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Characterization of variantsof Bradyrhizobium elkanii and B. japonicum and symbiotic
behaviour in soybeans

Caracterizacdo devariantesde estir pes de Bradyrhizobium elkanii and B. japonicum e comportamento
simbidticoem soja
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ABSTRACT

Variation in rhizobia strains isn't a desirable fact
based mainly on the possibility of unexpected results on
legume inoculation. In this work, we studied the variability
on phenotypic characteristics and genetic stability of rhizobia
strains recommended for soybean inoculation. Variants with
stable colony morphology were obtained from
Bradyrhizobium japonicum strain SEMIA 5080 and from B.
elkanii SEMIA 5019. Variants from SEMIA 587 obtained by
another author were also used. The variants differed on colony
characteristics, nodulation capacity, nitrogen fixation
efficiency and competitive ability for nodule formation in two
soybean varieties (Jacui 7 and IAS 5). Symbiotic behavior
varied according to plant variety. Only the variants 5019 G
and 5019 P differed on the isoenzymatic profile. There were
differences in antibiotic resistance between variants from two
strains. Correlation between symbiotic characteristics and
colony morphology or antibiotic resistance wasn't conclusive.
The results indicate that the variability in rhizobia strains
might be an important factor to be considered in strain
selection and preservation of cultures for inoculant
production.

Key words: variants isolation, inoculant production,
isoenzymes.

RESUMO

Variantes em estirpes de rizobio usadas na
producéo de inoculantes ndo sio desejaveis e podem propiciar
resultados inesperados na inoculagdo da leguminosa.
Estudou-se a variabilidade nas caracteristicas fenotipicas e a
estabilidade genética das estirpes de Bradyrizobium
recomendadas para a inoculagdo em soja. Foram isolados
variantes com morfologia colonial estavel das estirpes SEMIA
5080 de Bradyrhizobium japonicum e SEMIA 5019 de B.
elkanii. Variantes da estirpe SEMIA 587, obtidas por outro
autor, também foram estudadas. As variantes diferiram nas
caracteristicas coloniais, capacidade de nodulacao, eficiéncia
na fixagao de nitrogénio, e competitividade para formacao
de nédulos em duas variedades de soja (Jacui 7 e IAS5). O
comportamento simbiotico das variantes diferiu de acordo

com as variedades onde foram inoculadas. Somente as
variantes 5019 G e 5019 P, originadas da estirpe SEMIA
5019, diferiram quanto ao perfil isoenzimatico. Observou-se
diferencas na resisténcia a antibiéticos entre as variantes das
duas estirpes. Analises relacionando as caracteristicas
simbioticas com morfologia colonial ou resisténcia a
antibiéticos ndo foram conclusivas. A variabilidade em
estirpes de rizébio pode ser um fator importante a ser
considerado nos programas de sele¢do de estirpes e no
monitoramento da preservagédo das culturas bacterianas para
a producgdo de inoculantes.

Palavras-chaves: isolamento de variantes, produgdo de
inoculantes, isoenzymas.

INTRODUCTION

The rapid reproduction of bacteria allows
the abundant appearance of variants in the natural
environment or in artificial culture. In cultures of the
bacteria of legume symbionts, such as
Bradyrhizobium spp., the variations may result in
changes of cultural, biochemical or symbiotic
characteristics(MEY ER & PUEPPKE, 1980). Routine
serological methods cannot differentiate these
variants. Variants with superior symbiotic efficiency
may also occur (SANTOS, 1999) and thispossibility is
of interest for the selection of strainsand improvement
of the quality of legumeinoculants (SATO, 1995).

Tests of rhizobiotoxin production
(FUHRMANN, 1990), analysis of the polymorphism
of restriction fragment length (RFL P) and sequencing
of the 16S fraction of rRNA of B. japonicum ledto a
proposal for the establishment of the new species of
B. elkanii (KUYKENDALL etal., 1992). Thestrains
SEMIA 587 and SEMIA 5019 have characteristics of
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this new species(RUMJANEK et a., 1993; LEMOS,
1994), whilethe strains SEMI A 5080 and SEMIA 5079
have characteristics of B. japonicum. These four
strains are recommended for the production of
soybean inoculantsin Brazil.

