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4 

- produtora deste fruto, 

produzindo 622.215 , com pouco 

mais de 3,9 mil toneladas em 193 colhida (IBGE, 2015). 

-se 

 clima, tipo da cultivar plantada, 

qualidade da semente, tipo de solo, manejo da cultura, dentre outros, escassez 

de medidas eficientes de controle de s, . 

-se a Fusariose 

do tomateiro causada pelo fungo Fusarium oxysporum Schlecht f. sp. lycopersici Snyder; 

Hansen (KUROSAWA; PAVAN, 1997; JULIATTI, 2001; SOTOYAMA et al., 2016; KUMAR 

et al., 2017). 

fungo, inviabilizam economicamente o cultivo 

, diminui  

 acarretando  para o produtor 

o que reflete de forma negativa na cadeia produtiva. 

observado n  ANVISA (2016)

 

controle alternativos devem ser pesquisados. 

, sejam culturais ou que tenham como base o uso de 

   

(JONES; WOLTZ, 1981) nte 

e 
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importantes em reduzir os impactos ambientais e sociais causados pelo atual modelo de 

-se os riscos de polu

 (PAUL; LADE, 2014; PRATHAP; 

RANJITHA-KUMARI, 2014). 

no controle da Fusariose do tomateiro a 

/ou 

r  ( ; CHITHRASHREE et al., 2011; 

CHOWDAPPA et al., 2013; PAUL; LADE, 2014; BOUKERMA et al., 2017).  

(DROBY et 

al., 2009; SOTOYAMA et al., 2016; BOUKERMA et al., 2017)

(KIM et al., 2015; SHAHZAD et al., 2017)

(SOTOYAMA et al., 2016). 

Isolados de Bacillus vem se destacando 

Fusarium em tomateiro  a partir da 

peroxidases, dentre outras enzimas relacionadas com a patogenicidade (VAIKUNTAPU et al., 

2014; AKRAM et al., 2015; SOTOYAMA et al., 2016) 

Assim o uso otoras de crescimento vegetal e de indutores de 

uma medida alternativa, buscando o desenvolvimento 

 proporcionando uma os 

impactos ambientais que os ag  

-se estudar a 

crescimento vegetal, aliada a  , como alternativa 

Fusarium oxysporum f. sp. 

lycopersici qualitativa e quantitativa das enzimas 

envolvidas no processo de r

. 
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O Hospedeiro: Tomate 

 

mundial. Pode ser consumido in 

natura ou em derivados, sendo apreciado es, tanto pela qualidade de sabor, 

 ao organismo humano, como 

por exemplo (LOPES, 2005). 

O 

Solanum Solanum lycopersicon L.. Entretanto em 1754, Miller, 

Lycopersicon, renomeando o 

tomateiro cultivado como Lycopersicon esculentum Mill. (ALVARENGA, 2004). Contudo, 

Solanum

de tomate novamente dentro 

Solanum, retornando para a nomenclatura inicialmente imposta por Linnaeus (S. 

lycopersicon 

(PERALTA; SPOONER, 2000). 

es de 

de raiz principal (ALVARENGA, 2004). A planta 

eterminado, 

 

e o determinado in natura . As flores 

agrupam-

 

-

g, dependen (ALVARENGA, 2004)

amadurecimento, e licopeno. As 

 e 

(FILGUEIRA, 2000). 

, havendo um aumento 

 

Nordeste destacou-se como a terceira maior produtora 22.215 toneladas 
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deste fruto. Dentre os Estados do Nordeste, 

tomate com 3,9 mil toneladas em 193  (IBGE, 2015). 

 

O P : Fusarium 

 

 Fusarium pertence atualmente ao filo Ascomycota, classe Ascomycetes e 

ordem Fusarium, dentre 

as quais F. oxysporum, tem 

maneira adequada. F. oxysporum tem sido associado 

(LESLIE; SUMMERELL, 2006). 

As Fusarium que causam murchas vasculares em plantas 

classificadas como Fusarium oxysporum (ALEXOUPOULOS et al., 1996), que forma um 

complexo de fungos habitantes formae 

speciales, c formae speciales 

de hospedeiro (NELSON et al., 1983). 

Dentre -do-

algodoeiro (F. oxysporum f. sp. vasinfectum), Fusariose do tomateiro (F. oxysporum f. sp. 

lycopersici), murcha-da-bananeira (F. oxysporum f. sp. cubense) e murcha-de-fusarium-do-

feijoeiro (F. oxysporum f. sp. phaseoli) (BEDENDO, 1995). 

Das formas especializadas de F. oxysporum

 Fusarium oxysporum Schlechtend.:Fr. f. sp. lycopersici (Sacc.) W.C 

Snyder & H.N. Hansen, causadora da Fusariose do tomateiro (REIS; LOPES, 2007). O agente 

Fusarium oxysporum Achal. subsp. 

lycopersici Sacc.,1886. Depois o denominaram Fusarium lycopersici Sacc. em 1935 e foi 

Fusarium bulbigenum (Cke. e Mass.) Wr. 

e 

Fusarium oxysporum f. sp. lycopersici (Sacc.) W.C Snyder & H.N. Hansen, em 1940 (VALE 

et al., 2000). 

F. oxysporum f.sp. lycopersici 

de genes em diferentes loci (BOHN; TUCKER, 1940). A Fusariose do tomateiro 
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Solanum  Solanum lycopersicon L. e Solanum 

pimpinellifolium e 

 (VALE et al., 2000). 

O fungo F. oxysporum f. sp. lycopersici 

coloridas inicialmente, mas com a idade tornam-se amarelas, com , sob 

(VALE et al., 2000). 

dois tipos de esporos assexuais, os  e 

(AGRIOS, 2005) 

 produzidos abundantemente em 

-  x 2-  

sup

com - -  

  globoso e 

(NELSON et al., 1983; LESLIE; 

SUMMERELL, 2006)  

(AGRIOS, 2005). 

F. oxysporum (KUROSAWA; 

PAVAN, 1997) -

(VALE et al., 2000) estruturas 

foi constatada a patologia (COSTA et al., 2007). 

 

Fusariose do Tomateiro 

 

A 

(JULIATTI, 2001).  

tomateiro no Brasil foi 

(DESLANDES, 1940). Atualmente, encontra-se amplamente 
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 e produtividade da lavoura, devido  queda 

prematura dos frutos e elevada mortalidade de plantas. 

