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Abstract

The objective of this work was to evaluate the effectiveness of seed treatment with fresh suspensions and powder
formulations with Bacillus methylotrophicus to promote plant growth and induction of resistance against
fusarium wilt (Fusarium oxysporum f. sp. lycopersici) in tomato plants under greenhouse conditions, verifying
the occurrence of morphological and biochemical changes in the evaluated plants. Powder formulations based on
Cassava (Manihot esculenta), Arrowroot (Maranta arundinacea) and sodium alginate containing Bacillus, in
addition to the commercial product Quartz®, were used to microbiolize the tomato seeds of the cultivar Santa
Cruz. The formulations promoted plant growth, with a seedling vigor index greater than 50% for all treatments
containing B. mthylotrophicus, in addition to a significant increase in total dry matter. The treatments induced
systemic resistance, controlling the fusarium wilt with a 75% reduction of the disease and activation of enzymes
such as peroxidase and polyphenoloxidase, only B-1,3-glucanase presented less activity than controls (treatments
without B. mthylotrophicus). Thus, the use of formulations containing Bacillus are efficient in promoting plant
growth of tomato plants and in inducing resistance to the control of fusarium wilt.

Keywords: Bacillus methylotrophicus, biological control, Fusarium oxysporum, plant growth-promoting
bacteria, enzymatic activation

1. Introduction

The tomato (Solanum Iycopersicum L.) is important for the Brazilian economy (Carvalho, Kist, & Treichel,
2016), being the second most cultivated vegetable in the country (Camargo Filho & Oliveira 2012). The State of
Maranhdo is the sixth producing state in the Northeast, with just over 3,900 tonnes in 193 hectares of harvested
area (IBGE, 2015).

Among the diseases that cause large losses in the tomato crop, we can highlight the fusarium wilt caused by the
fungus Fusarium oxysporum f. sp. Iycopersici Schlecht Snyder & Hansen (Inami et al., 2014). This disease
occurs in all Brazilian states, significantly damaging the crop, with premature death of plants or destruction of all
plants.

In addition, there is an urgent need for worldwide acceptance of the use of biological agents for disease
control, partly in response to public concern about the use of toxic chemical pesticides, sometimes in violation
of existing legislation, as noted in the ANVISA (2016), but also for the control of diseases that can not or are
partially managed by other control strategies.

The use of resistance elicitors has been successful in the control of tomato fusarium wilt, including biotic and
abiotic products, as well as the use of non-virulent F. oxysporum f. sp. lycopersici isolates (Farag Hanaa et al.,
2011; Krol, Igielski, Pollmann, & Kepcezynska, 2015; Szilagyi-Zecchin, Mdgor, Ruaro, & Roder, 2015).
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Plants initiate response to primary and secondary metabolites of various associated plant pathogens. The
immediate response of plants to various pathogenic attacks should be considered. (Mason et al., 2016). Among
the secondary metabolites, plant hormones play a dynamic role in plant development and adaptation against
biotic stresses. Salicylic acids (SA) and jasmonic acid (JA) are especially involved in the mediation of stresses in
plants (Tsuda & Katagiri, 2010), as a defense against insects and diseases and plant regulation under limiting
abiotic factors such as nutritional deficiency, drought and shading (Taiz, Zeiger, Maller, & Murphy, 2017).

As promising alternatives, plant growth-promoting rhizobacteria (PGPR) have been reported s host protectors
against fungal infections (Droby, Wisniewski, Macarisin, & Wilson, 2009; Sotoyama, Akutsu, & Nakajima, 2016;
Boukerma, Benchabane, Charif, & Khélifi, 2017). Bacillus methylotrophicus is a rhizosphere soil bacterium and
considered a PGPR involved in phytostimulation and diseases suppression of agricultural crops (Chen et al.,
2007; Jeukens et al., 2015). Further, it has been reported that PGPR can increase the activity of plant
defense-related enzymes and increase gene expression (Kim et al., 2015; Shahzad et al., 2017). In addition,
research also shows that PGPR has ample antifungal activity (Sotoyama et al., 2016).