Some variantsin colony morphology may
be stable even after several generations, passage in
plants, subculture or preservation by lyophilization.
Stable variants obtained from strain SEMIA 587, after
lyophilization, showed changes in carbohydrate
fermentation, resistance to antibiotics and efficiency
in N2 fixation, but not in antigenic characteristics
and a-esterase profile (SATO, 1995). The differences
in colony morphology can be related to the type and
amount of exopolisaccharide. Large mucoid (LM) and
dry small (SD) colonies would be linked to DNA
homology groups | and I, while strainsin group 111
formlarge gummy colonies(LW) (FUHRMANN, 1990;
BASIT etal., 1991).

Resistance to antibiotics may be used to
characterize different strains. An interrelationship
between colony morphology and resistance to
antibiotics was reported (SINCLAIR &
EAGLESHAM, 1984). However, that resistanceisa
characteristic of each strain or variant (RODRIGUEZ
etal., 1987).

Electrophoretic analysis of isoenzymes has
been also used to detect changes in aminoacid
composition (SELANDER et al., 1986) and thus
differentiate between serogroups and detect mutants.

Variations in competitive ability between
strainsin amulti-strain inocul ant or between variants
of the same strain in a single strain inoculant could
cause problems in rhizobia inoculant quality.
FRANKENBERG et d., (1995) found that strain SEMIA
587 out performed strain SEMIA 5019 in growth in
culture broth and peat inoculant, in nodulation and
in the efficiency of N2 fixation in soybeans. Also,
necrosis of the central tissue of nodules induced by
some mutantswas reported (FERRAIOL 1, 2002), an
unusual characteristic even in nodules by Fix (-)
mutants.

In the selection of strains for legume
inoculation the objective is to obtain strains with
desirable symbiotic characteristics, including high
nitrogen fixation, competitiveness for nodule
formation and genetic stability. There are some
prospects of using nodulation mutantsin developing
grain legume cultivars that combine high yield with
high residual nitrogen for developing sustainable
cropping systems (BHATIA, 2001). The objective of
thiswork wasto evaluate the genetic stability of three
strains recommended for soybean inoculation.

MATERIALSAND METHODS

The work was carried out with cultures of
Bradyrhizobium japonicum strain SEMIA 5080 and
with Bradyrhizobium elkanii strain SEMIA 5019,
obtained in lyophilised form from the Culture
Collection of Rhizobiaof the Foundation of Agriculture
Research of Rio Grande do Sul (FEPAGRO), and with
variants 587 P2 and 587 P7 of B. elkanii, strain SEMIA
587, obtained by SATO (1995).

Purity testswere carried out by inoculation
on nutrient agar, glucose peptone agar and yeast
mannitol bromthymol blue agar (YMB)
(SOMASEGARAN & HOBEN, 1994). Successive sub
culturing on yeast mannitol Congo red agar (YMCR)
was made to obtain variants with colonies of distinct
and stable morphology. These were typed by
serological agglutination tests (LEMOS, 1994) with
hyperimmune sera to the original strains supplied by
the FEPAGRO centre.

For antibiotic resistance evaluation of the
variants were grown in YMCR and after one week
inoculated on plates of the same medium containing
streptomycin sul phate, novobiocin (80, 100, 200, 300
mg/ml) and kannamycin (60, 80, 100, 200 mg/ml). After
seven days of incubation at 28°C, the plates with
growth were considered resistant.

Electrophoretic analysis of isoenzymeswas
performed in the Laboratory of Microbiology UNESP
—Jaboticabal . | solateswas grown in 50ml of tryptone-
yeast medium (TY) (ENGVILD & NIEL SEN, 1985) for
72 hours at 28°C and 120rpm. After centrifugation
(15,000 X g, 4 °C — 20min), the bacterial pellet was
washed several timesin salinesolution. Thecellswere
suspended and diluted in saline until turbidity of 400
Klettsunitsand then centrifuged for 5min at 12,000g.
The pellet was resuspended in 0.5ml of extraction
buffer, centrifuged for 5min and then suspended in
extraction buffer pluslysozymeand lft for 10min. After,
the pellet was resuspended in 0,5ml of sonification
buffer (100ml TRIS-HCL 0,1M pH 8,8in 15g glycerol)
(LEMOS, 1994) and kept on ice to avoid protein
denaturation. The cells were disrupted with ultra
sound by 10min in an ice bath with 10 second pul ses,
centrifuged for 5min (12,000 X g) at 4°C and the
supernatant collected for electrophoresis in
polyacrilamide gel by one hour and 15min at 4°C and
200V.

