Vol. 14(5), pp. 189-197, May, 2020

DOI: 10.5897/AJMR2020.9322

Arficle Number: 2F42C3E63751

ISSN: 1996-0808

Copyright ©2020

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJMR

Full Length Research Paper

ACADEMIC
JOURNALS

African Journal of Microbiology Research

Bacillus cereus, Lactobacillus acidophilus and
Succinovibrio dextrinosolvens promoting the growth of
maize and soybean plants

Ana Claudia dos Santos?, Saveetha Kandasamy? and Everlon Cid Rigobelo®’

lDepartment of Plant Production, Faculty of Agrarian and Veterinary Sciences, State University of Sdo Paulo (UNESP),

Jaboticabal, Brazil.
A& L Biologicals, Agroecological Research Service Center, London, ON, Canada.

Received 13 March, 2020; Accepted 7 May, 2020

Plant growth promoting bacteria can be an alternative to increase plant production, and reduce
production costs and environmental impacts. Ruminal bacteria have several abilities and some of them
are related to plant growth promotion. The aim of this study is to evaluate the increase in maize and
soybean plants and in soils promoted by the inoculation of three ruminal bacteria: Bacillus cereus,
Lactobacillus acidophilus and Succinovibrio dextrinosolvens. The experiments were conducted in a
complete randomized block design with five treatments and six replicates as follows: T1 = control; T2 =
B. cereus, T3 = L. acidophilus, T4 = S. dextrinosolvens, T5 = B. cereus + L. acidophilus + S.
dextrinosolvens. In vitro tests showed that bacteria were able to fix nitrogen, solubilize phosphorus,
and synthesize indole acetic acid and amylase. S. dextrinosolvens increased the root dry matter of
maize plants, L. acidophylus increased the phosphorus concentration in maize roots along with the
mixture of the three bacteria and increased the shoot dry matter of soybean plants and also the
phosphorus and nitrogen concentration in soybean plants. This is the first report showing that L.
acidophilus and S. dextrinosolvens have great potential to be used as plant growth promoting agents.
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INTRODUCTION

Maize (Zea mays L.) is a crop that originates in Mexico. It
is now cultivated in many parts of the world and is of
great importance economically or socially (Dowswell,
2019). Brazil ranks third in world’s production, second in
exports and fourth in consumption. For 2018/2019, the
performance of the country will oscillate, reaching 361.4
million tonnes (CONAB, 2019). Soybean (Glycine max)

*Corresponding author. E-mail: everlonagro@yahoo.com.br.

probably originated in China, but spread to Europe, North
and South America. In 1882, it was brought to Brazil,
specifically Bahia State, and taken to the southern region
of the country, where it was better adapted (Oliveira and
Schneider, 2016). According to CONAB (2019), today,
Brazil and the United States are ranked as the largest
soybean producers in the world, followed by Argentina
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and China. It is estimated that by the year 2020, Brazil
will lead this ranking. The use of chemical inputs in
combination with genetic improvement and type of
management provide an increase in the yield of these
grains (Duncan et al., 2018). There is concern about the
excessive use of chemical fertilizers, as they cause soil
pollution, soil eutrophication and emission of greenhouse
gases (Pavinato et al., 2017).

The major challenge of agriculture is to increase or
maintain the productivity of agricultural crops with lower
production costs and environmental impact. Plant growth
promoting rhizobacteria appear as an alternative, which
are a group of microorganisms capable of stimulating
plant growth through direct mechanisms (production of
plant hormones, enzymes, hydrocyanic acid, phosphate
solubilization and nitrogen fixation), and / or indirect
mechanisms (biological control, space and nutrient
petition, parasitism, resistance induction and cross
protection) (Hungria et al., 2010). These rhizobacteria
normally inhabit root surfaces, internal plant tissues and
rhizosphere. Interestingly, some ruminal probiotic
bacteria also have several plant growth promoting
characteristics such as rhizospheric bacteria and could
be tested for this purpose.