F. oxysporum, mas 

(CORRELL, 1992; 

KATAN et al., 1994) 

dormente na forma de clamidosporos em tecidos deteriorados do hospedeiro e no solo 

(NELSON, 1981). 

Os clamid

deste processo penetra diretamente n

por hifas 

(BECKMAN, 1987)

ocorre mais frequentemente 

para o tecido vascular em desenvolvimento (NELSON, 1981). 

se 

 do feixe vascular, produzindo esporos e 

seiva bruta os infectados, limitando 

(BECKMAN, 1987). no hospedeiro por F. oxysporum f.sp. 

lycopersici (GAO et al., 1995). 

Os sintomas 

velhas, seguido de murcha da planta (LOPES; SANTOS, 1994). Externamente, os sintomas da 

Fusariose do tomateiro iniciam-se pelas folhas basais que perdem a turgidez, tornam-se 

amareladas, apresentam crestamento do limbo e, finalmente, caem. Quando se corta 

transversalmente a raiz ou o caule de uma planta doente, pode-

escurecimento de vasos, que (NELSON, 1981). 

O escurecimento dos feixes vasculares resulta 

envolvidas indiretamente na  da murcha, tendo em vista servirem como incitadores de 

(BECKMAN, 1987). 
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(BECKMAN, 1987; JONES, 1991; KUROSAWA; PAVAN, 1997; AGRIOS, 2005). 

 

 

 

As medidas preconizadas para o controle da Fusariose do tomateiro envolvem: a) uso de 

r que o solo repouse antes do plantio; e) uso da 

 

(BECKMAN, 1987; JONES, 1991; LOPES; SANTOS, 1994). 

 do tomateiro 

indiscriminado de fungicidas, 

ao ambiente, caracterizados principalmente pelos longos 

 

Segundo NAGARAJKUMAR et al. (2004), existe a necessidade de novas formas de controle, 

uma vez que possui elevados custos, podendo resultar em 

. 

de alimentos. Esta, por sua vez, 

adquirirem  
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Segundo COSTA e CAMPANHOLA (1997) do meio ambiente, 

-se um componente importante, gerando competitividade 

entre os produtos atualmente presentes no mercado. Isso tem levado a busca de alternativas 

 

 

 

 

(AGRIOS, 2005). 

resultado, apresentam um complexo m

-formados que 

podem ser subdividid

(SBALCHEIRO, 2006; MAZARO, 2007). 

A que pode ser utilizada no manejo 

(PASCHOLATI, 2003)

XX ( ), apenas recentemente suas potencialidades para o controle de 

s ( ; CAVALCANTI et al., 2005). 

de 

elicitor

 

( ). Uma vez 

indut

planta fica protegida (STICHER et al., 1997). 

cia, normalmente 

a 
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; 

 

Esse 

planta responde com mais efic

 (STICHER et al., 1997). 

-

evidenciando-  

 

presentam menor 

-inoculadas com um microorganismo, embora pouco se 

(STICHER et al., 

1997; HEIL; BOSTOCK, 2002). 

a 

Ps), como a 

hidrolase beta-1,3-  

(HAMMERSCHMIDT, 1999). Esses sinais percorrem toda a planta, sistemicamente ou 

(VAN LOON et al., 1998). 

ipais eventos 

 

localizado colapso do 

(AGRIOS, 2005). Ela envolve sucessivos eventos e sinais que compreendem desde o 

lar vegetal localizado. 

Caracterizando a primeira etapa da resposta de defesa da planta, sendo seguida de outras 

(VERBENE et al., 2000). 
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Assume-  (RSA/SAR - 

Induzida (RSI/ISR - 

elicitor -

associada a jasmonatos e etileno (ROMEIRO; GARCIA, 2009). 

Em contraponto, trabalhos mais recentes afirmam 

 pode aumentar a atividade de enzimas de 

plantas (KIM et al., 2015; SHAHZAD et al., 2017) 

Os 

(JALALI et al., 2006). A resi

patogenicidade ( ; GLAZEBROOK, 2005).  

-

-

(MARTINEZ et al., 2000). 

 

flavonoides, bem como 

s ( ), desempenhando ainda papel 

importante na defesa das plantas contra danos causados por raios UV-B (SCHALLER, 2001). 

(CARLETTI et al., 1999). 
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a distinguir um 

(LYNCH; BROW, 1997). 

- -1,3-glucanase e quitinase (VAN LOON et al., 1998). 

Diversos 

(SOBRINHO et 

al., 2005) -S- -(1,2,3)-tiadiazol-7-

(acibenzolar-S-

indutor da RSA (TERRY; JOYCE, 2004). 

culturas como o feijoeiro, em que o elicitor provocou o aumento na atividade de glucanase (DI 

PIERO; GARDA, 2008). Na avali  d

Fusarium oxysporum f. sp. tracheiphilum, em plantas de caupi, verificou-se 

-liase -1,3-glucanase 

(RODRIGUES et al., 2006). CAVALCANTI et al. (2006) avaliaram alguns indutores, entre 

Moniliophthora perniciosa (Stahel) 

Aime & Phillips-Mora

Xanthomonas campestris pv. vesicatoria.  

O tratamento de algumas plantas com extrato aquoso de nim proporcionou um controle 

 defensiva e tividade 

(GULERIA; KUMAR, 2006; ABOELLIL, 

2007; FARAG HANAA et al., 2011). 

O Biop ou radicular de alto desempenho  base de extrato 

(COELHO et al., 2003). O produto, assim 

Fusarium oxysporum f. sp. 

lycopersici (CRUZ et al., 2011). 
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-planta, do ponto de vista de 

seja como 

-existentes (AGRIOS, 2005) -formados (STICHER et al., 1997). 

para proteger-

ande quantidade de genes de defesa (MALECK et 

al., 2000)

 

 de mecanismos de defesa 

latentes que con (RYALS et al., 

1996; DURRANG; DONG, 2004)

uso de micr (STANGARLIN; 

PASCHOLATI, 1994; SILVA et al., 2007; MACAGNAN et al., 2008; STADNIK; PAULERT, 

2008; K.R.F. et al., 2012; STADNIK; FREITAS, 2012) 

(HAMMERSCHMIDT; DANN, 1997) (COHEN, 1996)

2,6- (HIJWEGNWN et al., 1996) e acibenzolar-S-metil (ASM) 

