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Bradyrhizobium effectiveness responses in Stylosanthes

hamata and S. seabrana

R.A. DATE
CSIRO, Division of Tropical Crops and Pastures,
St Lucia, Queensland, Australia

Abstract

A collection of Stylosanthes hamata and S. sea-
brana accessions were screened for effective-
ness of nitrogen fixation with a range of strains
of Bradyrhizobium and grouped using PATN
Analysis package for likeness of their response
patterns. The accessions divided into 2 major
groups, 1 with broad spectrum response being
effective with many strains of Bradyrhizobium
and the other with a specific strain requirement,
nodulating effectively with a narrow range of
strains of Bradyrhizobium. Most promiscuously
nodulating accessions have provenances from
wetter environments with soil of pH less than 7,
whereas the specific strain requiring groups were
from seasonally drier environments with slightly
alkaline soils. Similarly, most of the promiscuous
groups were tetraploid and the specific groups
diploid.

Introduction

Edye et al. (1984) were the first to discuss the
importance of climate and edaphic adaptation as
a basis for selection of new cultivars of the pas-
ture legume Stylosanthes for northern Australian
conditions. Detailed studies of agronomic varia-
tion in a wide range of Stylosanthes spp. to assess
their suitability as pasture legumes for this envi-
ronment had begun in the 1960s, when only S.
guianensis and S. humilis were recognised as
pasture legumes. By 1984, 13 cultivars from 5
species had been released (Edye and Cameron
1984). Most of these cultivars had been selected
for their adaptation, persistence and dry matter
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production, including nitrogen fixation, in infer-
tile soils of the semi-arid and seasonally dry trop-
ical environments of northern Australia. None
of these cultivars required inoculation with spe-
cial strains of Bradyrhizobium and all nodu-
lated effectively with established soil strains of
bradyrhizobia (Date 1984; 1991). However, as
evaluation programs became more selective and
targeted towards finding new cultivars for spe-
cial conditions, particularly in the heavier clay
soils of the cropping regions, many accessions
failed to nodulate with existing bradyrhizobia and
required inoculation with selected strains for suc-
cessful establishment and growth (R.A. Date and
L.A. Edye unpublished data). Special regional
adaptation conditions included tolerance to cold,
infertile low pH soils with high soluble alu-
minium content, and neutral to alkaline clay soils
in cropping areas.

An integral part of CSIRO’s selection program
was the screening of potentially useful accessions
of Stylosanthes for their effectiveness in nitrogen
fixation with a range of strains of Bradyrhizo-
bium. Significant differences between and within
species for the specificity of bradyrhizobial
strains to fix nitrogen had been reported for some
accessions of S. guianensis and S. hamata (Date
and Norris 1979). More recently, specificity for
both ability to form nodules and to effectively
fix nitrogen have been reported in S. capitata
(Date 1984), S. seabrana (as S. sp. aft. S. scabra)
(Date et al. 1996) and S. macrocephala (Date and
Eagles 2010).

This paper summarises the Bradyrhizobium
screening experiments associated with the cul-
tivar selection program for S. hamata and S. sea-
brana. The screening aimed to assess relative
responses in nitrogen-fixation effectiveness to a
group of strains of bradyrhizobia and assess any
variability in this response between the acces-
sions of Stylosanthes. The screening began in
1981 as the agronomic selection program tar-
geted S. hamata and S. scabra accessions, mostly
from Brazil and Venezuela, for their adaptability
to neutral to alkaline clay soils of the cropping
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regions of Queensland. As evaluation programs
continued in the late 1980s, a set of accessions
adapted to these conditions was identified. These
accessions correspond to a morphologically and
agronomically different set of germplasm first
described by Maass (1989) as S. scabra ‘cf.-
scabra-type’ and later assessed for a wider range
of morphological and agronomic attributes by
Jansen and Edye (1996). Unfortunately, Jansen
and Edye (1996), Date et al. (1996) and Liu and
Musial (1997) referred to these accessions as S.
sp.aff. S. scabra. More recently, this same mate-
rial has been described as a new species, namely
S. seabrana (Maass and Mannetje 2002). Selec-
tion of suitable strains of Bradyrhizobium for this
new species and for the diploid S. hamata germ-
plasm collected originally in Venezuela required
special germplasm collection trips to Venezuela
and Brazil as no suitable strains existed in the
then CSIRO Rhizobium Germplasm Collection
(R.A. Date unpublished data). Similarly, no suit-
able strains were available from the International
Centre for Tropical Agriculture in Colombia
(CIAT) or the research institute EMBRAPA of
Brazil.

