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RESUMO

Fosforo (P) é um dos elementos essenciais ao crescimento e desenvolvimento das plantas
representando cerca de 0,2% do peso seco. No entanto, o fésforo ndo é encontrado na
natureza na forma livre, € instavel como gis devido a sua reatividade e € um elemento
essencial a vida. Nos solos, o fosforo estd presente em diferentes formas: soldvel, mineral,
adsorvido e organico. Micro-organismos solubilizadores de fésforo tém a capacidade de
converter compostos de fésforo insoliveis em fosfatos disponiveis, que aumentam a
disponibilidade de nutrientes para as plantas. Varios géneros bacterianos sao conhecidos
por serem solubilizadores de fosfato com potencial para substituir fertilizantes quimicos
convencionais na agricultura. Dentre elas, as actinobactérias t€ém sido extensivamente
estudadas como solubilizadoras de P ou como mineralizadoras. Ensaios qualitativos e
quantitativos foram conduzidos nos meios de cultura NBRIP e VERMA, com e sem adicao
de p6 de rocha. Os ensaios quantitativos envolveram o crescimento de actinobactérias em
meio liquido, com medicdes de pH realizadas ao final do experimento. O meio VERMA
mostrou-se o mais eficaz para a solubilizacdo de fosforo, o isolado B10 destacou-se com o
maior valor registrado entre todos os meios e isolados (933,90 ug/mL). C8 e C5 apresentaram
altos niveis de solubilizacao (466,02 ug/mL e 392,32 pug/mL, respectivamente). O isolado J1
teve solubilizagdo baixa (44,70 pg/mL), indicando variabilidade de desempenho dependendo
do meio utilizado, enquanto a adi¢do do remineralizador BTGRAN aos meios NBRIP e
VERMA resultou em reducdo da solubilizacio. NBRIP+BTGRAM, o CS5 registrou a maior
solubilizagdo (166,25 pg/mL). O isolado B10 (63,86 pg/mL), o isolado J1 teve o menor valor
(31,98 pg/mL). No meio VERMA+BTGRAM, o isolado B10 manteve o maior valor (94,00
pg/mL) entre eles. No entanto, C5 e C8 apresentaram quedas drdsticas para (12,97 ug/mL) e
(3,67 pg/mL), respectivamente, enquanto J1 atingiu (48,91 png/mL). Na andlise qualitativa da
solubilizacdo de fosfato, observou-se que os isolados de actinobactérias ndo apresentaram
eficiéncia significativa em meio s6lido NBRIP ou NBRIP suplementado com o
remineralizador BTGRAN. Isso sugere que a escolha do meio de cultivo e a presenca de
aditivos podem influenciar significativamente na eficicia das actinobactérias na

solubilizacdo de fésforo.

Palavras-chave: Biodisponibilidade; 4cidos organicos; microbioma do solo; agricultura

sustentavel; inoculantes microbianos.



ABSTRACT
Phosphorus (P) is one of the essential elements for the growth and development of plants,
representing about 0.2% of dry weight. However, phosphorus is not found in nature in its
free form, it is unstable as a gas due to its reactivity and is an essential element for life. In
soils, phosphorus is present in different forms: soluble, mineral, adsorbed, and organic.
Phosphorus-solubilizing microorganisms have the ability to convert insoluble phosphorus
compounds into available phosphates, which increase nutrient availability for plants, and
several bacterial genera are known for being phosphate solubilizers with the potential to
replace conventional chemical fertilizers in agriculture. Among them, actinobacteria have
been extensively studied as P solubilizers or as mineralizers. Qualitative and quantitative
assays were conducted in NBRIP and VERMA culture media, with and without the addition
of rock dust. The quantitative assays involved the growth of actinobacteria in liquid medium,
with pH measurements taken at the end of the experiment. The VERMA medium proved to
be the most effective for phosphorus solubilization, with isolate B10 standing out with the
highest recorded value among all media and isolates (933.90 ug/mL). C8 and C5 showed
high solubilization levels (466.02 pg/mL and 392.32 pg/mL, respectively). Isolate J1 had low
solubilization (44.70 pg/mL), indicating performance variability depending on the medium
used, while the addition of the remineralizer BTGRAN to the NBRIP and VERMA media
resulted in reduced solubilization. In NBRIP+BTGRAN, C5 recorded the highest
solubilization (166.25 pg/mL). Isolate B10 (63.86 ug/mL), isolate J1 had the lowest value
(31.98 pg/mL). Inthe VERMA+BTGRAN medium, isolate B10 maintained the highest value
(94.00 pg/mL) among them. However, C5 and C8 showed drastic drops to (12.97 pg/mL)
and (3.67 pg/mL), respectively, while J1 reached (48.91 pg/mL). In the qualitative analysis
of phosphate solubilization, it was observed that the actinobacterial isolates did not show
significant efficiency in solid NBRIP medium or NBRIP supplemented with the
remineralizer BTGRAN. This suggests that the choice of culture medium and the presence
of additives can significantly influence the effectiveness of actinobacteria in phosphorus

solubilization.

Keywords: Bioavailability; organic acids; soil microbiome; sustainable agriculture;

microbial inoculants
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1 INTRODUCAO

fésforo (P) € um dos elementos essenciais ao crescimento e desenvolvimento das
plantas representando cerca de 0,2% do peso seco. O fésforo elementar € essencial na
constituicdo dos componentes vitais da célula, a exemplo das membranas celulares
fosfolipidicas, da ferramenta de transferéncia energética intracelular que é a ATP, e do DNA e
RNA pela ligacao de fosfodiéster entre nucleotideos. No entanto, o fésforo ndo € encontrado
na natureza na forma livre, é instavel como gés devido a sua reatividade e € um elemento
essencial a vida.

Nos solos, o fésforo estd presente em diferentes formas: soldvel, mineral, adsorvido e
organico. A fracdo solivel representa uma porcentagem muito baixa do P total, mas € a
tinica forma (fons ortofosfato livres PO4®) que plantas e culturas podem usar para o crescimento.

O P inorganico estd presente em solos agricolas, principalmente como complexos
minerais insoludveis, alguns dos quais surgem apds a aplicacdo frequente de fertilizantes
quimicos. Essas formas insoldveis precipitadas nao podem ser utilizadas pelas plantas. A
matéria organica também € um importante reservatério de P imobilizado, representando 20 a
80% do P nos solos (Solans et al., 2019).

A alta solubilidade dos fertilizantes frequentemente leva a impactos ambientais,
resultando na eutrofizacao de massas de dgua nas areas proximas de zonas agricolas (Klaic
etal., 2018). As principais consequéncias da eutrofizacao, sdo alteracdo de sabor e odor na dgua
e a possibilidade de inviabilizagdo de seu uso em fun¢do da presenca de cianotoxinas
(Sasabuchi et al., 2023).

