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RESUMO 

 

LUCAS, LEIDIANE DOS SANTOS. Instituto Federal de Educação, Ciência e 

Tecnologia Goiano – IF Goiano - Campus Rio Verde. Janeiro de 2021. Fungos 

Micorrízicos Arbusculares em Solo de Cerrado. Orientador: Dr. Aurélio Rubio Neto, 

Coorientador: Dr. Jadson Belém de Moura. 

 

O Cerrado é um bioma que possui como principal característica florística uma 

diversidade de fitofisionomias compostas por paisagens que variam desde densas 

florestas tropicais a áreas compostas por vegetação rasteira e espécies arbóreas pouco 

adensadas. O cerrado pode ser classificado com cinco fitofisionomias, Campo Limpo, 

Campo sujo, Cerradão, Strictu sensu e Veredas. O entendimento da dinâmica de fungos 

micorrízicos no Cerrado é fundamental para a adoção de práticas conservacionistas e 

para o entendimento da resiliência deste domínio em relação a situações adversas, com 

isso, objetivou-se com este trabalho verificar a dinâmica da população micorrízica nas 

cinco fitofisionomias do domínio. Foram realizados três experimentos, aqui divididos 

em três capítulos. O primeiro se propôs a avaliar atividade micorrízica em gramíneas 

forrageiras em solo de cerrado. O Segundo a avaliar a biodiversidade e atividade 

micorrízica em Buriti, Cajuzinho do Cerrado e Pequi e o terceiro se propôs a avaliar a 

atividade micorrízica e biodiversidade em solos de diferentes fitofiosionomias de 

cerrado na região do vale do São Patrício. No experimento 1, não foram verificadas 

diferenças na densidade de esporos na rizosfera das plantas estudadas; A forrageira 

Brachiaria decumbens teve maior taxa de colonização micorrízica e; A forrageira 

Megathysus maximum cv. Mombaça atingiu o menor valor estatístico. Os gêneros de 

fungos micorrízicos identificados são comumente encontrados em rizosfera em todas as 

gramíneas investigadas, com exceção dos gêneros Gigaspora, Scutelospora e 

Sclerocysts, e indica que a associação com estes gêneros de fungo é menos recorrente 

do que com as demais. No experimento 2, não foram verificadas diferenças entre os 

valores de densidade de esporos e taxa de colonização micorrízica nas três espécies 

investigadas, inferindo que a situação de estresse foi igual para todas, pois os fungos 

tiveram a mesma resposta. Foram identificados os gêneros Acaulospora, 

Claroideglomus, Diversispora, Scutellospora, Sclerocystis, Glomus, Funneliformis, 

Gigaspora, Ambispora e Scrobiculata na rizosfera de pequi, caju do cerrado e buriti. 

Com exceção de Scrobiculata e Scutellospora, todos os demais gêneros são comumente 

encontrados em buriti. Em caju do cerrado, os gêneros Funneliformis, Sclerosystis e 

Scutellospora têm menor afinidade. Já na rizosfera de pequi, somente o gênero 

Gigaspora possui baixa afinidade com a planta. No experimento 3, não foram 

verificadas diferenças entre os valores de densidade de esporos e taxa de colonização 

micorrízica nas fitofisionomias investigadas. Foram identificados os gêneros 

Acaulospora, Claroideglomus, Diversispora, Scutellospora, Sclerocystis, Glomus, 

Funneliformis, Gigaspora, Ambispora e Scrobiculata na rizosfera de plantas de cerrado 

das fitofisionomias investigadas. Campo Limpo teve maior afinidade com Diversispora 

e Gigaspora; Campo Sujo com Gigaspora, Glomus e Ambispora; já o Cerradão não teve 

afinidade com Sclerovystis e Gigaspora, Strictu Sensu com Scutellospora e 

Funneliformis e Veredas com Scutellospora. 

 

Palavras-chave: FMA 
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ABSTRACT 

 

LUCAS, LEIDIANE DOS SANTOS. Instituto Federal de Educação, Ciência e 

Tecnologia Goiano – IF Goiano - Campus Rio Verde. Janeiro de 2021. Arbuscular 

Mycorrhizal Fungi in Cerrado Soil. Orientador: Dr. Aurélio Rubio Neto, Coorientador: 

Dr. Jadson Belém de Moura. 

 

The Cerrado is a biome whose main floristic characteristic is a diversity of 

phytophysiognomies made up of landscapes that range from dense tropical forests to 

areas of undergrowth and sparsely dense tree species. The cerrado can be classified 

according to five phytophysiognomies, which differ according to the visual 

characteristics of the landscape, these phytophysiognomies are Campo Limpo, Campo 

sujo, Cerradão, Strictu sensu and Veredas. Understanding the dynamics of mycorrhizal 

fungi in the Cerrado is essential to adopt conservation practices and to understand the 

resilience of this biome in relation to adverse situations. Therefore, this work aims to 

verify the dynamics of the mycorrhizal population in the five phytophysiognomies of 

the Cerrado biome. Thus, the objective of this work was to evaluate the mycorrhizal 

activity in agroecosystems under Cerrado soil. Three experiments were carried out, here 

divided into three chapters. The first proposed to evaluate mycorrhizal activity in forage 

grasses in cerrado soil. The second was to assess the biodiversity and mycorrhizal 

activity in buriti, cerrado cashew and pequi and the third was to assess the mycorrhizal 

activity and biodiversity in soils of different cerrado phytophysiognomies in the region 

of the são patricio valley. In experiment 1, there were no differences in spore density in 

the rhizosphere of the studied plants; The forage Brachiaria decumbens had the highest 

rate of mycorrhizal colonization while Megathyrsus maximum cv. Mombasa had the 

lowest ecstatic value. The identified mycorrhizal fungi genera are commonly found in 

the rhizosphere in all investigated grasses, except for the genera Gigaspora, 

Scutelospora and Sclerocysts, which indicates that the association with these fungus 

genera is less recurrent than with the others. In experiment 2, there was no statistical 

difference between the values of spore density and mycorrhizal colonization rate in the 

three investigated species. The genera Acaulospora, Claroideglomus, Diversispora, 

Scutellospora, Sclerocystis, Glomus, Funneliformis, Gigaspora, Ambispora and 

Scrobiculata were identified in the rhizosphere of pequi, cerrado cashew and buriti. 

Except for Scrobiculata and Scutellospora, all other genera are commonly found in 

Buriti. In cerrado cashew the genera Funneliformis, Sclerosystis and Scutellospora show 

less affinity. In the pequi rhizosphere, only the genus Gigaspora has low affinity with 

the plant. In experiment 3, there was no statistical difference between the values of 

spore density and mycorrhizal colonization rate in the investigated phytophysiognomies. 

The genera Acaulospora, Claroideglomus, Diversispora, Scutellospora, Sclerocystis, 

Glomus, Funneliformis, Gigaspora, Ambispora and Scrobiculata were identified in the 

rhizosphere of cerrado plants of the investigated phytophysiognomies. Campo Limpo 

showed greater affinity with Diversispora and Gigaspora; Campo Sujo with Gigaspora, 

Glomus and Ambispora; Cerradão, on the other hand, did not show affinity with 

Sclerovystis and Gigaspora, Strictu Sensu with Scutellospora and Funneliformis and 

Veredas with Scrobiluata. 

