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Abstract

The presence of soil bacteria on seeds could provide an explanation for bacterial geographical spread. We report that
Phaseolus vulgaris bean seeds naturally carry rhizobia on their testa. One hundred eighteen Rhizobium isolates from L-3-1-1-1
seeds were characterized by multilocus enzyme electrophoresis and compared to Rhizobium species which form nitrogen fixing
nodules on the roots of bean plants. As a result of this and other analyses, seed isolates were classified as R. etli. Seed borne
rhizobia are probably moisture limited and are acquired from contaminating soil during the harvesting process as seeds from
non-opened pods do not carry them. Rhizobia on seeds are in a presumably desiccated or dormant state as they require a
rehydration process during which they are antibiotic sensitive. With an improved procedure to detect rhizobia on seeds, we
found that 5 out of 13 Phaseolus vulgaris bean cultivars tested harbor rhizobia on the seeds. z 1998 Federation of European
Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Rhizobium spp. form nitrogen ¢xing nodules on
the roots of legumes. Wherever a given legume is
native, its speci¢c rhizobia symbionts are also indig-
enous soil inhabitants [1]. As crops were introduced
into new regions, microorganisms harbored by the
plants might also have been disseminated. Little is
known about the mechanisms by which Rhizobium
and other bacteria are geographically scattered [2,3].

Most probably man has contributed to their disper-
sion and seeds may be carriers of both pathogenic [4]
and symbiotic bacteria. In 1948, Ash and Allen [5]
reported that some alfalfa seeds bear R. meliloti and
more recent reports showed that the presence of Azo-
rhizobium caulinodans on Sesbania rostrata seeds ex-
plained the nodulation of plants in introduced areas
[6,7]. Recently Hagen and Hamrick [3] proposed that
the colonization of red clover by several Rhizobium
leguminosarum bv. trifolii strains carried by the seeds
contributes to the genetic diversity encountered in
nature.

Phaseolus vulgaris (common bean) originated in
the Americas [8] but has become an important crop
worldwide. Its dissemination pathways have been ex-
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amined [8] and its Rhizobium symbionts might have
been carried along the same routes. This may help to
explain the presence of R. etli in areas where the
bean was introduced. Rhizobium populations nodu-
lating bean have been analyzed from regions where
the bean is an introduced crop as well as from its
native areas. R. etli [9] is the predominant bean nod-
ulating species in Mesoamerica [10,11] but other
bean-nodulating species (as R. gallicum, [12,13])
and other Rhizobium groups have also been de-
scribed for this region [14,15]. R. etli has not been
found in England [16] where its legume host is not
native. However, R. etli strains are found in Spain
[17] where beans were introduced from America
around 400 years ago [8] and also in Senegal [18]
and Austria [19]. Spanish isolates of R. etli belong
to lineages which are only distantly related to R. etli
type strain CFN42 [17]. Founder-selection during the
bacterial colonization process may cause di¡erences
in the populations found on both sides of the Atlan-
tic Ocean. In addition, geographical spread of bacte-
rial clones may also be determined by the types of
Rhizobium strains that survive on seeds. Di¡erent
mechanisms of soil transport have also been involved
in the dissemination of rhizobia but intercontinental
spread may be more easily attributable to seed trans-
port.

The aim of this work was to test for the presence
of Rhizobium bacteria on Phaseolus vulgaris seeds.
Rhizobium isolated from seeds was then character-
ized by multilocus enzyme electrophoresis (MLEE).
This analysis along with nif gene organization and
patterns of ribosomal genes of representative strains
showed that these rhizobia corresponded to R. etli.

2. Materials and methods

2.1. Bean cultivars

The Phaseolus vulgaris bean seeds tested were: L-
3-1-1-1 harvested in October 1993 from an irrigated
¢eld in Celaya, Guanajuato and stored since then in
closed paper bags at room temperature; N-8-1-1-6
also from Celaya. All other cultivars (including Pe-
ruvian) were harvested in Morelos State in 1996 and
obtained in Mexican traditional markets.