Several bacteria in the genus of Bacillus are cited as plant growth promoters because they exert direct antibiotic
action on several pathogens. Besides being relevant resistance inducing agents (Chithrashree et al., 2011; Paul &
Lade, 2014; Szilagyi-Zecchin et al., 2015; Agbodjato et al., 2016; Sotoyama et al., 2016; Shahzad et al., 2017),
they are promoting activation of genes for defense and expression of PR-proteins (Loon, Rep, & Pieterse, 2006;
Solanki et al., 2012), such as B-1,3-glucanases, chitinases and peroxidases, which can act directly on the
pathogen, or indirectly, by the induction of resistance in the host (Kim et al., 2015).

The objective of this study was to evaluate the efficacy of seed treatment with fresh suspensions and powder
formulations of Bacillus methylotrophicus for promoting plant growth and induction of resistance against
fusarium wilt (. oxysporum f. sp. Iycopersici) in plant tomato, under greenhouse conditions, and to verify if
morphological and biochemical changes occurred in the plants evaluated.

2. Material and Methods
2.1 Experimental Location and Treatment Arrangement

The tests were performed at the Plant Pathology Laboratory and Greenhouse, located at the State University of
Maranhao (UEMA) in Maranhao State, Brazil.

Powder formulations were prepared by aseptically mixing 400 mL of bacterial suspension (10® cfu/mL), with 1.0
kg of cassava powder (Manihot esculenta L.), arrowroot (Maranta arundinacea L.) and sodium alginate,
separately. Two isolates of Bacillus methylotrophicus, B12 and B47, were used. The isolates are contributed by
mycology collection “Dr. Gilson Soares da Silva” on MGSSB12 and MGSSB47 record. The powdered
substrates were pre-sterilized in autoclave at 121 °C for 20 minutes. The formulations were used after 30 days of
BOD storage at a temperature of 2542 °C and photoperiod of 12 hours under fluorescent white light.

The research considered as sources of variation: Suspensions of Bacillus B12 and B47 (SUS.B12 and SUS.B47),
cassava powder + Bacillus B12 and B47 (MAN.B12 and MAN.B47), arrowroot powder + Bacillus B12 and B47
(ARA.B12 and ARA.B47), sodium alginate powder + Bacillus B12 and B47 (ALG.B12 and ALG.B47),
QUARTZ" (fungicide based on B. methylotrophicus); besides control treatments constituted by the application of
cassava powder + H,0O Distilled and Deionized-DD (MAN.CRT), arrowroot poder + H,O DD (ARA.CRT),
sodium alginate powder + H,O DD (ALG.CRT) and just H,O DD (CONTROL). In addition, the presence and
absence of the pathogen were added as the second level of source of variation in the induced resistance for
control of fusarium wilt.

Two parallel experiments were installed, one in tubes for evaluation of plant growth promotion and another in
vessels for evaluation of induced resistance for control of fusarium wilt.

The seeds of the cultivar Santa Cruz were microbiolized with suspension of B. methylotrophicus by immersion
of the seeds in the liquid suspensions and mixtures in the powder formulations in the proportion of 20 g/kg of
seed. The microbiolized seeds were seeded in tubes for the growth promotion experiment and in trays for
seedlings for the experiment of resistance induction and control of fusarium wilt.

2.2 Bacterial Formulations as Plant Growth Promoters

In the experiment to promote plant growth the seeds were sown and kept for 30 days in tubes with 6.5 cm of
superior diameter, containing inert and sterile substrate (vermiculite), leaving one plant per tube. All plants were
received two applications of foliar fertilization NPK 8-8-8 applied with costal sprayer to the point of leaf runoff.
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The experiment was a completely randomized design, consisting of 13 treatments with four replicates, 100 plants
for each replicate. The percentage of germination was evaluated 14 days after sowing, characterized as the
portion of germinated seeds presenting its two cotyledons visible above the substrate.

Growth parameters were evaluated at 30 days of cultivation, including: root length, shoot length, root dry mass,
and shoot dry mass. The vigor index of seedlings was obtained using the formula described by Abdul-Baki and
Anderson (1973): VI = Length of seedlings (cm) x germination percentage. The data were submitted to analysis
of variance and their average compared by parametric statistical tests.