Bacillus cereus is among these bacteria, which is a
cylindrical, gram-positive, spore forming, facultative
anaerobic and mesophilic bacterium. Its spores facilitate
adhesion on surfaces and resistance to high
temperatures and sanitization processes, that is, the
bacterium can remain in a state of "dormancy” until the
environment becomes favorable. B. cereus is a producer
of phospholipases and food degrading enzymes such as
amylases, proteases and lectinase (Granum and Lindback,
2013). Bacillus cereus has a positive effect in modulating
immunity and intestinal microbiota, which is very important
for the exploration of new probiotics (Li et al., 2009).

Lactobacillus acidophilus is a probiotic organism that
degrades several enzymes, widely used as a nutritional
supplement; it is produced by the food industry, with the
function of maintaining the balance of the intestinal
microbiota (Flesch et al.,, 2014). It adheres to specific
receptors on the intestinal membrane competing with
pathogens, in addition to producing antimicrobial
substances, called bactericides (Marco et al., 2006). In
addition, L. acidophilus is wused in food and
pharmaceutical application to balance disturbed intestinal
microbiota (Sinn et al., 2008).

Succinovibrio dextrinosolvens is an anaerobic, gram-
negative amylolytic (degrading starch) bacterium, with
optimum pH around 6.0 to 7.0. This bacterium is usually
found in the bovine rumen; it helps with other
microorganisms to make best use of nutrients (Stewart et
al., 1997).

In agriculture, there are many products that have active
ingredient species of the genus Bacillus such as Bacillus
thuringiensis, Bacillus subitilis, Bacillus amyloliquefaciens,
among others. Microorganisms promote many gains for

plant nutrition and phosphorus solubilization, which is a
consequence of the presence of this group of
microorganism in the rhizosphere (Canbolat et al., 2006).
However, there is no research in literature related to the
application of ruminal probiotic bacteria as a growth
promoter of maize and soybean plants. There are many
benefits to wuse probiotic bacteria in food and
pharmaceutical applications, but they are not used to
promote plant growth. As we have demonstrated that
these probiotic bacteria have abilities to produce IAA,
siderophores, solubilize phosphorus, and fix nitrogen, this
study aims to evaluate if B. cereus, L. acidophilus and S.
dextrinosolvens would promote maize growth in
greenhouse condition.

MATERIAL AND METHODS
Experimental design and statistical analysis

Experiments were conducted in a complete randomized block
design with five treatments and six replicates: T1 = control; T2 = B.
cereus; T3 = L. acidophilus; T4 = S. dextrinosolvens; T5 = "MIX"
(mixture of three microorganisms). Analyses were performed using
AgroEstat software (Barbosa and Maldonado, 2010). Data were
submitted to analysis of variance (ANOVA) with 5% significance
level by the F test and means were compared by the Duncan test at
5% probability. The designs were the same for maize and soybean
plants.

Bacterial isolates

Microorganisms used (B. cereus, L. acidophilose and S.
dextrinosolvens) were provided by the Federal University of Vigosa
- UFV, and belong to the collection of isolates from one of its
laboratories. Bacteria were cultured in 60 mL Erlenmeyer flasks in
nutrient broth culture medium at 28°C for 24 h, and suspensions
were adjusted in bacterial concentration 10® colony forming unit
(CFU) mL™.

In vitro tests of isolates
Production of siderophores

Siderophore production in a liquid medium using the Chrome Azurol
Solution (CAS) was performed as previously described (Louden et
al., 2011). 5 mL of the PMS7-Ca medium was inoculated and
incubated for 72 h. The suspension was then centrifuged at 4000 x
g for 10 min and 1 mL of the filter-sterilized supernatant was
incubated 1:1 with the CAS. The OD630 was then measured and a
10% difference between the sample and un-inoculated PMS7-Ca
with CAS was considered as positive (Machuca and Milagres, 2003).

Starch agar
The following reagents were used for the preparation of the starch

production medium: K;HPO, 0.3 g/L; MgS0,4.7H,O 1.0 g/L; NaCl
0.5 g/L; NaNO3 1.0 g/L; Starch 10 g/L; pH =6.9.

