
Abstract Soybean was introduced in Paraguay in the
1920s and commercial crops have been grown since the
1970s. Root nodulation occurs at the majority of the pro-
ducing sites, although inoculation has been practiced in
only 15–20% of the cropping areas. The diversity and
symbiotic effectiveness of soybean rhizobia was studied
using 78 isolates obtained from root nodules of field-
grown plants at 16 sites located in the two main produc-
ing states. The rhizobial isolates were characterized in
relation to several parameters in vitro (colony morpholo-
gy, tolerance to high temperature and salinity, intrinsic
resistance to antibiotics, synthesis of indole acetic acid,
profiles of proteins and lipopolysaccharides) and in vivo
(nodulation, plant growth and total N accumulated in
shoots). Fifty-eight isolates had slow growth rates and
alkaline reaction in medium containing mannitol as the
carbon source, whereas 20 had fast growth rates and an
acid reaction. Most isolates did not tolerate acidity
(pH 4.5) or high temperature (40°C). Very few isolates
shared similar protein and lipopolysaccharide profiles;
therefore a high level of diversity was detected, with
most of the isolates representing unique strains. Some of
the isolates with an outstanding symbiotic performance
were identified, and will now be tested under field con-
ditions in a search for efficient and competitive strains
for use in commercial inoculants in Paraguay.
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Introduction

The economy of Paraguay is based predominantly on
cattle and agriculture. Soybean [Glycine max L. (Mer-
rill)] production is in excess of 3 million tonnes year–1,
with a mean yield of 2,500 kg ha–1 (CAPECO 1999); it
is one of Paraguay’s chief exports.

Soybean was introduced into Paraguay in the 1920s,
with seeds from the United States, Argentina and Japan,
but commercial expansion did not occur until the 1970s,
resulting from increased international demand (Alvarez
1989). Also in the 1970s, importation of Brazilian culti-
vars adapted to the tropics began, which continues today
(Oliveri et al. 1981). In Brazil, with the expansion of
commercial production in the 1960s, inoculants contain-
ing rhizobia were imported mainly from the United
States, but soon a programme of selection of strains
adapted to local conditions was initiated. In Brazil, bio-
logical N2 fixation fulfills most of the plant’s need for N
(Vargas and Hungria 1997). In contrast, Paraguay has had
no program of strain selection, and inoculation is prac-
ticed with just 15–20% of the soybean crop. Furthermore,
little is known of the history of inoculation and the local-
ly produced and foreign inoculants that have been used
for the past two decades are of dubious quality, since
there is no quality-control program. However, nodulation
occurs in the absence of inoculation in the majority of the
areas of the States of Alto Paraná and Itapúa, responsible
for 80% of the national production, although the symbiot-
ic effectiveness varies from site to site (Figueredo 1998).

In the tropics, responses to inoculation of soybean are
variable and depend especially on soil fertility, tempera-
ture and moisture content (Hungria and Vargas 2000).
Inconsistent responses to inoculant application are fre-
quently attributed to the rhizobial strains previously ap-
plied and naturalized, to the enrichment of indigenous
populations due to prior cropping of legumes, or to a
combination of both factors (e.g. Herridge et al. 1987;
Sadowsky and Graham 1998). Therefore, it is important
to characterize the indigenous population, to understand
responses, or lack of them, to inoculation.
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There have been few studies on N2 fixation in Para-
guay and almost nothing is known about the symbiosis
with the soybean crop. Therefore in this study, the diver-
sity of rhizobial isolates from soybean root nodules, col-
lected under field conditions in the two main producing
States of Paraguay, Alto Paraná and Itapúa, was as-
sessed. Morphological and physiological properties of
the isolates and protein and lipopolysaccharide profiles
were determined, as well as their symbiotic effective-
ness. Outstanding strains were selected for possible fu-
ture use in commercial inoculants in Paraguay.

Materials and methods

Reference strains

Bradyrhizobium strains used for comparisons were: SEMIA 566
[same serogroup as SEMIA 5079 (= CPAC 15)] and SEMIA 5080
(= CPAC 7), classified as B. japonicum and SEMIA 587 and SE-
MIA 5019, classified as B. elkanii (Chueire et al. 2000), all of
which are or were used in commercial inoculants in the South Re-
gion of Brazil, close to Paraguay. Strains USDA 205 (from
USDA, Beltsville, Md.) and CCBAU114 (from Beijing University
of Agriculture, Beijing, People’s Republic of China) are represen-
tative of Sinorhizobium fredii, and USDA 110 and USDA 123 are
B. japonicum strains, also from Beltsville, which were used in in-
oculants in Argentina.

Isolation of rhizobial strains from nodules of field-grown
soybean in Paraguay

Isolates were obtained from nodules collected in situ of commer-
cial cultivars of soybean in the States of Alto Paraná and Itapúa
(Table 1). For each location, 20% of the nodules collected were
randomly chosen for the isolation of the strains, in total 29 isolates
from the State of Alto Paraná and 49 from the State of Itapúa.
There is no information on whether the sites had been previously
inoculated. The rhizobia were isolated from surface-sterilized nod-
ules by streaking on yeast-extract mannitol-agar medium (YMA,

Vincent 1970) containing cycloheximide (50 µg ml–1). After puri-
fication by repeatedly streaking the bacteria in YMA medium, iso-
lates were grown in YM broth (YMB) and glycerol was added
(1:1, v:v); stocks were maintained at –80°C, and working cultures
were maintained on slants of YMA at 4°C. Rhizobia were cultured
routinely at 28°C in YMB on a rotary shaker operating at 65 cy-
cles per minute.

Colony morphology

Colony morphology was evaluated after Vincent (1970), with bac-
teria grown on YMA with 0.005% Congo red at 28°C and evaluat-
ed after 3, 5 and 7 days of growth, on triplicate plates. Bacteria
were also evaluated on YMA with 0.0025% bromothymol blue,
after 7 days of growth, for the acid (yellow) or alkaline (blue) re-
action (Vincent 1970).

