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RESUMEN. El conocimiento de las necesidades 
nutricionales de los rizobios es importante para comprender 
su comportamiento en la rizosfera y en la producción 
de biofertilizantes. El objetivo de esta investigación fue 
determinar el efecto de diferentes fuentes de carbono sobre 
el crecimiento de un aislado de rizobio. Rhizobium sp. S11 
se cultivó en cinco fuentes de carbono. Su crecimiento se 
determinó mediante la medición de la densidad óptica (DO) 
y la velocidad específica de crecimiento (µ). El mayor 
crecimiento de Rhizobium sp. S11 se obtuvo en el medio 
con manitol. Las mayores µ se obtuvieron en los medios 
con manitol, glucosa y glicerol. Estos estudios constituyen 
la base para una mejor comprensión del comportamiento de 
Rhizobium sp. S11 en la rizosfera. Además brinda herramientas 
para el diseño y la optimización de medios de cultivo que 
permitan incrementar la viabilidad y concentración de este 
microorganismo en futuros inoculantes.

ABSTRACT. Knowledge of the nutritional needs of 
rhizobia is important for understanding their behavior in 
the rhizosphere and in the biofertilizers production. The 
objective of this research was to determine the effect of 
different carbon sources on the growth of a rhizobium 
isolate. On five carbon sources Rhizobium sp. S11 was 
grown. Its growth was determinated by optical density (OD) 
measuring and the specific growth rate (μ). The highest 
growth of Rhizobium sp. S11 was obtained on the medium 
with mannitol. The highest μ were obtained in the media with 
mannitol, glucose and glycerol. These studies are the basis 
for a better understanding of the Rhizobium sp. S11 behavior 
in the rhizosphere. It also provides tools for the design and 
optimization of culture media to increase the viability and 
concentration of this microorganism in future inoculants. 
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INTRODUCTION

The rhizobia are studied mainly by the symbiosis 
they make with the plants belonging to the Leguminosae 
family (1,2). These microorganisms are used as an 
active portion of inoculants that increase the yields of 
numerous crops of economic importance (3,4). The use 
of biofertilizers based on rhizobia in agriculture also 
reduces the application of mineral fertilizers and the 
pollution of ecosystems (5).

The survival of the rhizobia in the soil and the 
rhizosphere depends, to some extent, on its ability to 
extract energy from the different sources of carbon 

available during all stages of its life cycle: as free-living 
microorganisms, during the process of infection of the 
host and as bacteroides inside the nodules where they 
perform the Biological Fixation of Nitrogen (6). The 
nutritional studies of these microorganisms provide 
tools of great importance for the preparation of suitable 
culture media, an aspect of great interest during the 
preparation of biofertilizers.

The design of culture media must take into account 
the nutritional requirements of these microorganisms 
by adding the nutrients in the proper form and 
proportion. The study of carbon sources that use 
heterotrophic microorganisms such as rhizobia allows 
a greater understanding of their ecology and behavior 
during the industrial production of inoculants (7).
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The choice of the optimal carbon source is one 
of the fundamental aspects for preparing inoculants 
with high bacterial viability and concentration (8). 
These requirements guarantee the effectiveness of the 
inoculant in the field. The most used carbon sources 
are alcohols and carbohydrates, mainly mono and 
disaccharides.

The standard medium for the cultivation of rhizobia 
includes mannitol, sucrose or glycerol as the sole 
carbon sources. These guarantee the multiplication 
of the rhizobia with a suitable nitrogen source and 
under certain pH and temperature parameters (9). 
The objective of this research was to determine the 
effect of different carbon sources on the growth of a 
rhizobium isolate.

MATERIALS AND METHODS

Microbial Material

A rhizobium isolate called Rhizobium sp. S11 
was used in this study. The microorganism came from 
soybean nodules (Glyxine max L.) and belongs to the 
strain collection from the Bacteriology Laboratory of 
the Department of Plant Physiology and Biochemistry 
of the National Institute of Agricultural Sciences.

bacterial growth in different carbon 
sources

Pre-liquid cultures of the bacterial isolate were 
prepared in erlenmeyers of 100 mL volume, containing 
20 mL of liquid medium Yeast Extract-Mannitol (LM) 
(10). For it; a roast of the microorganism, preserved in 
tubes with the same solid medium at 4 ºC, was placed 
in the erlenmeyers and these were kept under stirring 
conditions at 150 rpm, for 16 h at 28 + 1 ºC.

Ten milliliters of the pre-cultures were centrifuged 
at 10,000 rpm for 10 min. The supernatant was 
discarded and the pellet was re-suspended in 10 mL 
of sterile LM medium and lacking the carbon source 
traditionally used in this medium (mannitol). The optical 
density of the cell suspensions was adjusted to 0.25 
at a wavelength of 600 nm, in a spectrophotometer 
(GENESYS 20).

The cell suspensions were used to inoculate 
erlenmeyer flasks of 250 mL volume, containing 
50 mL of liquid LM medium. This medium was 
supplemented individually with the following carbon 
sources at a concentration of 10.1 g L-1: mannitol; 
glucose; galactose; lactose; glycerol. The cultures were 
maintained under shaking conditions at 150 rpm, for 
24 h at 28 + 1 ºC. The purity of the bacterial cultures 
was checked by Gram stain.

