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Abstract
Ricinus communis is a plant that is characterized by its different applications, in addition to being a 
wild plant favors its inclusion in agroecological practices because it does not represent high costs for 
producers. the aim of the work was to evaluate the bacterial isolates of R. communis with respect 
to its inhibitory activity, chitinolytic, DNase, solubilization of phosphate, biofilm formation and 
growth promoting effect in Allium sativum and Medicago sativa. The collection of R. communis 
leaves was carried, which were washed and disinfected with sodium hypochlorite solution in order 
to isolate bacteria in nutritive agar. The isolates obtained were identified by PCR amplification with 
the oligonucleotides RM and RB and the amplified products were sequenced for identification. The 
following tests were carried out on each of the isolates: growth inhibition vs Fusarium oxysporum, 
chitinolytic activity, DNase, solubilization of phosphate, biofilm formation and growth evaluation 
in A. sativum and M. sativa. Ten isolates were obtained that were identified as Pseudomonas 50%, 
Enterobacter 30% and Bacillus 20%. Growth inhibition evaluations against F. oxysporum showed that 
Bacillus showed significant inhibitory activity. The total isolates were negative for chitinolytic activity, 
50% were positive for DNase, 40% positive for solubilization of phosphate and for biofilm formation 
25% promoted weak formation and 10% moderate. Both plant models showed an increase in the 
biomass of fresh weight and dry weight of their roots when they were inoculated with the bacterial 
consortium at 50%, 75% and 100%.

Keywords: Castor waste, Pseudomonas, Enterobacter, Bacillus, metabolic activity, inhibition, Fusarium oxysporum.



  www.microbiologyjournal.org690

Hernandez-Ramirez et al. J Pure Appl Microbiol, 13(2), 689-695 | June 2019 | DOI 10.22207/JPAM.13.2.05

Journal of Pure and Applied Microbiology

INTRODUCTION
 Ricinus communis is a plant of the 
Euphorbiaceae family considered a wild species 
and in several countries it is used as a raw 
material in the production of biofuel, since it 
has a high production of seed to obtain oil1,2. 
Other work related to R. communis has focused 
on technological development for non-food 
purposes, economic valuation of consumption and 
production of raw materials and recently studies 
have been carried out with clinical application of 
extracts derived from this plant3-6.
 The identification of the microbiota 
present in the residues of R. communis is very 
promising, due to the contribution of knowledge 
regarding the metabolic capacity of each one of 
the isolated strains that favor the protein value 
of the agroindustrial residues and the enzymatic 
capacity, facilitating the composting process. 
Establishing a wide range of relationships between 
microorganisms in ecosystems, cataloged as 
agents of biological control and promoters of plant 
growth 7-9.
 In order to minimize negative effects and 
increase production in agroecosystems research is 
carried out with various phytosanitary products, 
plant extracts with insecticidal and antimicrobial 
action, in addition to products that are used in 
agroecological practices, however there is still 
little information that contributes to the definition 
of suitable strategies for their application in 
agroecological production systems10.
 It  has been reported that castor 
bean cake is a nutrient-rich residue and as a 
consequence it harbors a considerable number 
of microorganisms, being Bacillus sp., The genus 
that is isolated most frequently and that is 
characterized by forming endospores that make 
it resistant to the environment In addition, it is a 
producer of hydrolytic enzymes and antagonists 
of phytopathogenic fungi. Endophytic bacteria 
have also been described that inhabit plant 
tissues actively colonizing them and exerting 
beneficial functions for the host, as is the case of 
Acinetobacter, Enterobacter and Pseudomonas11,12.
 In  relat ion to that R. communis 
presents a diverse microbiota, its isolation and 
characterization will allow the knowledge of 
microorganisms with potential application in 
the agroecological practice. The objective of 

the present investigation was to evaluate the 
bacterial isolates of R. communis with respect to its 
inhibitory activity, chitinase, DNase, solubilization 
of phosphate, biofilm formation and growth 
promoting effect in A. sativum and M. sativa.

