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Rhizobia isolated from forage legumes of an arid cattle rearing
ecosystem in Holguin, Cuba. Morpho-cultural evaluation and nodulation
(phase I)
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Radical nodules of naturalized and native forage legumes of arid
ecosystems in Holguin, Cuba (Desmodium canum, D. triflorum,
Centrosema virginianum, Indigofera mucronata and Alysicarpus
vaginalis). An amount of 20 isolates were conducted in order to
identify them as rhizobia and determine their morphocultural
and staining characteristics. Nodules were macerated and its
content was cultivated in specific media. Likewise, plantlets of
Macroptilium atropurpureum were inoculated for identifying
isolates. From them, 11 were identified as rhizobia due to their
genotype and their ability to form nodules in M.atropurpureum.
Three groups of colonies with different morphological
characteristics were formed, all of them with slow or very slow
growth, as well as with alkali production in the medium, except
an isolate that produced an acid and four without reaction. It can
be concluded that the 11 isolates that formed three groups of
slow growth belonged to the Bradyrhizobiaceae family. However,
isolates of Alysicarpus vaginalis and Indigofera mucronata
showed no characteristics as rhizobia. Most of the isolates come
from Centrosema virginianum and it was observed that growth in
all groups was slow or very slow. Nevertheless, colony diameter,
acid or alkali production and gum formation had a sensitive
variation among formed groups. It is suggested to carry out assays
of phenotype and genotype, in order to determine more exactly
their taxonomical position up to species level.
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Legumes are a rich source of proteins for human
and cattle feeding. Legume production depend,
considerably, on molecular nitrogen fixation, which is
performed in symbiosis with specific rhizobia species.
There are around 19.000 legume species and most of
them are not used by humans. There is only knowledge
about symbionts for around 1 % of legumes that form
nitrogen-fixer nodules (Villanueva and Quintana
2012).

Holguin province, Cuba, shows 45 % of the
agricultural areas with low or very low productive soils.
These last are affected by compaction, salinization,
drought, acidity and deficient irrigation (Turruelles and
Daley 2009). According to Oquendo et al. (2013), these
limiting factors, with other climatic and physiographic
ones, affect the encouraging and exploitation of

Se colectaron nddulos radicales de leguminosas forrajeras nativas o
naturalizadas de ecosistemas aridos de Holguin, Cuba: Desmodium
canum, D. triflorum, Centrosema virginianum, Indigofera mucronata
y Alysicarpus vaginalis. Se realizaron 20 aislados con el objetivo
de identificarlos como rizobios y determinar sus caracteristicas
morfoculturales y tintoriales. Se maceraron los nodulos y su
contenido se sembré en medios especificos. Asimismo, se inocularon
plantulas de Macroptilium atropurpureum para la identificacion
de los aislados. De estos, 11 se identificaron como rizobios por su
fenotipo y por formar nédulos en M.atropurpureum. Se formaron
tres grupos de colonias con diferentes caracteristicas morfologicas,
todas con lento o muy lento crecimiento, asi como con produccion de
alcali en el medio, excepto un aislado que produjo acido y cuatro sin
reaccion. Se concluye que los 11aislados que formaron tres grupos
de lento crecimiento, pertenecen a la familia Bradyrhizobiaceae.
Sin embargo, los aislados de Alysicarpus vaginalis ¢ Indigofera
mucronata no presentaron caracteristicas como rizobios. La mayor
parte de los aislados proceden de Centrosema virginianum y se
observo que el crecimiento en todos los grupos fue lento o muy lento.
Sin embargo, el diametro de las colonias, la produccion de acido o
alcali, asi como la formacion de goma, varid sensiblemente entre
los grupos formados. Se recomienda realizar ensayos de fenotipo y
genotipo con el fin de determinar de forma mas exacta su posicion
taxonomica hasta el nivel de especie.

Palabras clave: leguminosas forrajeras, fenotipo, Bradyrhizobium.

Las leguminosas son ricas como fuente de proteinas
para la alimentacién humana y para el ganado. La
produccion de plantas leguminosas depende, en gran
medida, de la fijacion de nitrégeno molecular que realiza
en simbiosis con especies especificas de rizobios. Existen
aproximadamente 19.000 especies de leguminosas, y
la mayoria atin no se aprovechan por el hombre. Solo
se conocen los simbiontes para aproximadamente 1 %
de las leguminosas que forman nddulos fijadores de
nitrogeno(Villanueva y Quintana 2012).

La provincia de Holguin, Cuba, presenta 45 % del
area agricola con suelos poco productivos o muy poco
productivos. En estos tltimos incide la compactacion, la
salinizacion, la sequia, la acidez y el drenaje deficiente
(Turruelles y Daley 2009). Segin Oquendo et al. (2013),
estos factores limitantes, y otros de caracter climatico y



608

grasslands in that region. Rhizobia, with constitute
microsymbionts of legumes, prospected in the study area,
in order to survive under stressing conditions of drought,
developed an adapting system, so their characterization
and future agronomic selection constitute an essential
step to exploit their physiological potential as inducers
of tolerance to water stress in plants (Vanderlinde et al.
2010, Fitouri et al. 2012).