The growth of Rhizobium sp. S11 was evaluated 
every four hours until 24 hours. For this, the absorbance 
of the cultures was measured at a wavelength of 600 
nm. In addition, the specific growth rate μ (h-1) (11) 
was calculated in the logarithmic or exponential growth 
phase according to the expression:

A completely randomized design was used, in 
which three repetitions were placed per treatment. 
Cell multiplication data were subjected to the normality 
and variance homogeneity test. A simple classification 
variance analysis was applied, using the Tukey Mean 
Comparison Test (p <0.05) (12). All the graphics were 
made in the SigmaPlot 2001 program.

RESULTS

The behavior and specific growth rate of Rhizobium 
sp. S11 in the LM medium with different carbon sources 
is represented in the Figure 1.

Figure 1. Dynamics of multiplication of Rhizobium 
sp. S11 in LM medium with different 
carbon sources

Rhizobium sp. S11 showed the highest growth 
in the LM medium with mannitol as a carbon source, 
from eight to 24 hours. In the media supplemented with 
mannitol and glycerol, as the sole carbon sources, no 
significant differences were observed in the growth of 
this microorganism at four hours of culture.

The growth of Rhizobium sp S11 showed 
significant differences between all carbon sources at 
12 and 16 hours. However, after 20 hours of culture, 
no differences were observed in the growth of this 
microorganism between the media supplemented with 
glucose and with glycerol.
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Rhizobium sp. S11 had the highest specific growth 
rate in the LM medium with mannitol. However, no 
significant differences in this variable were observed 
between media supplemented with glucose, galactose 
and glycerol. Lactose produced the lowest specific 
growth rate of the microorganism.

DISCUSSION

Rhizobium sp. S11 grew in all the sugars that were 
studied. The use of different organic compounds by 
microorganisms is an ecological advantage because 
it allows having alternative carbon sources to multiply 
and remain viable in the rhizosphere (7).

Mannitol gave the greatest growth of Rhizobium 
sp. S11 after eight hours of cultivation. Similar results 
were obtained by numerous authors (13). This 
compound is one of the most widely used sources of 
carbon for the growth of rhizobia of the Rhizobiaceae 
family, on a laboratory scale and in the production of 
inoculants (14). Rhizobium sp. S11 belongs to the 
Rhizobiaceae family. It groups the genera Rhizobium, 
Ensifer and Shinella (15).

The use of mannitol as a carbon source in 
the culture medium increases the production of 
polyhydroxybutyrate (PHB) by some strains of 
rhizobia (16). This polymer is biodegradable and 
therefore constitutes an alternative in the substitution 
of recalcitrant plastics coming from the petrochemical 
industry (17). The high growth of Rhizobium sp. S11 
in the medium supplemented with mannitol could be 
the starting point to study the potential of this bacterial 
isolate in the production of PHB.

Glycerol and glucose also produced a high growth 
of Rhizobium sp. S11. Similar results were obtained 
with Rhizobium leguminosarum bv. trifolii (18). Glycerol 
exerts a positive effect on the competitiveness of rhizobia 
during the occupation of the root nodule of legumes 
(19) and in the production of exopolysaccharides (EPS) 
(18). Other authors corroborate the role of glucose (in 
the form of glucose 6-phosphate) as one of the main 
precursors of EPS in rhizobia (20). EPS are one of the 
determinants of the rhizobium-legume symbiosis (21).

These compounds also participate in the formation 
of biofilms, the collection of nutrients and protection 
against some abiotic stresses (22). The use of glycerol 
and glucose by Rhizobium sp. S11 not only would allow 
an adequate growth in the rhizosphere, but a greater 
adaptation to the abiotic conditions present in the soil.

Lactose produced the lowest growth of Rhizobium 
sp. S11. This sugar is a disaccharide with a single 
transporter in the cytoplasmic membrane of the 
rhizobia, so it does not degrade in its constituent 
monomers before penetrating the cellular cytoplasm 
(23). This could explain the absence of a diauxic 
behavior of the microorganism studied in the presence 
of lactose as the sole carbon source.

Rhizobium sp. S11 had a lower specific growth 
rate in lactose than in medium supplemented with 
the structural monomers of this sugar (glucose and 
galactose). The production by the microorganism of a 
β-galactosidase, an enzyme that degrades the bond 
between both monomers (24) could explain, to some 
extent, this behavior. Glucose and galactose would 
enter directly into the Entner-Doudoroff pathway to 
oxidize to pyruvate and glyceraldehyde 3-phosphate 
(6). However, it is necessary to carry out more in-
depth molecular studies to corroborate this hypothesis 
and determine the rest of the factors that influence 
a specific growth rate of this microorganism in the 
presence of lactose.

CONCLUSIONS
 ♦ Rhizobium sp. S11 is a microorganism that has 

certain potentialities from the nutritional point of 
view because it uses different sources of carbon 
for its growth. Its ability to multiply considerably in 
the presence of mannitol, glucose and glycerol can 
be used to design more economical culture media.

 ♦ The use of national agricultural by-products 
containing these compounds could be an alternative 
to reduce costs in the production of inoculants for 
the cultivation of soybeans.

RECOMMENDATIONS

 ♦ To characterize from the chemical point of view 
some of the most abundant agricultural by-products 
in the country.

 ♦ To use those, with relatively high percentages of 
mannitol, glucose and glycerol, in the formulation of 
culture media for the growth of Rhizobium sp S11.

 ♦ It is also recommended to carry out inoculation tests 
of Rhizobium sp. S11 in soybean plants to determine 
the effect of the culture medium on the nodulation 
and growth of these plants.
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