value of 0.93.
Nodulation performance of Polish B. japonicum isolates.We

have previously reported that soybean genotypes PI 377578
and PI 417566 restrict nodulation by most serocluster 123
strains (3, 4, 18, 29). To determine if the Polish isolates, which
reacted with antisera prepared against USDA123 and
USDA129, were similarly restricted for nodulation by the PI
genotypes, we inoculated G. max cv. Kasota, PI 417566, and PI
377578 with cultures of 50 Polish B. japonicum strains. Results

FIG. 4. Dendrogram of Polish B. japonicum strains derived from REP-PCR
fingerprints generated by using REP primers.

TABLE 2. Serological reactions of selected B. japonicum isolates from Poland

Serological
group FA specificity Isolates reacting with FAa

1 USDA123, USDA129b 1, 6, 16, 26, 31, 151, 156, 176, 181, 191, 206, 236, 246, 396, 431, 436, 466, 516, 531, 601, 611, 612, 614,
616, 620, 623, 624, 625

2 USDA123c 221, 226, 351, 356, 366, 386, 426, 456, 536, 606, 612, 617, 618, 619, 621, 622, 626, 627, 716
3 123d 191, 396, 531, 536
4 501 or 631e 501, 506, 541, 631, 636, 641, 701

a Reactions were scored on a scale of 0 to 4; only those greater than 2 are reported.
b Strains reacting with polyclonal antisera prepared against B. japonicum USDA123 and USDA129.
c Strains reacting only with antiserum prepared against B. japonicum USDA123.
d Strains reacting with cross-adsorbed polyclonal antiserum specific for B. japonicum strains in serogroup 123.
e Strains reacting only with antiserum prepared against Polish B. japonicum 501 or 631.
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of these studies indicated that none of the soybean genotypes
restricted nodulation by the Polish B. japonicum strains (data
not shown). Moreover, the four strains which had previously
been shown to be members of serogroup 123 (191, 396, 531,
and 536) were not restricted for nodulation by PI 377578. The
Polish isolates produced mean nodule numbers of 9.5 to 24.5,
6.0 to 42.0, and 11.0 to 32.5 on soybean genotypes Kasota, PI
377578, and PI 417566, respectively. Consequently, the nodu-
lation data indicate that despite having serological relatedness
with strains in serogroups 123 and 129, the Polish B. japonicum
strains do not share symbiotic properties with a majority of the
previously characterized strains in serocluster 123.
Competition for nodulation between selected Polish B. ja-

ponicum isolates. To determine if the serologically and genet-
ically distinct Polish B. japonicum strains from the Brody field
site were competitive for soybean nodulation, we performed
paired, equal-concentration competition assays on cv. Nawiko
with one of the seven strains, 541, and four randomly selected
serogroup 123 strains isolated from other field sites in Poland.
Results of these studies are shown in Table 3. In all cases,
isolate 541 out competed the challenge strains for nodulation
of soybean cv. Nawiko. Strain 541 singly occupied 50 to 76% of
the soybean nodules, whereas the challenge strains singly oc-
cupied 0 to 29% of the nodules. Nodules doubly occupied by
both strains ranged from 15 to 38%. Strain 541 was the most

competitive against strain 620, and this combination of strains
produced the least doubly infected nodules. Results in Table 3
indicate that the Polish B. japonicum strains differ in compet-
itive ability and that a serologically distinctive strain, 541, has
the ability to compete successfully against some serocluster 123
strains for nodulation of soybean cv. Nawiko.

DISCUSSION

In this study, we investigated the diversity of B. japonicum
strains in Polish soils. Since soybean is a relatively new crop in
Poland, the distribution of B. japonicum in Polish soils may
provide us with interesting information concerning the survival
and symbiotic performance of bacteria introduced into areas
previously free of indigenous populations of soybean bacteria.
Results of our greenhouse studies indicated that soybean

plants did not nodulate when grown in soils collected from
several field sites (Lisówki, Konarzewo, Pątnów, Szcze-
pankowo, Zieleniec, and Gulcz) where there was no previous
cultivation of this crop. Consequently, our isolation-nodulation
studies indicated that most of the Polish soils which we exam-
ined contained no strains capable of nodulating G. max. The
lack of indigenous B. japonicum strains has been confirmed by
results from several cultivation and breeding studies which
indicate that soybean plants in several soils throughout Poland
fail to form nodules (24a). Our results also indicate, however,
that B. japonicum strains survive and persist once they are
introduced into Polish soils. Efficient nodulation was observed
when surface-sterilized soybean seeds were sown in soils from
sites (Brody, Złotniki, Dłoń, and Skomlin) which had previ-
ously been inoculated and cultivated for soybean production.
While we have been unable to determine the exact origin of