(CAVALCANTI et al., 2006) (RODRIGUES 

et al., 2006), fosfitos (LOPEZ; LUCAS, 2002; MELO et al., 2016),  silicatos (DANTNOFF et 

al., 1992) e extratos vegetais (FELIPE; BACH, 2004; VIGO-SCHULTZ et al., 2006) 

 

Segundo diversos autores, 

ida, tais como peroxidases, polifenoloxidases, fenilalanina amonia-liases, 

-1,3-glucanases e quitinases. Assim, quando um

elicitores (GLAZEBROOK, 2005; 

LEON-KLOOSTERZIEL et al., 2005; LOON et al., 2006) 

D acumulam-se tanto nos 

(quando a 

in 
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vitro (ENKERLI et al., 1993; PONSTEIN et al., 1994; HU et al., 1997; STICHER et al., 1997) 

in vivo (VAN LOON, 1983; 

HERBERS et al., 1996; KLOEPPER, 1996). PRPs estimulam elicitores de 

fitoalexinas (KUC, 1985; BOL et al., 1990; NEUENSCHWANDER et al., 1995) e induzem a 

(KEEN; YOSHIKAWA, 1983; KUROSAKI et al., 1986). 

-1,3-

m como elicitor

(VAN LOON et al., 1998; SOTOYAMA et al., 2016)

.  

Polifenoloxidases 

(STICHER et al., 1997). Estas enzimas permanecem de intracelular, 

, e em sua grande maioria em 

estado inativo (VAUGHN et al., 1988). Quando liberadas, 

(MACHEIX et al., 1986; CONSTABEL et al., 1995; MOHAMMADI; 

KAZEMI, 2002; THIPYAPONG et al., 2004) e t

durante a (JUNG et al., 2004). 

(STICHER et al., 1997). Peroxidases e polifenoloxidades, dentre outras enximas, 

(MARTINS et al., 2018). 

hidroxiprolina (BOWLES, 1990)

(KAWANO; MUTO, 2000; 

RESENDE et al., 2003) (KRISTENSEN et al., 1999), 

participando 

( ). 
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Bacillus pertencem ao grupo me microrganismos conhecidos como 

Plant growth-promoting 

rhizobacteria  PGPR da libre que estimulam direta ou indiretamente 

 (PRATHAP; RANJITHA-KUMARI, 2014). 

diretamente o crescimento da planta   

(GLICK, 1995). 

 (PAUL; LADE, 2014; PRATHAP; RANJITHA-KUMARI, 2014). 

 

 biocontroladores, permitindo 

que os mesmos estejam presentes ainda no processo germinativo, sendo essenciais para o 

estabelecimento e o desenvolvimento das 

(HARTHMANN, 2009). 

-

(PATTEN; GLICK, 2002) -

pelas 

-planta. Este regulador, 

ar (PATTEN; GLICK, 2002). 

 

 vegetal e 

 

conjunta ou isoladamente ( ), destacando-se os que agem 

diretamente no biocontrole e indiretamente na 
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 -1,3 glucanases, 

enzimas que agem 

as pero  e cianeto 

 processo que propicia a 

 biocontrolador nas fases iniciais do 

desenvolvimento vegetal, aumentando a 

por nutrientes por meio da queletizantes 

que agem ole, com a 

 

 

provocar uma 

ta hospedeira. Acredita- -

giberelinas e outros reguladores de crescimento produzidos por PGPR auxiliem no aumento do 

aumentand

estresse (EGAMBERDIEVA; KUCHAROVA, 2009) 

-

e acredita-

Azospirillum 

mais importante (SPAEPEN et al., 2008). 

PGPR podem ser utilizadas no manejo integrado juntamente com fungicidas. 

LUZ (2003) 

Paenibacillus macerans Schardinger e difenoconazole, reduziram significativamente a 

Fusarium graminearum (Schwein.) Petch, Bipolaris sorokiniana Shoemaker, 

Drechslera triticirepentis  (Died.) Shoemaker e Aspergillus spp. nas sementes. Em campo todos 

 

 

testada por diversos trabalhos 

aliado a defesa vegetal ( ; CRUZ et al., 2011; SOTOYAMA et al., 2016; 

BOUKERMA et al., 2017) 
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Indole acetic acid production and growth promotion of tomato plants by bacterial 

formulations 

 

Abstract 

The objective of this study was to evaluate the promotion of plant growth mediated by the 

application of fresh suspensions and powder formulations of Bacillus methylotrophicus under 

greenhouse conditions, verifying morphological changes and variation in indole-acetic acid 

content in the plants. Powder formulations based on Cassava (Manihot esculenta L.), 

arrowroot (Maranta arundinacea L.) and sodium alginate containing B. methylotrophicus, 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 Bacillus, in addition to a significant increase in 

total dry matter. The treatments promoted a significant increase in the contents of indole 

acetic acid in tomato plants, mainly in the aerial part of the plant. It is concluded that the use 

of formulations containing B. methylotrophicus are efficient in promoting plant growth of 

tomato plants, with an increase in the production of indole acetic acid in vegetable tissues. 

Remarkable increase was observed in shoot length (15.91%), shoot dry weight (52.92%) and 

root dry weight (31.4%), vigor index (18.75%) and concentration of indole-acetic acid 

(22.22%) content of tomato biomass over control. These results demonstrate that isolates B12 

and B47 has the promising PGPR attributes to be developed as commercial formulations to 

enhance agrossystem ambiental health and promote tomato plant growth. 

 

Keywords: Bacillus methylotrophicus, Morphological parameters, Phytohormone, PGPR, 

Solanum lycopersicum L.  