Tolerance of acidity, alkalinity, salinity and high temperature

Bacteria (108 cells ml–1) grown in YMB were used as initial inoc-
ula. Tolerance of acidity and alkalinity was evaluated with the
transfer of aliquots (100 µl) of each initial inoculum to tubes con-
taining 5 ml YMB with pH previously adjusted to 3.5 or 9.0. The
pH was adjusted by adding sterile solutions of diluted HCl or
NaOH to the autoclaved medium. To examine for high-tempera-
ture tolerance, the bacteria were incubated in YMB at 40 or 45°C.
For salt-tolerance screening, the isolates were added to YMB sup-
plemented with 0.1, 0.3 or 0.5 M NaCl. Controls consisted of bac-
teria grown in YMB, pH 6.8 at 28°C. All assays were performed
in triplicate.

Synthesis of indole acetic acid

The isolates and strains SEMIA 587, SEMIA 5019, SEMIA 5080,
USDA 205 and CCBAU 114 were grown in Tris-YMRT medium
(containing, per liter: mannitol, 10 g; CaCl2.2H2O, 0.15 g;
MgSO4.7H2O, 0.25 g; Tris-HCl, 1.21 g; yeast extract, 0.2 g; cas-
amine acid, 1.0 g; pH adjusted to 6.8), enriched with tryptophan
(0.3 mM of tryptophan sterilized by membrane filtering, 0.22 µm;
Minamisawa and Fukai 1991). Indole acetic acid (IAA) produced
was evaluated by the colorimetric assay, as described before
(Boddey and Hungria 1997).

Table 1 Origin of the isolates obtained from nodules of field-grown soybean in Paraguay

State Location Isolate Soil typea Crop rotationb

Itapúa Bella Vista 11, 27, 29, 30, 31, 37, Oxisol kandiudalfic S/W/M
38, 41, 42, 60, 71, 72, 73, 78

Capitán Meza 7, 28, 40, 61, 74, 75, 76. Ultisol rhodic S/W
Capitán Miranda 64, 65 Oxisol typic S/W
Edelira 5, 55 Ultisol rhodic S/W/M
Encarnación 33, 43, 44, 62 Oxisol typic S/W
General Delgado 8, 9, 45, 46, 47, 48, 63, 66 Ultisol typic S/W/M
Obligado 12, 17, 18 Ultisol rhodic S/W
Pirapó 6, 10, 19, 20, 32, 58, 59 Oxisol kandiudalfic S/W
San Pedro del Paraná 13, 14 Ultisol typic S/W

Alto Paraná Domingo M. Irala 21, 22, 23 Alfisol rhodic S
Hernandarias 25, 35, 36, 67 Oxisol rhodic S/W/M
Juan L. Mayorquín 15, 49 Alfisol rhodic S/SC
Mbaracayú 1, 2, 3, 4 Ultisol rhodic S/W
Santa Rita 53, 54, 56, 57, 70 Alfisol rhodic S/W/M
Santa Rosa 24, 26, 34, 39 Alfisol rhodic S/W
Tavapy 16, 50, 51, 52, 68, 69, 77 Alfisol rhodic S/W

a US Soil Taxonomy System; Oxisol, degraded soil; Ultisol, min-
eral soil with ≤35% saturation of bases; Alfisol, mineral soil with
≥35% saturation of bases

b S soybean, W wheat, M maize, SC sugar cane
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Intrinsic resistance to antibiotics

Isolates were tested for intrinsic resistance to antibiotics using
YMB cultures at 104 cells ml–1 as inocula. Plates containing YMA
medium, with or without antibiotics, were streaked with a loop of
inoculum (approximately 3 µl), and the presence or absence of
colonies was scored at 15 days. Antibiotics were added to the me-
dium after sterilization by membrane filtering (0.22 µm). The fol-
lowing antibiotics were tested (in µg ml–1), as follows. For group
A (alkalizing and slow growers): erythromycin (100, 150, 200,
300, 400 and 500), chloramphenicol and rifampin (250, 350, 500,
600, 700, 800, 900 and 1,000), tetracycline (50, 75, 100, 125, 150,
150, 175 and 200) and nalidixic acid (10, 20, 50, 100, 150, 175
and 200). For group B (acidifying and fast growers): nalidixic ac-
id, erythromycin, and spectinomycin (50 100, 150, 200 and 250),
neomycin and chloramphenicol (10, 25, 50, 75, 90 and 100), rif-
ampin (10, 30, 50, 80 and 100), tetracycline, kanamycin and gen-
tamycin (5, 10, 20, 30 and 40). All assays were performed in trip-
licate. One or two of the most discriminating concentrations of
each antibiotic were selected and the results were transformed into
a binary matrix (1/0), in which the resistance to an antibiotic was
considered as "1” and the sensitivity as "0”. The clustering analy-
sis was performed using the NTSYS-PC program (version 1.8, Ex-
eter Software, New York) with the algorithm of UPGMA (un-
weighted pair-group method, with arithmetic mean; Sneath and
Sokal 1973) and the Jaccard (J) coefficient.

Protein and lipopolysaccharide (LPS) profiles

Protein profiles were determined as described before (Ferreira et
al. 2000) and LPS profiles as described by Hungria et al. (2001).

Symbiotic performance

Each isolate was grown in YMB, for 7 days, and adjusted to a con-
centration of 109 cells ml–1. Soybean seeds of cultivar BR-16 (gene-
alogy, D69-B10-M58 × Davis) were surface sterilized and planted
in sterilized modified Leonard jars (Vincent 1970) containing a mix-
ture of sand and vermiculite (2:1, v:v). Four seeds were planted per
jar, individually treated with 1 ml inoculum, and thinned to two per
jar 5 days after emergence (DAE). Plants were grown under green-
house conditions, received N-free nutrient solution (Andrade and
Hamakawa 1994) and were harvested 45 DAE, evaluating nodula-
tion, plant dry weight and total N content, as described before 
(Santos et al. 1999). The experiment was performed in a completely
randomized design, with three replicates. Univariate statistical anal-
ysis (one-way classification analysis of variance) was performed 
after Scott and Knott (1974) and, for the multivariate analysis, the
principal components analysis (PCA) was used (Morrison 1990).