After electrophoresis, the gels were
incubated for 30 min in phosphate buffer (0,1M pH
6,2) and stained for esterases and 3-hydroxybutyrate
dehydrogenase. Aliquotsof 100ml of phosphate buffer
plus 100mg Fast Blue-RR salt and 60mg of a-
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naphtylacetate in acetone solution was added to the
gel for a-esterase detection. It was stained with
phosphate buffer 0.1M, plus 100mg Fast Blue RR salt
and 40mg b-naphtylacetate for b-esterase detection.
After colour changethe gel swerewashed in amixture
of ethanol, acetic acid and water (PASTEUR et al.,
1988). For detection of 3-hydroxybutyrate
dehydrogenase the gel was shaked for 15min in a
solution of 20ml Tris-HCI with 50mg D, L-b-
hydroxybutyrateand 0.5ml NAD 1%. After 15min, 0,5ml
of MTT (3-4, 5-dimethythiazolyl-2-2, 5-
diphenyltetrazolium bromide) and 0.5ml of PMS
(phenazine methosulphate) were added for the
observation of the bands.

Theinfective capacity, nodulation, nitrogen
fixation and competitive ability of the variants were
evaluated with the soybean varieties IAS 5 and Jacui
7 inoculated in “ growth pouches’ and “Leonard” jars
(SOMASEGARAN & HOBEN, 1994). After
germination, the seedlings were inoculated with the
cultures of variants. To assess competitive ability the
variantsweremixed in pairs and the nodul e occupation
was determined by the aggl utination method (LEMOS,
1994) in 40 nodul es/pot. Stock cultureswere not used
in the competition experiments because they would
be indeed mixtures of variants. The index of relative
efficiency (Efr®), whichisaresult of thetotal nitrogen
of treatmentsin relation to the nitrogen controls, was
determined asindicated by BROCKWELL et al. (1966).

RESULTS AND DISCUSSION
Based on the colony morphology, two

variants, 5080 P and 5080 G, were isolated from B.
japonicum strain SEMI A 5080 and two from B. elkanii

strain SEMIA 5019. The variant 5080 P produced
punctiform, butirousand translucent col onies, and was
markedly distinct from the colony morphology of the
strain SEMIA 5080 and from the other variant 5080 G
that showed abundant growth and acid production
onYMB agar. Thevariants5019 Pand 5019 G produced
colonies strikingly different. The variants of strain
SEMIA 587 showed little difference in colony
morphology (Table 1).

The variants of strain SEMIA 5080 were
susceptible to kanamycin, streptomycin, novobiocin
and tetracycline, while those from strain 587 were
resistant (Tablel). Similar result was obtained by SATO
(1995) who showed that B. japonicum strainsare less
resistant than those of B. elkanii, confirmed by the
observationsof BODDEY & HUNGRIA (1997). The
variant 5019 P showed resistance to novobiocin and
tetracycline and was susceptible to kanamycin and
streptomycin (Table 1). Colony morphology of variants
of B. japonicum was related to the antibiotic
resistance (MEYER & PUEPPKE, 1980). This
characteristic seems not be general and was not
pointed by other works(MULLEN & WOLLUN, 1989;
SATO, 1995). Intrinsic resistance to antibiotics
together with serological analysis are important
characteristics that may contribute to the initial
selection of adominant strain with higher survival and
competitiveness.

The electrophoretic isoenzyme analysis
showed that variants 5080 G, 5080 P, 587 P2 and 587 P7
had no polymorphic differences. However, variants
5019 G and 5019 P had completely different profiles, in
spite of being of the same serological group. Similar
results were observed with spontaneous and induced
variants of Bradyrhizobium that varied in the enzymes

Table 1 - Colony characteristics, antibiotic resistance and acid production, of Bradyrhizobium japonicum and B. elkanii variants cultured in
yeast mannitol agar and yeast mannitol bromthymol blue, after 7 days a 28°C.