Abbreviations:  ALG.B12_sodium alginate powder + B. methylotrophicus B12; ALG.B47_ 

sodium alginate powder + B. methylotrophicus B47; ARA.B12_arrowroot powder + B. 

methylotrophicus B12; ARA.B47_ arrowroot powder + B. methylotrophicus B47; IAA_indole 

acetic acid; MAN.B12_cassava powder + B. methylotrophicus B12; MAN.B47_ cassava 

powder + B. methylotrophicus B47; PBS 1X_Phosphate-saline buffer; PGPR_Plant Growth-

Promoting Rhizobacteria; SH.DM_Shoot Dry mass; SH.L._Shoot Lenght; SUS.B12_ B. 

methylotrophicus B12 Suspension; SUS.B47_ B. methylotrophicus B47 Suspension; 



49 
 

RO.DM_Root Dry mass; RO.L._Root Lenght; RO.VOL._Root Volume; TO.DM_Total Dry 

mass; TO.L._Total Length; VI_Growth Vigor Index 

 

Introduction 

Agricultural systems have undergone changes in order to avoid soil degradation and promote 

the improvement of environmental quality. The biodiversity intensification in agricultural 

systems has been used to improve the production and sustainability of agroecosystems. In this 

context, the association of beneficial bacteria with agricultural crops has been described by 

several authors as a promising alternative for the promotion of plant growth, soil and resource 

management and environmental quality (Paul and Lade 2014; Szilagyi-

2015; Agbodjato, Noumavo et al. 2016; Biasolo, Kucmanski et al. 2016; Gois de Oliveira, 

Nascimento et al. 2016; Kumar, Rajam et al. 2017). 

Bacteria that associate with the plant by colonizing its roots are known as plant growth-

promoting rhizobacteria (PGPR). In addition to colonizing the soil region under direct 

influence of the root system, some are also able to colonize the internal tissues of the plant 

species (Paul and Lade 2014; Prathap and Ranjitha-Kumari 2014). 

The effect of promoting plant growth through PGPR, as bacteria of the genus Bacillus, results 

from the synergy of plant, environmental and microbiota factors, including the production of 

phytohormones such as indole acetic acid (IAA), emission of volatile compounds, secretion 

phytase activity under conditions of phosphate limitation, among others (Kamble and Galerao 

2015; Preeti, Abhishek et al. 2015; Kumar, Rajam et al. 2017; Qiao, Yu et al. 2017; Raut, 

Shaikh et al. 2017; Martins, de Brito et al. 2018). 

The phytohormone indole-acetic acid (IAA) is generally considered the most important native 

auxin, having the ability to regulate various aspects of plant growth and development (

Fuente et al. 2018), such as cell division, stretching, fruit development (Zhao 2010; Shao, Li 

et al. 2015; Biasolo, Kucmanski et al. 2016), aiding in the growth of the aerial part of the 

plant and its roots, mediating the vegetable tropism in response to light and gravity (Kelen, 

), as well as increasing the absorption of nutrients and water 

(Zhao 2010). 

In order to validate sustainable alternatives to tomato production, the objective of this study 

was to evaluate the promotion of plant growth mediated by the application of fresh 

suspensions and powder formulations of Bacillus methylotrophicus under greenhouse 

conditions, verifying morphological changes and variation in indole-acetic acid content in the 

plants analyzed. 
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Results 

Determination of morphological parameters 

To proceed, the correlation matrix between the parameters of plant growth allowed comparing 

the data of the different variables (Table 1). It was verified slightly to the strong significant 

correlation between some parametres (p <0.05). Noteworthy is the correlation values found 

between the length of the shoot and total plant length (Pearson> 0.83), as well as VI (Pearson 

p> 0.81). In the same way, the dry mass of the aerial part and root showed a strong correlation 

with the data of total dry matter (p of Pearson> 0.97), showing weak when comparing root 

length with root dry matter and total dry matter (p of Pearson> 0.33 and> 031, respectively). 

The total length of the plant presented, even if significant, a negligible correlation with the 

total dry matter. In addition, the root volume variable did not correlate with any other 

analyzed. 

All plant growth parameters evaluated showed a significant difference (p <0.05) between the 

treatments, where the treatments that received application of formulations containing B. 

methylotrophicus exceeded the control treatment. For the shoot length, all treatments with 

native-Maranhao bacteria, especially those propagated in cassava or arrowroot substrates, 

with the exception of the MAN.B47 treatment, showed values higher than the control. 

Highlight for treatments ARA.B47, MAN.B12 and SUS.B12 that presented an average shoot 

growth 56% higher than control (Figure 1). 

For the root growth parameter, the treatment MAN.B47 presented better performance, being 

22% superior to the control treatment, but the other treatments based on cassava and 

arrowroot did not differ from the control in this parameter. The relative control based on the 

biological fungicide QUARTZ  showed the lowest averages of root growth, being inferior 

even to the absolute control, water. 

In general, total plant growth - derived from the sum of root and shoot growth - was 

significant in treatments containing B. methylotrophicus, except for treatments MAN.B47 and 

QUARTZ , which were similar and inferior to control, respectively. 

The results of dry matter of shoot, root and total had higher values than the control treatment, 

being highlighted the treatments based on isolates of B. methylotrophicus that presented 

values similar to QUARTZ treatment. 

Regarding the root volume data, only the SUS.B12 treatment presented superiority to the 

control treatment, standing out among all treatments because it presented more than twice as 

much root as the control treatment. 
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For parameter VI, the treatments MAN.B47 and QUARTZ resembled the control treatment 

and all other treatments were superior to this one, standing out the treatment MAN.B12 that 

presented about 28% more growth than the treatment without B. methylotrophicus. 

 

Analysis of indole-acetic acid production 

There was significant interaction between the sources of variation treatments x portion 

evaluated for the indole-acetic acid content detected in plant tissues (Figure 2). In general, all 

the treatments presented about five times higher indole-acetic acid content in shoot in relation 

to root, being the treatment ARA.B47 which presented greater difference between the 

phytohormone contents. 

The control treatment had higher indole acetic acid concentrations in the root system that 

treatments with B. methylotrophicus sources. With the exception of the treatments MAN.B47 

and ARA.B47, the other treatments containing the bacteria had values about 70% lower than 

the control treatment. 

In contrast, significant values of indole-acetic acid concentration were observed in the shoot 

of tomato plants treated with B. methylotrophicus isolates from Maranhao/Brazil propagated 

by cassava or arrowroot formulations, differing significantly from the control, except for 

plants treated with MAN.B47. We highlight the treatment ARA.B47 that obtained more than 

double the hormone content in the shoot of tomato plants when compared to the control 

treatment. The other treatments with formulations containing B. methylotrophicus resembled 

the ARA.B47 treatment, except for the ALG.B12 treatment, but none of them differed 

significantly from the control. 

test (p <0.05; n = 50; CV = 15,30) 

 

Discussion 

To proceed, Growth promoting ability in tomato plants under greenhouse conditions was 

observed through the propagation of the bacteria by formulations tested (Figure 1). We 

highlight all the morphological parameters tested (plant height, root length, vigor index, root 

and shoot dry matter and total dry matter) stimulating greater growth in tomato plants, except 

for the root volume. 