Cellulolytic activity

Cellulolytic activity was assayed by monitoring the oxidation of L-
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Table 1. Soil chemical analysis prior to the assembly of the experiment.

pH MO P resin S K Ca Mg H+Al SB CTC V%
CaCl; g dm3 mgdm3  mgdm?3 mmol.dm?3
6.5 11 20 12 0.7 19 5 17 24.4 41.3 59

3,4-dihydroxyphenylalanine (L-DOPA; Sigma) in the presence of
hydrogen peroxide (28). A final volume of 1.0 ml of reaction mixture
contained 4.0 mM hydrogen peroxide, 0.1 M potassium phosphate
buffer (pH 7.0), and 1.0 mM L-DOPA. A concentrated crude
enzyme preparation (100 to 200 ul) was used in the assay. The
reaction was initiated by the addition of hydrogen peroxide, and the
increase in the A470 was monitored for 5 min at 37°C. Reactions
containing all reagents except the crude enzyme extract served as
controls. One unit of enzyme was expressed as the amount of
enzyme. The methodology of culture medium described by
Ramachandra, Crawford and Pometto with no alterations was used
(Ramachandra et al., 1987).

Production of indoleacetic acid

The bacteria evaluated were screened for IAA production (15).
Briefly, the bacterial culture was inoculated in the respective
medium (Jensen’s/nutrient broth) with tryptophan (1, 2, and 5
mg/ml) or without tryptophan incubated at 28 + 2°C for 15 days.
Cultures were centrifuged at 3000 rpm for 30 min. Two milliliters of
the supernatant was mixed with 2 drops of orthophosphoric acid
and 4 ml of Solawaski’'s reagent (50 ml, 35% perchloric acid; 1 ml
0.5 FeCls). Development of a pink colour indicates IAA production.
O.D. was read at 530 nm using Spectronic 20D+. The level of IAA
produced was estimated by a standard IAA graph.

P quantification in test tubes

For phosphate solubilization quantification, the modified
methodology of Malavolta et al. (1997) was used. In a 120 ml
Erlenmeyer flask containing 50 ml of Nahas medium (1994), 200 pl
of inoculum from each isolate was added. Erlenmeyer flasks were
incubated for 48 h at + 28°C with stirring at 180 rpm, and after
incubation, 5 ml of each sample was transferred to tubes and
centrifuged at 9000 rpm for 15 min. Then, 1 ml of supernatant from
each isolate, 4 ml of distilled water and 1 ml of ammonium
molybdate-vanadate reagent formed by mixing equal volumes were
added to a new tube for further reading (after 5 min) in
spectrophotometer at 470 nm.

Nitrogen quantification in test tubes

The method of Kuss et al. (2007) was used in the nitrogen
quantification analyses by isolates. In the determination of nitrogen
in foodstuffs (1), a digestion mixture of 40 g of sodium sulfate and
1.6 g of copper sulfate per 100 ml of acid is recommended, with a
digestion time of 6 h. For the micro determination of protein in 50%
glycerol (51), bromine is used as an oxidizing agent, supplemented
by 30% hydrogen peroxide.

Planting

Experiments were conducted in greenhouse belonging to the
Laboratory of Agricultural Microbiology of UNESP-FCAV (coordinates

- Latitude: 21° 14 '05 "S Longitude: 48° 17' 09" W). For studies with
maize, seeds of variety 2B587PW Dow Agro-Science-transgenic
were used; in experiments with soybean, seeds of variety
95R95IPRO Piornner were used. In both cases, seeds were pre-
inoculated with B. cereus, L. acidophiluse and S. dextrinosolvens,
deposited in pots (5 L), filled with red eutrophic latosol type soil,
sieved and fertilized. Fertilization was performed according to soil
chemical analysis and recommended for crops (Table 1).

Inoculations

Four inoculations were performed, the first through seeds, which
were immersed in 125 ml Erlenmeyer flasks containing nutrient
broth in bacterial concentration of 10° CFU ml * for 15 min in 120
rpm orbital shaking and then sown. The second, third and fourth
inoculations were performed every week, seven days of sowing,
adding 20 ml of each inoculum at the same concentration as above.