O uso direto de rocha fosfatica moida € uma alternativa atrativa para fertilizagdo,
uma vez que a auséncia de tratamento quimico prévio resulta em impactos ambientais
reduzidos e custos mais baixos, com a vantagem adicional de que a menor solubilidade da RP
permite maior controle da liberacdo de fosfato (Klaic et al., 2018).

Varios micro-organismos quando associados a plantas podem promover o seu
crescimento e proporcionar uma série de outros beneficios no seu desenvolvimento sendo
denominados micro-organismos promotores do crescimento vegetal.

Micro-organismos solubilizadores de fosforo t€ém a capacidade de converter compostos
de fosforo insoluveis em fosfatos disponiveis, que aumentam a disponibilidade de nutrientes
para as plantas, e varios géneros bacterianos sao conhecidos por serem solubilizadores de
fosfato com potencial para substituir fertilizantes quimicos convencionais na agricultura
comercial (Alori; Glick; Babalola, 2017; Dash; Dangar, 2017). Dentre elas, as actinobactérias
tém sidoextensivamente estudadas como solubilizadoras de P ou como mineralizadoras
(Jog et al., 2014; Saif et al., 2014; Solans et al., 2019).

Os micro-organismos solubilizadores de fosfato possuem diversos mecanismos para

aumentar a disponibilidade desse elemento no solo. Os principais papéis dos microrganis-



mos na solubilizacdo de P incluem a liberacdo de enzimas extracelulares (mineralizacao
bioquimica), a liberac@o de P durante a degradacdo do substrato (mineraliza¢ao bioldgica) e
a secrecdo de complexos ou compostos dissolventes de minerais (sideréforos, prétons, ions
hidroxila, dcidos organicos) (Sharma et al., 2015; Silva et al., 2023).

A capacidade de solubilizacdo de P dos actinomicetos tem atraido interesse nos
dltimos anos, pois esse grupo de organismos do solo ndo s6 é capaz de sobreviver em
ambientes extremos ( seca, incéndio), mas também possui outros beneficios potenciais (por
exemplo, producdo de antibiéticos e compostos semelhantes a fitohormdnios) que podem
beneficiar simultaneamente o crescimento das plantas (Sharma et al., 2015). Aproximada-
mente 20% dos actinomicetos podem solubilizar P.

Varios autores tem relatado a solubilizacdo de fosfato por actinobactérias isolados
em diferentes ambientes, como solos de mineracao (Hamdali et al., 2010; Biglari; Hassan;
Amini, 2016; Nafis et al., 2019; Syiemiong; Jha, 2019); solo florestal (Balakrishna, 2012),
solo rizosférico (Anwar; Ali; Sajid, 2016; Vasconcellos et al., 2010) e ambientes marinhos

(Dastager; Damare, 2013).



2 REVISAO DA LITERATURA

2.1 Fésforo

O fésforo (P) € um dos elementos essenciais ao crescimento e desenvolvimento das
plantas representando cerca de 0,2% do peso seco. O fésforo elementar € essencial na
constituicdo dos componentes vitais da célula, a exemplo das membranas celulares
fosfolipidicas, da ferramenta de transferéncia energética intracelular que é a ATP, e do DNA e
RNA pela ligagdo de fosfodiéster entre nucleotideos.

O fosforo ndo € encontrado na natureza na forma livre, € instavel como gés devido a sua
reatividade e é um elemento essencial a vida. Na atmosfera, ele ¢ detectado somente
adsorvido em particulas de matéria, com remocao rapida por processos de precipitacao, de
maneira que sua existéncia nesse meio € diminuta e nao relevante enquanto via de transporte
(Sasabuchi et al., 2023). A transferéncia fisica do elemento entre ecossistemas é reduzida, em
contraste aos ciclos do carbono e do nitrogénio, que sdo auxiliados fortemente pela biota
(Sasabuchi et al., 2023).

Nos solos, o fésforo estd presente em diferentes formas: solivel, mineral, adsorvido e
organico. A fragdo solivel representa uma porcentagem muito baixa do P total, mas € a
tinica forma (fons ortofosfato livres PO4®) que plantas e culturas podem usar para o crescimento.
O P insoldvel, que consiste em P organico e mineral, €, em vez disso, a forma dominante de P
nos solos: a dominancia de fosfatos de aluminio/ferro e formas de fosfato de cdlcio limita sua
solubilidade em solos 4cidos e alcalinos, respectivamente. As formas de fosfato excretadas por
organismos vivos sdo liberadas nos solos como fosfatos orgéanicos (Daneshgar et al., 2018).

O P inorganico estd presente em solos agricolas, principalmente como complexos
minerais insoluveis, alguns dos quais surgem apods a aplicacdo frequente de fertilizantes
quimicos. Essas formas insoluveis precipitadas ndo podem ser utilizadas pelas plantas. A
matéria organica também € um importante reservatorio de P imobilizado, representando 20 a
80% do P nos solos (Solans et al., 2019).

Apenas 0,1% do P total existe na forma soluavel, disponivel para absor¢do pelas
plantas. Os microrganismos do solo estdo envolvidos em diversos processos que afetam a
transformacao do fosfato e, portanto, influenciam a disponibilidade de fosfato para as
plantas (Solans et al., 2019).

O P organico, menos biodisponivel nos solos, € identificado por grupos de orto- fosfato
ligados a moléculas organicas, muitos oriundos da matéria organica, podendo ser parcialmente
solubilizado por micro-organismos no decorrer do processo de mineralizacdo (Pantano et al.,

2016) Ao passo que, na forma adsorvida possui os ions de ortofosfato fixados em particulas



como os Oxi-hidréxidos de ferro, Em relacdo ao fésforo mineral, a maioria estd presente em
rochas do tipo sedimentar(Daneshgar et al., 2018).

Os solos tropicais, geralmente apresentam baixa disponibilidade do elemento devido aalta
reatividade de formas soliveis com ferro e aluminio, formandos compostos de baixa
solubilidade (Klaic et al., 2018) sendo necesséario, portanto, a fertilizacdo periédica com
fosfato para alcangar alta produtividade das culturas.

Fertilizantes convencionais com fésforo sdo geralmente compostos de alta solubi-
lidade, como mono-amédnio de fosfato (MAP), mas seus processos de produgcdo causam
danos ao ambiente, pois, o tratamento quimico da rocha fosfética exige altas concentracdes de
acido sulfurico e 4cido fosforico(Alori; Glick; Babalola, 2017; Klaic et al., 2018).