2.2. Rhizobium strains and culture conditions

Rhizobium strains, R. etli, CFN42T, F6, F8, F16,
Bra5, CNPAF512; R. tropici CIAT899T, and the
new isolates were grown in PY medium (5 g peptone,
3 g yeast extract and 0.7 g CaCl2 per liter) or in
minimal medium MM [20]. When required, nalidixic
acid (20 mg/l), cycloheximide (10 mg/l) or biotin
(10 mg/l) were added. All other type strains were
grown in PY medium and maintained in YM me-
dium [21].

2.3. Plant nodulation assays

250-ml Erlenmeyer £asks with 7 g cotton or with
vermiculite with N-free Fahraeus medium were used
under sterile conditions to grow bean plants in sterile
conditions (whether inoculated or not) from (i) sur-
face sterilized L-3-1-1-1 seeds, or (ii) pre-germinated
3-day-old plantlets obtained from surface sterilized
Negro Xamapa or L-3-1-1-1 bean seeds, or (iii)
from non-sterilized seeds from di¡erent P. vulgaris
cultivars.

2.4. Seed washings

Around 20 seeds per bean cultivar tested were
placed in tubes with 10 ml sterile water and shaken
30 s by vortexing. The liquid recovered was centri-
fuged in a microfuge (2040Ug, 3 min) at room tem-
perature. This was done with the aim of eliminating
any compound that may elute from the seeds by this
short washing. The pellet was resuspended in 2 ml of
sterilized water and 0.1 ml were used as inocula for
pregerminated (from surface sterilized seeds) 3-day-
old plantlets or for surface sterilized seeds. Other-
wise, the bacterial suspensions were incubated for
24 or 72 h at 30³C previous to plant inoculations.
In some experiments tetracycline (Tc, 6 Wg/ml), ka-
namycin (Km, 70 Wg/ml), or chloramphenicol (Cm,
50 Wg/ml) were added to the bacterial suspension for
24 h, during the incubation period, and were then
eliminated by centrifugation and washings with
water. Controls followed the same procedure except
for the addition of the antibiotic. Aliquots from
these bacterial pellets resuspended in water were
used as inocula for bean plantlets.
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2.5. Strain isolation from nodules

Nodules detached from bean plants were surface
sterilized by immersion in 1.5% (v/v) sodium hypo-
chlorite for 3^5 min and then rinsed 5 times with an
excess of sterile water [22]. Water drops from the
surface of the nodule were placed in PY plates to
detect any contamination after incubation at 30³C.
Nodules were crushed in PY medium and individual
Rhizobium colonies were selected.

2.6. Microscopy analysis

P. vulgaris L-3-1-1-1 seeds were ¢xed in 3% gluta-
raldehyde and 1% osmium tetroxide and after dehy-
dration were gold coated and observed with a JSM-
5410LV (Jeol Ltd.) scanning microscope.

2.7. Electrophoretic pro¢les of metabolic enzymes

Bacterial extracts were prepared from 30-ml liquid
PY cultures. Lysates were obtained with lysozyme
and analyzed in starch gels after selective staining,
as described previously [23], for the following meta-
bolic enzymes: malate dehydrogenase, isocitrate de-
hydrogenase, phosphoglucomutase, indophenol oxi-
dase (superoxide dismutase), glucose-6-phosphate
dehydrogenase, xanthine dehydrogenase, esterases
and alanine dehydrogenase.

The distinct electrophoretic patterns were desig-
nated ETs. The genetic distance between each pair
of ETs is determined from the proportion of loci at
which dissimilar alleles occur. Clustering by the UP-
GMA method of Nei and Lee [24] was determined
from a matrix of pairwise genetic distances and a
dendrogram was obtained to illustrate the relative
positions of isolates to reference strains.