Evaluations in corn and soybean plants
Dry mass

Roots were collected from both cultures, washed in running water
to remove excess soil and dried on absorbent paper. Shoots were
separated from roots and both were dried in oven with forced air
circulation at 65°C for approximately 72 h until reaching constant
weight. The last step was the weighing of all the material, using
analytical scale to determine the mass (g) of root dry matter (RDM)
and shoot dry matter (SDM).

Nitrogen concentration in shoots and roots

In order to determine the nitrogen concentration (N), the plant
material was ground in Willey mill (mesh 20) and submitted to N-
leaf analysis using the method proposed by Bremmer and
Mulvaney (1982) and modified by Bezerra and Barreto (2011).

Shoot and root phosphorus concentration

Phosphorus concentrations (P) were determined by nitroperchloric
digestion, followed by the molybdo-vanadate colorimetric method
according to methodology proposed by Haag et al. (1975) with
modifications by Bezerra and Barreto (2011).

Soil assessments

Simple soil samples were collected from the maize and soybean
rhizosphere; they were collected at random points from pots and
then divided into two parts: the first was kept in plastic bags at 4°C
until the moment of use for total bacteria counting and the second
air was dried and stored at room temperature (28°C) to determine
the amount of soluble phosphorus, total nitrogen and carbon of the
bacterial biomass (Nahas and Assis, 1992).
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Table 2. In vitro tests of isolates.

. Amylolytic Cellulolytic IAA P solubilization N fixation
Isolate Siderophores L . 1
activity activity Hg. mL- mg P mg N
B. cereus - + - 9.08 14.93 0.7
S. dextrinosolvens + + - 10.25 41.38 0.42
L.acidophilus + - - 7.25 5.58 0.5
A B
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Figure 1. RDM (*VC = 25.54) (A) and SDM (*VC = 47.85) (B) of maize plants. Control (T1), B. cereus (T2), L. acidophilus
(T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of the mean. Means with different letters indicate
significant differences among treatments. Statistical analysis was performed according to the Duncan test (p<0.05). *

Variation coefficient.

Total nitrogen

Total nitrogen content was determined by Berigari (1975). For
nitrogen determination, the plant material was ground in Willey-type
mill (20 mesh) and submitted to leaf nitrogen analysis according to
Bremmer and Mulvaney (1982) and modified by Bezerra and Barreto
(2011); 0.1 g of plant sample was weighed, placed in a digester and
digested using 7 ml of sulfuric acid. The material was digested, and
then, 10 ml of distilled water was added. Distillation was performed
by using the Kjeldahl method with the aid of 25 ml of NaOH (50%).
The distilled material was recollected in 10 ml of boric acid as an
indicator solution, resulting in 20 ml of distilled material. Ammonium
titration was performed using 0.05 N H,SO, as the standard.

Soluble phosphorus

Soluble phosphorus was measured according to Watanabe and
Olsen (1965), where 0.6 g of dry soil was sampled and transferred
to Erlenmeyer flasks containing 12 ml of extractor sodium
bicarbonate solution and Whatman filter paper. For determination,
2.0 ml of sodium bicarbonate was pipetted, and 0.2 ml of sulfur
solution (5 M) and 0.8 ml of B reagent were filtered. Then, the
material was incubated at 45°C for 20 min. Next, a reading was
taken using a spectrophotometer at 820 nm.

RESULTS

The results of in vitro laboratory analyses to evaluate the
ability of isolates to produce siderophores, amylolytic and
cellulolytic activity, and the quantitative values of IAA
production, nitrogen fixation and phosphorus solubilization

in tubes are shown in Table 2. For root dry matter (RDM)
(Figure 1A), L. acidophilus (T3) bacterium promoted a 3.2
g increase (p> 0.05) compared to control treatment. For
shoot dry matter (SDM) (Figure 1B), treatments did not
differ from each other, although numerically, B. cereus
isolate was almost twice as large as control (without
application of bacteria).

The root nitrogen content ranged from 25.36 to 30.73 g
N / kg™, and there was no significant difference (p <0.05)
among treatments (Figure 2A). The shoot nitrogen
content ranged from 34.5t0 43.5g N/ kg'l and there was
no significant difference among treatments (Figure 2B).