Keywords: AMF 
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1. INTRODUÇÃO  

Os Fungos Micorrízicos Arbusculares (FMA) são importante grupo de 

microrganismos do solo com capacidade de promover o crescimento das plantas 

superiores. Esses fungos formam associações simbióticas, conhecidas como micorriza, 

atuando como extensão das raízes, aumentando a capacidade do vegetal em absorver 

água e nutrientes, resistir a estreses físicos como aumento de temperatura e escassez de 

água e a estresses químicos como a presença de metais pesados e solos salinizados 

(LAPEYRIE; RANGER; VAIRELLES, 1991; AL-KARAKI; MCMICHAEL; ZAK, 

2004; AROCA et al., 2013; MOURA; CABRAL, 2019), e em contrapartida, os fungos 

se beneficiam dos produtos fotossintéticos liberados pelas plantas (MOURA et al., 

2019). 

O Cerrado possui uma das maiores biodiversidades do planeta, com ambientes 

estressantes para o desenvolvimento de plantas. Com baixos níveis de nutrientes, 

principalmente fósforo, além do regime hídrico limitado, os vegetais dependem 

continuamente da atuação dos fungos micorrízicos para resistirem a tais condições, em 

que a associação entre fungos e plantas é considerada importante fator de resiliência a 

situações estressantes (THOMAZINI, 1974; PORCEL; RUIZ-LOZANO, 2004; 

HUNKE et al., 2015; MOURA et al., 2017).  

Os fungos micorrízicos arbusculares são extremamente sensíveis a alterações 

ambientais, podendo atuar como bioindicadores de qualidade (SCHREINER, 2007; 

CARNEIRO et al., 2012), além de possuir papel importante na manutenção dos 

ecossistemas naturais e manejados (BERUDE et al., 2015). Ao observar o 

comportamento destes fungos no solo, pode-se compreender os impactos dos sistemas 

de manejo abordados, sendo possível criar metodologias de análises de impactos 

ambientais por meio da atividade de fungos micorrízicos arbusculares no solo.  

São escassos os trabalhos que investigam a biodiversidade de fungos 

micorrízicos arbusculares associados a espécies nativas de Cerrado. É fundamental o 

entendimento da atividade dos fungos micorrízicos arbusculares em solos de Cerrado e 

da sua biodiversidade. Com isso, é preciso investigar a atividade micorrízica e a 

biodiversidade de fungos micorrízicos arbusculares em espécies nativas de Cerrado. 

Os fungos micorrízicos arbusculares conseguem promover o crescimento das 

plantas e a agregação do solo, e a cerca de 80% das plantas são suscetíveis à formação 

de micorriza arbuscular. São essenciais em condições edáficas estressantes, como solos 

ácidos e distróficos, como a grande parte dos solos das regiões tropicais (JEFFRIES et 
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al., 2003; JOHNSON; PFLEGER, 1992a; MOURA et al., 2017; VENTURA et al., 

2018). 

Estes organismos são fundamentais na manutenção e na sustentabilidade de 

ecossistemas naturais, pois atuam em processos essenciais, como a promoção de 

crescimento vegetal, decomposição da matéria orgânica e ciclagem de nutrientes, 

solubilização de fosfato, absorção de água e de nutrientes (ANDRADE JÚNIOR et al., 

2018; JEFFRIES et al., 2003; JOHNSON; PFLEGER, 1992; MARULANDA; AZCON; 

RUIZ-LOZANO, 2003; SOUZA et al., 2016). Compreender a dinâmica da associação 

simbiótica entre a planta e os fungos micorrízicos arbusculares também é fundamental 

para o desenvolvimento de práticas de manejo, visando o aumento da produtividade e da 

redução dos custos de produção (MOURA et al., 2019).  
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2. REVISÃO DE LITERATURA 

 

2.1. Cerrado 

O Cerrado é o segundo maior domínio brasileiro, estendendo por uma área de 

2.045.064 km², abrangendo oito estados do Brasil Central: Minas Gerais, Goiás, 

Tocantins, Bahia, Maranhão, Mato Grosso, Mato Grosso do Sul, Piauí e o Distrito 

Federal (HUNKE et al., 2015). É cortado por três das maiores bacias hidrográficas da 

América do Sul, com índices pluviométricos regulares que lhe propiciam sua grande 

biodiversidade. Estando atrás apenas da área ocupada pela Amazônia, o Cerrado hoje é 

considerado a última fronteira agrícola do planeta (BRAZ et al., 2004; KLINK; 

MACHADO, 2005). O clima da região é bem definido em chuvoso, de outubro a março, 

e seco, de abril a setembro (KLINK; MACHADO, 2005). 

O Cerrado possui uma das maiores biodiversidades do planeta, por se tratar de 

um bioma de transição que está em contato geográfico direto com outros importantes 

biomas sul-americanos como Amazônia, Caatinga, Mata Atlântica, Pantanal e Chacos 

Bolivianos (KLINK; MACHADO, 2005; TABER; NAVARRO; ARRIBAS, 1997). Os 

solos são muito antigos, intemperizados, profundos, ácidos, de baixa fertilidade, 

contudo possuem altos níveis de ferro e alumínio (KLINK; MACHADO, 2005) e, até a 

década de 1970, era considerado solo impróprio para a agricultura. A acidez do solo se 

deve, principalmente, pela baixa capacidade de troca de cátions, saturação por bases, 

afetando a quantidade de outros nutrientes, como fósforo (HOLZSCHUH, 2007; 

LUCIANO JUNIOR, 2018).  

Os solos do Cerrado são, em grande parte, latossolos (HARIDASAN, 2000), 

principalmente Latossolo Vermelho-amarelo e Latossolo vermelho, e em menor parte 

Neossolos Quartzarênicos, Argissolos, Plintossolos e Gleissolos (EMBRAPA, 1999). 

São solos porosos, de estrutura solta predispostos a erosão hídrica e eólica (WALTER, 

2006). 

A vegetação que compõe o Cerrado compreende fisionomias que variam entre 

formações florestais, savânicas e campestres. As formações florestais são subdivididas 

em: Mata Ciliar, Mata de Galeria, Mata Seca e Cerradão. As formações savânicas 

abrangem quatro tipos de vegetações principais: Cerrado sentido restrito, Parque de 

Cerrado, Palmeiral e Vereda. As formações campestres abrangem três tipos de 

vegetações principais: Campo Sujo, Campo Limpo e Campo Rupestre (RIBEIRO; 

WALTER, 2008). 
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Figure 1 – Fitofisionomias do domínio Cerrado (SANO; ALMEIDA; RIBEIRO, 2008). 

Os Cerrados são domínios que naturalmente oferecem condições estressantes para 

o desenvolvimento de plantas. Com baixos níveis de fósforo e regime hídrico limitado, 

os vegetais dependem diretamente da atuação dos fungos micorrízicos para resistirem a 

tais condições, atribuindo à associação entre fungos e plantas um importante fator de 

resiliência para situações estressantes (HUNKE et al., 2015; MOURA et al., 2017; 

PORCEL; RUIZ-LOZANO, 2004; THOMAZINI, 1974).  