A alta solubilidade dos fertilizantes frequentemente leva a impactos ambientais,
resultando na eutrofizacdo de massas de dgua nas areas préximas de zonas agricolas

(Klaic et al., 2018) A concentragio de apenas 0,02 mgL ! de fosfato em dguas resulta na
multiplicacdo de algas, que podem produzir toxinas prejudiciais a saide animal e humana. Ao
ultrapassar a concentracio de 0,1 mgL ™!, ocorre proliferacdo das algas formando uma camada
que além de bloquear a luz solar no corpo hidrico, aumenta a taxa de consumo do

oxigénio dissolvido (Bacelo et al., 2020).

As principais consequéncias da eutrofizacdo, sdo altera¢dao de sabor e odor na dgua e a
possibilidade de inviabilizacdo de seu uso em funcdo da presenca de cianotoxinas
(Sasabuchi et al., 2023) Também sao observados aumento na mortandade de peixes e
moluscos cultivaveis, reducao da diversidade de espécies, limitacao da transparéncia da
dgua, instauracdo de condi¢des anaerdbicas para o corpo d’agua e outros fendmenos que
comprometem a qualidade dos ecossistemas e da vida aquatica(Bacelo et al., 2020).

O uso direto de rocha fosfatica moida € uma alternativa atrativa para fertilizagdo,
uma vez que a auséncia de tratamento quimico prévio resulta em impactos ambientais
reduzidos e custos mais baixos, com a vantagem adicional de que a menor solubilidade da RP
permite maior controle da liberacdo de fosfato (Klaic et al., 2018)

No entanto, a alta estabilidade quimica das rochas fosfaticas, devido a presenca da
fase apatita e efeitos de cristalizacdo relacionados a apatita, significa que a solubilidade é
muito menor do que o necessdrio em aplicagcdes praticas A solubilidade desse material é
bastante baixa, mesmo em solos acidos, limitando seu uso direto como fertilizantes,
especialmente para culturas de ciclo curto (Fayiga; Nwoke, 2016; Pavinato et al., 2017; Klaic
et al., 2021).

Varios micro-organismos quando associados a plantas podem promover o seu
crescimento e proporcionar uma série de outros beneficios no seu desenvolvimento sendo

denominados micro-organismos promotores do crescimento vegetal.
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2.2 Contribuicdo das actinobactérias para a biossolubilizacio da rocha fosfitica e o

crescimento vegetal

O termo Actinobactéria (anteriormente conhecido como Actinomycetes) é
derivado do termo grego aktis ou aktine fungos mykes. Tradicionalmente, os
actinomicetos eram considerados formas de transicdo entre fungos e bactérias. Assim
como os fungos filamen- tosos, muitas Actinobactérias produzem um micélio, e muitos
destes actinomicetos miceliais reproduzem-se por esporulacdo (Barka et al., 2016)
(figura 1). As Actinobactérias sdao bactérias filamentosas Gram-positivas com alto teor

de guanina mais citosina (GC) em seus genomas.
Figura 1 — Representacao esquematica do ciclo de vida dos actinomicetos esporulantes
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Fonte: Barka et al, 2016

Fisiologicamente e ecologicamente, a maioria das Actinobactérias sao
aerObicas, mas ha excecOes. Além disso, eles podem ser heterotréficos ou
quimioautotréficos, mas a maioria € quimioheterotréfica e capaz de usar uma ampla
variedade de fontes nutricionais, incluindo varios polissacarideos complexos

(Lechevalier; Lechevalier, 1965)



A maioria das Actinobactérias s@o organismos saprofiticos que vivem no solo e
que passam a maior parte de seus ciclos de vida como esporos semi dormentes,
especialmente sob condi¢des de limitacdo de nutrientes (Mayfield et al., 1972). No entanto,
o filo adaptou-se a uma ampla gama de ambientes ecolégicos: 0s actinomicetos também

estdo presentes no solo, na 4gua doce e salgada e no ar.

Sdo mais abundantes nos solos do que outros meios, especialmente em solos
alcalinos e ricos em matéria orgénica, onde constituem uma parte importante da populacao
microbiana. As actinobactérias podem ser encontradas tanto na superficie do solo
como em profundidades superiores a dois m abaixo do solo (Goodfellow; Williams,
1983)

A agricultura €, de longe, a principal usudaria dos depésitos de fosforo extraidos,
respondendo por cerca de 80 a 90% da demanda mundial total. Diante dessa necessidade
urgente e dos desafios do desenvolvimento de uma agricultura sustentavel, o uso
direto do fosfato de rocha como fertilizante fosfatico e sua solubilizacdo por
microrganismos tornaram-se um foco de interesse (Boubekri et al., 2022).

Micro-organismos solubilizadores de fésforo tém a capacidade de converter
compostos de fosforo insoliveis em fosfatos disponiveis, que aumentam a disponibilidade
de nutrientes para as plantas, e varios géneros bacterianos sdo conhecidos por serem
solubilizadores de fosfato com potencial para substituir fertilizantes quimicos
convencionais na agricultura comercial (Alori; Glick; Babalola, 2017; Dash; Dangar,
2017). Dentre elas, as actinobactérias tém sidoextensivamente estudadas como
solubilizadoras de P ou como mineralizadoras (Jog et al., 2014; Saif et al., 2014;
Solans et al., 2019)

Os micro-organismos solubilizadores de fosfato possuem diversos mecanismos
para aumentar a disponibilidade desse elemento no solo. Os principais papéis dos
microrganis- mos na solubiliza¢cdo de P incluem a liberacido de enzimas extracelulares
(mineralizacdo bioquimica), a liberacdo de P durante a degradacdo do substrato
(mineralizacao bioldgica) e a secre¢ao de complexos ou compostos dissolventes de
minerais (sider6foros, prétons, ions hidroxila, 4cidos organicos) (Sharma et al., 2015;
Silva et al., 2023).

A mineralizagdo € o processo pelo qual fosfatases, enzimas alcalinas ou 4cidas,
utilizam fosfato orgdnico como substrato e o convertem em formas inorganicas. A
maior parte das fosfatases extracelulares do solo € derivada da populagdo microbiana,

incluindo actinobactérias. (Solans et al., 2019).
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A capacidade de solubilizacdo de P dos actinomicetos tem atraido interesse nos
ultimos anos, pois esse grupo de organismos do solo ndo s6 € capaz de sobreviver em
ambientes extremos ( seca, incéndio), mas também possui outros beneficios potenciais
(por exemplo, producio de antibiéticos e compostos semelhantes a fitohormdnios) que
podem beneficiar simultaneamente o crescimento das plantas (Sharma et al., 2015).
Aproximada- mente 20% dos actinomicetos podem solubilizar P.