Results

Isolates obtained from nodules of field-grown soybeans

Seventy-eight isolates were obtained from nodules of
field-grown plants collected at 16 sites: 49 from the It-
apúa State and 29 from Alto Paraná (Table 1). Fifty-eight
isolates (1–58), characterized by alkaline reaction on
YMA containing bromothymol blue (group A), showed
slow growth (colonies visible only after 5 days; except
for isolate 58, which had an intermediate rate of growth);
they were present in 15 of the 16 locations. The other 20
isolates (59–78) showed an acid reaction in YMA and
were fast growers (visible growth at 3 days), with 75%
isolated from Itapúa and 25% from Alto Paraná (Table 1).

Table 2 Tolerance to salinity, acidity and high temperature and
synthesis of indole acetic acid (IAA) in vitro by 78 isolates from
nodules of field-grown soybean plants in Paraguay

Isolate/strain NaCl (M) pH Temperature IAA
3.5 (40°C) (µM)

0.3 0.5

Slow growers
1 –a – – – 26.19
2 – – w – 15.30
3 + w w w 11.29
4 + w – + 9.18
5 + w – – 12.66
6 + – – + 9.64
7 – – – + 13.24
8 – – – – 74.69
9 – – – – 3.69

10 – – – – 3.69
11 – – – + 47.74
12 – – w w 46.98
13 – – w + 4.93
14 – – – w 130.32
15 – – – + 6.65
16 – – – – 14.20
17 – – w + 7.72
18 + + – – 9.18
19 – – – – 1.02
20 – – – – 22.77
21 – – – + 11.65
22 + w – + 8.22
23 – – – + 11.29
24 – – – – 9.18
25 – – w + 13.99
26 – – – – 30.54
27 – – – – 32.10
28 – – – – 2.39
29 – – – w 11.65
30 – – – – 26.56
31 – – w w 54.47
32 – – w + 8.71
33 w – w – 5.52
34 – – – w 4.32
35 + + + – 11.29
36 – – – – 15.93
37 – – w w 17.99
38 – – w w 7.19
39 – – – – 101.55
40 – – – – 49.95
41 + + + – 10.90
42 + + + – 1.71
43 + + – + 4.93
44 + + – + 1.71
45 + a + – + 4.32
46 + w – w 1.02
47 + + – w 3.05
48 – – – – 14.58
49 w – – – 1.71
50 + + – – 40.00
51 – – – – 47.11
52 – – – + 49.50
53 – – – – 15.51
54 – – w – 16.34
55 – – + – 37.22
56 – – – – 54.17
57 – – – – 15.93
58 – – – – 10.08
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Colony morphology

The isolates varied in morphology, i.e. 13% formed
small colonies (≤0.5 mm), whereas 17% had diameters
≥2.5 mm. Colony size was not necessarily correlated
with growth rate, although fast growers tended to form
smaller colonies. Convex elevation was detected in 55%
of the isolates, 82% were circular with regular borders,
and 55% and 24% produced moderate and much mu-
cous, respectively (data not shown). Some relationship
was observed between morphology and site of isolation;
for example, all isolates from Tavapy and Mbaracayú
produced a moderate amount of mucus, while those of
Santa Rosa, Juan L. Mayorquín, San P. del Paraná, Ob-
ligado, Gral. Delgado and Domingo M. Irala, had low to
moderate mucoidy. Almost all of the isolates from Alto
Paraná State, where there is a predominance of more-
fertile Alfisols (US Soil Taxonomy System), with high
saturation of cations (≥35%), produced less mucus than
those from the State of Itapúa, with degraded Oxisols
poor on nutrients, and Ultisols with low cation satura-
tion (≤35%).

Physiological properties

All isolates grew in YM supplied with 0.1 M NaCl (data
not shown), 22 grew at 0.3 M, and 13 were able to grow in
the medium supplemented with 0.5 M NaCl (Table 2). All
isolates grew in YM at pH values of 6.5 and 9.0 (data not
shown). Although bacteria had been isolated from acid
soils (pH 4.0–6.0), only 8 isolates were able to grow well at
pH 3.5; 15 others and S. fredii CCBAU 114 showed weak
growth at this pH (Table 2). Weak growth of 12 isolates oc-
curred at 40°C, and 19 were able to grow well at this tem-
perature (Table 2), but none of the isolates was able to
grow at 45°C (data not shown). Three isolates, 43, 44 and
45, were able to grow well in medium supplied with 0.5 M
NaCl and at 40°C, but did not tolerate high acidity; three
others (35, 41, 42) tolerated 0.5 M NaCl and pH 3.5, but

Fast growers
59 – – + – 45.80
60 + – w – 17.17
61 – – – – 16.55
62 + – w w 37.85
63 w – – – 8.22
64 + + – w 31.23
65 + – – – 12.66
66 – – – – 32.78
67 – – – + 31.93
68 – – – – 12.96
69 – – – + 54.47
70 – – + + 34.63
71 – – – – 6.10
72 w – w – 48.15
73 – – + – 57.19
74 + + – – 77.65
75 + + – – 35.61
76 + + – – 45.80
77 – – + – 11.65
78 w – – – 13.99

Reference strains
SEMIA 587 – – – – 74.38
SEMIA 5019 – – – – 80.77
SEMIA 5080 – – – – 3.05
USDA 205 – – – – 64.51
CCBAU 114 – – w – 105.25

a – Absence of growth, + growth and w indicates weak growth,
corresponding to 10–20% of the growth of the control treatment

Table 2 continued

Isolate/strain NaCl (M) pH Temperature IAA
3.5 (40°C) (µM)

0.3 0.5

Fig. 1 Dendrogram of intrinsic resistance to 5 antibiotics of 58
isolates that alkalinized the yeast extract-mannitol (YM) medium
(group A). Antibiotics considered for the analysis were (in µg
ml–1): chloramphenicol (500), erythromycin (200 and 400), nali-
dixic acid (100 and 200), rifampin (250 and 500) and tetracycline
(50 and 200). The assays were performed in triplicate
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not high temperature, and one isolate, 70, tolerated acidity
and high temperature, but not salinity (Table 2).