2.2. Fungos micorrízicos arbusculares 

O solo é o habitat de milhares de microrganismos que possuem diversos tipos de 

relações tróficas com as plantas (MOURA et al., 2018). Os fungos e bactérias são os 

principais grupos de microrganismos que podem ser encontrados vivendo no solo, 

alguns destes habitam a rizosfera (KONG, 2017), e podem classificados como 

promotores do crescimento e da sanidade vegetal, pois trazem inúmeros benefícios aos 

vegetais associados (LIM; KIM, 2013).  

A micorriza é uma associação simbiótica entre fungos do solo e plantas 

superiores, e, os fungos recebem produtos da fotossíntese vegetal, e, em contrapartida, 

atuam no solo como extensão da raiz na absorção de água e nutrientes (MOURA et al., 

2019). Os benefícios da associação simbiótica dos fungos micorrízicos com os vegetais 

vão muito além do incremento na área de exploração no solo, como resistência a 

estresse hídrico, incremento na absorção de fósforo, aumento na tolerância a estresse 

(AL-KARAKI; MCMICHAEL; ZAK, 2004; EZAWA; SAITO, 2018; GARG; 

PANDEY, 2014; LEYVAL; TURNAU; HASELWANDTER, 1997). 

Os fungos micorrízicos podem ser divididos em dois grupos, aqueles que formam 

estruturas dentro da raiz das plantas, chamados de fungos endomicorrízicos, e aqueles 

que não formam estruturas intracelulares, classificados como fungos ectomicorrízicos 

(WU, 2017). Os fungos endomicorrízicos, ao colonizarem as raízes das plantas formam 
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uma estrutura chamada arbúsculo, e esta estrutura tem como função a comunicação 

direta entre o fungo e a planta, com a troca mais eficiente de nutrientes e elementos 

absorvidos pelo fungo no solo. Por conta desta estrutura estes fungos também são 

conhecidos como fungos micorrízicos arbusculares (MIRANDA, 2008), e são os mais 

comuns encontrados em áreas de Cerrado. 

As hifas fúngicas desempenham o papel de absorção de água e nutrientes, atuando 

como extensão do sistema radicular da planta colonizada. Normalmente as raízes dos 

vegetais são limitadas a um espaço geográfico muito inferior ao espaço alcançado pelos 

micélios dos fungos micorrízicos, pois as hifas têm diâmetro menor, que facilita a sua 

disseminação (SCHUBERT; HAYMAN, 1986). Os esporos são estruturas de resistência 

dos fungos e são produzidos nas hifas mais grossas (HAYMAN, 1978; MIRANDA, 

2013), e os esporos podem sobreviver por alguns anos no solo (SIEVERDING, 1991; 

WILSON; TOMMERUP, 1992; MIRANDA, 2013). As vesículas são corpos 

arredondados e são considerados os órgãos de armazenamento dos fungos micorrízicos 

arbusculares (HOFFMANN; LUCENA, 2006). 

 

 
Figure 2 – Estruturas de fungos micorrízicos arbusculares em raízes de plantas hospedeiras (NUNES, 

2016). 

Este grupo de fungos forma associação simbiótica com aproximadamente 80% 

dos vegetais, não havendo segregação de famílias ou ordens específicas (AN et al., 

2010), e, uma mesma espécie de fungo pode colonizar mais de uma espécie vegetal ao 
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mesmo tempo. Devido a isso, plantas distantes, através de sinais transmitidos pelos 

fungos micorrízicos conseguem antever ataques de pragas e doenças, fenômeno 

denominado wood wide web (GIOVANNETTI et al., 2006; HELGASON et al., 1998). 

Os fungos micorrízicos arbusculares pertencem à classe Zigomicota, ordem 

Glomales, com duas subordens, Gigasporineae e Glomineae. A subordem 

Gigasporineae é composta pela família Gigasporaceae, que possui dois gêneros: 

Gigaspora e Scutellospora. Já a subordem Glomineae é composta por duas famílias: 

Glomaceae, que possui dois gêneros: Glomus e Sclerocystis, e a família 

Acaulosporaceae, também com dois gêneros: Acaulospora e Entrophospora (DOUDS 

JR; MILLNER, 1999; SILVEIRA; FREITAS, 2007; INVAM, 2014). 

Algumas espécies de fungo realizam associações simbióticas obrigatórias com os 

vegetais, ou seja, somente completam seu ciclo se associadas às raízes de plantas 

hospedeiras (VARMA; PRASAD; TUTEJA, 2017). A maioria das espécies de fungos 

micorrízicos desenvolve relação mutualística facultativa com o vegetal, atuando como 

decompositor de matéria orgânica quando não está associado (HORTON, 2015). 

De acordo com Pirozynski (1981), a associação micorrízica com vegetais 

superiores teria iniciado sua evolução nas regiões tropicais, contudo, hoje é relatada sua 

presença em diferentes regiões do planeta (ALIASGHARZADEH et al., 2001; 

GEHRING; CONNELL, 2006; KHAN, 1993; MOURA et al., 2017; MUTHUKUMAR; 

UDAIYAN; SHANMUGHAVEL, 2004; VESTBERG, 1995). Das 79 espécies de 

fungos micorrízicos arbusculares encontrados nos biomas brasileiros, 67% foram 

identificadas em solos da região do Cerrado (MOREIRA; SIQUEIRA; BRUSSAARD, 

2006; MOURA, 2015). 

 

 

2.3. Fungos micorrízicos no Cerrado 

Os Cerrados são ambientes que naturalmente oferecem condições estressantes 

para o desenvolvimento de plantas. Com baixos níveis de fósforo e regime hídrico 

limitado, os vegetais dependem diretamente da atuação dos fungos micorrízicos para 

resistirem a tais condições, atribuindo à associação entre fungos e plantas um 

importante fator de resiliência a situações estressantes (HUNKE et al., 2015; MOURA 

et al., 2017; PORCEL; RUIZ-LOZANO, 2004; THOMAZINI, 1974).  

Os fungos micorrízicos formam associações com a maioria das plantas terrestres. 

Levantamentos realizados no domínio Cerrado mostram que esses microrganismos 
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realizam simbiose com diversas plantas nativas, em que 67% das 79 espécies 

encontradas no Brasil foram identificadas nos solos do Cerrado (MOREIRA; 

SIQUEIRA; BRUSSAARD, 2006; MOURA, 2015).  

Segundo Vieira Junior et al (2020), a população de fungos micorrízicos no 

domínio Cerrado sofre maior influência pelas estações do ano do que pelas 

fitofisionomias. Os autores ainda observaram que a porcentagem de colonização e a 

densidade de esporos foram maiores durante o período de seca, reforçando a 

importância dos fungos micorrízicos na resistência das plantas ao déficit hídrico. Pontes 

et al., (2017) concluíram que a conversão de área naturais de Cerrado em áreas de 

cultivo levaram a redução na densidade de esporos e na composição das espécies de 

fungos micorrízicos. Moura et al., (2019) encontraram sete gêneros de fungos 

micorrízicos associados a bambu em solo de Cerrado, sendo eles Acaulospora, 

Claroideglomus, Diversispora, Scutellospora, Glomus, Gigaspora e Sclerocytis. 