Varios autores tem relatado a solubilizacdo de fosfato por actinobactérias
isolados em diferentes ambientes, como solos de mineracao (Hamdali et al., 2010;
Biglari; Hassan; Amini, 2016; Nafis et al., 2019; Syiemiong; Jha, 2019); solo florestal
(Balakrishna, 2012), solo rizosférico (Anwar; Ali; Sajid, 2016; Vasconcellos et al.,
2010) e ambientes marinhos (Dastager; Damare, 2013).

Actinobactérias sdo conhecidas por produzir piruvato, o-cetoglutarato, lactato,
succinato, citrato, malato e oxalato em concentragdes varidveis. No entanto, a relagcdo
entre a producdo de 4cido organico e a solubilizacdo de fosfato em actinobactérias é pouco
relatada (Solans et al., 2019).

A Figura 2 - Mostra alguns dos mecanismos utilizados por Actinobactéria para

melhorar a aquisi¢ao de fésforo pelas plantas.

Figura 2 — Mecanismos envolvidos na solubiliza¢ao de P por isolados de actinobacteria
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Fonte: Boubekri et al, 2022

Como todas as bactérias solubilizadoras de fdésforo, as Actinobacteria
produzem 4cidos organicos envolvidos na solubilizagdo. O tipo de 4cido produzido
depende da espécie de Actinobacteria. Por exemplo, verificou-se que os dcidos lactico e 2-
cetogluconico foram os dcidos predominantes encontrados em Streptomyces
solubilizadores de fosfato (Boubekri et al., 2022) enquanto o dcido mdlico foi detectado
como o principal dcido orgéanico produzido por S. thermolilacinus IDWRS81 (Jog et al.,
2014). A Micromonospora endolithica, apresentam um amplo espectro de producao de
acidos organicos. Foi relatado que M. endolithica é capaz de produzir 4cidos lactico,
oxdlico, gluconico, succinico, acético, mdlico e citrico (Boubekri et al., 2022)

Além da producdo de 4cido, a quelacdo seria um mecanismo de solubilizacdo
eficiente para algumas actinobactérias (Nandimath et al., 2018; Sharma; Dangi;
Choudhary; Hamdali et al., 2010). Nesse sentido, algumas Actinobactérias sao relatadas
como capazes de produzir hidroxamato como sideréforo principal, que quela o ferro

do fosfato e libera.

ions de fosfato na solucdo do solo (Shanmugaiah et al., 2015). As Actinobactérias
abrigam outros conjuntos de sider6foros ainda ndo descobertos, que ainda precisam ser
explorados (Rebets et al., 2013)

PSM KSM
= | P/KSM
B w
e — Pw-!hl-e.iuhdw
rechanizms
Har ¥ ] — AR
Organic acids Siderophores  Plant growth o =
= Malic scid - Enterchactn - Plant growih regelaion
@ o - Z-ketogluconic acid - Coslichelin - MCN =T
- G, axalic, « Erythrobactim - dummonia :
- Gluconic - Hocardamine - Mitrogen fixation "
- #te. - net - ete ; _,/ e '
. "/'B T -
.'II l - P \
b SIS I i I L
easgrnraiol dpusir sermichonig ﬁ‘:ﬁmm P and K
involved in plant growth and nutrient { }

14



15

3 REFERENCIAS

ALORI, E. T.; GLICK, B. R.; BABALOLA, O. O. Microbial Phosphorus
Solubilization and Its Potential for Use in Sustainable Agriculture. Frontiers in
microbiology, V. 8, p- 971 - 6  2017. Disponivel  em:
https://DOI:10.3389/fmicb.2017.00971.

ANWAR, S.; ALI, B.; SAJID, 1. Screening of Rhizospheric Actinomycetes for Various
In-vitro and In-vivo Plant Growth Promoting (PGP) Traits and for Agroactive Compounds.

Frontiers in microbiology, v. 7, n. 1334, 9 2016. Disponivel em:
http://DOI:10.3389/fmicb.2016.01334.

BACELO, H. et al. Performance and prospects of different adsorbents for phosphorus
uptake and recovery from water. Chemical Engineering Journal, n. 122566, 2020.
Disponivel em: https://doi.org/10.1016/j.cej.2019.122566.

BALAKRISHNA, G. B. G. Isolation of Phosphate Solibulizing Actinomycetes from
Forest Soils of Mahabubnagar District. IOSR Journal of Pharmacy, v. 2, n. 2, p. 271 —
275, 2012.

BARKA, E. A. et al. Correction for Barka et al. Taxonomy, Physiology, and Natu-
ral Products of Actinobacteria. Microbiology and Molecular Biology Reviews. 2016.
Disponivel em: https:

/lwww.ncbi.nlm.nih. gov/pmc/articles/PMC7441473/. Acesso em: 10/04/2024.

BIGLARI, N.; HASSAN, H. M.; AMINI, J. The Ability of Streptomyces spp. Isolated
from Iranian Soil to Solubilize Rock Phosphate. Advances in Bioscience & Clinical
Medicine,

v.4,n.3,p. 15-25,2016.

BOUBEKRI, K. et al. Multifunctional role of Actinobacteria in agricultural
production sus- tainability: A review. Microbiological research, v. 261, p. 127059 —,
2022. Disponivel em: https://doi.org/10.1016/j.micres.2022.127059.

DANESHGAR, S. et al. The Potential Phosphorus Crisis: Resource Conservation and
Possible Escape Technologies: A Review. Resources, v. 7, n. 2, 2018. ISSN 2079-
9276. Disponivel em: https://www.mdpi.com/2079-9276/7/2/37.

DASH, N.; DANGAR, T. K. Perspectives of Phosphate Solubilizing Microbes for Plant
Growth Promotion, Especially Rice - A Review. International Journal of Biochemistry
Research & Review, v. 18, p. 1-6, 2017. Disponivel em:
https://10.9734/1JBCRR/2017/34136.

DASTAGER, S. G.; DAMARE, S. Marine actinobacteria showing phosphate-
solubilizing efficiency in Chorao Island, Goa, India. Current microbiology, v. 66, p.
421-7, 1 2013. Disponivel em: http://doi:10.1007/s00284-012-0288-z.


https://doi.org/10.1016/j.cej.2019.122566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7441473/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7441473/
https://doi.org/10.1016/j.micres.2022.127059
https://www.mdpi.com/2079-9276/7/2/37

FAYIGA, A. O.; NWOKE, O. C. Phosphate rock: Origin, importance, environmental
impacts, and future roles. Environmental Reviews, v. 24, p. 403—-415, 2016.
Disponivel em: https://doi.org/10.1139/er-2016-0003.

GOODFELLOW, M.; WILLIAMS, S. T. Ecology of actinomycetes. Annual
review of microbiology, v. 37, p. 189-216, 1 1983. Disponivel em: http://10.1146/
annurev.mi.37.100183.001201.