2.8. Analysis of nif gene organization and SSU rRNA
PCR-RFLP patterns

DNA was puri¢ed as described [25], digested with
BamH1 or EcoR1 restriction enzymes, and trans-
ferred, after electrophoresis in agarose gels to nitro-
cellulose ¢lters. An internal nifH fragment from
pEM15 [26] was used as a probe after labelling
with 32P by the random primer method (rediprime
from Amersham Life Science, Amersham Place, Lit-

tle Chalfont, Buckinghamshire, UK). Hybridization
was carried out under high stringency conditions
[27].

Primers fD1 and rD1 [28] were used to synthesize
SSU rRNA gene fragments with Taq polymerase by
PCR. Fragments were digested with MspI, Sau3A,
Hinf1, and Hha1 and visualized in agarose gels as
described by Laguerre et al. [29]. Patterns were com-
pared to type strains from the majority of described
Rhizobium, Sinorhizobium and Mesorhizobium spe-
cies.

3. Results

3.1. Isolation of seed-borne Rhizobium

Two procedures were followed to recover rhizobia
from seeds. The ¢rst consisted of placing non-steri-
lized Phaseolus vulgaris seeds from di¡erent cultivars
directly in sterile £asks containing N-free medium. In
the other, we used water from seed washings as in-
ocula for rootlets obtained from sterilized seeds. In
four independent assays without rhizobia inocula-
tion, nodules formed on the roots in 70% of the
plants obtained from non-sterilized L-3-1-1-1 seeds
placed directly in sterilized £asks, but nodulation
was largely delayed with nodules appearing after
one month. With the ¢rst procedure, nodulation
was also obtained with N-8-1-1-6 seeds and with
one additional cultivar (Peruvian) from Morelos,
Mexico. Otherwise, nodulation proceeded faster if
bacteria were washed from the seeds and applied as
root inocula. With this second procedure, we found
that 5 out of 13 bean cultivars tested (including N-8-
1-1-6, L-3-1-1-1, and Peruvian) carried Rhizobium on
their seeds. Control assays using non-inoculated ster-
ile seeds were always devoid of nodules.

In a modi¢cation to the seed-washing procedure,
we found that if the bacteria were incubated in water
for 1^3 days prior to plant root inoculation, nodu-
lation was enhanced (Fig. 1) and nodulation kinetics
was similar to that obtained with other reference
laboratory strains (not shown) using pregerminated
plantlets as described [30]. We compared germinated
(Fig. 1B) and non-germinated (Fig. 1A) sterilized
seeds to test if some plant metabolites produced dur-
ing germination were required to stimulate seed rhi-
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zobia, but this was not the case. Addition of biotin
or PY medium during the rehydration process did
not enhance nodulation (not shown). A minimum
of 21 h of incubation in water was required to allow
Rhizobium borne seeds to nodulate in the same man-
ner as normally cultivated rhizobia, forming nodules
at 5 days after inoculation (Fig. 2). At 13 days post-
incubation, a gradually increasing nodulation re-
sponse is observed with increasing rehydration time
from 2^8 h (Fig. 2).

When bacteria were treated with tetracycline, ka-
namycin or chloramphenicol for 24 h during the re-
hydration process, they did not nodulate at all. If the
antibiotic was applied for 24 h to the same strains
but after seed borne bacteria were grown in PY or in
MM plates, then nodulation proceeded normally
when these bacteria were used as inocula.

Rhizobium isolates were obtained from 5^10 sur-
face-sterilized nodules per L-3-1-1-1 plant. Alterna-
tively, to directly isolate rhizobia from L-3-1-1-1
seeds, the bacterial suspensions that were washed
from seeds and serial dilutions prepared from them
were plated on MM with added biotin or on PY
medium. This selection allowed R. etli to be isolated
from the bean rhizosphere [15]. Large numbers of

di¡erent bacteria grew on the plates and only one
Rhizobium etli isolate was obtained and recovered
from one MM plate out of the more than 50 plates
spread with seed wash water or dilutions. This iso-
late was selected for its resemblance to R. etli in its
morphology and growth characteristics and further
identi¢ed using the procedures described (MLEE
and PCR-RFLP of ssu rRNA genes). Furthermore,
we obtained nodules in bean plants using as inocu-
late con£uent growth of bacteria from PY plates
(from which we could not recognize R. etli) ; in this
case, bean plants were used to select the rhizobia out
of the mass of bacteria (isolates designated PYM).