Phenotypical characterization of rhizobia adapted to
stressing conditions in soils, constitute one of the first
stages for obtaining an effective inoculant that allows
a better establishment of legumes and, consequently,
increasing food production and reducing the use of
nitrogen fertilizers. In spite of the wide use of molecular
biology techniques for characterizing these bacteria,
many of the traditional phenotypic analysis are used
because they evaluate ecological and physiological
functions of cells, which favor their taxonomical location
(Bécquer 2002).

The objective of this study was to identify and
evaluate morphocultural and staining characteristics
of rhizobia isolated from forage legumes from an
arid cattle ecosystem in Holguin, Cuba, for their
further use in agricultural practices under stressing
conditions.

Materials and Methods

Nodule collecting site. Nodule collecting was
performed in the area known as “Monte Alto”, from
the municipality of Calixto Garcia, Holguin province,
under semi-intensive cattle rearing conditions. This
region is located at a longitude of 73.3740 and a
latitude of 20.4410 (UTM).

Characteristics of the climate of collecting site. It
is characterized by low precipitations, although relative
humidity is high (table 1). During the specific collection
period (from 10 to 20 of July), total rain is almost 50 %
of the month, which could favor, in a way, nodulation
of legumes.

Soil characteristics of collection site. The soil
is Vertisol, dark plastic gley, yellowish gray, on
transported materials. It is usually carbonated, deep,
moderately humified, with little erosion and weakly
saline, carbonated, with frank clay and very little
gravel. It has 60 cm depth and flat relief (Hernandez
et al. 1999). Macronutrient content was low in
phosphorus, although potassium showed little high
levels (Table 2).

Nodule prospection. For a representative sampling,
between 15 and 20 subsamples were taken at random

Table 1. Climate data from the collecting site
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fisiografico, inciden negativamente en el fomento y la
explotacion de pastizales en esa region. Los rizobios,
que constituyeron microsimbiontes de las leguminosas
pratenses prospectadas en la zona de estudio, para poder
sobrevivir en las condiciones estresantes de sequia
desarrollaron un sistema de adaptacién, por lo que
su caracterizacion y posterior seleccion agrondmica,
constituyen un paso obligado para explotar su potencial
fisiologico como inductores de tolerancia al estrés hidrico
en las plantas (Vanderlinde et al. 2010, Fitouri et al. 2012).

La caracterizacion fenotipica de rizobios adaptados a
condiciones estresantes en los suelos constituye una de
las primeras etapas para la obtencion de un inoculante
efectivo, que permita un mejor establecimiento de las
leguminosas y con ello, incrementar la produccion
de alimentos y reducir el empleo de fertilizantes
nitrogenados. A pesar de la amplia utilizacion de
técnicas de biologia molecular en la caracterizacion
de estas bacterias, se mantienen muchos de los analisis
fenotipicos tradicionales, pues estos evaltian las
funciones fisioldgicas y ecoldgicas de la célula, lo que
favorece su ubicacidon taxondmica (Bécquer 2002).

El objetivo de este trabajo fue identificar y evaluar las
caracteristicas morfoculturales y tintoriales de rizobios
aislados de leguminosas forrajeras de un ecosistema
ganadero arido de Holguin, Cuba, con el propodsito
de utilizarlos en un futuro en la practica agricola en
condiciones estresantes.

Materiales y Métodos

Sitio de colecta de nodulos. Se realizo la colecta
de nodulos en la zona conocida por “Monte Alto”,
perteneciente al municipio Calixto Garcia, provincia
de Holguin, en condiciones de ganaderia semintensiva.
Esta region se halla ubicada a una longitud de 73.3740
y latitud de 20.4410 (UTM).

Caracteristicas de clima en el sitio de colecta.
Se caracteriza por escasas precipitaciones, aunque
la humedad relativa es alta (tabla 1). En el periodo
especifico de colecta (2da decena de Julio), la lluvia total
constituye casi 50 % de la del mes, lo que pudo favorecer,
de cierta forma, la nodulacion de las leguminosas.

Caracteristicas del suelo del sitio de colecta. El
suelo es de tipo Vertisuelo, oscuro plastico gleysado,
gris amarillento, sobre materiales transportados. Es
generalmente carbonatado, profundo, medianamente
humificado, con poca erosion y débilmente salino,
carbonatado, con arcilla franca y muy poca gravillosidad.
Cuenta con 60 cm de profundidad efectiva y relieve llano
(Hernandez et al. 1999).El contenido de macronutrientes

Month Mean Absolut max. Mean relativeh  Total rain, Max. rain up
temperature  temperature umidity, (%) (mm) to 24 h, (mm)

July 27.6 34.5 82 90.5 31.2

From July 27.4 33.2 85 44.5 222

10th to 20th
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Table 2. Basic characteristics of soil from collecting site

P O, mg/100g

K, O mg/100g

M.O. % pH

5.0

57.77

3.01 7.35

in a pattern of W or zigzag. To avoid drying of
nodules, soil and root samples were taken at the
same time (Perez et al. 2011). Vigorous plants, on the
phenological stage of early flowering, were selected,
with no evidence of pest attacks or diseases. Legume
root nodule extraction and their later preservation
was performed according to Somasegaran and Hoben
(1994), so one soil section was cut with a shovel at
no less than 15.0 cm around the plant and, at least,
20.0 cm deep. Nodules, together with roots, were
preserved in containers with CaCl,, for their
conservation and moving.