MATERIALS AND METHODS
Collection of Ricinus communis and bacterial 
isolation
 Ricinus communis leaves were collected 
at the margin of Atoyac River in Puebla-Mexico 
(19.030426-98.224988, subhumid temperate 
climate, average annual temperature 17.5°C, 
average precipitation of 1270 mm), transported 
in paper bags at room temperature for processing 
in the Research center of microbiological sciences 
of science institute of Benemerita Universdad 
Autonoma de Puebla.
 The collected plant material was 
washed with sterile water and disinfected with 
0.125% sodium hypochlorite solution (NaClO) 
for 10 minutes. After disinfection, fragments of 
1 cm2 were placed on nutritious agar allowing to 
incubate for 24 hours at 37°C. From the bacterial 
development around the fragments of the leaves, 
isolation was carried out on nutritive agar.
Isolations identification
 For identification, the DNA extraction 
of the isolates was performed using the PureLink 
Genomic DNA Kit (Invitrogen, USA), amplified 
by the Polymerase Chain Reaction (PCR) with 
universal oligonucleotides RM and RB of the 16S 
gene (5'- AGA GTT TGA TYM TGG CTC AG-3 ') and 
RM (5'- GGA CTA CCA GGG TAT CTA ATC C-3'). The 
PCR reaction consisted of a final volume of 25 
μL per sample (1X PCR buffer, 0.2 mM dNTPs, 1 
mM MgCl2, 0.5 μM primers, recombinant DNA 
polymerase taq (Invitrogen, USA) 1U and 100 ng 
of bacterial DNA). Using a mini MS thermal cycler 
(BioRad, USA) and with the following amplification 
program: initial denaturation at 95°C for 5 minutes, 
35 cycles of 92°C for 1 minute, 57°C for 30 seconds, 
and 72°C for 1 minute. The PCR products were 
analyzed by agarose gel electrophoresis stained 
with 1% BIOTIUM. The PCR products were 
sequenced in biomolecular detection center of  
Benemerita Universidad Autonoma de Puebla; 
for which vials containing approximately 20 μL 
of the products of each PCR reaction were sent. 
The sequences were analyzed using the CLC main 
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Workbench program 6.1 QIAGEN and the BLAST 
program 2.2.27 comparing them with the nt NCBI 
database.
Fusarium oxysporum growth inhibition evaluation
 Each isolate was planted on potato 
dextrose agar, making a line parallel to 2 cm to 
the end of the plate and incubating for 24 hours 
at 30°C. A sample with a diameter of 0.5 cm of F. 
oxysporum was placed with one week of growth 
at the other end of the plate, the test was carried 
out in triplicate and had a control where only F. 
oxysporum was sown. Inhibition was observed 
from the radial growth of the fungus, estimated 
based on the difference between the growth of the 
bacterial isolation compared with the strain and 
the growth in the control culture. The evaluation 
was made when the controls were completely 
invaded. 
Isolates chitinase activity evaluation
 The stria isolates were seeded in medium 
supplemented with colloidal chitin as the sole 
carbon source and incubated for 24 hours at 30°C, 
the formation of hydrolysis rings around the colony 
was interpreted as a positive test.
Isolates DNase activity evaluation
 The isolates were sown by stria on 
DNAase Test agar incubated for 24 hours at 30°C, 
then 10 mL of 1 N HCl was added to each sample 
and allowed to interact for 30 minutes, the 
formation of a halo around the bacterial growth 
was interpreted as a test positive.
Isolates phosphate solubilizing activity evaluation
 From the isolations a massive seeding was 
carried out in the SRS medium, being incubated for 
8 days at 37°C, then colonies were selected that 
grew acidifying the culture medium and forming 
a transparent halo around the colony, indicating 
the phosphate solubilizing activity.
Isolates biofilm formation evaluation
 Each of the isolates was cultured in 
nutritious broth to adjust the inocula to 1x106 

CFU/mL. From the 24-hours cultures, 200 μL 
were placed in each well (in triplicate), including 
the negative control (the medium without 
inoculation), and incubated for 24 hours at 30°C. 
Once the incubation time had elapsed, the content 
of the plate was eliminated, three washes being 
carried out with sterile distilled water. Violet cristal 
(1%, 200 μL) was added to each well, allowing it to 
interact for 5 minutes, in order to stain the bacteria 