Forty-seven of the isolates, as well as reference strains
SEMIA 566 (data not shown) and SEMIA 5080, synthe-
sized low amounts of IAA (1.00–15.55 µM), 23 produced
medium levels (16.6–50.0 µM) and 8 isolates, as wells as
B. elkanii reference strains SEMIA 587 and SEMIA 5019
and S. fredii USDA 205 and CCBAU 114 produced rela-
tively high concentrations (50–130 µM; Table 2).

Intrinsic resistance to antibiotics

The cluster analysis of the results obtained for the alkali-
nizing group (A), considering one or two of the most dis-
criminating concentrations of each antibiotic, resulted in
three main groups, joined at a 0.2 relative level of simi-
larity (Fig. 1). Group I included 19% of the isolates and
group II, 74%, with several isolates within each group
showing similar levels of resistance; group III had four
isolates showing similar levels of resistance. Group I was
characterized by sensitivity to erythromycin (≥200 µg
ml–1), to rifampin (≥250 µg ml–1, except for isolate 1),
and tolerance of up to 100 µg ml–1 nalidixic acid. Within
this group, isolates 1, 40, 2 and 42 were also sensitive to
500 µg ml–1 chloramphenicol. In group II, most of the
isolates tolerated at least 200 µg ml–1 erythromycin and
500 µg ml–1 chloramphenicol. Groups IIa and IIb were
sensitive to 250 µg ml–1 rifampin, but differed because

IIb tolerated 200 µg ml–1 nalidixic acid. Group IIc includ-
ed isolates with higher tolerance to antibiotics and dif-
fered from IIa and IIb by tolerance to rifampin (at least
500 µg ml–1) and also because several isolates tolerated
up to 200 µg ml–1 tetracycline and nalidix acid. Isolates
belonging to group III were the most sensitive to all anti-
biotics tested, except chloramphenicol. All isolates from
Edelira and Mbaracayú (Ultisol) showed low resistance
to the antibiotics used in this work. In contrast, all iso-
lates from J. L. Mayorquín, D. M. Irala, Santa Rosa, San-
ta Rita (Alfisol), San P. del Paraná (Ultisol), Encarnación
and Bella Vista (Oxisol; Table 1), showed moderate to
high resistance to antibiotics (except for isolate 42).

Figure 2 shows the results obtained with the isolates
with an acid reaction (group B), with 50% fitting within
each group, joined at a relative similarity level of 0.35.
Group I included isolates sensitive to 5 µg ml–1 kanamycin

Fig. 2 Dendrogram of intrinsic resistance to 7 antibiotics of 20
isolates that acidified the YM medium (group B). Antibiotics con-
sidered for the analysis were (in µg ml–1): erythromycin (150 and
250), gentamycin (10 and 30), kanamycin (5 and 40), nalidixic ac-
id (50), rifampin (10 and 50), spectinomycin (100 and 250) and
tetracycline (5 and 40). The assays were performed in triplicate

Fig. 3 Protein profiles of isolates from field-grown soybean in
Paraguay showing alkaline (A) or acid reaction (B) in yeast-ex-
tract mannitol-broth (YMB) medium. In A, strains were grouped
as follows: Ia (6, 7, 8, 9, 12, 16, 18, 19, 35, 40, 41, 42, 50, 51, 54,
55, 57); IIa (11, 13, 14, 25, 26, 28, 29, 30, 31, 32, 34, 36, 37, 38,
39, 48, 49, 52, 53); IIIa (10, 17, 20, 21, 22, 23, 27, 56); IVa (2, 4);
Va (1, 3); VIa (43, 44). In B: Ib (60, 62); IIb (64, 69, 74, 77); IIIb
(65, 78) and IVb (67, 73)



(data not shown). In the group producing an acid reac-
tion, 50% showed unique profiles (59, 61, 63, 66, 68, 70,
71, 72, 75 and 76, data not shown), and the others fit into
4 protein-profile groups (Fig. 3B). Some correlations
were found between site of origin and protein profile for
the alkalinizing bacteria, e.g. the 11 isolates belonging to
protein profile (PP) group IIa came from Itapúa, 6 of
which were from Bella Vista. All isolates from D.M. 
Irala had the same profile, as had the isolates from San P.
del Panará. Finally, isolates 1 and 3 (PP Va), and 2 and 4
(PP IVa) came from Mbaracayú. There was no clear rela-
tionship between site of origin and the protein profile of
the bacteria showing an acid reaction.

A higher level of polymorphism was detected in the
LPS profiles, when compared with the protein profiles.
Thirty isolates with alkaline reaction fit into 10 groups
(Fig. 4A), whereas 28 (2, 3, 5, 8, 9, 11, 12, 13, 14, 16,
21, 22, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 37, 38, 42,
48, 49 and 58) showed unique profiles (data not shown).
The isolates with an acid reaction fit into 4 LPS groups
(Fig. 4B) and isolates 61, 63, 68, 69, 71 and 78 showed
unique profiles (data not shown). Some isolates showed
similar protein and LPS profiles (6 and 7; 10 and 20; 17
and 23; 18 and 41; 19, 40, and 50; 25, 39 and 52; 35 and
55; 36 and 53; 43 and 44; 51 and 54; 64 and 77). There-
fore just 12 isolates out of the 58 showing slow growth
rate and 1 out of 20 with a fast growth rate showed simi-
lar protein and LPS profiles. Protein and LPS profiles of
the isolates also differed from those obtained for refer-
ence strains SEMIA 566, SEMIA 5080, SEMIA 587,
SEMIA 5019, USDA 110 and USDA 123 (data not
shown).