 

2.4. Espécies forrageiras e plantas de cobertura 

O sistema de plantio direto se tornou uma forma de manejo sustentável nos 

sistemas agropecuários, que tem como objetivo a conservação do solo e da água (CRUZ 

et al., 2006). Uma das práticas para plantio direto bem-sucedido é a cobertura do solo 

com palhada, que pode ser tanto com gramíneas quanto com leguminosas. O uso de 

plantas com baixa relação carbono/nitrogênio, como as gramíneas, leva ao maior tempo 

de cobertura do solo, pois demoram mais para se decompor (ANDRADE JUNIOR et 

al., 2018). Além disso, as gramíneas possuem vasto sistema radicular, auxiliando na 

reestruturação física do solo e consequentemente na sua qualidade, assim como no 

aumento da atividade microbiológica do solo (MARCHÃO et al., 2007; ANDREOLLA, 

2010), e os fungos micorrízicos são importantes indicadores quanto a sanidade vegetal, 

ou seja, excelentes indicativos de impactos em sistemas de manejo (JADSON, 2015). 

As plantas forrageiras são colonizadas espontaneamente por fungos 

micorrízicos (MIRANDA, 2013), e se beneficiam dos mesmos em condições de estresse 

nutricional ou durante períodos específicos ciclo de vida da planta, como durante a fase 

de estabelecimento (HARTNETT; WILSON, 2002; MIRANDA et al., 2005; 

MIRANDA 2013). O número de esporos e a colonização das raízes em espécies 

forrageiras gramíneas são maiores do que em leguminosas anuais, e essa diferença pode 

estar relacionada à morfologia das raízes. A inoculação de fungos micorrízicos em 

forrageiras aumenta a biomassa das plantas e o conteúdo de fósforo e nitrogênio 
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(GAUR; ADHOLEYA, 2002).  

 

2.5. Caju 

Uma das plantas nativas de Cerrado mais conhecidas e utilizadas é o caju-do-

cerrado (Anacardium humile), e se diferencia das outras espécies pelo seu porte arbóreo 

se tornando de grande importância econômica na região Centro-Oeste (CORREA et al., 

2008; ALBERTO, 2013). A parte carnosa do caju, que é o pseudofruto ou pedúnculo, é 

muito apreciada no Brasil para consumo in natura ou processado (bebidas, doces, 

sorvetes e pratos salgados) pelo sabor especial e pelo alto valor nutritivo, sendo rico em 

ferro, zinco e cálcio, além de possuir elevado teor de vitamina C (SILVA et al., 2008; 

ALBERTO, 2013). A produção de caju no Brasil em 2020 foi de 138,7 mil toneladas e 

para o ano de 2021 está estimada em 123,2 mil toneladas, sendo a região Nordeste 

responsável por, aproximadamente, 99% desta produção (CONAB, 2021). 

Uma alternativa para aumentar a produção de caju é a inoculação de mudas com 

microrganismos, dentre eles, fungos micorrízicos. Pelo fato desses microrganismos 

auxiliarem no crescimento das plantas inoculadas, aumentando a disponibilidade de 

fósforo e água (PICOLLI et al., 2011; KOCHAR et al., 2011; ALBERTO 2013). 

 Ao estudar a biodiversidade de fungos micorrízicos associados ao caju em 

Benin, na África Ocidental, Balogoun et al (2015) identificaram sete espécies 

(Scutelospora gregarine, Acaulospora colossica, Acaulospora lacunosa, 

Enthrophospora infrequens, Glomus hoi, Glomus geosporum e Glomus sp), quatro 

gêneros (Scutelospora, Acaulospora, Enthrophospora e Glomus) e três famílias 

(Gigasporaceae, Acaulosporaceae e Glomeraceae), sendo o gênero Glomus o maior 

número de espécies encontradas. A inoculação com fungos micorrízicos em mudas de 

caju proporciona melhores respostas quando comparadas com mudas não inoculadas 

(ANANTHAKRISHNAN et al., 2004). Os fungos micorrízicos colonizam raízes de 

plantas de caju, armazenam lipídios em hifas e vesículas e, além disto, formam 

arbúsculos, estrutura de comunicação entre o fungo e a planta (FARIA et al., 2016). 
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Figure 3 – Árvore e frutos de caju (PIRENÓPOLIS, 2021). 

 

2.6. Pequi 

O pequi (Caryocar brasiliense) é um fruto típico do Cerrado. Seu nome vem do 

Tupi e significa “casca espinhenta” (ALMEIDA E SILVA; 1994). O pequizeiro é uma 

árvore que pode chegar a 12 metros de altura. Possui folhas grandes, composta por três 

grandes folíolos, com as pontas entrecortadas e revestidas por uma penugem. O fruto 

pode variar de tamanho, com casca verde, polpa amarela e revestido por uma camada de 

espinhos finos (SANTOS et al., 2013). O pequi, de todos os frutos nativos do Cerrado, é 

o mais consumido e comercializado, e o mais bem estudado nos aspectos nutricional, 

ecológico e econômico. A polpa é rica em vitaminas C, A, E e carotenoides e o caroço 

produz um óleo com ação anti-inflamatória, cicatrizante e gastroprotetora (AFONSO; 

CARVALHO, 2009; SANTOS et al., 2013).  

O pequi é bastante consumido nos estados de Goiás e Minas Gerais, sendo 

importante fonte de renda para populações agroextrativistas locais. Durante este período 

de crise sanitária, a comercialização dos frutos está sendo uma forma de renda 

complementar para feirantes e produtores (CONAB, 2021). Para alguns comerciantes e 

extrativistas, a renda pode chegar a 80% durante o período produtivo do fruto 
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(OLIVEIRA et al., 2008).  

Após realizar levantamentos em solos de Cerrado, foi possível constatar que os 

fungos micorrízicos formam simbiose com diversas plantas nativas da região, entre elas, 

o pequi (MIRANDA, 2012). Ainda, segundo dados demonstrados pela autora, plantas 

de pequi após 6 meses de inoculação com fungos micorrízicos teve acréscimo de 20% 

na produção de matéria seca em relação a plantas não inoculadas.  

 
Figure 4 – Árvore e flores de pequi (BONNET; CURCIO, 2016). 

 

2.7. Buriti 

O buriti (Mauritia flexuosa L.) é uma palmeira da família Arecaceae, que vegeta 

nas regiões alagadas e úmidas do Centro, Norte e Nordeste do Brasil. Na Região dos 

Cerrados, ela aparece nas regiões baixas e úmidas, denominadas popularmente por 

veredas. Tem importância ornamental e estratégica na preservação da fauna, uma vez 

que seus frutos são fonte de alimentos para várias aves e mamíferos. Além disso, os 

frutos têm grande utilização na culinária regional, no preparo de doces e geleias e na 

extração do óleo. Os frutos são ricos em vitamina A, B, C e E, sendo uma das frutas 

com maior conteúdo de vitamina A no mundo. (ALBUQUERQUE et al., 2005; DE 

ALMEIDA; DA SILVA, 1994; SPERA; CUNHA; TEIXEIRA, 2001).  

O buriti tem grande importância econômica, pois dele se aproveita das folhas até 

as raízes. É utilizado na produção de cestos, bolsas, vassouras, móveis, brinquedos, 

doces, sucos, óleos, artesanatos e remédios. A comercialização desses produtos é uma 

das principais rendas para muitas famílias, e a renda pode chegar a aproximadamente 

R$ 10.000,00 reais durante o período da safra (SAMPAIO, 2011). 