2.3 Bacterial Formulations as Inductors of Resistance

For the induced resistance experiment the seedlings were transplanted 15 days after sowing to 5.0 L pots
containing autoclaved soil and bovine manure, in a ratio of 1:3, maintaining three plants pot” corresponding to
an experimental unit. The inoculation of F. oxysporum f. sp. lycopersici occurred 30 days after sowing by
depositing 60 mL of the inoculum suspension 1 x 10° conidia.ml™) in each pot. The pathogen comes from the
mycology collection “Professor Gilson Soares da Silva”, on MGSS42 record.

The tomato plants were kept in a greenhouse until the end of the evaluations. The completely randomized design
was used for the experiment resistance induced in disease control. A factorial arrangement was used: 13
(treatments) x 2 (presence/absence of the pathogen) x 04 replicates, each replicate represented by a pot
containing three plants.

Leaf samples were collected 24, 48 and 240 hours after pathogen inoculation to evaluate the production of
PR-proteins. The severity of the disease was evaluated at 21 days after inoculation using a rating scale: 1)
Healthy plants; 2) Healthy plants, but with vascular necrosis; 3) Withered and chlorotic plants; 4) Withered
plants with foliar necrosis; Necrotic or dead plants; these results expressed as percent disease control (Santos,
1999).

To determinethe PR-proteins an enzymatic extract was prepared after the collection of the vegetal material.

Briefly, 1.0 g samples of leaves that corresponded to each treatment were macerated in a mortar with liquid
nitrogen and 1% (v/v) polyvinylpyrrolidone (PVP), 5 mL of sodium acetate buffer (0.1 M, pH 5) and 1 mL of
EDTA (1 mM). The extracts were centrifuged at 10,000 g for 10 minutes at 4 °C, and the supernatants were
transferred to 2-mL eppendorf tubes and stored at -80 °C. The enzyme extracts were used to determine the
activities of peroxidases, polyphenol oxidases and -1,3-glucanase.

The polyphenoloxidase activity-PPO (E.C. 1.10.3.1) was defined as the absorbance change at 410 nm and was
calculated based on the molar extinction coefficient of 34 mM cm™ for catechol and expressed as pmol g MF
min™.

The peroxidase activity-POD (E.C. 1.11.1.7) was defined as the absorbance change at 470 nm and was
calculated based on the molar extinction coefficient of 26.6 mM cm™ for guaicol, and expressed as pmol g"' MF
min™.
The B-1,3-glucanase determination (E.C. 3.2.1.29) was performed by the glucose dosage released by laminarin
hydrolysis (Somogyi, 1952), with results expressed as g Glucose g FM™ min™'. The standard glucose curve was
prepared in the same way as the samples, but laminarin was replaced with pre-established glucose concentrations
(0 to 1,000 mg L. Finally, data were submitted to analysis of variance and their means compared by mean

tests.
3. Results
2.2 Bacterial Formulations as Plant Growth Promoters

All treatments containing B. methylotrophicus showed increased plant growth, especially the length of the root
system, where all the treatments differed from the controls (Figure 1).
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Figure 1. Shoot length and root system of tomato plants (cm). VI: Seedling vigor index. Equal letters do not
differ from each other by the Tukey test (p < 0.05)

We highlight the formulations based on cassava and arrowroot containing the native isolates B12 and B47: the
treatments promoted a significant increase in plant growth, resembling the commercial product Quartz®.

Treatments based on sodium alginate did not differ from controls over shoot length. It was observed that the
alginate produced a thick mucilage around the seeds, which may have delayed the emergence and/or
development of the aerial part for these treatments.

There was no significant difference between treatment for germination rate, all of which had average of 94%
higher germination. All treatments containing B. mthylotrophicus had a V.I. greater than 50%. Control treatments
containing only the formulations of cassava powder, arrowroot and sodium alginate showed similar V.I.’s
statistically to each other, whereas the control with water only had the lowest values for all growth parameters
evaluated.

The values of dry matter corroborate the growth patterns presented previously (Figure 2). All treatments
containing B. methylotrophicus showed significant root, shoot and total dry mass values when compared to the
control treatments, with the exception of sodium alginate treatments and suspension treatment of Bacillus B47,
which resembled some controls, even differing from the absolute control, which contained only water.