Materials and methods
Germplasm

In the period 1981-1996, 21 separate experi-
ments were completed in which 166 entries of
S. hamata, 4 of S. scabra, 29 of S. sp. aff. S.
scabra (labeled affB in Table 1), 2 of S. sp. aff.
S. hamata (labeled affC in Table 1), 36 of S. sea-
brana (previously S. sp. aff. S. scabra of Date et
al. 1996 and 8 of which were the ‘cf. scabra-type’
of Maass 1989), 2 of S. calcicola, 3 of S. humilis,
3 of S. sympodialis and 1 of S. sp. (Table 1) were
screened against 20 strains of bradyrhizobia. The
accessions of S. calcicola, S. humilis and S. sym-
podialis were included as additional potentially
useful plants based on regional evaluation trials
(L.A. Edye and R.J. Williams personal commu-
nication). One entry of S. hamata cv. Verano (T
= tetraploid) and one of S. hamata CPI40264A
(D = diploid) were included in each experi-
ment as control standards. A total of 295 entries
(including the 2 standards in each experiment
as separate entries, and 9 repeats) were used to
assess responses to strains of Bradyrhizobium.
The first 4 experiments (1981-1982) compared
76 entries against 12 strains of Bradyrhizobium,

then 15 experiments (1987-1992) compared
160 entries against 18 strains and 2 experiments
(1995-1996) compared 59 entries against 11
strains. The range of strains was expanded in the
1987-1992 experiments to include more strains
effective with the diploid sets of S. hamata acces-
sions. The range of strains used in the 1995-
1996 experiments was necessary to ensure that
there were enough strains effective with S. sea-
brana. The 1981-1982, 1987-1992 and 1995-
1996 experiments are referred to throughout as
Ha76, Hal60 and Ha59, respectively. The com-
posite experiments of 295 accessions x 6 strains
(common to all entries) and 295 accessions X
20 strains (some missing values), similarly, are
referred to as Ha295 and HaAll

Table 2 lists the strains of Bradyrhizobium
used in the screening experiments, their host of
origin and provenance. Reasons for selection and
changes in test strains are detailed in the Discus-
sion.

Plant growth conditions and measurements

Pre-germinated seeds of each accession were
sown aseptically into a nitrogen-free system
(Norris and Date 1979). Duplicate sand-jars
of each accession X strain combination were
inoculated with  Bradyrhizobium 5-7 days
after sowing. Uninoculated and nitrogen con-
trols were included. Nitrogen was added to the
nitrogen controls as a 5% solution of KNO, at
a rate equivalent to 30 kg/ha N. The plants for
each experiment were maintained in a glasshouse
during either March-May or October-November
in Brisbane with air and ‘soil’ temperatures
between 20 and 30°C. Plants were harvested after
6-8 weeks, when roots were washed free of sand
and nodulation recorded as ‘—’ (none), ‘+’ (few)
or ‘++’ (many). The dry weights (g) of whole
plants (4/sand-jar) were used as an index of the
effectiveness of nitrogen fixation.