We tested for the presence of rhizobia on L-3-1-1-
1 seeds obtained from non-opened pods, which were
not exposed to the air or to soil particles. Dry, non-
opened pods were carefully sealed with tape at the
agricultural ¢eld in Celaya and handled under sterile
conditions at the lab. The seeds taken from the pods
were used directly in nodulation assays using sterile
£asks. Four seeds per bean dry pod were assayed
and no nodules were obtained on any of 32 plants
derived from these seeds. In addition, water wash-
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Fig. 1. Nodulation kinetics of Phaseolus vulgaris cultivar L-3-1-1-
1 showing average nodules per plant from ¢ve plants, S.D. indi-
cated. A: Sterilized seeds, or B: 3-day old seedlings were inocu-
lated with bacterial suspensions obtained from L-3-1-1-1 seed
washings either applied directly (a) ; or after incubation for
3 days at 30³C (O). Inc isolates (see text and Fig. 4) were recov-
ered from nodules at day 13 from some of these plants (O).

Fig. 2. Nodulated Phaseolus vulgaris L-3-1-1-1 plants (percentage)
at di¡erent times after inoculation with seed-washed suspensions
from L-3-1-1-1 incubated at di¡erent times in water. The 21- and
24-h inocula were additionally diluted 1:1 with water (a) or ap-
plied directly (b) to test if the e¡ects were due to the increase in
bacteria number during the incubation period. Ten plants per in-
cubation time were analyzed.
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ings from 20 additional seeds (as described above)
were devoid of rhizobia as well as of many other
bacteria as evidenced after growth on PY plates. Si-
multaneously, L-3-1-1-1 seeds were recovered from
the same ¢eld by the traditional harvesting process.
These seeds contained rhizobia and the 10 isolates
obtained, as described before from seed washings,
were designated harvest 1996, H96 (see below).

Further evidence to support that rhizobia on seeds
arise from contaminating soil was obtained by scan-
ning microscopy. We observed some bacteria on the
testa and abundant material resembling soil particles
(Fig. 3). When the water suspension from the seed
rinses was centrifuged (2040UgU3 min) soil material
and rhizobia were recovered in the pellet, but neither
the amount of soil from seeds nor their color were in
relation to the positive isolation of Rhizobium from
the seeds (not shown). Rhizobia were eliminated
from the seeds by the common seed surface steriliza-
tion procedure using 0.3% (v/v) sodium hypochlorite
for 15 min.

3.2. Rhizobium strain characterization

All 118 Rhizobium isolates from L-3-1-1-1 seeds
were gummy and most were melanin producers as
is characteristic of R. etli strains. All were nalidixic
acid resistant as are the bean nodulating R. etli and
R. tropici species [31]. None of the isolates grew on
LB medium and all were capable of forming nitrogen
¢xing nodules on both L-3-1-1-1 and Negro Xamapa
bean cultivars, with nodules appearing 5^7 days after
inoculation.

Bacterial extracts were prepared in PY medium
from single colonies of all the isolates and from the
R. etli CFN42 and R. tropici CFN299 reference
strains. By MLEE we found that the seed borne
rhizobia were related to R. etli strains F8 and F16
(Fig. 4) but not to CFN42T (which is a Guanajuato
State isolate). The majority of the strains corre-
sponded to very few electrophoretic types. On aver-
age, we got 14 strains per ET which is largely di¡er-
ent to what has been observed with bean populations
previously analyzed [15,32] with around 1.1 strains
per ET and 1.3 strains per ET in a limited geograph-
ical area [33].
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Fig. 3. Scanning-electron-micrograph of a L-3-1-1-1 seed.