Rhizobia isolation. Rhizobia were isolated
according to the method of Date and Halliday
(Date 1982). They were sterilized in 95 % ethanol
(30s), 4-6 % sodium hypochlorite (2-3 min) and were
rinsed in sterile distilled water. Their strains were
isolated from a compression made with a sterile glass
macerator to extract its contents. Culture was carried
out in a mannitol-yeast solid medium with Congo
red (CR) (Vincent 1970) and was incubated at 28 °C
for 10 d. Those colonies with cultural characteristics
similar to rhizobia, which did not absorb Congo red,
were selected, and successive passes of them were
performed in the previously described medium to
obtain a pure culture. Later, they were preserved
in wedges of this same medium at 4 °C. Culture
purity, as well as their staining and morphological
characteristics, were determined by Gram staining
method (Somasegaran and Hoben 1994, Parker
2012).

Identification of isolates. Rhizobia identity was
confirmed by its ability to cause nodulation in
Macroptilium atropurpureum (Vincent 1970) in test
tubes of 150 x 25 cm, containing a nitrogen-free
Hoagland agar nutrient solution, as described by
Bécquer (2002), with arrangements in Fe source with
the use of Fe,Na,EDTA in substitution of FeCH.O,.
H,O. Therefore, fresh inocula from each isolated strains
were used, with approximate titer of 10% cells/mL,
from which 1.0 mL was added to each tube. Seeds
were sterilized with sodium hypochlorite (2.5 %)
(Somasegaran and Hoben 1994) and were scarified
in hot water at 80-90 °C (2-3 min) before culture.
Plantlets were grown in a chamber of Phytotron
controlled conditions (Korea), with intervals of
16 h-light (300 uE/m?/s) at 26 °C during the day and
22 °C overnight. Relative humidity was 75/85 %.
After two weeks, plantlets were examined to confirm
nodulation. Likewise, growth in peptone-glucose-agar
was evaluated according to Somasegaran and Hoben
(1994) methodology.

fue bajo en fosforo, aunque el potasio presento niveles
algo elevados (tabla 2).

Prospeccion de néodulos. Se tomaron para un
muestreo representativo entre 15-20 submuestras al azar
en un patrén de W o zig-zag. Para evitar desecamiento de
los nddulos, se tomaron al mismo tiempo suelo y raices
(Pérez et al. 2011). Se seleccionaron plantas vigorosas,
en estadio fenoldgico de inicios de floracion, sin indicios
de ataques de plagas o presencia de enfermedades. La
extraccion de los nddulos de las raices de leguminosas y
su conservacion posterior se realizo segiin Somasegaran
y Hoben (1994), para lo que se cortd con una pala una
seccion de suelo a no menos de 15.0 cm alrededor de
la planta y, al menos, a 20.0 cm de profundidad. Los
nddulos, conjuntamente con las raices, se preservaron en
recipientes con CaCl,, para su conservacion y traslado.

Aislamiento de rizobios. Los rizobios se aislaron seglin
el método de Date y Halliday (Date 1982). Se esterilizaron
en etanol 95 % (30 s), hipoclorito de sodio 4-6 % (2-3 min)
y se enjuagaron en agua destilada estéril. Se les aislaron las
cepas a partir de una compresion hecha con un macerador
de vidrio estéril para extraer su contenido. La siembra se
efectud en medio solido levadura-manitol con rojo congo
(RC) (Vincent 1970) y se incub6 a 28 °C durante 10 d.
Se seleccionaron aquellas colonias con caracteristicas
culturales semejantes a los rizobios, que no absorbieran
rojo congo, y se realizaron pases sucesivos de ellas en
el medio antes descrito hasta obtener un cultivo puro.
Posteriormente, se conservaron en cufias de este mismo
medio a 4 °C. La pureza de los cultivos, asi como sus
caracteristicas tintoriales y morfologia de las células, se
determinaron mediante la tincién de Gram (Somasegaran
y Hoben 1994, Parker 2012).

Identificacion de los aislados. La identidad de los
rizobios se confirmé por su capacidad de provocar la
nodulacion en Macroptilium atropurpureum (Vincent
1970) en tubos de ensayos de 150 x 25 ¢cm, que contenian
solucién nutritiva agarizada Hoagland libre de nitrogeno,
segln lo descrito por Bécquer (2002), con arreglos en la
fuente de Fe al utilizar Fe, Na, EDTA en lugar de FeC H.O..
H,O. Para ello se emplearon indculos frescos de cada una de
las cepas aisladas, con titulo aproximado de 103 células/mL,
del cual se anadi6 1.0 mL a cada tubo. Las semillas se
esterilizaron con hipoclorito de sodio (2.5 %) (Somasegaran
y Hoben 1994) y se escarificaron en agua caliente a 80-
90 °C (2-3 min) antes de la siembra. Las plantulas crecieron
en una camara de condiciones controladas Fitotron (Korea),
con periodicidad luminosa de 16 h-luz (300 wE/m?%s) a
26 °C durante el dia y 22 °C durante la noche. La humedad
relativa fue de 75/85 %. Después de pasadas dos semanas,
las plantulas se examinaron para comprobar la nodulacion.
Asimismo, se evalu6 el crecimiento en peptona-glucosa-
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Morphology and growth of colonies on yeast-
mannitol solid medium. These variables were evaluated
by observing shape and growth of colonies in yeast-
mannitol solid medium at 30 °C up to 10 d. The change
of color of the culture medium to determine the acid-
alkali production and Congo red absorption (Vincent
1970) was conducted with bromothymol blue (BTB)
(5.0 mL/L, pH 6.8) (table 4).