The positive correlations between the parameters indicate that the plant development was 

mainly directed to the shoot growth and stabilization of the root system, represented by the 

strong correlations between shoot growth x total growth / vigor index and root dry matter x 

total dry matter, respectively. 
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It is evident that the treatments that received formulations containing B. methylotrophicus 

promoted a significant increase of the plant growth, mainly promoting a more vigorous shoot 

development, as well as accumulation of root-system dry matter, characterizing it as a well 

developed system to absorb water and nutrients for the nutritional crop balance. 

The results corroborate those found by Vaikuntapu, Dutta et al. (2014) determined that the 

influence of application of the bacteria Pseudomonas, Bacillus, Enterobacter and Aeromonas 

in shoot growth, root, and plant dry weight. For the authors, the bacteria promoted a 

significant increase in these parameters mainly in tomato culture, when compared to others 

such as sorghum (Sorgo bicolor (L.) Moench), peanuts (Arachis hypogaea L.) and chickpeas 

(Cicer arietinum L.) 

In addition, Preeti, Abhishek et al. (2015) also observed remarkable increases in seed 

germination (22.32%), shoot length (15.91%), root length (25.10%), shoot dry mass 

(52.92%), and root dry mass (31.4%), nitrogen (18.75%), potassium (57.69%) and 

phosphorus (22.22%) of shoot biomass over control in tomato plants stimulated by Bacillus 

circulans. 

Qiao, Yu et al. (2017) demonstrate that the B. subtilis species colonizes the area around the 

primary tomato root, indicating the success of colonization as a key to the biocontrol of plant 

diseases and activities linked to the promotion of plant growth, besides positively impacting 

the composition of the microbiota of the rhizosphere. 

Plant-growth promoting has great commercial importance for sustainable agriculture. Several 

authors claim that the genus Bacillus as preferred in the elaboration of biological formulations 

destined to phytopathogens control and vegetal growth (Borriss 2011; Chithrashree, 

Udayashankar et al. 2011; Chen, Chen et al. 2013; Prathap and Ranjitha-Kumari 2014).  

In addition, results relating the effect of the formulations applied on tomato seeds and the 

increase of the indole-acetic acid content in the vegetable tissues demonstrate that the B12 

and B47 isolates have promising PGPR attributes to be developed as formulations based on 

cassava and arrowroot for the promotion of plant growth. 

Although it is known that all plant tissues can produce low auxins levels, apical meristems of 

the stem are the main centers of production of this hormone. Auxins may assume antagonistic 

effects, depending on their location; at the same time as they are responsible for the cellular 

expansion in the aerial part, can inhibit the expansion of the roots. (Taiz, Zeiger et al. 2017). 

This indication corroborates with the results of this study when comparing the different levels 

of indole-acetic acid in the plant tissues in relation to the morphological parameters of the 
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plants. There was clearly an increase in shoot growth over the root expansion of 

microbiolized tomato plants with B. methylotrophicus-containing formulations. 

Kumar, Rajam et al. (2017) verified similar behavior in plants of Vigna radiata and Vigna 

mungo, occurring growth promotion in plants treated with IAA produced by Trichoderma 

viride VKF3. These authors describe a significant increase of shoot growth, however, there 

was no observation of major changes in root growth. 

Moreover, the study is consistent with Harikrishnan, Vellasamy et al. (2014) who found a 

substantial increase in shoot length, total dry weight and vigor index of rice plants treated 

with IAA from Streptomyces sp VSMGT1014. 

As contrast, the plants applied with B47 and those that did not receive any Bacillus source 

had the highest IAA content in roots. This fact may be related to a delay in the production of 

phytohormone by plants, corroborating with the results of vigor index, root volume, total 

length and total dry matter, where these plants obtained lower growth performance when 

compared to the other treatments. 

Finally, the median performance presented by the treatments with sodium alginate can be 

explained since the product creates a viscous mucilage that hinders the application of the 

formulation and can also impede the contact of Bacillus with the root system of the plants. 

 

Material and Methods 

Experimental location and treatment arrangement 

The tests were performed at the Plant Pathology Laboratory and Greenhouse, located at the 

-  

Powder formulations were prepared by aseptically mixing 400 mL of bacterial suspension 

(108 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 from mycology collection "Prof. Gilson Soares da 

Silva" on MGSSB12 and MGSSB47 record. The powdered substrates were pre-sterilized in 

storage at a temperature of 25

light. 

The research considered as treatments: Suspensions of B. methylotrophicus B12 and B47 

(SUS.B12 and SUS.B47), cassava powder + B. methylotrophicus B12 and B47 (MAN.B12 

and MAN.B47), arrowroot powder + B. methylotrophicus B12 and B47 (ARA.B12 and 

ARA.B47), sodium alginate powder + B. methylotrophicus B12 and B47 (ALG.B12 and 
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ALG.B47), QUARTZ  (fungicide based on B. methylotrophicus); besides control treatment 

only with distilled and deionized water- H2O.DD (CONTROL). 

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. 

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 

received two applications of 5 g of fertilization NPK 4-14-8 per tube applied on substrate. 

 

Determination of morphological parameters 

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: a) root and shoot 

length, measured with millimeter ruler; b) total length obtained by the sum of the root and 

shoot length; c) root and shoot dry mass, expressed in grams, obtained in precision balance 

accurate to 0.001g. To determine the dry mass, the plant material was oven dried with forced 

the sum of the dry mass of shoots and roots; e) root volume, expressed in cm3, evaluated by 

the displacement of the water column in graduated cylinder. The roots were washed and 

placed in a beaker containing a known volume of water (100 mL) - by the difference, the 

direct response of the root volume was obtained by the equivalence of units (1 mL = 1 cm3), 

according to the methodology described by Scheffer-Basso (1999); f) The vigor index of 

seedlings  V.I., 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 averages compared by parametric statistical tests. 

 

Analysis of indole-acetic acid production 

In addition, for the detection and quantification of IAA samples of shoots and roots were 

collected. 1 g of roots / shoot per treatment were macerated in liquid nitrogen, adding 6 mL of 

PBS 1X (pH = 7,2). The extracts were homogenized and centrifuged at 3000 g for 3 min at 4 

(10mM FeCl3, 34.3% perchloric acid) to a new tube, which was incubated in the dark at room 

temperature for 30 min, adapted from Gordon and Weber (1951). After the reaction, the 
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absorbance was measured at 520 nm, and all the tests were performed in triplicates. The 

quantitative determination of IAA was performed from the regression obtained with the 

 

 

Statistical analyzes 

The experiment was a completely randomized design, consisting of 10 treatments with four 

replicates of 50 plants. Data were submitted to analysis of variance and their means compared 

by mean tests. Pearson correlation analyzes were also performed to compare the independent 

data. 