O buriti auxilia na qualidade da água e a manter a quantidade de água nas veredas, 
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sendo importante para as pessoas que moram próximas a esses locais. Contudo, existem 

animais que também dependem dessas plantas, que servem de morada e seus frutos de 

alimento (SAMPAIO, 2011).  

As espécies de fungos micorrízicos Glomus manihotis, Entrophospora 

colombiana e Glomus etunicatum têm demonstrado eficiência no crescimento de 

espécies arbóreas nativas do Cerrado, dentre elas, o buriti (FLORES-AYLAS et al., 

2003; PARRON; CAUS, 2001; POUYU-ROJAS et al., 2006; MIRANDA, 2012). 

Plantas de buriti inoculadas com fungos micorrízicos tiveram altura e produção de 

massa seca da parte aérea, com aumento de 43% em relação às plantas de buriti não 

inoculadas (MIRANDA, 2012). A simbiose entre fungos micorrízicos e buriti permite 

que sejam cultivadas próximas a aldeias indígenas (PENN 1999; HORN et al., 2012, 

ARNEAUD; DUNCAN, 2019). Segundo Arneaud e Duncan (2019) palmeiras na 

presença de fungos micorrízicos têm maior probabilidade de sobreviver em condições 

de estresse. Os autores ainda afirmam que, atualmente, não há uma lista de identificação 

de fungos micorrízicos associados ao Buriti. 

É de fundamental importância o conhecimento da biodiversidade dos fungos 

associados às plantas de Cerrado, que pode trazer entendimento sobre os processos 

biogeoquímicos deste bioma. 

 
Figure 5 – Cacho de frutos de buriti (CERRATINGA, 2021). 
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4. OBJETIVOS 

4.1. Objetivo Geral 

 

O objetivo deste trabalho foi realizar um levantamento da atividade dos fungos 

micorrízicos em agroecossistemas sob solo de Cerrado na Região do Vale do São 

Patrício em Goiás. 

 

4.2. Objetivos Específicos 

 

• Realizar o levantamento da biodiversidade de gêneros de fungos micorrízicos 

arbusculares associados a espécies de gramíneas forrageiras sob solo de Cerrado. 

• Determinar a atividade micorrízica através da densidade de esporos de fungos 

micorrízicos e taxa de colonização micorrízica em gramíneas forrageiras sob 

solo de Cerrado. 

• Realizar o levantamento da biodiversidade de gêneros de fungos micorrízicos 

arbusculares associados ao buriti, cajuzinho-do-cerrado e pequi em Cerrado da 

Região do Vale do São Patrício, Goiás. 

• Determinar a atividade micorrízica através da densidade de esporos de fungos 

micorrízicos e taxa de colonização micorrízica em buriti, cajuzinho-do-cerrado e 

pequi em Cerrado da Região do Vale do São Patrício, Goiás. 

• Realizar o levantamento da biodiversidade de gêneros de fungos micorrízicos 

arbusculares associados em cinco fitofisionomias de Cerrado da Região do Vale 

do São Patrício, Goiás. 

• Determinar a atividade micorrízica através da densidade de esporos de fungos 

micorrízicos e taxa de colonização micorrízica em cinco fitofisionomias de 

Cerrado da Região do Vale do São Patrício, Goiás. 
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ABSTRACT 

 

The use of different weed cultivars for forage cover is growing increasingly popular 

because the climate changes from region to region and the response of these plants to 

the climate varies. Mycorrhizal fungi can bring numerous benefits to the plants with 

which they are associated. Therefore, investigating their influence on forage grown in 

soils of the Brazilian Cerrado is fundamental for understanding and for developing more 

efficient agricultural practices of this crop in the Cerrado region. In view of the above, 

the objective of this work was to verify the mycorrhizal activity in different forages 

cultivated in Cerrado soils. The experiment was conducted at the Agrostological Field 

of the Ricardo Fontoura Experimental Station of the Cerrado which is part of the 

Evangelical College of Goianésia, Brazil. The density of spores and the mycorrhizal 

colonization rate of 14 forage grasses were evaluated. There was no difference in spore 

density in the rhizosphere of the studied plants; Urochloa decumbens forage had a 

higher rate of mycorrhizal colonization, and Megathyrsus maximus cv. Mombasa 

presented the lowest values. The genera of Mycorrhizal fungi identified were commonly 

found in the rhizosphere in all grasses investigated, except for the genera Gigaspora, 

Scutelospora and Sclerocysts, which indicates that the association with these genera of 

fungi is less recurrent than with the other genera. 

 

Keywords: AMF, Grasses, Pasture, tillage 
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INTRODUCTION 

The Cerrado is the second largest Brazilian biome, extending over an area of 

2,045,064 km² and spanning eight states of Central Brazil: Minas Gerais, Goiás, 

Tocantins, Bahia, Maranhão, Mato Grosso, Mato Grosso do Sul, Piauí and Distrito 

Federal 1. It is divided by three of the largest hydrographic basins in South America, 

with regular rainfall indices that provide great biodiversity. After the Amazon, the 

Cerrado today is considered the last agricultural frontier of the Americas 2,4,5. 

The Cerrado is considered to be a “biodiversity hotspot” as it has one of the 

greatest levels of biodiversity on the planet. Such levels of biological diversity are 

achieved due to it being a transition biome that is in direct geographic contact with 

other important South American biomes, such as the Amazon, Caatinga, Atlantic 

Forest, Pantanal and Bolivian Chacos 2,6.  From a natural history perspective, the 

Cerrado could be considered as a biogeographic region that is more than 40 million 

years old 7–10. Such biogeographic contuinuity has resulted in a symbiosis between flora, 

fauna and microorganisms4. Due to its privileged location, the Cerrado stands out as 

one of the most important agricultural frontiers in the world 4,5,with much of the area 

today consisting of large-scale industrial agriculture and degraded pastures12,13.  

With the current productive paradigm, environmental sustainability is considered 

to be an important factor in determining the success of production systems.  In 

agriculture, no-tillage systems are being promoted  as a cultivation system that 

promotes soil and water conservation 14. For no-tillage systems to maintain levels of 

productivity, vegetation cover is an adequate factor. For conditions in the Cerrado, 

vegetation cover must have a low carbon-nitrogen ratio, which decreases the 

decomposition speed and increases the time in which the cover protects the soil from 

erosive processes 15. In this sense, grasses stand out as ideal plant cover for no-tillage 

systems in the Cerrado, in addition to being important forages for animal grazing16. 

Natural cover systems based on symbiotic systems may also reduce the use of 

herbicides which have been used extensively for no-till systems in the tropical climates 

of Brazil 17. 

Generally speaking, Cerrados are environments that naturally offer adverse abiotic 

conditions for plant growth and development. With low phosphorus levels and irregular 

rainfall, vegetation depends directly on the performance of mycorrhizal fungi to resist 

surviving such conditions, which is attributed to the association between fungi and 

plants as an important factor to build resilience for stressful situations 
1,18–20. 
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The association of mycorrhizal fungi with vegetation started its evolution in 

tropical regions, and there are even species that are found only in these regions  
21. 

Today, however, presence of these fungi is reported in different regions of the planet, 

regardless of climate 20,22–26. 

The average density of mycorrhizal fungal species in the soils of the Cerrado 

varies from 25 to 50 spores per 50cm³ of soil on average. In the neighboring region of 

the Caatinga, there is a variation in the number of propagules of these fungi, probably 

due to differences in the plant community, and in relation to chemical composition and 

land use, with ranges containing high phosphorus7. 