Commercial strains used in the evaluations. Different
commercial strains, serving as control in different

Cuban Journal of Agricultural Science, Volume 50, Number 4, 2016. 50th Anniversary.

agar, segiin metodologia de Somasegaran y Hoben (1994).

Morfologia y crecimiento de las colonias en medio
solido levadura-manitol. Estas variables se evaluaron
mediante la observacion de la forma y crecimiento de las
colonias en medio so6lido levadura-manitol a 30 °C hasta
10 d. El cambio de coloracién del medio de cultivo para
determinar la produccion acido-alcali, asi como la absorcion
de rojo congo (Vincent 1970) se llevo a cabo con azul de
bromotimol (ABT) (5.0 mL/L, pH 6.8) (tabla 4).

Cepas comerciales utilizadas en las evaluaciones. Se

Table 3. Commercial strains used for the

evaluations

Strains

Genus and Species

ATCC 10004
CIAT 899 I1B
HAMBI 1174
CCBAU 2609
NZP 2213
ATCC 9930
USDA 110

Rhizobium leguminosarum
Rhizobium tropici
Rhizobium galegae
Mesorhizobium loti
Mesorhizobium huakuii
Sinorhizobium meliloti

Bradyrhizobium japonicum

evaluations of identification and characterization (table
3), were used.

Results and Discussion

Macrosymbionts from which root nodules were
collected belonged to Desmodium, Centrosema,
Alysicarpus and Indigofera genera. These legumes
were located in an arid livestock ecosystem with scarce
precipitations in July (table 1). The distribution of
sampled plants was disperse in the area, but with good
phenological development.

Even with signs of being effective, nodules collected
from some legumes were predominantly scarce and, in
some cases, small and ineffective, which are indicators
that could be influenced by the lack of soil humidity,
as well as low phosphorus content, high potassium (K)
(table 2) and low amounts of salt.

Although low salinity of soil could have no severe
implications in plants and bacteria, and potassium is the
most abundant cation in the cytoplasm, with an important
effect on creation and regulation of enzymatic activity,
when there is an excess of this element, there is a possible
interaction with physiological availability and absorption
of Mg and Ca in plants (Marschner 1986). However,
interactions between legumes and rhizobacteria are
particularly important when these result in tolerance
to extreme environmental conditions, such as severe
drought, high temperatures and salinity (Moschetti et
al. 2005).

Nodules were also found in numbers of 10-50,
medium size(2-5 mm) and a predominant internal
color, which varied from red to brown, except nodules
collected from Indigofera and Alysicarpus, which

utilizaron diferentes cepas comerciales que sirvieron de
testigo en las diferentes evaluaciones de identificacion
y caracterizacion (tabla 3).

Resultados y Discusion

Los macrosimbiontes de los que se colectaron los
nodulos radicales pertenecen a los géneros Desmodium,
Centrosema, Alysicarpus e Indigofera. Estas leguminosas
se encontraban en un ecosistema ganadero arido, con
escasas precipitaciones en julio (tabla 1). La distribucion
de las plantas muestreadas en el area fue dispersa, aunque
con buen desarrollo fenologico.

Aun con indicios de ser efectivos, los nddulos
que se colectaron de algunas leguminosas fueron
predominantemente escasos y, en algunos casos, de
tamafo pequeiio e inefectivos, indicadores en los que
pudieron influir la carencia de humedad del suelo, asi
como el bajo contenido de fosforo, alto contenido de
potasio (K) (tabla 2) y tenores débiles de sal.

Se sabe que la escasa salinidad el suelo pudiera no
tener implicaciones severas en plantas y bacterias y el
potasio es el cation mas abundante en el citoplasma, con
un efecto importante en la conformacion y regulacion de
la actividad de las enzimas, cuando hay exceso de este
elemento hay una posible interaccion con la absorcion
y disponibilidad fisiologica de Mg y Ca en las plantas
(Marschner 1986). No obstante, las interacciones entre
las leguminosas y las rizobacterias son particularmente
importantes cuando estas derivan en la tolerancia a
condiciones ambientales extremas, como la sequia severa,
elevadas temperaturas y salinidad (Moschetti et al. 2005).