Fig. 4. Dendrogram showing the genetic relatedness of di¡erent
seed isolates from L-3-1-1-1 and R. etli strains CFN42, F6, Bra5,
F8, F16, CNPAF 512, and R. tropici CIAT899. For designations
of seed isolates, the ¢rst number indicates the plant, the second
the nodule. Letters indicate special procedures (see text) :
H96 = harvest 96; Inc = incubated (3 days) seed wash; MM = mi-
nimal medium isolate; PYM = isolates from PY mass. Additional
isolates corresponding to ET5 were: 1-2, 1-4, 1-5, 1-6, 1-7, 1-8,
1-9, 2-1, 3-1, 3-2, 3-3, 3-4, 3-5, 3-6, 3-7, 3-8, 3-9, 5-1, 5-3, 5-11,
5-12, PYM1-4; corresponding to ET9: Inc2-3, Inc5-1, Inc5-2,
Inc5-5, Inc6-1, Inc6-3, Inc6-5, MM; corresponding to ET7: 2-4,
2-5, 2-7, 4-1, 4-2, 4-3, 4-4, 4-8, 4-9, 4-10, 4-11, 5-2, 6-6, 6-10, 7-
1, 7-3, 7-4, 7-5, Inc1-1, Inc 1-2, Inc1-3, Inc1-4, Inc1-5, Inc2-4,
Inc3-4, Inc4-2, Inc4-3, Inc5-4, Inc6-2, 4-5, 4-6, 4-7, Inc2-1, Inc2-
2, PYM1-1; corresponding to ET8: Inc3-3, Inc3-5, Inc4-1, Inc4-
4, Inc4-5, Inc5-3, Inc6-4, PYM2-1, PYM2-4, PYM2-5; corre-
sponding to ET11: 2-3, Inc 3-1, H96-3, H96-4, H96-5, H96-6,
H96-7, H96-8, H96-9, H96-10, 2-6, 5-4, 5-5, 5-6, 5-7, 5-8, 5-9, 6-
1, 6-2, 6-3, 6-4, 6-5, 6-7, 6-8, 6-9, 6-11, 6-12, PYM1-2, PYM1-3,
PYM1-5, PYM2-2, PYM2-3.
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Few isolates representing di¡erent ETs had three
nifH gene copies, a typical characteristic of R. etli
strains [27]. Strains 5-10 (ET9), 6-1 (ET10), H96-1
and H96-2 (ET12) had an identical pattern to
CFN42 but strains 4-1 (ET7) and 1-3 (ET5) had a
one-band di¡erence (corresponding to CFN42 nif re-
gion c [15]) both in EcoR1 and in BamH1 digests,
showing variations to the patterns reported [27].

Almost complete SSU rRNA genes were synthe-
sized by PCR, after digestion, the patterns obtained
by R. etli CFN42T and seed isolates (2-4, 4-1, 4-3, 6-
6 (ET7), 5-10 (ET9), 2-6, Inc 3-1 (ET10), H96-1 and
H96-2 (ET12)) were identical. They were clearly dis-
tinct from strains of R. tropici CIAT899T and
CFN299, S. meliloti USDA1002T, R. galegae
HAMBI540T, M. loti NZP2213T, R. leguminosarum
USDA2370T, M. huakuii CCBAU2609T, M. ciceri
USDA3378T, M. mediterraneum USDA3392T, S.
fredii USDA205T, R. gallicum FL27, and R. giardinii
Ro84 and H152T.

4. Discussion

We tested two di¡erent procedures to demonstrate
the natural occurrence of Rhizobium in Phaseolus
vulgaris seeds. In the ¢rst procedure with non-steri-
lized seeds placed directly in sterilized £asks, nodu-
lation was largely delayed probably due to the low
accessibility of the rhizobia to susceptible root nod-
ulation sites or to the lack of adequate hydration of
the rhizobia on the seed. The hydration process
tested in the second procedure may allow the bacte-
ria to recover from a presumably desiccated or dor-
mant stage on seeds or to promote the liberation of
rhizobia from soil micropores [34,35] or from other
bacteria-soil structures that may protect rhizobia
from hydric stress but renders them poorly accessible
to roots. The enhanced antibiotic sensitivity of seed
borne rhizobia may be due to membrane damage as
has been observed during drying and rehydration of
nodule bacteria [36].