 

Conclusions 

This study demonstrates the ability of formulations containing native Bacillus 

methylotrophicus from Maranhao/Brazil to promote plant growth of tomato plants, 

stimulating the increase of the concentration of indole-acetic acid in vegetable tissues. 

Powdered formulations of cassava and arrowroot containing Bacillus methylotrophicus B12 

and B47 obtained satisfactory performance as products intended to promote plant growth. 

The application of the products promotes a significant increase in the content of indole-acetic 

acid in the tomato shoot, stimulating its growth and increase of the total dry matter of the 

tomato plant. 
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Table 1: Correlation matrix between morphological parameters of tomato plants 

 SH.L. RO.L. RO.VOL. TO.L. VI SH.DM RO.DM TO.DM 

SH.L. 1        

RO.L. 0,01 1       

RO.VOL. 0,04 0,04 1      

TO.L. 0,84* 0,55* 0,06 1     

VI 0,82* 0,45* 0,01 0,94* 1    

SH.DM -0,08 0,31* 0,02 0,10* 0,04 1   

RO.DM -0,07 0,33* 0,09 0,12* 0,03 0,97* 1  

TO.DM -0,08 0,31* 0,05 0,11* 0,04 0,98* 0,98* 1 

*Correlations highlighted in bold are statistically significant (p<0.05). SH.L. = Shoot 

Lenght; RO.L. = Root Lenght; RO.VOL. = Root Volume; TO.L. = Total Length; VI = 

Growth Vigor Index; SH.DM = Shoot Dry mass; RO.DM = Root Dry mass; TO.DM = 

Total Dry mass 
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Figure 1: Growth parameters of tomato plants 30-day after sowing. Averages followed by the 

<0.05; n = 446). Shoot Lengh: CV = 

19,83; Root Lengh: CV = 21,15; Total Lengh: CV = 15,10; Shoot dry mass: CV = 21,30; 

Root dry mass: CV = 20,71; Total dry mass: CV = 20,92; Root volume: CV = 49,37; VI: CV 

= 15,15. 
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Figure 2: indole acetic acid production per gram fresh matter of tomato plant tissue 30-day 

after sowing. Averages followed by the same letter, capital letters between plant tissues and 
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REL SCRITIVO DE PATENTE DE INVEN  

 

COMPOSI  DE BIOFERTILIZANTE PARA A PROMO  DE CRESCIMENTO E 

 EM  

 

Campo da Inven  

 

A presente inven o se situa no campo da agricultura com nfase no manejo das 

intera es microbianas solo-cultura. Mais especificamente, a presente inven o proporciona 

c o de biofertilizantes que favore m a promo o de crescimento e aumento de 

produtividade de   

Os biofertilizantes da inven o compreendem as linhagens de Bacillus methylotrophicus 

Estadual do Ma  UEMA, sobre registro MGSS B12 e MGSS B47. 

 

Sum rio da Inven  

 

Em um aspecto, a presente inven o proporciona um processo de pr o de 

crescimento e aumento de produtividade de 

agentes  compreendendo a inocula o das mesmas com linhagens de Bacillus 

methylotrophicus 

 UEMA, sobre registro MGSS B12 e MGSS. 

S o dadas, portanto, com nfase na promo o de crescimento e aumento de 

produtividade de , as referidas etapas: 

a) Isolar linhagens bacterianas associadas a lavouras de distintas localidades do Estado 

do  

b) Caracterizar diferentes habilidades promotoras de crescimento vegetal entre as 

bac rias isoladas a fim de que possam ser selecionadas com potencial para a produ o de 

biofertilizante. 

c) Selecionar isolados com potencial de pr o de crescimento de plantas de forma 

quantitativa ( de caracter ticas) e qualitativa (diferentes graus de atividade). 

d) Seleciona  com potencial 
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e) Contatar o referido isolado bacteriano selecionado com a planta de interesse, atrav s 

da inocula o das sementes. 

f) Determinar a capacidade de pr o de crescimento e o aumento da produtividade 

de plantas, atrav s de experimentos em mara de crescimento e em experimento de 

campo. 

g) 

 

Em uma realiz o preferencial, o melhoramento da presente inven o compreende a 

modula o da fix o de nitrog nio e/ou de fatores promotores de crescimento. 

 outro objeto da presente inven o, c es para biofertilizante ag cola 

compreendendo: 

a) O material bi gico de linhagens selecionadas. 

b) Ve aceit vel e adequado para a pr tica agr a. 

 

Estes e outros objetos da inven o ser o imediatamente valorizados pelos versados na 

arte e pelas empresas com interesses no segmento, e ser o descritos em detalhes suficientes 

para sua reprodu o na descri o a seguir. 

 

Descr  Detalhada da Inven  

 

Os exemplos aqui mostrados  o intuito somente de exemplificar uma da meras maneiras 

de se realizar a inven o, contudo sem limitar o escopo da mesma. 

 

Comp de biofertilizante para a promo de crescimento de plantas e Controle de 

 

 

O  envolvendo biofertilizante que favorece a pr o de crescimento e o controle de 

 compreende as seguintes etapas: 

 

Linhagens de Bacillus 

 

As linhagens de Bacillus methylotrophicus MGSS B12 e MGSS B47 da presente 

inven o foram isoladas durante an lise de material vegetal de cultivares de arroz de diferentes 
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reg atrav s do emprego de metodologias que favorecem o isolamento de bact rias 

. 

 

Material Biol  

 

O material biol g il na presente inven o inclui, mas n o se limita aos elementos 

como DNA, RNAs e/ou pr nas, inteiros ou parciais, isolados de de Bacillus 

methylotrophicus MGSS B12 e MGSS B47. 

 

Material Biol Vegetal 

 

O material biol g il na presente inven o inclui, mas n o se limita aos elementos 

como DNA, RNAs e/ou pr as, inteiros ou parciais, c lula rg os, tecidos vegetais, 

incluindo plantas e/ou sementes em form o ou completamente formadas. 