También se encontraron nddulos en niamero de 10-
50, tamafio mediano (2-5 mm) y con un color interno
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presented a color that varied from white to green
(table 4). The highest amount was found in secondary
roots (figure 1). In this regard, Sharma ef al. (2012)
considered that nodules formed in the main roots are
more efficient than those located in secondary roots.
In the case of Alysicarpus and Indigofera nodules,
its green or white color indicates that they were
not effective (Somasegaran and Hoben 1994).The
accompanying vegetation was mainly grasses, with
abundance of Dichantium sp. and Paspalum notatum.
There were also cacti, with advanced phenological
development, which confirms the arid characteristics
of the zone. Collected nodules were considered, in
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predominante, que varid de rojo a marrdn, excepto los
nddulos colectados de Indigofera y Alysicarpus, los que
presentaron un color que vari6 de blanco a verde (tabla 4).
La mayor localizacion se encontré en las raices secundarias
(figural). Al respecto, Sharma et al. (2012) consideran que
los nédulos que se forman en las raices principales son mas
eficientes que los que constituyen en las raices secundarias.
En el caso de los nodulos de Alysicarpus e Indigofera,
su color verde o blanco indica que no eran efectivos
(Somasegaran y Hoben 1994). La vegetacion acompanante
fue, fundamentalmente, de gramineas pratenses, con
abundancia de Dichantiumsp y Paspalumnotatum. También
se encontraron cactaceas, con desarrollo fenoldgico

Figure 1. Round middle-sized root nodules of Centrosema virginianum, located in secondary

W
- -
&~ $ s

roots (white arrows)

Tabla 4. Characteristics of collected modules in an arid ecosystem of Holguin province

Macro . Internal Nodulation t Nodulation, Surrounding

. Size Shape . .
symbiont color ype main root vegetation
Desmodium Small Round  Red-brown Scarce (1-10) Null Dichantium sp.
canum (1-1.5 mm) Paspalum notatum
Desmodium Middle-sized Round  Red-brown Scarce (1-10) Null Dichantium sp.
canum (2.5-3 mm) Paspalum notatum
Desmodium Small Round Red-brown Medium (10-50) Abundant  Dichantium sp.
triflorum (1-1.5 mm) Paspalum notatum
Desmodium Small Round  Red-brown Scarce (1-10) Regular  Dichantium sp.
triflorum (1-1.5 mm) Paspalum notatum
Alysicarpus Small Round Green Scarce (1-10) Regular  Dichantium sp.
vaginalis (1-1.5 mm) Paspalum notatum
Indigo Middle-sized ~ Round White Scarce (1-10) Regular  Dichantium sp.
feramucronata  (2.5-3 mm) Paspalum notatum
Centrosema Middle-sized ~ Round  Red-brown Scarce (1-10) Regular  Dichantiumsp.
virginianum (2.5-3 mm) Paspalum notatum
Centrosema Middle-sized Round  Red-brown Abundant (50- Abundant  Dichantiumsp.
virginianum (2.5-3 mm) 100) Paspalum notatum
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general, as desmoids, with defined growth habit, ovoid
shape and spherical meristem (Bergersen 1982).

It was observed that Centrosema and Desmodium
genera predominated among macrosymbionts in the
prospection. It is known that Olivera et al. (2008)
found Centrosema widely disseminated in three Eastern
provinces of Cuba. Gémez et al. (2010), studies of
legumes, conducted in the Valle del Cauto, Cuba,
found that C. p/lumieri showed high indexes of natural
nodulation in the Valle del Cauto, Cuba.

An amount of 11 rhizobia isolates were performed
from root nodules of Centrosema virginianum,
Desmodium cannum and D. triflorum in arid cattle
areas of Calixto Garcia municipality, Holguin. Isolates
performed in Alysicarpus vaginalis and Indigofera
mucronata were not confirmed as rhizobia, showing
abundant growth in peptone-glucose solid medium
and absorption of Congo red in a yeast-mannitol
solid medium, with no typical morphocultural
characteristics for rhizobia (Vincent 1970). It is
possible that, connected to this result, nodules of
these two macrosymbionts were not effective, due
to their green or white coloration (Somasegaran and
Hoben, 1994).

Table 5 shows isolates and their natural
macrosymbiont. Most of the isolates come from
Centrosema virginianum, which could be related to the
characteristics of this macrosymbiont.

With the isolation of most of the prospected
macrosymbionts, colonies with morphological
characteristics typical of Bradyrhizobiaceae family
(Weir 2016) were obtained. Its identity as rhizobia was
confirmed due to their Gram (-) characteristics, after
producing nodules in in vitro plantlets of Macroptilium
atropurpureum, with low or null growth in peptone-
glucose-agar. There was no absorption of Congo red
in the previously mentioned medium (tables 6, 7, 8, 9,
10 and 11). These results are not surprising because,
according to Doyle (2011), Fonseca et al. (2012),
Koppell and Parker (2012) and Parker and Rousteau
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avanzado, lo que corrobora las caracteristicas aridas de la
zona.Los ndédulos que se colectaron se consideraron, en
general, desmoideos, con habito de crecimiento definido,
de forma oblonga, y meristemo esférico (Bergersen 1982).

Se observo que los géneros Centrosema y
Desmodium predominaron entre los macrosimbiontes
en la prospeccion. Se conoce que Olivera et al. (2008)
hallaron a Centrosema ampliamente diseminado en tres
provincias orientales de Cuba. Gémez et al. (2010), en
prospecciones de leguminosas realizadas en el Valle del
Cauto, Cuba, encontraron que C. p/umieri presento altos
indices de nodulacion natural.