HAMDALL H. et al. Streptomyces youssoufiensis sp. nov., isolated from a Moroccan
phosphate mine. International journal of systematic and evolutionary
microbiology, v. 61, p. 1104 - 1108, 6 2010. Disponivel em:
https://doi: 10.1099/ijs.0.023036-0.

JOG, R. et al. Mechanism of phosphate solubilization and antifungal activity of
Streptomyces spp. isolated from wheat roots and rhizosphere and their application in
improving plant growth. Microbiology (Reading, England), v. 160, p. 778 — 788, 1
2014. Disponivel em: https://10.1099/mic.0.074146-0.

KLAIC, R. et al. Nanocomposite of starch-phosphate rock bioactivated for
environmentally- friendly fertilization. Minerals Engineering, v. 128, p. 230 — 237,
2018. Disponivel em: 10.1016/j.mineng.2018.09.002.

KLAIC, R. et al. Synergy of Aspergillus niger and Components in Biofertilizer
Composites Increases the Availability of Nutrients to Plants. Current microbiology,
v. 78, p. 1529 — 1542, 3 2021. Disponivel em: https://doi:10.1007/s00284-021-02406-

y.

LECHEVALIER, H.; LECHEVALIER, M. P. Classification des actinomycetes aérobies
basée sur leur morphologie et leur composition chimique. Annales de 1“Institut
Pasteur, v. 108, n. 5, 1965.

MAYFIELD, C. I. et al. Studies on the ecology of actinomycetes in soil IV.
Observations on the form and growth of streptomycetes in soil. Soil Biology and
Biochemistry, v. 4, n. 1, 1972. Disponivel em: https://doi.org/10.1016/0038-
0717(72)90045-4.

NAFIS, A. et al. Actinobacteria from extreme niches in morocco and their plant
growth- promoting potentials. v. 11, n. 8, p. 2 — 15, 2019. Disponivel em:
https://doi.org/10.3390/ d11080139.

NANDIMATH, A. P. et al. Consortium inoculum of five thermo-tolerant phosphate
solubilizing Actinomycetes for multipurpose biofertilizer preparation. Iranian journal
of microbiology,

v.9,p. 295 -304, 1 2018.

PANTANO, G. et al. Sustentabilidade no uso do fosforo: uma questdo de seguranga
hidrica e alimentar. Quimica Nova, v. 39, n. 6, p. 732 — 740, 2016. Disponivel em:
https://doi.org/ 10.5935/0100-4042.20160086.

PAVINATO, P. S. et al. Effects of cover crops and phosphorus sources on maize yield,

16


https://doi.org/10.1139/er-2016-0003
http://10.0.4.122/annurev.mi.37.100183.001201
http://10.0.4.122/annurev.mi.37.100183.001201
https://10.0.4.75/mic.0.074146-0
file:///C:/Users/beatr/Downloads/TCC/10.1016/j.mineng.2018.09.002
https://doi.org/10.1016/0038-0717(72)90045-4
https://doi.org/10.1016/0038-0717(72)90045-4
https://doi.org/%2010.3390/d11080139
https://doi.org/%2010.3390/d11080139
https://doi.org/10.5935/0100-4042.20160086
https://doi.org/10.5935/0100-4042.20160086

phosphorus uptake, and phosphorus use efficiency. Agronomy Journal, v. 109, n. 3,
p- 1039 — 1047, 2017. Disponivel em: https://doi.org/10.2134/agronj2016.06.0323.

REBETS, Y. et al. Actinomycetes biosynthetic potential: how to bridge in silico and
in vivo? Journal of industrial microbiology & biotechnology, v. 41, p. 387 —-402, 10
2013. Disponivel em: https://doi.org/10.1007/s10295-013-1352-9.

SAIF, S. et al. Role of phosphate-solubilizing actinomycetes in plant growth promotion:
Cur- rent perspective. In: KHAN M., Z. A. M. J. (ed.). Phosphate Solubilizing
Microorganisms. Switzerland: Springer, Cham, 2014. p. 137 — 156. Disponivel em:
https://doi.org/10.1007/978- 3-319-08216-5_6.

SASABUCHI, I. T. M. et al. Sustentabilidade no uso de fésforo: uma revisao bibliografica
com foco na situagdo atual do estado de Sdo Paulo, Brasil. Quimica Nova, SciELO
Brasil, v. 46, n. 02, p. 185 — 198, 2023. Disponivel em: http://dx.doi.org/10.21577/0100-
4042.20170967.

SHANMUGAIAH, V. et al. Biocontrol mechanisms of siderophores against bacterial
plant pathogens. Sustain. Approaches Contro. In: KANNAN, K. K. B. V. R. (ed.).
Sustainable Approaches to Controlling Plant Pathogenic Bacteria. 1. ed. Boca

Raton: CRC Press, 2015. cap. 8, p. 168 — 189. Disponivel em:
https://doi.org/10.1201/b18892.

SHARMA, M.; DANGI, P.; CHOUDHARY, M. Actinomycetes: Source,
Identification, and Their Applications. International Journal of Current Microbiology
and Applied Sciences, v. 832, p. 3 —-801.

SHARMA, S. B. et al. Phosphate solubilizing microbes: sustainable approach for
managing phosphorus deficiency in agricultural soils. SpringerPlus, v. 2, p. 587 —, 2
2015. Disponivel em: https://10.1186/2193-1801-2-587.

SILVA, L. 1. da et al. Phosphorus-Solubilizing Microorganisms: A Key to
Sustainable Agriculture. 2023. 462 - p- Disponivel em:
https://doi.org/10.3390/agriculture13020462.

SOLANS, M. et al. Exploring the response of Actinobacteria to the presence of
phosphorus salts sources: Metabolic and co-metabolic processes. Journal of Basic
Microbiology, v. 59, p. 487 — 495, 2019. Disponivel em:
http://10.1002/jobm.201800508.

SYIEMIONG, D.; JHA, D. K. Search for plant growth promoting actinobacteria from
a li- mestone mining spoil soil in Meghalaya. Research Journal of Life Sciences,
Bioinfor- matics, Pharmaceutical and Chemical, v. 5, n. 2, p. 1024 — 1036, 2019.
Disponivel em: https://doi.org/10.26479/2019.0502.77.

VASCONCELLOS, R. L. F. de et al. Isolation and screening for plant growth-
promoting (PGP) actinobacteria from Araucaria angustifolia rhizosphere soil.

17


https://doi.org/%2010.2134/agronj2016.06.0323
https://doi.org/10.1007/s10295-013-1352-9
https://doi.org/%2010.1007/978-3-319-08216-5_6
https://doi.org/%2010.1007/978-3-319-08216-5_6
http://dx.doi.org/10.21577/0100-4042.20170967
http://dx.doi.org/10.21577/0100-4042.20170967
https://doi.org/10.1201/b18892
https://doi.org/%2010.3390/agriculture13020462
http://10.0.3.234/jobm.201800508
https://doi.org/10.26479/2019.0502.77

Escola Superior de Agricultura “Luiz de Queiroz”, 2010. 743 — 6 p. Disponivel em:
https://doi:10.1590/s0103- 90162010000600019.