present in the biofilm. Excess dye was removed 
with distilled water, adding 200 μL of 99% ethanol 
to each well and reading the optical density at 630 
nm using a PoweamWHYM201 plate reader.
 The cut-off  point (DOC) and the 
classification of the strains were established 
according to the recommendations of Stephanovic 
et al., (2004)13, classifying them as: not producing 
biofilm, weak, moderate or strongly producing 
producers. The DOC was established by the 
average of the optical densities obtained in the 
negative control plus 3 standard deviations. It was 
considered as non-biofilm producer those strains 
with a DOC less than 1 DOC, weak producing 
strains to those with a DOC greater than 1 DOC and 
lower than 2 DOC, moderate those that present 
a DOC between 2 DOC and 4 DOC and strongly 
producers to those that present a DOC superior 
to 4 DOC.
Preparation and evaluation of the bacterial 
consortium in the growth of Allium sativum and 
Medicago sativa
 Obtained and identified the isolates a 
bacterial consortium was prepared, taking a colony 
of each isolated genus and placed in test tubes 
separately and containing 1 mL of nutritive broth 
incubated at 24 hours at 37°C. Subsequently, the 
three samples were transferred and mixed in a 
bottle with 100 mL of nutrient broth, incubated for 
24 hours at 37°C, in order to adjust the inoculum to 
1x106 CFU/mL, with the following concentrations 
25%, 50%, 75% and 100%.
 For the experimental design four 
treatments were established with six replicates, 
each sample was made up of 100 grams of Eco-
substrate plus A. sativum or M. sativa seed, which 
were inoculated with 25%, 50%, 75% and 100% 
of consortium and including a control group 
(samples not inoculated). The samples were 
inoculated with 1 mL at the different percentages 
and were evaluated at 20 days of development, 
under controlled temperature and photoperiod 
conditions. After this period, the roots were 
washed with distilled water, separated from the 
aerial part of the plant, registering its fresh weight 
and dry weight.
Statistical analysis
 The data referring to the percentage of F. 
oxysporum growth inhibition and of the biomass 
related to the fresh weight and dry weight of the 
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roots of A. sativum and M. sativa in the different 
treatments were analyzed with ANOVA (P<0.05) 
software SPSS 17.0 for Windows.

RESULTS AND DISCUSSION
 From the leaves of R. communis ten 
bacterial isolates were obtained, from which by 
means of PCR amplification and sequencing, the 
genus Pseudomonas (50%) RCMS-01, Enterobacter 
(30%) RCMS-02 and Bacillus (20%) RCMS-03, 
with coverage and identity greater than 95%, for 
100% of the isolates (Table 1). The use of bacterial 
consortium has been increased by producers due 
to their successful effects as biostimulators in 
plants, pathogen suppressors and pest controllers, 
favoring agro-productive behavior in different 
crops14,15.
 Regarding the evaluation of F. oxysporum 
growth inhibition in presence of isolates, Bacillus 
RCMS-03 significantly inhibited the fungus growth 

with respect to the values obtained in control 
group and the other two isolated genus, showing 
significant difference (P <0.05) (Table 2 and Figure 
1). According to Orietta and Larrea (2001)16 the 
mechanism exerted by the bacteria is due to the 
production of secondary metabolites, which can 
be volatile or diffusible, but in any case, without 
coming into physical contact with the pathogen, 
can inhibit or restrict their growth.
 Evaluation of chitinase activity, the total 
isolates were negative. In the same way Cabra 
et al., (2014)8, found that the qualitative tests 
performed on 16 strains for the detection of 
chitinase yielded negative results concluding that 
none of the strains evaluated has the capacity to 
produce chitinolytic enzymes in microorganisms 
isolated from residues of R. communis.
 Fifty percent of the isolates showed DNase 
activity, this metabolic capacity being indicative of 
pathogenicity in most of the bacteria that express 
it, including among them the microorganisms of 
genus Pseudomonas17.
 The determination of solubilization 
of phosphate was carried out qualitatively, the 
appearance of haloes around the seeding in the 
SRS medium indicated a positive test in 40% of 
the isolates. It has been reported that isolates of 
Enterobacter and Bacillus in different anatomical 
sites of R. communis plant show deaminase 
activity, production of indole acetic acid and 
solubilization of phosphate18.
 Of the isolations obtained in the present 
work, 25% were weak producers of biofilm and 
10% were moderate producers. This represents 

table 1. Identification by sequencing of bacterial 
isolates

Code Description Query  Perc. 
  cover (%) Ident (%)
   
RCMS-01 Pseudomonas sp 100 98.96
RCMS-02 Enterobacter sp 100 98.63
RCMS-03 Bacillus sp 100 98.56