Symbiotic performance

The best symbiotic performances, with plants showing
higher nodule mass, shoot dry weight and accumulating
more than 120 mg of N in shoots, were achieved by al-
kalinizing isolates 27, 40, 41, 42, 45, 47, 50 and 52, and
acidifying isolates 60, 71, 73 and 77 (Table 3). Howev-
er, several other isolates showed good symbiotic perfor-
mance, accumulating more than 100 mg of N in shoots.
The highest amount of N2 fixation resulted from inocu-
lation with isolate 47, with 158 mg N, 10%, 14% and
322% higher than the N accumulated in shoots of plants
inoculated with SEMIA 587, SEMIA 5080 and USDA
205, respectively (Table 3). The multivariate analysis
was assessed considering two factors that expressed
89% of the variations of all parameters. Each of these
factors is a linear combination of all parameters and it
shows that SEMIA 5080, SEMIA 587 and six isolates
(47, 42, 40, 41, 45 and 71) had the best symbiotic per-
formance with cv. BR-16 (left side of Fig. 5). The less
effective isolates were those in the superior and inferior
quadrants at the right side of Fig. 5. Within the group of
five bradyrhizobia isolates with good symbiotic perfor-
mance, four showed low (41, 42, 45 and 47) and one
(40) an intermediate level of IAA and none was within
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(except for isolates 67 and 73), to nalidixic acid (≥50 µg
ml–1) and to rifampin (≥10 µg ml–1), but tolerant of 250 µg
ml–1 erythromycin. The majority of the isolates in group II
tolerated up to 50 µg ml–1 nalidixic acid and 40 µg ml–1

kanamycin; isolates 61, 72, 62, 77, 63 and 71 were the on-
ly ones to tolerate rifampin (at least 10 µg ml–1). All iso-
lates from Bella Vista (except 73), Encarnación and Gral.
Delgado showed relatively high resistance to antibiotics.

Protein and LPS profiles

Fifty of the 58 isolates of group A (i.e. with alkaline re-
action) fit into 6 protein profiles (Fig. 3A), and isolates
5, 15, 24, 33, 45, 46, 47 and 58 showed unique profiles

Fig. 4 Lipopolysaccharide profiles of isolates from field-grown
soybean in Paraguay showing alkaline (A) or acid reaction (B) in
YMB medium. In A, strains were grouped as follows: Ia (1, 10,
20), IIa (15, 17, 23); IIIa (45, 46, 47, 57); IVa (25, 39, 51, 52, 54,
56); Va (4, 18, 41); VIa (36, 53); VIIa (19, 40, 50); VIIIa (43, 44);
IXa (35, 55); Xa (6, 7). In B: Ib (59, 65, 73, 74); IIb (64, 66, 67,
75, 76, 77); IIIb (62, 72); IVb (60, 70)
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Table 3 Nodule number
(ln[nodule number+1].jar–1)
and dry weight (g nodules
jar–1), shoot dry weight (g jar–1)
and total N accumulated in
shoot (mg N jar–1) of soybean
cultivar BR-16a inoculated with
78 isolates from field-grown
soybean plants in Paraguay and
with reference strains SEMIA
587, SEMIA 5080 and USDA
205

Isolate/strain Nodule Nodule Shoot Total N 
number dry weight dry weight in shoots

Slow-growers
1 4.94 db 0.229 b 3.75 c 90.65 c
2 4.91 d 0.204 b 3.45 c 93.34 c
3 4.82 c 0.210 b 3.27 c 88.30 c
4 4.72 c 0.219 b 3.45 c 91.69 c
5 4.99 d 0.397 d 3.79 c 111.47 c
6 4.80 c 0.330 c 2.90 b 81.60 b
7 5.11 d 0.606 e 4.24 d 95.74 c
8 4.84 c 0.375 c 3.11 b 67.25 b
9 4.96 d 0.579 e 4.17 d 102.89 c