As for agricultural production, combined with the recovery of degraded areas, 

understanding the behavior of forage grass species with a soil biology is essential for the 

development of more efficient practices for the management of natural resources. 

Cerrados are environments that offer adverse abiotic conditions for plant growth and 

development, with low levels of phosphorus and a limited water regime, and the 

development of their vegetation depends directly on the action of soil microorganisms. 

Under these conditions, mycorrhizal fungi stand out as organisms that promote plant 

growth and contribute to plant resilience to stressful situations 1,18–20,27; Therefore, this 

work aims to verify the mycorrhizal population dynamics in forage grass species in 

Cerrado soils. 

 

MATERIALS AND METHODS 

The experiment was conducted at the Agrostological Field of the Ricardo 

Fontoura Experimental Station of the Cerrado, which is part of the Evangelical College 

of Goianésia, in the state of Goiás, Brazil. The climate is classified as tropical seasonal 

(AW) characterized by two well-defined seasons: dry and rainy  15. The density of 

spores and the mycorrhizal colonization rate of 14 varieties of forage grasses were 

evaluated (Table 1) 

 

Table 1. Forage grasses installed at the Agrostological Field of the Ricardo Fontoura 

Experimental Station of the Cerrado, Evangelical College of Goianésia. 

 

Forage Grasses 

Urochloa decumbens  

Brachiaria Ruziziensis 
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Brachiaria brizantha cv marandu 

Brachiaria brizantha cv piatã 

Brachiaria brizantha cv. Xaraes 

Brachiaria brizantha cv. Paiaguas 

Brachiaria brizantha cv. Ipyporan 

Brachiaria brizantha cv. Humidicola 

Megathyrsus maximus cv. Mombasa 

Megathyrsus maximus cv. Kenya 

Megathyrsus maximus cv. Zuri 

Megathyrsus maximus cv. Aruana 

Megathyrsus maximus cv. Tamani 

Megathyrsus maximus cv. Massai 

 

Samples of rhizospherical soil containing treatment roots described in Table 1 

were collected. Each sample wtaken to the laboratory was composed of 3 simple 

samples randomly collected from each plot. The design had a completely updated 

design with 6 replicates. Sampling was carried out at the end of the dry season in 

September 2020. 

The analyses were carried out in the laboratory of agricultural microbiology of the 

Evangelical College of Goianésia. The spores of arbuscular mycorrhizal fungi (AMF) 

were extracted from 50 cm3 of rhizospherical soil by wet sieving 16  followed by 

centrifugation in water and a 50% sucrose solution. The spores were separated 

according to their phenotypic characteristics, such as color, size and shape, composing 

the different morphotypes, under stereoscopic binocular magnifying glass. 

To determine the percentage of colonization, the roots were clarified and ordered 

with 0.05% Trypan Blue in lactoglycerol 17 and the colonization was evaluated under a 

stereoscopic microscope, following the quadrant intersection technique  18. 

To identify the genera of AMF from morphological characteristics, the spores 

were separated according to their morphotypes and mounted on blades with pure 

polyvinyl-lactoglycerol (PVLG) and PVLG mixed with Melzer (1:1 v/v). To support the 

identification work, original articles from the descriptions of species were provided on 

the website of the "International Culture Collection of Arbuscular and Vesicular-

Arbuscular Mycorrhizal Fungi" 19. 

The data were submitted to variance analysis by the Assistat 33 analyses of 

canonical correspondence were performed by the Past 21 software. Spore density 

variables and the rate of mycorrhizal colonization was determined by a 5% tukey test. 

The presence of identified genera was used as the parameter for multivariate analysis.  
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The conduct of the experiment followed the International guidelines of the IUCN 

Policy Statement on Research Involving Species at Risk of Extinction. The plant 

material studied, as perennial species, is available for study and review at the 

agrostological field of the Evangelical College of Goianésia. 

 

RESULTS AND DISCUSSION 

For the determination of ecological interactions between AMF and forage grasses, 

the values of density of spores in the soil, mycorrhizal colonization rate in the root, and 

the presence of genera of AMF associated with the rhizosphere are used as parameters. 

No significant difference was verified between the analyzed varieties when 

investigating the density of spores in rhizospherical soil of forage grass varieties in 

Cerrado soils (Figure 1a). 

The mycorrhizal colonization rate showed a significant difference (p<0.05). 

Urochloa decumbens presented the highest mycorrhizal colonization rate (78%) 

compared to the others. The species Megathyrsus maximus cv. Zuri, Megathyrsus 

maximus cv. Aruana and Megathyrsus maximus cv. Mombasa presented the lowest 

values of mycorrhizal colonization in its roots, 33%, 34% and 27%, respectively (Figure 

1b). 

 

 

Figure 6. Density of mycorrhizal fungi spores in rhizospherical soil (a) and rate of 

colonization mycorrhizae (b) of different forage grasses in Cerrado soils 
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The absence of a significant difference in spore density values is because the 

varieties were installed in the same area and where they are probably being colonized by 

the same fungal species, since they present low specificity. It is expected that there is no 

difference in the sporulation of fungi from the same area, since spore production is a 

response of the fungus and not of the host plant. The production of spores is a reflection 

of the fungus to environmental changes that, under stressful conditions, begin to 

produce spores as a resistance structure  22,23. 

The samplings were carried out at the end of the dry season. In the cerrado, the 

climate is classified as tropical seasonal (AW) characterized by two well-defined 

seasons: a dry period and a rainy period28. These climatic conditions are considered 

stressful for most soil organisms due to the absence of rainfall for more than 4 

consecutive months, which explains the high values of spore density values in the soil  

14,24. 

Forage plants do not present specificity for colonization of mycorrhizal fungi and 

can be colonized by more than one species of fungus 25. However, some plant species 

have higher mycorrhizal colonization rates than others. Different species may present 

different values of colonization in the same environment, which is a reflection of the 

evolutionary adaptability of this symbiotic association 38–41. 

Mycorrhizal colonization values indicate the intensity to which fungi have to 

associate with vegetation in order to assist with functions such as water and nutrient 

absorption (MOREIRA; SIQUEIRA, 2006). Because it is the same soil, the variation in 
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mycorrhizal colonization values is explained by the physiological differences of plants 

and not fungi. This behavior can be observed when comparing forage plants, such as 

Megathyrsus maximus and Brachiaria brizanta, which presented similar colonization 

rates, regardless of cultivar. 

Table 2 shows the genera identified in the soil of the grasses investigated. The 

genera Acaulospora and Glomus were identified in all plants investigated, while the 

genus Slerocystis was identified to be associated only with B. Brizantha piatã. 

 

Table 2. Presence (1) and absence (0) of Genera of arbuscular mycorrhizal fungi 

associated with the rhizosphere of different forage grasses in Cerrado soil.  