Colony characteristics

Variants _ _ _ Optical Antibiotic Acid
Elevation Consistency Size (mm) Cax
appearance resistance * production.
5080 G convex high gummy 2,0 opague None +
5080 P punctiform butirous <0,5 translucent None -
5019 G convex low gummy 15 opague Kan, Nov -
5019 P punctiform butirous 05 translucent Nov, Tet -
587 P2 punctiform agueous 05 translucent Kan, Nov, Tet -
587 P7 punctiform agueous <0,5 translucent Kan, Str, Nov, Tet -

* Resistance of variants to Kan = kanamycin (100ug mi™), Nov = novobiocin (200ug ml™), Str = streptomycin (200 e 300ug mi™), Tet =
tetracycline (300pg mi™)
** Reaction in YMA bromthymol blue.
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(and (-esterase profiles (KOZUSNY-ANDREANI,
1992). The electrophoretic profilesof a and Resterases
(Figure 1A and 1B) showed similarity of variants
obtained from SEMIA 5080, but those differed from
those of SEMIA 587 and SEMIA 5019 strains. These
results were also found by LEMOS (1994) who
confirmed the four homology groupsalready defined.
The enzymatic polymorphism tests might be an
efficient way to characterize strainsand establish the
genetic structure of rhizobiapopulations(ENGVILD
& NIELSEN, 1985; ENGVILD et al., 1990). The
restricted differences found in this study (only
between variants of strain 5019) might be related to
the small number of enzymestested.

The variant 5080 P did not form nodules
neither in the soybean variety IASS5, it just produced
two nodules, nor in Jacui 7 (Table 2). All other variants
showed adequate, although variable, nodulation and
nitrogen fixation. Differences however occurred
according to the soybean variety tested. The
symbiotic efficiency of the variants, measured by
relative efficiency index (Table 2), allowsto calculate
the relative contribution of the symbiotic nitrogen
fixation. Thevariants 587 P7 and 5019 P had a better
performancein Jacui 7, comparedto IAS5. Thevariant
5080 Pwastheworst onitsincapacity to form nodules.
SATO (1995) observed that variants 587 P2 and 587
P7 also showed completely different behaviour in
efficiency of N2 fixation. Inthisstudy variant 587 P2
formed alarge number of nodulesin Jacui 7 with no

nitrogen fixation, while the variant 587 P7 was highly
effective. However, these two variants showed similar
nitrogen fixation efficiency in the soybean variety IAS
5(Table2), therewere clear differences between these
variants from the same strain.

In the competition experiment (Table 3)
higher capacity for nodule formation was observed with
variants 5019 G and 5019 P than the others when
inoculated in the soybean variety IAS 5. However, in
Jacui 7 the reverse occurred, with 587 P2 and 587 P7
predominating over variants of the strain 5019.
Competitiveness was inherent in strain and expression
differed with variety. The high competitive ability of
strains SEMIA 587 and SEMIA 5019 had also been
observed before in four soybean varieties (PERES &
VIDOR, 1980).

The nitrogen fixation efficiency of the
variants separately (Table 2) compared with the
results in mixture and the competitive ability in
mixtures (Table 3) showed that the predominance
of a more efficient variant determines the final
results of symbiosis. In mixtureswith less efficient
variants as 5080 P + 587 P2 the result was affected
and the lack of infectivity of the variant 5080 P
was confirmed in both varieties. In these mixtures
of variants (5080G + 587 P2) in spite of the absolute
predominance of the variant 587 P2 productiveness
in dry matter and total nitrogen of the plants was
also low. It is not possible to explain this
behaviour.
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Figure 1- Electrophoretic profile of o -esterase (A) and p-esterase (B) of variants of B. japonicum and B. elkanii. Legend: Lane 1
= 587-P7; lane 2 =587-P2; lane 3 =5080-G; lane 4 = 5080-P; lane 5 = 5019-G; and lane 6 = 5019P.
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Table 2 - Plant dry matter, number of nodules, relative efficiency index (Efr®) and total Nitrogen (Total N) of soybean varieties (JACUI 7 and
IAS 5) inoculated with variants of B. japonicum (SEMIA 5080) and B. elkanii (SEMIA 5019 and 587). Averages from five