Data analysis

Plant dry weight values were standardised as a
percentage of the value for the relevant nitrogen
control. The pattern analysis program PATN
(Belbin 1995) was used to group like response
patterns to a limited number of groups. The
module ASO, with the Gower Metric option,
was used to obtain symmetric matrices, which
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were classified by the hierarchical routine FUSE
(UPGMA option). The routines GDEF and
DEND were used to display group structure and
relationships among groups, and GSTA to deter-
mine which attributes (strains) contributed most
to the formation of the groups. In addition, MST
was used to display dissimilarity between acces-
sions, NNB to determine proximity relationships,
BOND to indicate the strength of the relationship
between nearest neighbours, and PCA (Principal
Components Analysis) to display major groups
from each analysis.

Five separate analyses were completed. The
index values for the Ha76 experiments, the
Hal60 experiments and the Ha59 experiments
were analysed separately. Then the HaAll (20%
as missing values) and Ha295 (common to all
accessions) composite data sets were subjected
to separate analysis to provide an overall picture
of responses (dissimilarities) of the major groups.
Kruskal-Wallis values for the Bradyrhizobium
strain attributes were calculated from the group
structure data (GSTA) to provide a ranking of
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strains contributing most to the separation of the
accessions of Stylosanthes into their nitrogen-fix-
ation effectiveness response groups.

Results and Discussion

In all experiments, uninoculated and nitrogen
controls remained free of nodules. In 2 exper-
iments, nitrogen controls returned plant dry
weights slightly less than the best bradyrhizobial
strain treatments.

Pattern analysis of the screening data sep-
arated the 295 accessions of Stylosanthes into
2 major divisions according to their effective-
ness of nitrogen fixation with the range of strains
of Bradyrhizobium. These divisions comprised
groups of accessions that were effectively nod-
ulated by a wide range of strains similar to the
promiscuous standard, S. hamata cv. Verano
(tetraploid), and those that were effectively nod-
ulated by only a few strains of Bradyrhizobium
typified by S. hamata CP140264A (diploid) (Fig-
ures 1, 2, 3 and 4).
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Figure 1. Dendrogram and Group composition for the accessions of Stylosanthes in the Ha76 experiments.
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Accessions of the diploid S. hamata and
S. seabrana (also diploid) separated into dis-
tinct groups within those groups of accessions
nodulated effectively by only a few strains of
Bradyrhizobium (Figures 5 and 6). The per-
centage variation accounted for in a Principal
Components Analysis for each of the analyses
shows that most variation is accounted for by
the first and second order coordinates, providing
strong evidence of significant grouping of acces-
sions with similar responses (Table 3).

The Kruskal-Wallis values for strains of

grouping of accessions in the 3 series of experi-
ments are recorded in Table 2.

The accessions identified as the ATF2300
series are those described by Maass (1989) as
‘aff. scabra-type’ (affB by authors to distinguish
from affC hamata-type) and they formed 2 main
groups with high similarity within the more freely
nodulating accessions (Table 1; Group 6 in Fig-
ures 3 and 4; Series Ha59 and HaAll in Figure 6).
All S. seabrana accessions (includes ‘cf.-scabra-
type’ and S. sp.aff. S. scabra), except CP192476,
CPI115995, ATF2521 and ATF2539B, are identi-

Bradyrhizobium  contributing most to the  fied in Group 1, 2 or 3 of Figures 2, 3 and 4 (also
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110176  g2838B 110044  CLON4

Figure 2. Dendrogram and Group composition for the accessions of Stylosanthes in the Hal60 experiments.



Table 1), associated with the diploid specific
strain requiring standard CP140264A. The excep-
tions occurred in Groups 5 and 6 of Figures 2,
3 and 4 associated with the more promiscuously
nodulating standard Verano. Both ATF acces-
sions may not be S. seabrana. The morphological
data of Date et al. (2010) support this suggestion;
however, the two CPI accessions are anomalous,
as both are distinctly S. seabrana in the morpho-
logical assessment (Date et al. 2010).