Forage Acaulospora Claroideglomus Diversispora Scutellospora Sclerocystis Glomus Gigaspora 

B. decumbens 1 1 1 1 0 1 1 

B. Ruziziensis 1 1 1 0 0 1 1 

B. Brizantha Marandu 1 1 1 1 0 1 1 

B. Brizantha Piatan 1 1 1 0 1 1 1 

B. brizantha cv. Xaraes 1 0 1 1 0 1 1 

B. brizantha cv. Paiaguas 1 1 0 1 0 1 1 

B. brizantha cv. Ipyporan 1 0 1 1 0 1 1 

B. brizantha cv. Humidicola 1 0 1 0 0 1 1 

P. maximum cv. Mombasa 1 0 0 0 0 1 1 

P. maximum cv. Kenya 1 1 1 0 0 1 0 

P. maximum cv. Zuri 1 1 0 1 0 1 0 

P. maximum cv. Aruana 1 1 1 1 0 1 0 

P. maximum cv. Tamani 1 1 1 1 0 1 1 

P. maximum cv. Massai 1 1 1 0 0 1 0 

 

The canonical correspondence analysis aims to identify the proximity of the 

presence of mycorrhizal fungi identified with the grass species investigated (Figure 2). 

 

Figure 7. Canonical correspondence analysis of the associated genera found in 

rhizospherical soil of different forage grasses in cerrado soil. 
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The genera of mycorrhizal fungi identified were commonly found in the 

rhizosphere of all grasses investigated, except for the genera Gigaspora, Scutelospora 

and Sclerocysts, which indicates that the association with these genera of fungi is less 

recurrent than with the other genera. The genera Glomus and Acaulospora are 

commonly found in Cerrado soils7. When investigating the biodiversity of AMF in 

Cerrado soils, the same genera were found to be associated with bamboo 30 ,  sugarcane  

31,sorghum and corn44. 

The grasses present substantial colonization mycorrhizal volume for the root 

system of the grasses, which favors fungi colonization. The adaptability of this plant 

family to the natural conditions of the Cerrado also favors the exposure of the plant to 

the action of the fungus when subjected to situations of environmental stress, especially 

water. 

 

CONCLUSION 

The spore density values do not vary among the species of fodder studied. This 

parameter is independent of the plant, as it is a physiological response of the fungus. On 

the other, Urochloa decumbens presented higher values of mycorrhizal colonization. 

The genera of mycorrhizal fungi identified are commonly found in the rhizosphere of all 

grasses investigated, except for the genera Gigaspora, Scutelospora and Sclerocysts, 

these genera of fungus are less recurrent than the other genera. 
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Abstract 

The Cerrado is the second largest biome in Brazil and presents great biodiversity of 

plants and soil microorganisms. Most of these microorganisms, such arbuscular 

mycorrhizal fungi, live in a symbiotic relationship with plants bringing benefits such as 

increased absorption of water and nutrients. Some of these plants, such as Buriti, 

Cerrado cashew and Peki are of great social and economic importance to the inhabitants 

of the Cerrado region, because they are an important source of food and income for 

small farmers, besides being foods that are part of the culture of the interior of Brazil. 

Understanding how the diversity of soil mycorrhizal fungi behaves is fundamental for 

the development of more efficient management practices of these plants, as well as 

elucidating gaps of information about these organisms in the Cerrado region. With this, 

this study aimed to survey the biodiversity of arbuscular mycorrhizal fungi associated 

with Buriti (Mauritia flexuosa), Cerrado Cashew (Anacardium humile) and Peki 

(Caryocar brasiliense) in Cerrado soil. There was no statistical difference between the 

values of spore density and mycorrhizal colonization rate in the three species 

investigated. The genera Acaulospora, Claroideglomus, Diversispora, Scutellospora, 

Sclerocystis, Glomus, Funneliformis, Gigaspora, Ambispora and Scrobiculata in the 

rhizosphere of peki, cerrado cashew and buriti were identified. With the exception of 

Scrobiculata and Scutellospora, all other genera are commonly found in Buriti. In 

cerrado cashews, the genera Funneliformis, Sclerosystis and Scutellospora have lower 

affinity. In the peki rhizosphere, only the genus Gigaspora has low affinity with the 

plant. 

 

Keywords: Mauritia flexuosa, Anacardium humile, Caryocar brasiliense, MAF, 

Brazillian savannas  
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Introduction 

The Cerrado has one of the greatest biodiversity on the planet, because it is a 

transition biome that is in direct geographic contact with other important South 

American biomes such as the Amazon, Caatinga, Atlantic Forest, Pantanal and Chacos 

Bolivianos (Taber et al., 1997; Klink and Machado, 2005; Moura and Cabral, 2019). 

and considered one of the hotspots for the conservation of world biodiversity. The 

predominant soil class in this biome is Oxisols, deep soils of low natural fertility, acids, 

with intense weathering, rich in iron and aluminum oxides, and deficient in phosphorus  

(dos Santos et al., 2018). Another important characteristic of the Cerrado is the climate, 

defined as humid tropical, with two well-defined seasons during the year, dry winter 

and humid summer. The dry season is usually between April and September and the 

rainy season between October and March  (Cardoso et al., 2015). 

The cerrado has a rich flora with several arboreal species, but among them we 

can highlight the Buriti (Mauritia flexuosa), the  cerrado cashew (Anacardium humile) 

and the Peki (Caryocar brasiliense) because they presented great economic and cultural 

relevance for the region of the Brazilian Midwest  (Mundim et al., 2018) . 

The buriti (Mauritia flexuosa L.) is a palm tree of the family Arecaceae, which 

vegetables in the flooded and humid regions of central, north, and northeast Brazil. In 

the Cerrado Region, it appears in the low and humid regions, popularly called by 

veredas. It has ornamental and strategic importance in the preservation of fauna, since 

its fruits are a source of food for various birds and mammals. In addition, the fruits have 

great use in regional cuisine, in the preparation of sweets and jellies and in the 

extraction of oil, rich in vitamin A (de ALMEIDA and da Silva, 1994; Spera et al., 

2001; Albuquerque et al., 2005). 

One of the most well-known and used native Cerrado plants is the cerrado cashew 

(Anacardium humile). The meaty part of cashew, which is the pseudo fruit or peduncle, 

is highly appreciated in Brazil for fresh or processed consumption (beverages, sweets, 

ice cream and savory dishes) for the special flavor and high nutritional value, related to 

the high content of vitamin C. The rapid deterioration of cashew stalk is a problem that 

requires great attention, alternatives for use in the field and in industry2. The annual 

production of cashews in Brazil is about one million tons, and the northeast region is 

responsible for approximately 99% of this production (Santos and Santos Júnior, 2015; 

Belo et al., 2019). 

The peki (Caryocar brasiliense) is a typical fruit of the Cerrado, whose 
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nomenclature comes from Tupi and means "spiked skin". The peki tree is a leafy 

canopy tree that can reach 12 meters high. Its leaves are large, each composed of three 

large leaflet, covered by a down and with the tips cut. Of all the native fruits of the 

Cerrado, peki is the most consumed and commercialized, and the best studied in 

nutritional, ecological and economic aspects. In Goiás and the North of Minas Gerais, 

but also in other regions of the Cerrado, peki is of significant importance for agronomic 

extractives populations and local economies. Some "waste pickers" and merchants of 

peki obtain up to 80% of their annual income in the fruit production chain (de Oliveira 

et al., 2008). 

Soil microorganisms, especially arbuscular mycorrhizal fungi (AMF), are 

fundamental in the maintenance and sustainability of natural ecosystems, especially in 

the cerrado that presents soils of low natural fertility in the vast majority  (Hunke et al., 

2015). These organisms act in essential processes, such as the promotion of plant 

growth, decomposition of organic matter and nutrient cycling, phosphate solubilization, 

water and nutrient absorption (Johnson and Pfleger, 1992; Jeffries et al., 2003; 

Marulanda et al., 2003; Souza et al., 2016; Andrade Júnior et al., 2018). 