replicates*.
Jacui 7 IAS5
Plantdry ~ Number of Total
Treatments Number Efr®
Plant dry matter (g) of Efri(%) Total N (mg) matter nodules nitrogen
nodules (%)
() (mg)
N+ 6.la 0 100 63a 71a 0 100 156 a
N- 16e 0 - 13b 20b 0 - 14b
5080 G 2.6de 18cd 32 29b 73a 57 ab 86 136 a
5080 P 23e 0 1 13b 1.7b 2b -2 12b
5019 G 22e 22 bed 26 26b 6.7a 107 a 97 150a
5019 P 39cd 49 ab 136 8la 59a 80a 100 156 a
587 P2 15e 39 abc 0 13b 49a 108 a 53 89 ab
587 P7 4.2 bc 67 a 166 96 a 65a 8la 66 108 a

* Means followed by the same letter in the column have no significant difference at 5% by the Tukey test.

N+ = control with NH,NOjz solution 2% (15ml pot™).
N- = control without nitrogen.

Table 3.- Nodule occupancy, plant dry matter, and total Nitrogen (Total N) of soybean varieties (JACUI 7 and IAS 5) inoculated with
mixtures of variants of B. japonicum (SEMIA 5080) and B. elkanii (SEMIA 5019 and 587). Averages from five replicates *.

Jacui 7 IAS5
Nodule Plant
Total N ocz\(lzﬁglej\iy Plant dry matter Total N
Treatments Occupancy dry matter

oo © (mg) 9%+ © (mg)
N+ - 6.la 65a - 71a 156 a
N- - 1.7cd 13d - 20c 18c
5080G+5019 G (3-27) 18cd 10d (3-95) 51ab 130 &b
5080 G+5019 P (8-69) 22cd 19cd (8-78) 55ab 134 ab
5080 G+587 P2 (14 - 76) 18cd 13d (6-91) 4.3bc 98 ab
5080 G+587 P7 (12-85) 23cd 25 bed (52 - 56) 51ab 136 ab
5080 P+5019 G (0-97) 24cd 30 bed
5080 P+5019 P (0- 100) 3lcd 33 bed (0-95) 46D 103 ab
5080 P+587 P2 (0-90) 20cd 15d (4-96) 4.2bc 101 ab
5080 P+587 P7 (1-94) 22cd 26d (0-100) 5.6 ab 129 ab
5019 G+587 P2 (15-82) 14d 13d (83-9) 3.3bc 65 bc
5019 G+587 P7 (15-83) 31lcd 60 a (67 - 21) 52ab 158 a
5019 P+587 P2 (81-15) 28cd 42 abc (96 - 4) 4.4 bc 108 ab
5019 P+587 P7 (72-25) 3.4bc 46 ab (66 - 34) 5.0ab 131 ab

* Means followed by the same letter in the column have no significant difference at 5% by the Tukey test.
** The differences to 100 in the total nodule occupancy were due to nodules without or with double reaction.

Relationship between colony morphology
and nitrogen fixation has been pointed (MEYER &
PUEPPKE 1980; MULLEN & WOLLUN 1989).
However, no consistent correlation wasfound in this
study, consistent with other works (RODRIGUEZ et
al., 1987; BASIT et al., 1991 and SATO, 1995).

CONCLUSONS

Our results indicate that spontaneous
variationin rhizobiastrainsmay occur and theisolation
and selection of variants may be possibly based on
easily detectable characteristics as stable colony
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morphology and symbiotic behaviour. When
spontaneous variation occurred in a rhizobial culture
for inoculant production, the resulting mixture with
ineffectivevariantswill producealow quality inoculant.
Rel ationship analysisbetween symbiotic characteritics
and colony morphology or antibiotic resistancewasn’t
conclusive. Thevariability in rhizobiastrains might be
an important factor to be considered in strain selection
and preservation of cultures for inoculant production.
Stable and efficient variants were obtained from the
stock cultures and they may be recommended for
inoculant productionin the place of theoriginal cultures,
if resultsare confirmed in future experiments.
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