The bacterial MIX promoted an increase in the
phosphorus concentration of 1.4 g of P / kg of plant
compared to control, followed by L. acidophilus bacterium
(Figure 3A). Interestingly, the bacterial MIX decreased
shoot P concentration of 1.7 g of P per kg of maize plant
compared to control of 2.3 g of P per kg of plant (Figure
3B). Nitrogen concentrations ranged from 0.06 to 0.9 g N
per kg of dry soil while phosphorus concentrations
ranged from 5 to 35 g P / kg ™ of dry soil. However, there
was no significant difference among treatments (Figure
4). L. acidophilus showed the highest root dry matter
compared to control treatment and the other treatments
(Figure 5A), while, there was no significant difference (p
<0.05) in the shoot dry matter (Figure 5B).

L. acidophilus and S. dextrinosolvens bacteria promoted
an increase in the nitrogen concentration in soybean
roots (p>0.05), 23 and 259 of Nkg”, respectively,
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Figure 2. Root nitrogen concentration (*VC = 23.27) (A) and shoot nitrogen concentration (*VC = 25.57) (B) of maize plants.
Control (T1), B. cereus (T2), L. acidophilus (T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of the mean.
Means with different letters indicate significant differences among treatments. Statistical analysis was performed according to the
Duncan test (p<0.05). *Variation coefficient.
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Figure 3. Root phosphorus concentration (*VC = 25.00) (A) and shoot phosphorus concentration (*VC = 29.04) (B) of maize plants.
Control (T1), B. cereus (T2), L. acidophilus (T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of the mean.
Means with different letters indicate significant differences among treatments. Statistical analysis was performed according to the
Duncan test (p<0.05). * Variation coefficient.
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Figure 4. Soil nitrogen concentration (*VC = 40.96) (A) and soil phosphorus concentration (*VC = 40.25) (B) of maize plants.
Control (T1), B. cereus (T2), L. acidophilus (T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of the mean.
Means with different letters indicate significant differences among treatments. Statistical analysis was performed according to the
Duncan test (p<0.05). * Variation coefficient.
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Figure 5. RDM (*VC = 38.89) (A) and SDM (*VC = 35.24) (B) of soybean plants (T1). Control (T1), B. cereus (T2), L. acidophilus
(T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of the mean. Means with different letters indicate
significant differences among treatments. Statistical analysis was performed according to the Duncan test (p<0.05). * Variation
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Figure 6. Root nitrogen concentration (*VC = 9.56) (A) and shoot nitrogen concentration (*VC = 8.22) (B) of soybean plants. Control
(T1), B. cereus (T2), L. acidophilus (T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of the mean. Means with
different letters indicate significant differences among treatments. Statistical analysis was performed according to the Duncan test

(p=<0.05). * Variation coefficient.

compared to the control treatment, 22 g of N kg'1 plant
(Figure 6). L. acidophilus bacterium (T3) promoted the
highest root phosphorus concentration, 1.1 g of P kg'l,
while S. dextrinosolvens promoted the highest shoot
phosphorus concentration, 2.8 g of P kg'l, compared to
control treatments (p> 0.05). However, no significant
difference (p <0.05) in relation to root and shoot
concentrations for the other treatments was observed
(Figure 7A-B). In relation to soil nitrogen, S.
dextrinosolvens bacterium (T3) promoted the highest
concentration, 0.065 g of N kg™, compared to control
treatment (p> 0.05). On the other hand, L. acidophilus
decreased the soil nitrogen concentration, 0.05 g of N kg
o compared to control treatment (Figure 8A). In relation
to soil phosphorus concentrations, no significant
difference between control and the other treatments was
observed (Figure 8B).

DISCUSSION

Ruminal probiotic  bacteria  presented important
characteristics related to plant growth promotion such as
synthesis of siderophores, indole acetic acid, nitrogen
fixation and phosphorus solubilization. Therefore, these
bacteria were evaluated in maize and soybean plants to
verify the potential of each for their plant growth
promoting effect. Probiotic bacteria are bacteria whose
inadequate amounts promote any benefit to the host
(Martin and Langella, 2019). These benefits may be the
consequence of nutrient supply and / or the reduction of
pathogens that impair host development (Kleerebezem et
al., 2019).