10 4.98 d 0.403 d 3.68 c 101.38 c
11 4.79 c 0.335 c 3.39 c 68.66 b
12 5.10 d 0.440 d 4.01 d 96.58 c
13 5.15 d 0.525 e 3.98 d 112.21 c
14 4.66 c 0.388 d 3.67 c 104.58 c
15 5.01 d 0.528 e 4.49 d 114.17 c
16 4.88 c 0.339 c 4.19 d 110.61 c
17 4.97 d 0.274 b 2.66 b 70.77 b
18 4.82 c 0.355 c 3.25 c 87.30 c
19 4.68 c 0.247 b 2.88 b 65.72 b
20 4.79 c 0.278 b 2.74 b 69.66 b
21 4.49 b 0.233 b 2.44 b 61.59 b
22 4.99 d 0.380 c 3.56 c 84.60 b
23 4.59 b 0.294 b 2.63 b 59.71 b
24 4.74 c 0.251 b 2.28 b 68.08 b
25 5.04 d 0.541 e 3.67 c 103.63 c
26 5.11 d 0.466 d 3.75 c 82.47 b
27 5.03 d 0.642 e 4.44 d 125.75 d
28 4.88 c 0.303 c 2.75 b 73.72 b
29 4.76 c 0.346 c 3.30 c 76.77 b
30 4.84 c 0.392 d 3.97 d 90.80 c
31 4.90 c 0.393 d 3.66 c 96.07 c
32 4.86 c 0.393 d 3.79 c 95.45 c
33 4.73 c 0.346 c 3.88 c 107.00 c
34 4.90 c 0.424 d 3.38 c 85.58 b
35 4.72 c 0.436 d 4.10 d 94.07 c
36 4.68 c 0.266 b 2.83 b 66.32 b
37 4.68 c 0.255 b 2.61 b 61.86 b
38 4.73 c 0.292 b 3.42 c 104.08 c
39 4.71 c 0.346 c 3.17 b 99.22 c
40 4.99 d 0.546 e 4.31 d 147.33 d
41 4.89 c 0.518 e 4.11 d 130.51 d
42 4.97 d 0.567 e 4.54 d 154.41 d
43 4.84 c 0.405 d 3.35 c 89.14 c
44 5.10 d 0.407 d 4.34 d 110.26 c
45 4.90 c 0.665 e 4.75 d 146.02 d
46 4.89 c 0.373 c 3.43 c 86.58 c
47 4.91 c 0.506 e 4.67 d 158.16 d
48 4.73 c 0.348 c 3.59 c 100.41 c
49 4.82 c 0.400 d 3.89 c 109.04 c
50 5.03 d 0.627 e 4.47 d 125.46 d
51 4.82 c 0.149 a 1.67 a 39.77 a
52 5.10 d 0.549 e 3.94 c 122.87 d
53 4.75 c 0.318 c 3.09 b 83.49 b
54 5.14 d 0.515 e 3.98 d 95.07 c
55 5.01 d 0.450 d 3.92 c 109.02 c
56 4.88 c 0.372 c 3.54 c 89.74 c
57 5.03 d 0.583 e 4.49 d 104.68 c
58 5.05 d 0.269 b 2.63 b 52.25 b
Mean 4.88 0.39 3.58 95.10
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the cluster of higher tolerance to antibiotics; therefore
they were closer to the characteristics of B. japonicum
species. 

Discussion

In this paper 78 isolates from nodules of field-grown
soybean from 16 sites located in the two main producing
States were obtained and studied. Fifty-eight isolates

were characterized by slow growth and alkaline reaction
in YM, while 20 showed fast growth and acid reaction.
Just 12 of the 58 bradyrhizobia and 1 of the 20 rhizobia
isolates showed similar protein and LPS profiles, there-
fore a high level of diversity was detected among the
Paraguayan isolates, with most of them representing
unique strains. The protein and LPS profiles were also
different from those obtained for reference strains car-
ried in inoculants in the neighboring countries, thus the
isolates might represent native strains. However, the hy-

Isolate/strain Nodule Nodule Shoot Total N 
number dry weight dry weight in shoots

Fast growers
59 4.23 a 0.046 a 1.27 a 26.39 a
60 5.26 d 0.595 e 4.18 d 124.16 d
61 4.82 c 0.255 b 2.76 b 78.90 b
62 5.08 d 0.474 d 3.78 c 115.24 c
63 4.85 c 0.515 e 3.97 d 81.75 b
64 4.94 d 0.593 e 4.15 d 92.08 c
65 5.08 d 0.559 e 4.41 d 115.54 c
66 4.97 d 0.589 e 4.14 d 101.24 c
67 4.94 d 0.269 b 2.48 b 57.65 b
68 4.44 b 0.222 b 2.08 a 67.09 b
69 4.41 b 0.067 a 1.25 a 20.38 a
70 4.71 c 0.329 c 3.10 b 73.81 b
71 4.89 c 0.522 e 4.34 d 135.70 d
72 5.06 d 0.512 e 4.35 d 119.95 d
73 4.59 b 0.436 d 4.48 d 122.25 d
74 4.35 b 0.071 a 1.33 a 18.08 a
75 4.04 a 0.035 a 1.25 a 11.54 a
76 4.95 d 0.415 d 3.45 c 101.57 c
77 5.01 d 0.476 d 4.53 d 123.22 d
78 4.94 d 0.304 c 2.95 b 79.30 b
Mean 4.78 0.36 3.21 83.29

Reference strains
SEMIA 587 4.93 d 0.612 e 4.79 d 143.60 d
SEMIA 5080 4.97 d 0.454 d 4.54 d 138.42 d
USDA 205 4.95 d 0.269 b 1.86 a 37.50 a

Table 3 continued

a Plants grown under green-
house conditions, in Leonard
jars, with two plants per jar,
supplied with N-free nutrient
solution and harvested at
45 days after emergence
b Means of three replicates and
values followed by the same
letter did not show statistical
difference by the Scott and
Knott test (P ≤0.05)

Fig. 5 Principal component
analysis considering the param-
eters of nodule number (NN)
and dry weight (NDW), shoot
dry weight (SDW), N content
(NC) and total N accumulated
in the shoot (TNS) of soybean
cv. BR-16 inoculated with 78
isolates from Paraguay and
with reference strains SEMIA
587, SEMIA 5080 and USDA
205



potheses of transference of symbiotic genes to indige-
nous non-symbiotic bradyrhizobia (Sullivan et al. 1995,
1996) as well as of changes in bacteria properties due to
stressing environmental conditions (Santos et al. 1999;
Hungria and Vargas 2000) should also be investigated.

In 1992 Bradyrhizobium strains which nodulate soy-
bean were split into two species, B. japonicum and B. elk-
anii (Kuykendall et al. 1992). Among the criteria for dis-
tinguishing the species it has been demonstrated that 
B. elkanii shows a higher intrinsic resistance to several
antibiotics (Kuykendall et al. 1988), synthesis of rhizobi-
toxine (Minamisawa 1989, 1990), synthesis of IAA 
(Minamisawa and Fukai 1991; Minamisawa et al. 1992),
absence of hydrogenase (Minamisawa 1990; Minamisawa
et al. 1992), among others (Kuykendall et al. 1992). From
those criteria, Minamisawa et al. (1992) and Boddey and
Hungria (1997) suggested that a fast, easy and cheap
method to distinguish among the species would be the
analysis in vitro of IAA. In this study, 30 bradyrhizobia
isolates showed intrinsic resistance to high levels of the
antibiotics tested (Fig. 1, cluster IIc), a characteristic of
B. elkanii species (Kuykendall et al. 1988, 1992); howev-
er, half of them synthesized low amounts of IAA (Ta-
ble 2), as B. japonicum does (Minamisawa and Fukai
1991; Minamisawa et al. 1992; Boddey and Hungria
1997). Also within the group with lower resistance to an-
tibiotics (Fig. 1, cluster III), isolate 50 accumulated high
amounts of IAA (Table 2). Therefore many isolates from
this study showed mixed characteristics of both brady-
rhizobia species, as has been described before for several
Brazilian isolates (Boddey and Hungria 1997).