18



19

4 ARTIGO

Journal of Advances in Biology & Biotechnology

Volume 28, Issue 6, Page 1312-1320, 2025; Article no.JABB. 138002
ISSN: 2394-1081

Phosphorus Solubilization by
Actinobacteria from Brazilian Semiarid
in Different Culture Media and Rock
Dust

Clara Beatriz Ataide 2, Tathiane Mendonca da Silva 2,

Maria Eduarda Lino da Costa 2, Paula Cibelly Vilela da Silva
b Joao Manoel da Silva ¢,

Valéria Dantas da Silva 2, Arthur Costa Pereira Santiago de
Almeida 2+,

Yamina Coentro Montaldo 2

and Tania Marta Carvalho dos Santos 2

a Agricultural Microbiology Laboratory, Universidade Federal de Alagoas, Campus de Engenharias e
Ciéncias Agrarias, Brazil.

b Northeast Network of Biotechnology, Institute of Chemistry and Biochemistry, Universidade Federal
de Alagoas, Brazil.

¢ Instituto Federal de Educacéo, Ciéncia e Tecnologia de Alagoas, Campus Santana do lpanema,
Brazil.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: https://doi.org/10.9734/jabb/2025/v28i62487

Open Peer Review History: This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s)
and additional Reviewers, peer review comments, different versions of the manuscript, comments of the editors, etc are
available here:

https://pr.sdiarticle5.com/review-history/138002

**MS Student, Agronomy;
*Corresponding author: E-mail: agrobio.jm@gmail.com;

Cite as: Ataide, Clara Beatriz, Tathiane Mendonga da Silva, Maria Eduarda Lino da Costa, Paula Cibelly Vilela da Silva, Joao
Manoel da Silva, Valéria Dantas da Silva, Arthur Costa Pereira Santiago de Almeida, Yamina Coentro Montaldo, and Tania
Marta Carvalho dos Santos. 2025. “Phosphorus Solubilization by Actinobacteria from Brazilian Semiarid in Different Culture


https://doi.org/10.9734/jabb/2025/v28i62487
https://pr.sdiarticle5.com/review-history/138002
mailto:agrobio.jm@gmail.com

1314
Media and Rock Dust”. Journal of Advances in Biology & Biotechnology 28 (6):1312-20.
https://doi.org/10.9734/jabb/2025/v28i62487.



Ataide et al.; J. Adv. Biol. Biotechnol., vol. 28, no. 6, pp. 1312-1320, 2025; Article

jved: ad: 17/06/2025 Published: 19/06/2025
%jinal Research Article

ABSTRACT

Phosphorus (P) is an essential mineral macronutrient for maintaining plant growth and
development. Plants absorb phosphorus in the form of inorganic phosphate; however, it is
one of the macronutrients available in minimal amounts in the soil and is considered a limiting
element under specific conditions due to its high reactivity with metals, combined with factors
such as soil pH and composition. Phosphate-solubilizing microorganisms (PSMs) play an
important role in supplying phosphorus to plants, as they are capable of solubilizing insoluble
phosphates—either added or already present in the soil—through processes such as
acidification, chelation, and ion exchange reactions. Qualitative and quantitative assays were
conducted in NBRIP and VERMA culture media with and without the addition of rock powder.
The quantitative assays involved the growth of actinomycetes in liquid media, with pH
measurements performed at the end of the experiment. The VERMA medium proved to be
the most effective for phosphorus solubilization, whereas the addition of the remineralizer
BTGRAN to the NBRIP and VERMA media often resulted in a reduction in solubilization. This

crinnoncte that tha chnira af arnwth madilim and tha nracance nf additivae can cinnificantlv

Keywords: Bioavailability; organic acids; soil microbiome; sustainable agriculture; microbial inoculants.

1. INTRODUCTION and the high cost of extraction (Carmo et al.,
2019).

Plants require various essential chemical
elements for their vital functions, classified into

macro- and micronutrients.  Among the

Phosphate-solubilizing microorganisms (PSMs)
play a fundamental role in making phosphorus

macronutrients, nitrogen (N), phosphorus (P), and
potassium (K) are required in large quantities for
plant growth and development. However, the
indiscriminate and excessive use of chemical
fertilizers can compromise agricultural
sustainability, affecting both soil health and
environmental safety.

Phosphorus is a crucial mineral macronutrient for
plants, mainly absorbed as inorganic phosphate.
Nevertheless, its availability in soils is limited due
to its high reactivity with metals and the formation
of insoluble compounds, influenced by soil pH and
composition. According to Lizcano-Toledo et al.
(2021), most of the phosphorus in soils exists in
forms unavailable to plants, making it a key limiting
factor in plant development.

Although a portion of the phosphorus used in
agriculture comes from recycled sources, such as
organic waste and compost, a significant amount
still relies on phosphate-based mineral fertilizers
derived from non-renewable phosphate rocks
(Saed et al.,, 2019). The low efficiency of
phosphorus fertilizer use poses a major challenge
to sustainable agriculture, particularly considering
the depletion of phosphorus reserves

available to plants (Khan et al.,, 2007). They
convert insoluble forms of phosphorus into
bioavailable ones through mechanisms such as
organic acid secretion, pH reduction, and
enzymatic activity (Pang et al., 2024). Inoculation
with  PSMs has been shown to significantly
increase phosphorus availability in soil and
promote plant growth, especially in phosphorus-
deficient conditions (Bai et al., 2024).

Moreover, co-inoculation strategies combining
PSMs with other beneficial microorganisms - such
as arbuscular mycorrhizal fungi (AMF) -
demonstrate synergistic effects in nutrient
absorption and overall plant development (Minaxi
et al., 2013). These microbial interactions are vital
for maintaining soil fertility and promoting
sustainable agricultural systems, especially in
tropical and degraded soils (Hayat et al., 2010).

Cozzolino et al. (2021), investigating the effects of
the combined application of phosphate-
solubilizing bacteria (Pseudomonas spp. and
Bacillus amyloliquefaciens), humic acids extracted
from plant-based compost, and arbuscular
mycorrhizal fungi (AMF) on maize growth and soil
microbial structure, observed that the combination
of these bioeffectors significantly
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and
and

increased plant biomass,
phosphorus content in plant
mycorrhizal root colonization.

nitrogen
tissues,

The application of PSMs, either alone or in
microbial consortia, represents a promising
approach for modern agriculture (Silva et al.,
2022). It contributes to reduced dependency on
chemical fertilizers and enhances the efficiency of
phosphorus use, supporting both food security
and environmental conservation (Alves et al.,
2010). In view of the above, the objective of this
study was to evaluate the potential for phosphate
solubilization by actinobacteria isolated from the
soil of the semiarid region of Northeastern Brazil.