Se hicieron 11 aislamientos de rizobios a partir
de nddulos radicales de Centrosema virginianum,
Desmodium cannum y D. triflorum en areas ganaderas
aridas del municipio Calixto Garcia, Holguin. Los
aislamientos que se realizaron en A/lysicarpus vaginalis
e Indigofera mucronata no se confirmaron como
rizobios, al mostrar crecimiento exuberante en medio
solido peptona-glucosa y absorcion de rojo congo en
medio sélido levadura-manitol, con caracteristicas
morfoculturales no tipicas para rizobios (Vincent 1970).
Es posible que, vinculado a este resultado, los nodulos
de estos dos macrosimbiontes no fueron efectivos, por su
coloracion verde o blanca(Somasegaran y Hoben 1994).

En la tabla 5 se muestran los aislados y su
macrosimbionte natural. Notese que la mayor parte de
los aislados proceden de Centrosema virginianum, lo
que pudiera estar vinculado a las caracteristicas de este
macrosimbionte.

Con el aislamiento que se realiz6 en la mayor parte de
los macrosimbiontes que se prospectaron, se obtuvieron
colonias con caracteristicas morfologicas tipicas para la
familia Bradyrhizobiaceae (Weir 2016). Se comprobo
su identidad como rizobios por sus caracteristicas de
Gram (-), al producir nédulos en plantulas in vitro
de Macroptilium atropurpureum, con poco o nulo
crecimiento en peptona-glucosa-agar. Tampoco hubo
absorcion de rojo congo en el medio antes referido (tabla
6,7,8,9,10y 11). Estos resultados no son sorprendentes,

Tabla 5. Isolates and their natural

microsymbiont

Isolates Natural microsymbiont

Hol Centrosema virginianum
Ho2 Centrosema virginianum
Ho4 Desmodium triflorum
Ho5 Desmodium triflorum
Ho6 Desmodium triflorum
Ho7 Centrosema virginianum
Ho8 Centrosema virginianum
Ho9 Desmodium canum
Hol0 Desmodium canum
Hol2 Centrosema virginianum
Hol3 Centrosema virginianum
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(2014), bacteria from Bradyrhizobium genus interact
with the widest diversity of legumes and are associated
to nodule-forming groups that represent early
ramifications of clades in each of the three subfamilies
of legumes.

Three growth groups were identified. The first had
low growth, with appearance of colonies after the sixth
day and 3-4 mm of diameter, which were white, gummy,
semi-translucent, round, convex, with entire edges and
five isolates (three of Centrosema virginianum: Ho2,
Ho7 and Ho8, and two of Desmodium canum: Ho9
and Hol10). Out of these, four produced alkali and
one didn’t show apparent reaction in a yeast-mannitol
solid medium with bromothymol blue (figure 2a, table
6, and table 7).

Second group had low growth, with appearance of
colonies after the seventh day, 1-3 mm of diameter,
which were white, gummy, semi-opaque, round, with
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ya que segun Doyle (2011), Fonseca et al. (2012),
Koppell y Parker (2012) y Parker y Rousteau (2014),
las bacterias pertenecientes al género Bradyrhizobium
interactuan con la mas amplia diversidad de leguminosas
y se asocian con grupos formadores de nodulos que
representan ramificaciones tempranas de clados en cada
una de las tres subfamilias de leguminosas.

Se identificaron tres grupos de crecimiento. El
primero fue el de crecimiento lento, con aparicion de
colonias a partir del sexto dia, 3-4 mm de diametro,
blancas, gomosas, semitranslicidas, circulares,
convexas, con bordes enteros y cinco aislados (tres
aislados de Centrosema virginianum: Ho2, Ho7 y Ho8,
asi como dos de Desmodium canum: Ho9 y Ho10). De
estos, cuatro produjeron alcali y uno no mostro6 reaccion
aparente en medio sélido levadura-manitol con azul de
bromotimol (figura 2a, tabla 6, tabla 7).

El segundo grupo fue de crecimiento lento, con

Figure 2. Rhizobia colonies from the first, second and third group, respectively: a) isolate of Desmodium canum, b) isolate
of Centrosema virginianum, c) isolate of D. triflorum.

Table 6. Morphological characteristics of colonies in a yeast-mannitol solid medium with Congo red

Morphological characteristics of colonies

Isolates  Diameter ~ Color Amount Optical details Shape Growth Edge Elevation
(mm) of gum time (days)

Ho2 3.5 White  Abundant  Semi-translucent  Round 6 Entire  Convex

Ho7 3.0 White  Abundant  Semi-translucent  Round 7 Entire  Convex

Ho8 4.0 White  Abundant  Semi-translucent  Round 6 Entire  Convex

Ho9 4.0 White  Abundant  Semi-translucent  Round 6 Entire  Convex

Hol0 3.8 White  Abundant  Semi-translucent  Round 6 Entire  Convex

Table 7. Biochemical characteristics of colonies in different culture media

Biochemical characteristics of colonies

fsolates - owth in PGA A(C ;fof,iﬁf li;rZEEtTl()m Sbosléi);zg
Ho2 NG WAR WAR
o NG Alkali WAR
HoS NG Alkali WAR
Ho9 NG Alkali WAR
Hol0 NG Alkali WAR

NG: no growth

NA: no absorption

WAR: without apparent reaction
(+) positive reaction
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entire edges, convex, and three isolates (C. virginianum:
Hol, Hol2 and Hol3) (figure 2b, table 8, and table
9). There was no apparent reaction of them in a yeast-
mannitol solid medium with bromothymol blue (figure
2b, table 8, and table 9).