 

C lulas trabalhadas 

 

As lulas trabalhadas da presente inven o compreendem pelo menos um material 

biol gico de linhagens escolhidas que compreende Bacillus methylotrophicus MGSS B12 e 

MGSS B47. 

 

 

 

As  da presente inven o compreendem: 

a) O material bi gico de linhagens selecionadas. 

b) Ve aceit vel e adequado para a pr tica agr a. 

 

Ve lo aceit vel e adequ tica agr cola 

 

O ve  aceit vel da presente inven o pode ser escolhido do grupo que compreende 

excipientes e carreadores aceit veis para a pr tica agr cola, doses e tratamentos convenientes 

para uso em c es particulares que podem ser descritas em uma rie de regimes. 
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Exemplo 1. Obten  e caracteriza  das bact rias promotoras de crescimento 

vegetal 

 

methylotrophicus. 

-se assepticamente 400 mL de 
8 Manihot esculenta L.), 

araruta (Maranta arundinacea 

isolados de Bacillus methylotrophicus - MGSS B12 e MGSS B47

B47. Os substratos 

 

O material foi acondicionado em temperatura ambiente e testado a viabilidade das 

LUDWIG et al. (2004), 

 

Os experimentos foram conduzidos em delineamento inteiramente casualizado e 

 

 

Experimentos de promo  crescimento de arroz em  

 

methylotrophicus 

. 

As sementes foram s

-se uma planta por tubete. 

-8-8 aplicado com 

pulverizador  

O delineamento experimental foi inteiramente casualizado, consistindo de 13 
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Avaliou-

ABDUL-BAKI e ANDERSON (1973): 

 

 

 

 

Ensaio de  

 

Bacillus B12 e B47 

Bacillus 

araruta + Bacillus B12 e B47 (AR Bacillus B12 

Deionizada (H20 DD), como s

H2O DD (ARA.CRT), alginato + H2O DD (ALG.CRT) e H2O DD (CONTROLE). 

methylotrophicus 

 

erco 

- -1 correspondendo a uma 

- F. oxysporum 

f. sp. lycopersici,  proveniente 

(1 x 106 -1) em cada vaso. 

mino das 

representada por um 
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-

SANTOS (1999), de 1 a 5 avaliando 

os sintomas externos, sendo nota 1 dada as plantas sadias, nota 2 para as plantas doentes com 

sintoma vascular leve, nota 3 para as plantas com sintoma de amarelecimento foliar e 

escurecimento vascular, nota 4 para  as plantas com murcha severa associada a escurecimento 

vascular, necrose foliar e clorose e nota 5 para as plantas mortas. Os resultados da severidade 

 

 

 

Produ  biofertilizante 

 

ncente ao 

 

-se assepticamente 400 mL de 
8 

araruta (Maranta arundinacea L.), separadamente. 

de cultura Batata-Dextrose- Batata-Dextrose, 

composto por 200 g de batata cozida e 20 g de Dextrose. O meio de cultura foi armazenado em 

-se meios de culturas individualizados para cada isolado 

bacteriano. 

s transcorrido o tempo de 10 dias, leituras 

ajustada para 10^8 unidades formadoras de colonia / mL (ufc/mL). 
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20 minutos.  

Foram utilizados dois isolados de Bacillus methylotrophicus nativos d

- 

registro MGSS B12 e MGSS B47. 

 

do material, novo  

fluorescente. 

 

 

individuais, 

como segue: 

 hylotrophicus - MGSS B12 

 - MGSS B47 

 - MGSS B12 

 - MGSS B47 

 

 

methylotrophicus 

 



71 
 

 

B. 

methylotrophicus utilizados. Percebe-

e a . A

microrganismos, a exemplo das elevadas taxas de amido presentes nos materiais. 

 

Figura 1: B. methylotrophicus (MGSS B12 e MGSS B47) em 

 

 

 

Percebe- B. 

methylotrophicus entre 

2,0x10+9 e 3,6x10+9, valores considerados significantes, quando comparados ao crescimento 

(MADIGAN et al., 2010), onde ocorr
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de B. methylotrophicus 

promotor de crescimento vegetal, tema de nossa pesquisa. 

Analisando a tabela 1 verifica-

constatada na figura 2, ocorre uma estabilidade do 

-se que, tanto 

para o isolado MGSS B12 quanto para o MGSS 

-se constante a 
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Tabela 1: B. methylotrophicus (MGSS B12 e MGSS 
 

 Bacillus 

-1) 

Armazenamento (dias) 

3 5 10 30 
Mandioca MGSSB12 2,6E+09 ab* 

3,0E+09 A** 
3,2E+09 ab 

3,2E+09 A 
2,9E+09 a 

2,8E+09 A 
2,5E+09 a 

2,6E+09 A 
Mandioca MGSSB47 3,4E+09 a 3,2E+09 a 2,6E+09 a 2,8E+09 a 
Araruta MGSSB12 2,7E+09 ab 

2,9E+09 AB 
3,2E+09 a 

3,0E+09 A 
2,2E+09 a 

2,2E+09 A 
2,7E+09 a 

2,7E+09 A 
Araruta MGSSB47 3,2E+09 ab 2,8E+09 abc 2,2E+09 a 2,6E+09 a 
Alginato MGSSB12 2,5E+09 ab 

2,4E+09 B 
2,4E+09 bc 

2,2E+09 B 
2,5E+09 a 

2,6E+09 A 
2,5E+09 a 

2,6E+09 A 
Alginato MGSSB47 2,3E+09 b 2,0E+09 c 2,6E+09 a 2,8E+09 a 

    45 60 90 120 
Mandioca MGSSB12 3,0E+09 a 

3,2E+09 A 
2,9E+09 a 

2,8E+09 A 
2,4E+09 abc 

2,8E+09 A 
3,5E+09 a 

3,3E+09 A 
Mandioca MGSSB47 3,4E+09 a 2,7E+09 a 3,3E+09 ab 3,1E+09 a 
Araruta MGSSB12 3,3E+09 a 

3,2E+09 A 
2,8E+09 a 

3,0E+09 A 
2,9E+09 abc 

2,6E+09 A 
3,5E+09 a 

3,3E+09 A 
Araruta MGSSB47 3,2E+09 a 3,2E+09 a 2,2E+09 c 3,1E+09 a 
Alginato MGSSB12 2,8E+09 a 

2,9E+09 A 
2,6E+09 a 

2,7E+09 A 
2,3E+09 bc 

2,9E+09 A 
3,0E+09 a 

3,1E+09 A 
Alginato MGSSB47 3,0E+09 a 2,8E+09 a 3,4E+09 a 3,2E+09 a 

Bacillus (Tukey, p<0,005) 
**  
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-se 

MGSS B47, o alginato 

mostrou-se o melhor v r ao 

armazenamento do isolado MGSS B12 

 

Baseado nesses dados levanta-se uma 

isolados de B. methylotrophicus 

 

 

 de crescimento de plantas e colonizador 

dos tecidos vegetais 

 
Observou-

testadas (Figuras 2 e 3). Destacaram-

 

 

Figura 2. 

pelo teste de Tukey a 5 % de probabilidade. 
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Figura 3. 

plantas 

entre si pelo teste de Tukey a 5 % de probabilidade. 