strains used by inoculum producers in Poland, our results sug-
gest that at least some of the B. japonicum strains maintained
in the collection at the Institute of Cultivation, Fertilization
and Soil Science in Puławy, Poland, were obtained from North
America. In fact, one of the most frequently used Polish soy-
bean inoculum strains, designated 94P (Institute of Cultiva-
tion, Fertilization and Soil Science collection number), was
imported over 30 years ago from The University of Wisconsin-
Madison (35a). Moreover, greater than 87% of the B. japoni-
cum isolates obtained from the Brody, Złotniki, Dłoń, and
Skomlin sites were in B. japonicum serocluster 123, which
contains the dominant indigenous competitors for soybean
nodulation in midwestern U.S. soils.
While the range of soybean genotypes cultivated in Poland is

rather limited and despite the limited occurrence of B. japoni-
cum in Polish field soils, we nevertheless observed significant
diversity among the Polish bradyrhizobia which we isolated.
Our analysis of the degree of relative similarity between these
isolates, irrespective of almost every method used for this pur-
pose, indicated that the isolates could be divided into two
major groups with relative similarity values of about 0.4 to 0.9.
On the basis of genetic criteria obtained by using REP-PCR
and DNA hybridization probes, however, the group I isolates,
which represented over 87% of the strains examined, formed a
fairly tight cluster, with the majority of strains being greater
than 75% similar. Without exception, the group I isolates con-
sisted of strains belonging to B. japonicum serocluster 123. This
result suggests that the strains have a common ancestor, per-
haps originally from the United States.
The other major group of strains (group II) consisted of

seven closely related, but not identical, B. japonicum isolates
(501, 506, 541, 631, 636, 641, and 701) which differed signifi-
cantly from most of the other strains examined. These seven
isolates did not react with any of the 15 FA tested (Table 2),

FIG. 5. Dendrogram of Polish B. japonicum strains derived from combined
nif and nod gene hybridization profiles.

TABLE 3. Nodulation competitiveness of Polish B. japonicum
strains against Polish B. japonicum 541 on G. max cv. Nawiko

Competitor
strain

No. of
nodules
analyzed

% of nodules occupied by:

Competitor
strain

Strain
541 Botha

6 44 0 66 34
396 107 29 50 21
619 104 9 53 38
620 107 9 76 15

a Occupation of nodules by both inoculant strains was determined by using
strain-specific antisera.
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were obtained from the Brody field site (but were not the only
type of B. japonicum found there), had closely related REP-
PCR fingerprints (Fig. 4), and had very similar nif and nod
hybridization profiles (Fig. 5). Although these seven strains
were not genetically identical, as shown by using several char-
acterization techniques, they were very closely related and had
similarity values of greater than 0.9. Moreover, all seven strains
reacted with the same two antisera, indicating that they were
also very similar at the serological level.
Since the seven group II isolates occupied about 50% of the

nodules on cv. Progres plants at the Brody field site, we inves-
tigated their nodulation competitiveness relative to that of
other (group I) Polish B. japonicum strains. To do this, we did
equal-concentration, paired competition assays on soybean cv.
Nawiko between group I isolates 6, 396, 619, and 620 and one
typical group II isolate, 541. Results of these studies (Table 3)
indicated that the group II strain (541) was relatively compet-
itive for nodulation of cv. Nawiko and singly occupied 50 to
76% of the nodules. While we are aware that only limited
conclusions can be drawn from analyses done with such a small
number of strains, our results do suggest that it is likely that the
‘‘indigenous’’ seven strains are well adapted and competitive
for soybean nodulation. Moreover, the high degree of genetic
similarity suggests that all of the strains are very closely related
and may, in fact, be derived from a common ancestral inocu-
lant strain.
The Polish B. japonicum strains tested were also unique with

respect to the ability to nodulate two soybean plant introduc-
tion genotypes. Results of previous studies (3, 4, 29) indicated
that soybean genotypes PI 377578 and PI 417566 have the
ability to restrict nodulation by serogroup 123-127 and 129
strains, respectively. Results of the current study indicated that
none of the Polish B. japonicum strains, a large number of
which are members of serogroup 123, were restricted for nod-
ulation by the PI genotypes. Consequently, the relationship
between serological classification and nodulation restriction
may be more complicated than originally assumed. It should be
noted, however, that the Polish B. japonicum strains are not
serologically identical but only antigenically related to North
American serocluster 123 isolates, as judged by the lack of
reaction with some serogroup-specific antisera. This may be
related to their ability to form symbioses with the nodulation-
restricting soybean PI genotypes. Given enough time and dis-
tance, however, it is not unexpected that the Polish B. japoni-
cum isolates, which act as clonal populations (20), have
genetically diverged from an original ancestor introduced in a
soybean inoculant.
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