Third group had very low growth, with appearance
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aparicion de colonias a partir del séptimo dia, 1-3 mm de
diametro, blancas, gomosas, semiopacas, circulares, con
bordes enteros, convexas y tres aislados (C.virginianum:
Hol, Hol2 y Hol3) (figura 2b, tabla 8, tabla 9). No
hubo reaccion aparente de los mismos en medio s6lido
levadura-manitol con azul de bromotimol.

Table 8. Morphological characteristics of colonies in a yeast-mannitol solid medium with RC

Morphological characteristics of colonies

Isolates  Diameter Amount

Optical

Growth

(mm) Color of gum details Shape time (days) Edge Elevation
Hol 3.0 White  Abundant  Semi-opaque  Round 7 Entire  Convex
Hol2 1.0 White  Abundant  Semi-opaque  Round 7 Entire  Convex
Hol3 2.8 White  Abundant  Semi-opaque  Round 7 Entire  Convex

Tabla 9. Biochemical characteristics of colonies in different culture media

Biochemical characteristics of colonies

Isolates Growth in Acid-alkali reaction Congo red
PGA (growth in ABT) absorption
Ho2 NG WAR NA
Ho7 NG WAR NA
Ho8 NG WAR NA
Ho9 NG WAR NA
Hol0 NG WAR NA

NG: no growth

NA: no absorption

WAR: without apparent reaction
(+) positive reaction

of colonies after the seventh day, < 0.5 mm of diameter,
which were white, dry, opaque, round with entire edges
and punctiform, convex, and three isolates (D. triflorum:
Ho4, Ho5 and Ho6) (figure 2¢, table 10, table 11). Two
of the isolates produced alkali and one produced acid in
a yeast-mannitol solid medium with bromothymol blue.
This group also includes USDA 110, which is a control
strain belonging to Bradyrhizobium japonicum, which
is a genus that represents rhizobia of low growth, with
those previously described characteristics. According to
Pires et al. (2010), generally, isolates of fast growth do
not form dry colonies.

Control strains, except USDA 110, had the appearance
of colonies after 3-5 days, with 2 and 3 mm of diameter,
with gum formation and production of bromothymol
blue, except ATCC 9930 (Sinorhizobium meliloti) that

El tercer grupo fue de muy lento crecimiento, con
aparicion de colonias a partir del séptimo dia, <0.5 mm
de diametro, colonias blancas, secas, opacas, circulares
con bordes enteros y punctiformes, convexas y tres
aislados (D. triflorum: Ho4, HoS y Ho6) (figuras 2c, tabla
10, tabla 11). Dos de los aislados produjeron alcali, y
uno produjo acido en medio solido levadura-manitol con
azul de bromotimol. En este grupo se incluye también
USDA 110, cepa testigo perteneciente a Bradyrhizobium
Japonicum, género representativo de los rizobios de lento
crecimiento, con las caracteristicas antes descritas.Segin
Pires et al. (2010), normalmente, los aislados de rapido
crecimiento no forman colonias secas.

Las cepas testigo, excepto USDA 110, tuvieron
aparicion de colonias a los tres-cinco dias, de diametro
entre 2 y 3 mm, con formacion de goma y produccion de

Table 10. Morphological characteristics of colonies in a yeast-mannitol solid medium with RC

Morphological characteristics of colonies

Isolates Dglnnel:;er Color irfn;lr?lt 25 :;fli ! Shape tin?é(z‘c;vatl;s) Edge Elevation
Ho4 0.2 White  Very scarce Opaque Round 7 Entire  Convex
Ho5 0.1 White  Very scarce Opaque Round 8 Entire  Convex
Ho6 0.4 White  Very scarce Opaque Round 8 Entire  Convex
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Table 11: Biochemical characteristics of colonies in different culture media

Isolates Biochemical characteristics of colonies
Growth in Acid-alkali reaction Congo red
PGA (growth in ABT) absorption
Ho4 NG Alkali NA
Ho5 NG Alkali NA
Ho6 NG Acid NA

NG: no growth

NA: no absorption

WAR: without apparent reaction
(+) positive reaction

had no reaction. None of these strains absorbed Congo
red from the medium. This group, clearly, was very
different from the three previous groups, formed by the
new isolates.

Isolates belonging to these three groups, despite
their high morphological variability, could be
considered as representative of Bradyrhizobium
genus (Bradyrhizobium sp.), due to their growth,
morphology and alkali-acid production (Young 1996).
USDA 110 strain (B. japonicum), used as control,
also corresponded to these characteristics, mainly to
those of the third group, with alkali production and
colonies of <0.5 mm of diameter. It is evident that
growth in all groups was slow or very slow. However,
diameter of colonies, as well as gum formation, had
variation among formed groups, which demonstrates
morphological diversity of these bacteria (Granda et
al. 2013).