With few exceptions in the Ha59 and HaAll
series, the accessions in Groups 1 and 2 are dip-
loid and those in Groups 5 and 6 are tetraploid
and show the typical rhizobial response patterns
of promiscuity for tetraploid accessions and a
high level of specificity for the diploid acces-
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sions in respect of effectiveness of nodulation by
bradyrhizobia. In series Ha76 Groups 1 to 4, the
accessions were of the specific strain requiring
type but only Groups 1 and 2 showed specificity
in the Hal60 series.

Most of the diploid S. hamata accessions were
collected in regions of heavier clay soils of neu-
tral to alkaline pH and distinct seasonal wet/dry
conditions, whereas the tetraploid accessions
were from higher rainfall areas and soils of pH
<7.

Effective strains of bradyrhizobia from these
experiments have been used in glasshouse and
field assessment for selection of suitable strains
for legume inoculant production. In particular,
assessments were completed for the release of the
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110342 ATF2523 ATF2531 ATF2331 ATF2329  ATF2349
40264A ATF2530 ATF2342 ATF2332  ATF2351
40264A ATF2533 ATF2347 ATF2333  ATF2352
40264A ATF2534 ATF2348 ATF2334  ATF2354
ATF2350 ATF2535 ATF2353 ATF2335  ATF2355
ATF2516 ATF2536 ATF2337  ATF2356
ATF2517 ATF2537 ATF2338  ATF2357
ATF2519 ATF2540 ATF2339  ATF2521
ATF2341  ATF2539B

ATF2343  VERANO

ATF2344  VERANO

VERANO

Figure 3. Dendrogram and Group composition for accessions of Stylosanthes in the Ha59 experiments.
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] [

L} 1 L} 1 T 1 L} 1 L) 1 L} 1
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

33205 109310 37037 92454 ATF2336 65365 55803  ATF2328
33231 109312 46587 92463 65368 55805  ATF2329
36046 109314 49080 110342 65371 55821 ATF2330
37038 109316 55799 110370C 68837 61667  ATF2331
37038 109346 55821 40264A 68838 61674  ATF2332
50997 110028 56211 40264A 68840 65958  ATF2333
50998 110066 61670 40264A 94444 65960  ATF2334
51391 110077 62160 ATF2350 109320 65962  ATF2335
55826 110083 70524 ATF2516 109325 65965  ATF2337
61204 110087 73517 ATF2517 109331 68841 ATF2338
61670 110108 99675 ATF2518 109332 70522  ATF2339
62162 110110 109308  ATF2519 109347 70529  ATF2341
65363 110114 109315  ATF2520 109349 92476  ATF2342
65364 110119 110042  ATF2522 109350 105678  ATF2343
70360 110125 110067  ATF2523 110033 105678  ATF2344
70366 110171 110068  ATF2530 110035 109326  ATF2345
70370 110173 110084  ATF2531 110036 109344  ATF2346
70371 110174 110090  ATF2533 110038 110024  ATF2347
70372 110176 110099  ATF2534 110042 110025  ATF2348
70374 110181 110179  ATF2535 110044 110026  TF2349
70523 110185 110190  ATF2536 110044 110027  ATF2351
70525 110186 110341 ATF2537 110045 110029  ATF2352
72850 110190 110359  ATF2539 110046 110029  ATF2353
72852 110207 40264A  ATF2540 110048 110030  ATF2354
72854 110311 40264A 110049 110037  ATF2355
72859 110340 61672Ba 110050 110039  ATF2356
73484 110343 61672Bb 110051 110040  ATF2357
73486 110361 110057 110041  ATF2521
73487 110372 110069 110043  ATF25398
73488 110373 110070 110095 VERANO
73491 115993 110098 110109  VERANO
73497 115994 110098 110116  VERANO
73498 1055468 110104 110134  VERANO
73499 1103708 110162 110135 VERANO
73501 40264A 110166 110138  VERANO
73505 40264A 110168 110316  VERANO
73506  40264A 110205 115995 VERANO
73507 40264A 110206  55822_1 VERANO
73509  40264A 110209  55822_2 VERANO
73511 40264A 110317 55822_3 VERANO
73511  40264A CLON4  55822_4 VERANO
73513 40264A 55822_5 VERANO
73514  40264A 55822-A VERANO
73515  40264A 55822-B  VERANO
73519  40264A 67704B  VERANO
73523 40264A VERANO
73524 40264A VERANO
73525 40264A VERANO
94130 40264A VERANO
94443  40264A VERANO

99670 61623A
104710 61671A
109305 92838B
109307

Figure 4. Dendrogram and Group composition for accessions of Stylosanthes in the HaAll experiments.