Plant growth promoting bacteria are generally isolated
from the rhizosphere or from within plant tissues and
have plant growth promoting abilities (Calvo et al., 2019).
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Figure 7. Root phosphorus concentration (*VC = 76.73) (A) and shoot phosphorus concentration (*VC = 13.74) (B) of soybean
plants. Control (T1), B. cereus (T2), L. acidophilus (T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of
the mean. Means with different letters indicate significant differences among treatments. Statistical analysis was performed

according to the Duncan test (p<0.05). * Variation coefficient.
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Figure 8. Soil nitrogen concentration (*VC = 11.24) (A) and soil phosphorus concentration (*VC = 41.78) (B) of soybean plants.
Control (T1), B. cereus (T2), L. acidophilus (T3), S. dextrinosolvens (T4), MIX (T5). Bars represent the standard error of the mean.
Means with different letters indicate significant differences among treatments. Statistical analysis was performed according to the

Duncan test (p<0.05). * Variation coefficient.

In the same way that probiotic bacteria promote host
development, plant growth promoting bacteria also
provide nutrients and reduce the harmful effects of plant
pathogens. In a way, it was found that the mode of action
of probiotic bacteria and plant growth promoting bacteria
is very similar. As a consequence of these similarities, B.
cereus, L. acidophilus and S. dextrinosolvens were
inoculated in maize and soybean plants and some plant
growth parameters were evaluated in comparison with
control treatment.

Interestingly, L. acidophilus bacterium increased root
dry matter and the phosphorus concentration in the roots
of maize plants. L. acidophilus also increased root dry
matter and the nitrogen and phosphorus concentration in
the roots of soybean plants. Probably, these effects
promoted by L. acidophilus were due to its ability to
synthesize phytohormones that in certain amounts can
stimulate or inhibit the root development of plants and as

a consequence, increase the concentration of certain
nutrients in the plant (Barnawal et al., 2019).

The increase of phosphorus concentration in maize
roots and phosphorus and nitrogen concentration in
soybean roots is a very interesting aspect promoted by
the plant / microorganisms interaction, in which the
nutritional efficiency of plants is increased. Nutrients such
as phosphorus and nitrogen are essential for plant growth
and development (Stewart et al., 2019; Klamer et al.,
2019) and when the association with a microorganism
allows their absorption more efficiently, this
microorganism has great potential to be used in a more
sustainable agricultural production system (Syed and
Tollamadugu, 2019), allowing reductions in production
costs and environmental impact (Baron et al., 2018).

S. dextrinosolvens increased the nitrogen concentration
in roots and soil as well as phosphorus concentration.
These results are very interesting from the point of view
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of plant nutrition and show that ruminal probiotic bacteria
have potential to be used as plant growth promoting
bacteria. There is a positive correlation between plant
nutritional status, microbioma and productivity (Pii et al.,
2016). In this sense, the action of bacteria such as S.
dextrinosolvens and L. acidophilus can be very positive
for plant production. The bacteria / plant interaction
depends on several factors such as plant species, soil
type, climatic conditions and characteristics that are
intrinsic to microorganisms used (Bulgarelli et al., 2013).
L. acidophilus and S. dextrinosolvens bacteria showed a
certain affinity with the plant species tested, promoting
increases in plant and nutritional development and soil
fertility. In this sense, more studies are needed to verify
the best conditions of use of these bacteria such as dose,
mode of application and plant species in order to optimize
the increases promoted by the microorganisms.

Conclusion

This is the first report on the use of ruminal probiotic
bacteria as plant growth promoting bacteria. It shows
great potential for their use, since L. acidophilus
increased dry matter in soybean and corn plants and S.
dextrinosolvens promoted increases in the nutritional
status of soybean and soil plants. In the future these
ruminal probiotic bacteria could be used in agricultural
production as inoculates, allowing significant reduction of
mineral fertilizer levels and contributing to more
sustainable production.
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