496



jas.ccsenet.org

Journal of Agricultural Science

Vol. 10, No. 10; 2018

3.5

3.0 A

2.5 1

2.0 A

Dry mass ()
B

1.0 1

0.5 al |ab

ARA.B47
MAN.B47

ab

Quartz

ab

MAN.B12

ab

ARA.B12

SUS.B12

CLI

ALG.B47

bcd

ALG.BI12

f

cdd [cdi

SUS.B47
MAN.CRT

E= Root
3 Shoot
3 Total
<4 d

e
de| | e I

f
de| |e I

f

ALG.CRT

ARA.CRT

CONTROLE

Figure 2. Root, shoot and total dry mass. Equal letters do not differ from each other by the

2.3 Bacterial Formulations as Inductors of Resistance

Tukey test (p < 0.05)

Among the formulations tested, only Quartz® presented lower percetual control of fusarium wilt, controlling
only 60% of the disease (Figure 3). The treatments containing B. methylotrophicus native from Maranhdo
presented a significant reduction in the disease, with absence of symptoms in the plants and inhibition of more
than 70% of the disease, compared to the absolute control, which presented severe wilt associated with vascular

dimming.
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Figure 3. Control of fusarium wilt by application of formulations based on Bacillus methylotrophicus. Equal

letters do not differ from each other by the Tukey test (p < 0.05)

We found a direct relationship between the action of the formulations tested on the expression of peroxidases and
polyphenoloxidases activity and the disease control, indicating that these enzymes actively participated in the

fight against the etiological agent fusarium wilt (Figure 4).
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Figure 4. Effect of formulations on the activity of peroxides (POD) and polyphenoloxides (PPO), 240 hours
after inoculation, in the control of fusarium wilt in tomato. Equal letters do not differ from each other by the
Tukey test (p < 0.05)

The activities of peroxidase and polyphenoloxidase presented increasing values throughout the evaluations,
differing significantly from the control treatments in each evaluation. The values of -1,3-glucanase presented
statistical difference, but only in the 240-hour sample, treatments ARA.B12 and ARA.B47 (arrowroot containing
B. methylotrophicus) outperformed the control treatments (Figure 5).
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Figure 5. Activities of peroxidase (POD), polyphenoloxidase (PPO) and B-1,3-glucanase (B-1,3) enzymes in
tomato plants 25, 48 and 240 hours after inoculation of F. oxysporum f. sp. lycopersici. Equal letters do not
differ from each other by the Tukey test (p < 0.05)
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4. Discussion

To proceed, growth promoting ability in tomato plants under greenhouse conditions was observed through the
propagation of the bacteria by formulations tested. We highlight all the morphological variables tested (plant
height, root length, vigor index, root and shoot dry matter and total dry matter) stimulating greater growth in
tomato plants. These results reinforce the biological potential of the isolates tested, as well as their adaptability
when stored in formulations of low economic and environmental cost.

Chowdappa, Mohan Kumar, Jyothi Lakshmi, and Upreti (2013) found promising results on tomato seeds
inoculated with B. subtilis and Thichoderma harzianum with significant increase in all seedling growth
parameters. The authors described root length, aerial part length, leaf area, fresh weight of shoots and roots
increased by 38.53%, 32.04%, 62.68%, 28.87% and 36.21%, respectively, in comparison with control seedlings.

It is clear that all treatments containing Bacillus promoted plant growth, especially the length of the root system,
where all the treatments differed from the controls, indicating the potential this rhizobacterium in promoting
good conditions for the development of the rhizosphere.

Formulations with combinations of beneficial bacterial strains that interact synergistically are in development
and numerous research shows a promising trend in inoculation technology (Chithrashree et al., 2011;
Sotoyama et al., 2016).

It is known that the materials used should not interfere with the bacterium-plant interaction to be considered
minimally acceptable vehicles for agricultural practice, and also should provide ideal conditions for the proper
development and storage of bacterial strains.

Furthermore, PGPR are excellent model systems that can provide biotechnology with new genetic constituents
and bioactive chemicals with various uses in sustainable agriculture, providing control of diseases that can not
or are partially managed by other control strategies.