Caatinga stylo (S. seabrana) cultivars Primar and
Unica (R.A. Date unpublished data).

The accessions of S. calcicola were grouped
with those of the specific Bradyrhzobium strain
requiring types. Strains CB2126, CB3050 and
CB3053 were the most effective but were less
than satisfactory, achieving only 50-55% of the
dry weight of the nitrogen controls. S. humilis
and S. sympodialis grouped with the more pro-
miscuously nodulating types. Bradyrhizobium
strains CB756, CB1650, CB3050 and CB3294
were the most satisfactory, achieving 70-90%
dry weights of the nitrogen controls. It is rec-
ommended that any further field evaluation of
these accessions include a re-assessment of
the Bradyrhizobium requirements for effective
nitrogen fixation.

The experiment series Ha76, Hal60 and
Ha59, aimed at selecting strains of bradyrhizobia
to nodulate potential new pasture legumes for
the seasonally dry tropics in northern Australia,
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centred on the diploid S. hamata and some mor-
phologically different S. scabra accessions now
recognised as S. seabrana (Maass and Mannetje
2002). Initial screening (Ha76 experiments) used
the diagnostic strains of Date and Norris (1979).
Changes were made after these strains failed to
separate accessions and more importantly when
no strain of potentially high level effectiveness
was identified. The screening was widened in
the Hal60 series and, when none of the S. sea-
brana material was effectively nodulated in this
series of experiments, it was broadened again
(Ha59 series). The Hal60 series used strains of
bradyrhizobia obtained from a specifically tar-
geted collection of new material from Venezuela
(strains CB3289, CB3290, CB3291, CB3292,
CB3293, CB3294, CB3295 and CB3296) to cor-
respond with the diploid S. hamata accessions.
The Ha59 experiments included strains CB3480
and CB3481 to correspond with the new germ-
plasm of S. seabrana (ATF2500 series). Strain
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Figure 5. Scatter diagrams of components 1, 2 and 3 for Experiment series Ha76 and Hal60. Triangles = promiscuous;

squares = specific.
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CB3481 has subsequently become the com-
mercial inoculant for S. seabrana in Australia
(Bullard et al. 2005). Although strain CB3481 is
effective and persistent as an inoculum for S. sea-
brana in the field (R.A. Date unpublished data),
strains CB3480, CB3292 and CB3294 were more
effective in these screening experiments and war-
rant field assessment for their competitive and
persistence abilities. Similarly, strains CB2126
and CB3050, suitable for diploid S. hamata,
should be assessed if accessions of this species
are included in future regional evaluation trials.
In addition, Bradyrhizobium strains CB3495
and CB3564, which were not available for the
Ha76, Hal60 and Ha59 experiments, warrant
inclusion in future assessment of both diploid S.
hamata and S. seabrana. Strain CB3495 is effec-
tive in the field (Eagles and Date 1999) and strain
CB3564 was isolated from S. seabrana and has
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proven effective on S. macrocephala (Date and
Eagles 2010).
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Table 3. Percentage of variation accounted for by Principal Components Analysis of effectiveness response data for the
3 series of experiments assessing nitrogen-fixation effectiveness of accessions of Stylosanthes against a range of strains

of Bradyrhizobium.
Series Component 1 Component 2 Component 3 Total variation
Ha76 51 6 84
Hal60 44 12 82
Ha59 83 4 95
HaAll 58 12 90
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