Few studies have attempted to correlate soybean Bra-
dyrhizobium species with N2 fixation performance. Hypo-
thetically, since Hup+ phenotype and no production rhiz-
obitoxine are restricted to B. japonicum, this species
might be more efficient (Minamisawa 1989, 1990), a pos-
sibility indicated by some studies performed with few
strains (Fuhrmann 1990; Teaney and Fuhrmann 1992; 
Vasilas and Fuhrmann 1993; Hungria et al. 1998). In this
paper, none of the five most efficient bradyrhizobia iso-
lates synthesized high amounts of IAA and none was
within the group of higher resistance to antibiotics, there-
fore the properties are typical of B. japonicum. Indeed,
two of those isolates, 40 and 42, were recently submitted
to the sequencing of the 16S rRNA region and proved to
be taxonomically related to B. japonicum (Chen et al.
2000). However, within the strains with similar proper-
ties, symbiotic performance was variable and thus the 
results from this study do not give strong support to the
hypothesis of superiority of B. japonicum species.

Rhizobial soybean isolates characterized by a fast
growth rate and acid reaction in vitro were first isolated
in 1982, in the People’s Republic of China (Keyser et al.
1982), and are today classified as Sinorhizobium fredii
(Chen et al. 1988). Initially, those fast growers were
thought to establish efficient symbioses only with primi-
tive soybean cultivars, such as Peking (Keyser et al.
1982; Devine 1985), but later there were reports of S.
fredii being able to nodulate several modern soybean

cultivars (Balatti and Pueppke 1992; Chueire and 
Hungria 1997). In this study, 20 isolates exhibited fast
growth rate and acid reaction in medium with mannitol as
the C source and one of those isolates, 71, was very ef-
fective in fixing N2 with soybean. However, 16S rRNA
analyses recently performed with some of those isolates
have shown that isolates 71 and 72 were genetically relat-
ed to Rhizobium genomic species Q, while isolates 62 and
65 had higher similarity to Agrobacterium spp. (Chen et
al. 2000). Therefore none of the four isolates was geneti-
cally related to S. fredii and genetic characterization of
the other fast growers from this study is now under way.

This paper provides, for the first time, an indication
of the diversity and symbiotic effectiveness of rhizobia
able to nodulate soybean in Paraguay. A high level of di-
versity was detected, with most isolates representing
unique strains. Within the diversity detected, some iso-
lates with an outstanding symbiotic performance were
identified, and will now be tested under field conditions
in a search for efficient and competitive strains for use in
commercial inoculants in Paraguay.

Acknowledgements The authors thank Ligia Maria O. Chueire,
Luciano de Souza and Rinaldo B. Conceição for their help in sev-
eral steps of this work, Dr. Rubens J. Campo for discussion and
suggestions and Dr. Allan R.J. Eaglesham for corrections to and
suggestions on the manuscript. Research described herein was par-
tially financed by FINEP/CNPq/MCT, PRONEX, Group of Excel-
lence in Nitrogen Fixation. L.S.C. acknowledges an M.Sc. Fellow-
ship from CAPES and M.H. a research fellowship from CNPq.

References

Alvarez ER (1989) La soja en el Paraguay, Retrospectiva y Perspec-
tiva. In: II Curso Internacional sobre Producción de soja.
MAG, Encarnación, pp 551–563

Andrade DS, Hamakawa PJ (1994) Estimativa do número de célu-
las viáveis de rizóbio no solo e em inoculantes por infecção
em plantas. In: Hungria M, Araujo RS (eds) Manual de Méto-
dos Empregados em Estudos de Microbiologia Agrícola.
EMBRAPA-SPI, Brasília, pp 63–94

Balatti PA, Pueppke SG (1992) Identification of North American
soybean lines that form nitrogen-fixing nodules with Rhizobi-
um fredii USDA257. Can J Plant Sci 72:49–55

Boddey LH, Hungria M (1997) Phenotypic grouping of Brazilian
Bradyrhizobium strains which nodulate soybean. Biol Fertil
Soils 25:407–415

CAPECO (1999) Camara Paraguaya de Exportadores de Cereales
y Oleaginosas, Estadísticas de la Producción y Exportación de
soja paraguaya, Cosecha 1999. CAPECO, Asunción

Chen LS, Figueredo A, Pedrosa FO, Hungria M (2000) Genetic
characterization of soybean rhizobia in Paraguay. Appl Envi-
ron Microbiol 66:5099–5103

Chen WX, Yan GH, Li JL (1988) Numerical taxonomic study of
fast-growing soybean rhizobia and a proposal that Rhizobium
fredii be assigned to Sinorhizobium gen. nov. Int J Syst Bacte-
riol 38:393–397

Chueire LMO, Hungria M (1997) N2-fixation ability of Brazilian
soybean cultivars with Sinorhizobium fredii and Sinorhizobium
xinjiangensis. Plant Soil 196:1–5

Chueire LMO, Bangel E, Ferreira MC, Grange L, Campo RJ,
Mostasso FL, Andrade DS, Pedrosa FO; Hungria M (2000)
Classificação taxonômica, baseada na caracterização molecu-
lar, das estirpes de rizóbio recomendadas para as culturas da
soja e do feijoeiro. (Boletim de Pesquisa, 3) Embrapa Soja,
Londrina