The results presented indicated that bean seed rhi-
zobia from L-3-1-1-1 are R. etli strains and that they
are present in a low proportion relative to other
bacteria. In addition, the high ratio of di¡erent
strains/ETs might be explained if there were low
numbers of rhizobia on each seed, and if the nodules

in one plant were formed by the descendants of a few
Rhizobium cells located on the seeds. These bacteria,
in some cases (as on the L-3-1-1-1 bean seeds), re-
mained viable for nearly four years. There are re-
ports of Xanthomonas campestris pv. phaseoli and
other bacteria isolated from 3-year- [37] and from
15-year-old bean seeds [38]. Di¡erences in longevity
of bacteria on seeds seems to be related to moisture,
storage temperature and to the speci¢c bacterial spe-
cies and strains [4].

R. etli strains, like other rhizobia from semiarid
regions are normally exposed to long periods of
hot and dry soil ; for this reason they may be more
adapted to desiccation than other Rhizobium species
from temperate regions and as such, R. etli could be
a model for the study of the genetic basis of desic-
cation resistance.

Two of the cultivars that harbor Rhizobium on the
seeds were L-3-1-1-1 and N-8-1-1-6 that were har-
vested from ¢elds in Celaya, Guanajuato using tradi-
tional methods that consist of pulling out the plant
and some roots from the soil once the pods are dry.
Plants are then threshed either manually or with a
mechanical thresher. In both cases, seeds are sepa-
rated from the plant residues by means of air venti-
lation.

For the 8 cultivars of bean seeds tested that did
not carry rhizobia we have no information on their
harvest process or on possible chemical treatments
that could explain the lack of rhizobia. Furthermore,
fungal contamination was frequently observed in the
plant nodulation assays with non-sterilized seeds or
with inocula from non-sterilized seeds of these culti-
vars, which could have inhibited Rhizobium nodula-
tion. Indeed, we have isolated Fusarium spp. from
these seeds as well (our own unpublished results).

We presume that the harvesting method used in
Celaya has been practised for a very long time and
it is still commonly used not only in Mexican agri-
culture but also in other Latin American countries
and in the USA. Otherwise this practice is not cur-
rently used with other crops such as soybean and pea
but is a normal procedure with chick-pea and sub-
terranean clover. It has been observed previously
that bacteria on seeds are soil bacteria acquired dur-
ing the harvesting process through soil contamina-
tion [4]. Evidently, during bean harvest, soil and root
detritus get mixed with the seeds before they are
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separated by screening and ventilation procedures.
Recently it was reported that indigenous soil bacteria
may be transported by earthworms [39]. Our work
gives the ¢rst evidence that Rhizobium etli is natu-
rally viable on seeds for long periods and it also
constitutes a solid basis for researchers to examine
their seeds for the presence of indigenous rhizobia. It
certainly provides additional elements to address the
problem of the origin and distribution of both sym-
biotic and pathogenic microorganisms.

In addendum R. etli, but not other species of Rhi-
zobium, like those nodulating Leucaena leucocephala,
are on bean seeds. Leucaena leucocephala is native of
Mexico and large populations of rhizobia have been
encountered in these soils. With the improved de-
scribed procedure to reveal seed-borne rhizobia we
found no Leucaena nodulating rhizobia on Phaseolus
vulgaris bean seeds, using 13 Leucaena plants and a
largely increased inoculum (10 times the amount re-
quired for bean nodulation). This may indicate that
Phaseolus vulgaris seed borne rhizobia are either
nodule borne or from symbiosis-enriched popula-
tions from bean crops.
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