It is important to highlight that one of the
isolates (third group, D. triflorum) produced acid
in the belonging medium, which contradicts the
characteristics of bradyrhizobia that generally show
alkaline reaction (Jordan 1982). Nevertheles, Bécquer
(2002) reported bradyrhizobia that were isolated
from forage legumes in Sancti Spiritus province,
with acid reaction. Odee et al. (1997) found acid
producer strains in Bradyrhizobium sp. colonies of fast
growth. It is possible that acid producer isolates could
be native from areas with alkaline characteristics
and mutation of amino acids due to different
environmental factors, had not already influenced on
their phenotypical expression (Stanier et al. 1979). It
is important to state that pH of the soil where nodules
were collected, was not acid, but neutral (7.35) (table
2), so there was no influence of the medium on alkali
secretion. Rojas et al. (2009) found that a strain of
Bradyrhizobium sp., which grew in a yeast-mannitol
solid medium with bromothymol blue, turned acid the
culture medium. This characteristic of some rhizobia
may be a competitive advantage that allows them to
survive under negative conditions, and it could not be
considered as an exclusive taxonomical character of
these microorganisms (Moreno 2010).

It can be concluded that 11 isolates, forming three

acido en azul de bromotimol, excepto la cepa ATCC 9930
(Sinorhizobium meliloti) que no tuvo reaccidon. Ninguna
de estas cepas absorbi6 rojo congo del medio. Este grupo,
evidentemente, se diferencié en gran medida de los tres
grupos anteriores que se formaron por los nuevos aislados.

Los aislados pertenecientes a esos tres grupos, a
pesar de su alta variacion morfologica, podrian ser
considerados representantes del género Bradyrhizobium
(Bradyrhizobiumsp.), por su crecimiento, morfologia
y produccion acido-alcali(Young 1996). La cepa
USDA 110 (B. japonicum), que se usé como testigo,
correspondid también a estas caracteristicas, sobre
todo a las del tercer grupo, con produccién de alcali y
colonias de <0.5 mm de didmetro. Resulta evidente que
el crecimiento en todos los grupos fue lento o muy lento.
Sin embargo, el diametro de las colonias, asi como la
formacion de goma, varid sensiblemente entre los grupos
formados, lo que demuestra la diversidad morfoldgica
de estas bacterias(Granda et al. 2013).

Es de destacar también que uno de los aislados
(tercer grupo, D. triflorum) produjo acido en el medio
correspondiente, lo que contradice las caracteristicas
de los bradyrizobios, que generalmente presentan
reaccion alcalina (Jordan 1982). No obstante, Bécquer
(2002) inform6 bradyrizobios que se aislaron de
leguminosas forrajeras de la provincia Sancti Spiritus,
con reaccion acida. Odee et al. (1997) encontraron cepas
productoras de acido en colonias de rapido crecimiento
de Bradyrhizobiumsp. Es posible que los aislados
productores de acido pudieran ser originarios de areas
con caracteristicas alcalinas, y que la mutacion producida
en los aminodcidos por factores ambientales diferentes no
haya incidido atin en su expresion fenotipica (Stanier et
al. 1979).Noétese que el pH del suelo donde se colectaron
los nodulos no es acido, sino neutro (7.35) (tabla 2),
por lo que no hubo influencia del medio en la secrecion
de alcali. Rojas et al. (2009) encontraron que una cepa
de Bradyrhizobiumsp., que crecidé en medio so6lido
levadura-manitol mas azul de bromotimol, acidifico
el medio de cultivo. Esta caracteristica que algunos
rizobios presentan puede ser una ventaja competitiva
que les permite sobrevivir a condiciones adversas, y no
se puede tomar como caracter taxonomico exclusivo de
estos microorganismos (Moreno 2010).
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groups of slow growth, belong to Bradyrhizobiaceae
family. However, isolated from Alysicarpus vaginalis
and /ndigofera mucronata showed no characteristics as
rhizobia. Most of the isolates come from Centrosema
virginianum. It was observed that growth in all groups
was slow or very slow. However, diameter of colonies,
acid or alkali production and gum formation, had a
small variation among the groups. It is suggested to
conduct phenotypical and genotypic assays to have a
more exact determination of their taxonomical position
up to species level.
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Se concluye que 1laislados, que formaron tres
grupos de lento crecimiento, pertenecen a la familia
Bradyrhizobiaceae. Sin embargo, los aislados de
Alysicarpus vaginalis e Indigofera mucronata no
presentaron caracteristicas como rizobios. La mayor parte
de los aislados proceden de Centrosema virginianum. Se
observo que el crecimiento en todos los grupos fue lento
o muy lento. Sin embargo, el diametro de las colonias,
la produccion de acido o alcali y la formacion de goma,
varid sensiblemente entre los grupos. Se recomienda
realizar ensayos de fenotipo y genotipo para determinar

de forma mas exacta su posicion taxondémica hasta el
nivel de especie.
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