 

 

 

Percebe-se que todos os tratamentos contendo B. methylotrophicus promoveram aumento 

do crescimento vegetal, com destaque ao comprimento do sistema radicular, onde todos os 

2). 

MGSS B12 e MGSS B47: os tratamentos promoveram significativo incremento no crescimento 

das plantas, assemelhando-se ao produto comercial Quartz

armazenados em for  

-planta para serem 

 ao bom desenvolvimento e armazenamento das cepas 

bacterianas. 
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essa ao redor das 

tratamentos. 

tas tratadas com B. methylotrophicus tiveram 

 

Os tratamentos contendo soment

B. methylotrophicus apresentaram IVP semelhantes 

estatisticamente entre si, enquanto a testemunha apresentou os menores valores para todos os 

dos. 

anteriormente (Figura 7). Todos os tratamentos contendo B. methylotrophicus apresentaram 

com os 

Bacillus MGSS B47, que se assemelharam a alguns controles, mesmo diferindo 

 

 biomassa seca promovido pelos tratamentos com B. methylotrophicus 

de tamanh  

Bacillus 

promover o crescimento e incremen

de genes precursores de AIA e GA3 

raiz (CHEN et al., 2007).  
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Murcha de Fusarium do Tomateiro 

 

 limitou-se no controle da murcha de 

Fusarium

B. methylotrophicus 

comp

escurecimento vascular. 

 

Figura 3. Controle da Murcha de Fusarium pela 
Bacillus 

methylotrophicus
pelo teste de Tukey a 5 % de probabilidade. 

 

 

 

-

Cruz, com 

controle de F. oxysporum f. sp. lycopersici B. 

methylotrophicus (Figuras 4 e 5). 
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Figura 4. 
Peroxidade (POD) e Polifenoloxidade (PPO) 240 

ntrole da murcha de 

entre si pelo teste de Tukey a 5 % de probabilidade. 
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Figura 5. Atividades das enzimas Peroxidase (POD), Polifenoloxidase -1,3- -1,3) em plantas de 
F. oxysporum f. sp. lycopersici

pelo teste de Tukey a 5 % de probabilidade. 
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 da Murcha (Figura 4). 

Resultados semelhantes foram obtidos por SOTOYAMA et al. (2016) que verificaram o 

controle de F. oxysporum f. sp. lycopersici B. amyloliquefaciens com 

- -

 

defesa, podendo ser F. oxysporum f. sp. lycopersici como 

sugerido por SHAHZAD et al. (2017) ao estudarem B. amyloliquefaciens em plantas de 

tomateiro. 

As atividades de peroxidase e polifenoloxidase apresentaram valores crescentes ao longo 

(figura 5). ) 

atividade de peroxidase promovida por ASM, Azoxystrobin e Bacillus subtilis utilizados como 

(MANDAL et al., 2009)

demonstraram que a atividade de Peroxidase apresentou um forte aumento em resposta a 

tomateiro. 

Valores elevados de PR-

o 

descrita por diversos autores como um estado de alerta, onde a planta responde com maior 

 

oc

(MEI et al., 2014; 

KIM et al., 2015). 

Os dados corroboram com os resultados encontrados por AKRAM et al. (2015), que 

B. subtilis contra murcha de fusarium de tomate e determinaram a 

-liase, polifenoloxidase e peroxidase, com 

expressivo aumento das atividades de PPO e POD.  

O valores de -1,3-

ivergem 
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dos encontrados por SOLANKI et al. (2012)

de -1,3-glucanase em plantas tratadas com cepas de Bacillus spp. contra Rhizoctonia solani

em tomate.
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Reivindica es 

 

COMPOSI  DE BIOFERTILIZANTE PARA A PROMO  DE CRESCIMENTO E 

  

 

1. Compos o de biofertilizante  base de Bacillus methylotrophicus provenientes da 

 UEMA, sobre registro MGSS B12 e MGSS B47 que favore m a pr o de 

crescime  

 

2.  de acordo com a reivindica o 1, caracterizado pelo fato de que a referida 

composi o biofertilizante modula fatores promotores de crescimento e/ou indutores de 

 

 

o biofertilizante caracterizada por compreender: 

 

a) pelo menos um material biol gico de esp cies e/ou linhagens escolhidas que compreende 

Bacillus methylotrophicus MGSS B12 e MGSS B47. 

b) ve agriculturalmente aceit vel. 

 

Resumo 

 

COMPOSI  DE BIOFERTILIZANTE PARA A PROMO  DE CRESCIMENTO E 

  

 

A presente inven o descreve a composi o de biofertilizante ase de bact rias 

promotoras de crescimento vege  Na maioria dos resultados, 

os biofertilizantes da presente inven o mostraram efici ncia no processo de pr o de 

crescimento 

atividade de peroxidases e polifenoloxidases em plantas de tomateiro, promovendo significante 
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. Os biofertilizantes da presente inven o compreendem as linhagens de Bacillus 

methylotrophicus MGSS 12 e MGSS 47. Os dados apresentados aqui se encontram 

parcialmente publicados,  experimentos adicionais ser o necess rios. 
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FINAIS 

 

Atualmente as medidas de controle sugeridas para diminuir perdas ocasionadas por essa 

 

Este trabalho abre a possibilidade do manejo 

, 

aliada ao controle da murcha de fusarium 

ultivo protegido. 

A tese abre novas linhas de  

1.  

2. Testes qualitativos e quantitativos 

vegetal. 

3. MGSS B12 e MGSS 

B47. 
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