The isolates obtained from Ricinus communis were assigned 
codes, the five Pseudomonas isolates were grouped in the 
RCMS-01 code, the three Enterobacter isolates in RCMS-02 
and the two Bacillus isolates in RCMS-03. RCMS = Research 
center of microbiological sciences.

table 2. Percentage values of Fusarium oxysporum growth in bacterial isolates presence

Day/ Control Pseudomonas Enterobacter Bacillus
Isolation  RCMS-01 RCMS-02 RCMS-03

1 15.6 13.2 12 13.2
2 28.9 21.6 22.8 21.6
3 42.1 27.7 34.9 25.3
4 55.4 31.3 36.1 27.7
5 67.4 38.5 38.5 31.3
6 83.1 44.5 43.3 34.9
7 95.1 51.8 46.9 38.5
8 100 60 49.3 39.7
 a ab ab b

Different letters between columns indicate significant difference (P <0.05)
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an important metabolic process, since it has 
been demonstrated that the expression of biofilm 
and the production of surfactin favors the 
biological control capacity of Bacillus subtilis19. 
In addition, the establishment of biofilms favors 
the permanence and interaction of the bacteria 
in the plant tissues, which has applications in 
agriculture, since it can be used in the practice 
of biological control of pathogens, access to new 
niches, continue colonizing the host and promote 
the stimulation of plant growth20-22.
 From the ten isolates obtained (five 
isolates of Pseudomonas RCMS-01, three isolates 
of Enterobacter RCMS-02 and two isolates of 
Bacillus RCMS-03) the bacterial consortium 
(1x106 CFU / mL) was formed with the following 
concentrations 25%, 50%, 75% and 100%.

 Plant growth results derived from the 
application of the bacterial consortium in A. 
sativum and M. sativa, showed a significant 
increase in biomass (P <0.05), increasing the fresh 
and dry weight of the roots with concentrations of 
50%, 75 % and 100% with respect to the control 
(Table 3). This shows the effect of modifying 
the nutrient accumulation and the plant's own 
activities, which were stimulated with the 
treatments applied.
 With respect to genus isolated in the 
present work, their role in beneficial interactions 
in plants, usually cataloged as agents for biological 
control and microorganisms promoting plant 
growth, has been documented. In the interaction 
of these microorganisms may be synergistic 
effects that potentiate the benefits or conversely 

Fig. 1. Panel (A3, A6 and A8) shows Fusarium oxysporum inhibition growth in presence of Bacillus isolation, 
Panel (C3, C6 and C8) shows Fusarium oxysporum growth without presence of isolation.

table 3. Biomass values in Allium sativum and Medicago sativa roots

Treatments Fresh weight Dry weight Fresh weight Dry weight
 A. sativum A. sativum M. sativa M. sativa

Control 0.11 ± 0.01  a 0.024 ± 0.01  a 0.022 ± 0.004  a 0.0020± 0.0003  a
25% 0.39 ± 0.05  b 0.029 ± 0.01  a 0.027 ± 0.002  a 0.0029 ±0.0005  b
50% 0.42 ± 0.04  b 0.123 ± 0.01  b 0.032 ± 0.005  b 0.0029 ±0.0004  b
75% 0.43 ± 0.08  b 0.105 ± 0.01  b 0.034 ± 0.002  b 0.0030 ±0.0003  b
100% 0.54 ± 0.11  c 0.118 ± 0.01  b 0.045 ± 0.007  c 0.0034 ±0.0004  c

Different letters between rows indicate significant difference (P <0.05)
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antagonistic effects23. Therefore, it is suggested 
to consider agroecological practices because they 
provide the basic principles to study, design and 
manage agroecosystems that are productive and 
conservators of natural resource24.
 In conclusion, isolates belonging to genus 
Pseudomonas (50%), Enterobacter (30%) and 
Bacillus (20%) were obtained. The consortium 
evaluated showed significant inhibition in F. 
oxysporum growth. Total isolates did not present 
chitinase activity, DNase activity 50% of isolates 
were positive, and 40% for phosphate solubilization 
were positive. In the capacity to form biofilm, 25% 
was characterized by weak formation and 10% by 
moderate formation. The bacterial consortium 
formed from the isolates of R. communis promoted 
an increase in biomass in A. sativum and M. sativa, 
increasing the fresh and dry weight of the plant. 
The potential of these bacterial isolates is related 
to their metabolic pathways and adaptability, 
which allows their inclusion as a sustainable 
alternative in different agroecological practices.
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