456



cum by nifDKE sequence divergence. Plant Cell Physiol 31:
81–89

Minamisawa K, Fukai K (1991) Production of indole-3-acetic acid
by Bradyrhizobium japonicum: a correlation with genotype
grouping and rhizobitoxine production. Plant Cell Physiol 32:
1–9

Minamisawa K, Seki T, Onodera S, Kubota M, Asami T (1992)
Genetic relatedness of Bradyrhizobium japonicum field iso-
lates as revealed by repeated sequences and various other
characteristics. Appl Environ Microbiol 58:2832–2839

Morrison D (1990) Multivariate statistical methods. McGraw Hill,
New York

Oliveri NJ, Perucca CE, Morel F (1981) Evolución de Cultivares
de Soja (Glycine max L. Merr.) de Origen Brasileño. (Informe
Técnico 35) Instituto Nacional de Tecnología Agropecuaria –
Estación Experimental Agropecuaria INTA, Misiones

Sadowsky MJ, Graham PH (1998) Soil biology of the Rhizobiace-
ae. In: Spaink HP, Kondorosi A, Hooykaas PJJ (eds) The Rhi-
zobiaceae – molecular biology of model plant/associated bac-
teria. Kluwer, Dordrecht, pp 155–172

Santos MA, Vargas MAT, Hungria M (1999) Characterization of
soybean Bradyrhizobium strains adapted to the Brazilian
savannas. FEMS Microbiol Ecol 30:261–272

Scott AJ, Knott M (1974) A cluster analysis method for grouping
means in the analysis of variance. Biometrics 30:507–512

Sneath PHA, Sokal RR (1973) Numerical taxonomy. Freeman,
San Francisco

Sullivan JT, Patrick HN, Lowther WL, Scott DB, Ronson CW
(1995) Nodulating strains of Rhizobium loti arise through
chromosomal symbiotic gene transfer in the environment. Proc
Natl Acad Sci USA 92:8985–8989

Sullivan JT, Eardly BD, van Berkum P, Ronson CW (1996) Four
unnamed species of nonsymbiotic rhizobia isolated from the
rhizosphere of Lotus corniculatus. Appl Environ Microbiol
62:2817–2825

Teaney GB, Fuhrmann JJ (1992) Soybean response to nodulation
by bradyrhizobia differing in rizobitoxine phenotype. Plant
Soil 145:275–285

Vargas MAT, Hungria M (1997) Fixação biológica do N2 na cult-
ura da soja. In: Vargas MAT, Hungria M (eds) Biologia dos
Solos de Cerrados. EMBRAPA-CPAC, Planaltina, pp 297–360

Vasilas BL, Fuhrmann JJ (1993) Field response of soybean to nod-
ulation by a rhizobiotoxine-producing strain of Bradyrhizobi-
um. Agron J 85:302–305

Vincent JM (1970) Manual for the practical study of root nodule
bacteria. Blackwell, Oxford

457

Devine TE (1985) Nodulation of soybean plant introduction lines
with the fast-growing rhizobial strain USDA 205. Crop Sci
25:354–356

Ferreira MC, Andrade DS, Chueire LMO, Takemura SM, Hungria M
(2000) Tillage method and crop rotation effects on the popula-
tion sizes and diversity of bradyrhizobia nodulating soybean.
Soil Biol Biochem 32:627–637

Figueredo A (1998) Fijación Biológica de Nitrógeno. Universidad
Nacional de Asuncion, Dirección de Investigación, Postgrado
y Relaciones Internacionales, Asunción

Fuhrmann J (1990) Symbiotic effectiveness of indigenous soybean
bradyrhizobia as related to serological, morphological, rhiz-
obitoxine, and hydrogenase phenotypes. Appl Environ Micro-
biol 56:224–229

Herridge DF, Roughley RJ, Brockwell J (1987) Low survival of
Rhizobium japonicum inoculant leads to reduced nodulation,
nitrogen fixation and yield of soybean in the current crop but
not in the subsequent crop. Aust J Agric Res 38:75–82

Hungria M, Vargas MAT (2000) Environmental factors impacting
N2 fixation in legumes grown in the tropics, with emphasis on
Brazil. Field Crops Res 65:151–164

Hungria M, Boddey LH, Santos MA, Vargas MAT (1998) Nitro-
gen fixation capacity and nodule occupancy by Bradyrhizo-
bium japonicum and B. elkanii strains. Biol Fert Soils 274:
393–399

Hungria M, Chueire LMO, Coca RG, Megías M (2001) Prelimi-
nary characterization of fast growing rhizobial strains isolated
from soyabean nodules in Brazil. Soil Biol Biochem 33:
1349–1361

Keyser HH, Bohlool BB, Hu TS, Weber DF (1982) Fast-growing
rhizobia isolated from root nodules of soybeans. Science 215:
1631–1632

Kuykendall LD, Roy MA, O’Neill JJ, Devine TE (1988) Fatty 
acids, antibiotic resistance, and deoxyribonucleic acid homol-
ogy groups of Bradyrhizobium japonicum. Int J Syst Bacteriol
38:358–361

Kuykendall LD, Saxena B, Devine TE, Udel SE (1992) Genetic
diversity of Bradyrhizobium japonicum Jordan 1982 and a
proposal for Bradyrhizobium elkanii sp. nov. Can J Microbiol
38:501–505

Minamisawa K (1989) Comparison of extracellular polysaccharide
composition, rhizobitoxine production and hydrogenase phe-
notype among various strains of Bradyrhizobium japonicum.
Plant Cell Physiol 30:877–884

Minamisawa K (1990) Division of rhizobitoxine-producing and
hydrogen-uptake positive strains of Bradyrhizobium japoni-