2. MATERIALS AND METHODS
2.1 Microorganism Isolates

Five unidentified actinobacterial isolates obtained
from the rhizosphere of Caatinga species were
used. These isolates belong to the microbiological
repository of the Laboratory of Microbiology at the
Center for Engineering and Agricultural Sciences.

2.2 Phosphorus Sources

A rock concentrate, a residue from crushed stone
production known as the BTGRAN (Biotite
Granodiorite) remineralizer, was used as a
phosphorus source. Its composition was as
follows: P,Os 0.25%; K,O 3.09%; CaO 3.18%;
SiO, 36.11%; Fe 3.81% (w/w).

2.3 Inoculum Preparation

The bacterial isolates were cultivated in nutrient
agar medium (18 g agar, 5 g peptone, 3 g beef
extract, 8 g NaCl, 1 L distilled water, pH 7.2) for
five days. Cultures were scraped using 10 mL of
water and diluted. The cell concentration in the

suspension was measured using a
spectrophotometer, adjusted to 10® CFU/mL
(ODss0 = 0.1).

2.4 Phosphate Solubilization in Solid
Culture Medium (Qualitative
Assessment)

The isolates were evaluated in solid NBRIP
medium (National Botanical Research Institute's
phosphate growth medium) (1% glucose, 0.5%
MgCl,-6H,0, 0.02% KClI, 0.025%

MgSQO,-7H,0, 0.01% (NH,),SO,, 2.0 g agar)
supplemented with the ultrafine BTGRAN
remineralizer (5 g/L) as the phosphorus source.
Cultures were incubated at 28°C for 21 days. On

the 15th and 21st days, the phosphate
solubilization capacity was assessed through the
Solubilization Index (SI), calculated as the ratio of
the halo diameter to colony diameter.
Solubilization was classified as follows: Sl < 2 =
low solubilization; 2 < SI < 3 = moderate
solubilization; Sl > 3 = high solubilization. The
experiment followed a completely randomized
design with a factorial arrangement and three
replicates.

2.5 Phosphate Solubilization in Liquid
Medium (Quantitative Assessment)

Soluble phosphorus levels were quantified using
liquid media: NBRIP and Verma (Verma et al,
2001) (Sucrose 20,0 g, KH,PO, 0,59, (NH,)NO;
1,0 g, MgSO,-7H,0 0,259, CaCl,-2H,0 0,25¢,
FeCl;-6H,0 0,012g), with and without the addition
of ground BTGRAN (PDR) remineralizer (5 g/L) as
the sole phosphorus source. Test tubes
containing 10 mL of NBRIP medium were
inoculated in triplicate with 100 yL of bacterial
inoculum (108 CFU/mL, ODss5, = 0.1). Controls
consisted of tubes with 10 mL of Verma or NBRIP
media without inoculum. Cultures were incubated
for 15 days at 28°C with shaking at

180 rpm. After incubation, 1000 pyL from each
sample was transferred to 1.5 mL microtubes and
centrifuged at 10,000 rpm for 5 minutes. Then, 145
uL of the supernatant was mixed with

570 pL of distilled water and 285 uL of ammonium
molybdate-vanadate reagent (5% ammonium
molybdate and 0.25% ammonium vanadate; 1:1
VIV).

To construct the standard curve, a stock solution
of KH,PO, (0.0875%) corresponding to 0.1 mg
P/mL was prepared, from which aliquots of 1 to 10
mL were mixed with 2.5 mL of the reagent, and the
volume was adjusted to 50 mL. Ten minutes after
reagent addition, absorbance readings were taken
at 420 nm using a UV-1601 PC spectrophotometer
(Shimadzu). The negative control consisted of
non-inoculated NBRIP
medium (145 pL), 570 pL of distilled water, and
285 pL of reagent. The spectrophotometer was
calibrated using the negative control. Experiments
were carried out in triplicate, and a positive result
was indicated by the formation of a yellow
coloration. Absorbance values were converted
into phosphorus concentrations (ug/mL) using the
standard curve equation.

2.6 pH Measurement

A 10 mL aliquot of each Erlenmeyer flask medium
was collected. The liquid medium was
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filtered using Whatman No. 42 filter paper to
separate bacterial cells. Non-inoculated control
flasks were used to determine the initial pH and
soluble phosphorus content immediately after
autoclaving and at each sampling interval. Values
obtained from non-inoculated controls were
subtracted from those of the inoculated
treatments.

2.7 Statistical Analysis

All experiments were conducted in triplicate under
a completely randomized design. Assumptions for
ANOVA were verified by assessing normality
(Lilliefors test) and homogeneity of variances
(Cochran’s test). Non- homogeneous data were
transformed and analyzed using analysis of
variance. F-test was applied (P < 0.05), and
means were compared using the Scott-Knott test
(P = 0.05) or polynomial regression analysis.

3. RESULTS AND DISCUSSION

In the qualitative analysis of phosphate
solubilization, it was observed that the
actinobacterial isolates did not exhibit significant
efficiency in solid NBRIP media or NBRIP
supplemented with the BTGRAN remineralizer.
None of the isolates produced clear halos around
the colonies, which typically indicates the
phosphate solubilization capacity of
microorganisms. Therefore, under the tested
conditions, the isolates were unable to solubilize
phosphorus in a detectable manner in solid media.

These results support recent studies that question
the reliability of the solubilization index (SI) in solid
media as the sole indicator of phosphate
solubilization capacity. Johari et al. (2025)
emphasize that halo formation in solid media may

not accurately reflect the actual ability of
microorganisms to  solubilize  phosphorus,
suggesting the need for complementary
evaluations in liquid media for a more

comprehensive analysis.

Moreover, factors such as the composition of the
culture medium and the presence of additives can
significantly influence the expression of genes
related to phosphate solubilization. Zhang et al.
(2025) demonstrated that the addition of certain
remineralizers could negatively affect the
activity of phosphate-solubilizing microorganisms,
possibly due to interference with nutrient
availability or the gene expression related to
organic acid production.

Therefore, the absence of halo in solid NBRIP and
NBRIP + BTGRAN media can be attributed to
methodological limitations and the influence of
environmental and nutritional factors that affect
the expression of phosphate solubilization by
actinobacteria.

The data obtained demonstrate significant
variations in the phosphorus solubilization
capacity among different actinobacterial isolates
and the culture media used (Fig. 1). These
differences underscore important findings
regarding the effectiveness of the isolates and the
influence of phosphorus sources in the culture
media.