Associated with an excellent germination rate for all seeds, the average Vigor Index value shows that all the
plants treated with B. methylotrophicus had a rapid vegetative development, being superior to the control
treatments (Tukey, p < 0.05), which gives them high survival capacity, vigor and stability of production.

The total accumulation of dry biomass promoted by native B. methylotrophicus treatments in cassava and
arrowroot formulations represents a significant advance in the search for promising bioactive formulations, and
linear data were found for size of plants (aerial part and root system) and vigor index value.

This notorious increase in plant growth coupled with biomass accumulation can be explained by the fact that
several strains of Bacillus spp. and other PGPRs have the capacity to promote growth and increase in crop yield
through increased absorption of nutrients stimulated by growth promotion factors such as expression of
precursor genes of AIA and GA; and decrease of ethylene level due to root colonization (Chen et al., 2007).
Furthermore, it is believed that these hormones stimulate further absorption of nutrients in the soil, translate
signals between plant organs and integrate them to produce appropriate defense responses to biotic or abiotic
stress (Ghanashyam & Jain, 2009).

These results were expected, since important metabolic changes were observed if we compared the significant
differences between the activities of PR-proteins, confirming that there was activation of systemic resistance in
the tomato cultivar Santa Cruz, with control of F. oxysporum f. sp. lycopersici by the application of formulations
based on B. methylotrophicus.

Similar results were obtained by Sotoyama et al. (2016), who verified the control of F. oxysporum f. sp.
lycopersici with the application of B. amyloliquefaciens, evaluated by the application of real time-PCR for
relative expression of several PR-proteins, such as acid glucanase, basic glucanase, acid chitinase and basic
chitinase.

In addition, Endophytic bacteria promote plant growth and regulation of defense hormones, and can be used in
the ecological control of F. oxysporum f. sp. lycopersici as suggested by Shahzad et al. (2017) when searching
for B. amyloliquefaciens in tomato plants.

Araujo and Menezes (2009) observed a significant difference in the evaluation of peroxidase activity promoted
by ASM, Azoxystrobin and Bacillus subtilis used as resistance elicitors in tomato plants. Similarly, Mandal,
Mallick, and Mitra (2009) demonstrated that peroxidase activity showed a progressive increase in response to the
application of salicylic acid, over 168 hours (7 days) in tomato plants.

It is known that high values of PR-proteins few hours after the pathogen application indicates that the plant
activated or constituted sources of defense, a primordial characteristic of induced resistance described by several

500



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 10; 2018

authors as a state of alert, where the plant responds with greater agility and efficiency when establishing the
challenging pathogen.

For several authors, the application of resistance elicitors promotes activation of Acquired Systemic Resistance
(ASR), causing a marked reduction in symptoms of the disease once it occurs initially in the region of infection,
seeking to prevent or delay the penetration of the pathogen (Mei et al., 2014; Kim et al., 2015).

The data corroborate with the results found by Akram, Anjum, and Ali (2015), who evaluated the application of
B. subtilis gainst tomato fusarium wilt and determined the concentration of enzymes such as phenylalanine
ammonia lyase, polyphenoloxidase and peroxidase, with a significant increase in PPO and POD activities.

In contrast, these results differ from those found by Solanki et al. (2012), who found gene expression and
amplification of B-1,3-glucanase in plants treated with Bacillus spp. against Rhizoctonia solani in tomato.

5. Conclusions

This study demonstrated that fresh suspensions and powder formulations of cassava, arrowroot and alginate
containing B. methylotrophicus are efficient in promoting plant growth of tomato plants and resistance induced for
the control of fusarium wilt under greenhouse conditions.

The seeds that are microbiolized with fresh suspensions and powdered formulations of cassava, arrowroot and
alginate, containing B. methylotrophicus present greater development of biomass area and root, reaching higher
levels of seedlings vigor and consequently quality in tillage. Furthermore, the application of B. methylotrophicus
activates plant defense enzymes, increasing the activity of peroxidases and polyphenoloxidases in tomato plants,
aid in the control of fusarium wilt, under greenhouse conditions, being equivalent to products already
recommended, such as Quartz”.
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