In NBRIP medium, isolate C8 showed the highest
phosphate solubilization capacity (482.61 pg/mL),
followed by C10 (326.64 ug/mL) and C5 (254.97
pg/mL). Isolate B10 demonstrated intermediate
solubilization (211.33 pg/mL), while J1 exhibited
the lowest value (71.59 ug/mL). These results are
consistent with previous studies that identified
variability in phosphate solubilization efficiency
among different actinobacterial strains, attributed
to differences in organic acid production and gene
expression related to phosphorus solubilization
(Soumare et al., 2021).

In NBRIP + BTGRAN medium, the addition of
ultrafine BTGRAN remineralizer resulted in a
reduction in phosphorus solubilization for most
isolates (Fig. 2, Table 1). However, C5 still
recorded the highest solubilization (166.25
pg/mL). Isolate B10 showed a significant decrease
to 63.86 ug/mL, suggesting that BTGRAN may
inhibit phosphorus solubilization in some isolates.
J1 had the lowest value (31.98 pug/mL), confirming
that the addition of PDR is not beneficial for this
isolate.

These findings align with research indicating that
the addition of certain remineralizers can
negatively affect the activity of phosphate-
solubilizing microorganisms. Zhang et al. (2025)
observed that the presence of remineralizers
might interfere with the availability of essential
nutrients or the expression of genes related to
organic acid production, thereby impacting
phosphorus solubilization efficiency.

In Verma medium, results indicate superior
phosphate solubilization compared to other
media. B10 stood out with the highest value
recorded across all media and isolates (933.90
pg/mL). C8 and C5 also showed high levels of
solubilization (466.02 pug/mL and 392.32 ug/mL,
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respectively). Isolate J1 had relatively low
solubilization (44.70 pg/mL), indicating
performance variability depending on the medium
used.

These results suggest that Verma medium may
provide more favorable conditions for the
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Fig. 1. P solubilization in liquid NBRIP and Verma media after inoculation by actinobacteria
isolates, under cultivation for 15 days. Means followed by the same letter do not differ each
other (Scott-Knott p<0.05)
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Fig. 2. Efficiency of P solubilization in liquid NBRIP and Verma media after inoculation by
actinobacteria isolates, under cultivation for 15 days. Means followed by the same letter do not
differ each other (Scott-Knott p<0.05)
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Table 1. Breakdown of soluble P content in NBRIP and Verma liquid culture media by
actinobacteria isolates by inoculation time. Means followed by the same letter do not differ
each other (Scott-Knott p<0.05)

Culture Media Isolates Solubilization (ug mL-7)
NBRIP B10 211,33c
C5 254,97c
C8 482,61a
C10 326,64b
J1 71,59b
NBRIP+PDR B10 63,86b
C5 166,25a
C8 89,06b
C10 91,77b
J1 31,98¢
VERMA B10 933,90a
C5 392,32b
C8 466,02b
C10 187,52b
J1 44,70c
VERMA+PDR B10 94,00a
C5 12,97¢
C8 3,67d
C10 14,45¢
J1 48,91b

In Verma + BTGRAN medium, the addition of
BTGRAN remineralizer resulted in a significant
reduction in phosphate solubilization for all
isolates. Still, B10 maintained the highest value
(94.00 pg/mL) among them. However, C5 and C8
dropped drastically to 12.97 pg/mL and 3.67
pg/mL, respectively, while J1 reached 48.91
pg/mL. These data suggest that BTGRAN
negatively impacts phosphate solubilization in
Verma medium.

These findings reinforce the need to carefully
evaluate the interaction between phosphate-
solubilizing microorganisms and mineral additives
in the development of biofertilizers. Zhang et al.
(2025) emphasize that the efficacy of microbial
consortia may be compromised by the presence
of certain additives that interfere with microbial
activity, highlighting the importance of preliminary
testing to ensure compatibility between
biofertilizer components.

Based on the pH measurement data (Fig. 3) from
the culture media, a statistically significant
difference (p<0.05) was observed among the
treatments. Overall, it was noted that the addition
of rock powders (RPs) acted as a buffer, reducing
the acidification of the culture media after 15 days
of incubation. Thus, the best results were
associated with isolates C10 and C8.

The determination of pH in culture media during
phosphate solubilization tests by bacteria is a
critical parameter for understanding the activity of
phosphate-solubilizing microorganisms. In media
such as NBRIP and VERMA, pH reduction is often
correlated with the release of organic acids by
bacteria, such as gluconate, citrate, and oxalate,
which promote the solubilization of insoluble
phosphates, especially tricalcium phosphate and
apatites. According to Meena et al. (2020),
acidification of the medium is the main biochemical
mechanism involved in phosphate solubilization,
with bacteria of the genera Pseudomonas and
Bacillus exhibiting a significant ability to modulate
pH as a functional strategy.

The relevance of pH in these assays is reinforced
by the fact that the efficacy of phosphate
biofertilizers depends on the microorganisms'
ability to act under various soil conditions,
especially in alkaline soils or those with low
phosphorus bioavailability. Recent studies show
that bacteria efficient in reducing pH in media
such as NBRIP retain this capability under field
conditions, enhancing the release of phosphorus
from natural sources like rock phosphates.
Furthermore, pH adjustments in the culture
medium may affect the selectivity and differential
growth of colonies, directly influencing the results
of solubilization activity quantification.
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Fig. 3. pH measurement of culture media with and without rock powder (RP) 15 days after
incubation. Means followed by the same letter do not differ each other (Scott-Knott p<0.05)

In Verma medium, which contains mineral salts
and glucose as a carbon source, measuring the
initial and final pH allows for the evaluation of the
intensity and type of organic acids released,
providing an indirect indication of the bacterial
isolate's metabolic potential. According to Oliveira
et al. (2024), monitoring pH decline in Verma
medium can be more sensitive in differentiating
isolates with high acidification capacity, = making
it particularly useful in the selection of
bioinoculants. Thus, pH analysis not only reflects
the physiological mechanisms underlying

phosphate solubilization but
also serves as a selection criterion in the
development of inoculants for sustainable
agricultural systems. Thus, VERMA médium was
the highest efficience in phosphate solubilization
in association with rock dust in vitro.

4. CONCLUSIONS

The results indicate that different actinobacterial
isolates  exhibit variations in  phosphorus
solubilization capacity depending on the culture
medium used. The VERMA medium proved
to be the most effective for phosphorus
solubilization, whereas the addition of the
BTGRAN remineralizer to both NBRIP and

VERMA media resulted in a reduction of
solubilization. This suggests that the choice of
culture medium and the presence of additives
can significantly influence the effectiveness of
actinobacteria in phosphorus solubilization.
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