Given this scenario, AMFs have immense potential to promote plant development 

and soil aggregation, most plants (80%) are susceptible to arbuscular mycorrhizal 

formation, which occurs in most plant families. They are particularly important in 

stressful edaphic conditions, such as acidic and dystrophic soils, such as most soils in 

tropical regions (Johnson and Pfleger, 1992; Jeffries et al., 2003; Moura et al., 2017; 

VENTURA et al., 2018). 

It is of fundamental importance to know the biodiversity of fungi associated with 

cerrado plants, given the lack of scientific information about this theme, and that can 

bring understanding about the biogeochemical processes of this biome. With this, this 

work aims to conduct a survey of the biodiversity of arbuscular mycorrhizal fungi 

associated with Buriti (Mauritia flexuosa), the cerrado cashew(Anacardium humile) and 

the Peki (Caryocar brasiliense) in cerrado soil in the region of vale do São Patrício in 

Goiás. 

Material and Methods 

The samples were taken in September 2020 in the Region of the São Patrício 

Valley in the state of Goiás, samples of roots and rhizospherical soil of Buriti (Mauritia 

flexuosa), cerrado cashew (Anacardium humile) and Peki (Caryocar brasiliense) were 

collected according to the sampling points presented in table 1 and in figure 1. Each 



37 

 

sample collected was composed of the mixture of samples collected at six separate 

locations at each geographic point sampled. 

 

Table  1. Geographical locations of the collection points of rhizospherical soil samples 

of Buriti (Mauritia flexuosa),the Cerrado Cashew (Anacardium humile)and the Peki 

(Caryocar brasiliense) in cerrado soil in the state of Goiás. 

Treatment Coord X Coord Y  Coord X Coord Y  Coord X Coord Y 

Buriti 

(Mauritia 

flexuosa) 

-48,9738 -15,5203  -51,4271 -18,9123  -50,2791 -15,5691 

-49,9119 -15,4453  -48,8002 -15,1686  -48,9673 -14,8966 

-51,5088 -15,877  -49,4574 -15,3178  -50,6046 -15,0485 

-49,9367 -17,1089  -49,3877 -15,622  -52,2288 -15,8974 

-49,2628 -15,0439  -49,5728 -15,5203  -49,8886 -15,1589 

-51,1042 -20,0638  -51,5088 -15,8769  -49,0504 -15,7568 

-50,3712 -15,8946  -48,987 -15,5523  -50,7143 -17,5948 

Cerrado 

Cashew 

(Anacardium 

humile) 

-49,3877 -15,622  -52,2288 -15,8974  -49,4509 -15,3236 

-50,6046 -15,0485  -49,2628 -15,0439  -50,2791 -15,5691 

-49,7605 -16,008  -50,3618 -15,8948  -49,9129 -15,4398 

-49,0692 -15,6515  -51,3675 -18,8057  -48,9673 -14,8966 

-49,5728 -15,5203  -48,8002 -15,1686  -50,2 -15,5588 

-51,1164 -18,2782  -51,2523 -15,9229  -48,9737 -15,5199 

-49,9028 -15,1437       

Peki 

(Caryocar 

brasiliense) 

-49,3877 -15,622  -49,2628 -15,0439  -50,4118 -17,4133 

-52,2094 -15,8993  -48,9746 -15,5201  -49,4103 -15,7224 

-51,3159 -19,4792  -50,279 -15,5691  -49,4554 -15,3193 

-50,6046 -15,0485  -51,4355 -19,324  -49,867 -15,1592 

-50,279 -15,5691  -49,0701 -15,6494  -50,3625 -15,8948 

-50,9914 -18,0155  -49,9119 -15,4453  -51,1209 -18,5498 

-48,8002 -15,1686  -51,3341 -15,9322  -49,8695 -15,1583 

-49,5728 -15,5203  -48,9673 -14,8966    
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Figure  1. Collection points of rhizospherical soil samples of Buriti (Mauritia flexuosa), 

cerrado cashew (Anacardium humile)and Peki (Caryocar brasiliense) in cerrado soil in 

the state of Goiás. 

The analyses were conducted in the laboratory of agricultural microbiology of the 

Evangelical College of Goianésia. The spores of arbuscular mycorrhizal fungi (AMF) 

were extracted from 50 mL rhizospherical soil by the wet sieving technique 

(Gerdemann and Nicolson, 1963)  followed by centrifugation in water and sucrose 

solution 50 %. The spores were separated according to their phenotypic characteristics 

such as color, size, and shape, composing the different morphotypes, under stereoscopic 

binocular magnifying glass. 

To determine the percentage of colonization, the roots were clarified and colored 

with 0.05% Trypan Blue in lactoglycerol (Phillips and Hayman, 1970) and the 

evaluation of colonization will be done under stereoscopic microscope, following the 

technique of intersection of the quadrants  Giovan (Giovan (Netnetti and Mosse, 1980). 

To identify the genera of AMF from morphological characteristics, the spores 

were classified according to their morphotypes and mounted on blades with pure 

polyvinyl-lactoglycol (PVLG) and PVLG mixed with Melzer (1:1 v/v). To support the 

identification work, original articles from the description of species and descriptions of 

species provided on the website of the "International Culture Collection of Arbuscular 
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and Vesicular-Arbuscular-Arbuscular Mycorrhizal Fungi" (INVAM, 2021) . 

The maps were generated from the Quantum Gis 2.18 program (Marcuzzo et al., 

2011; TEAM, 2012; Santos and Brito, 2018)  The data were submitted to variance 

analysis, and statistical analyses were performed by the Assistat software  (SILVA, 

2008)  and the analysis of major components and diversity indexes were performed by 

the Past software  (Hammer, 2021). 

 

Results and Discussion 

To determine mycorrhizal activity in Buriti (Mauritia flexuosa), cerrado 

cashew(Anacardium humile) and Peki (Caryocar brasiliense) in cerrado soil of the São 

Patrício Valley region, the data of spore density, mycorrhizal colonization rate and 

identification of associated genera were performed, rhizospheres of the investigated 

plants. 

There was no statistical difference when comparing the mycorrhizal colonization 

rate and spore density in Buriti, cerrado cashew and Peki (Figure 2). 

 
Figure  2. Spore density (A) and mycorrhizal colonization rate (B) in Buriti (Mauritia 

flexuosa), cerrado cashew (Anacardium humile)and Peki (Caryocar brasiliense) in 

cerrado soil. 

The spore density values (Figure 2A) were statistically similar in the plants 

investigated, being 180,9, 153.3 and 148 spores/50 mL of soil for Cerrado Cashew, peki 

and buriti, respectively. 



40 

 

When they connect symbiotically to plants, fungi begin to behave according to the 

physiological state of the plants. The density values of fungal spores in the soil are 

directly correlated with the water conditions in which the associated plant is located. 

One of the main environmental triggers that promote the production of spores in the soil 

is water stress (Boutasknit et al., 2020).  

The mycorrhizal colonization rate indicates the amount of hyphae that were found 

colonizing the roots (Giovannetti and Mosse, 1980). These values are also influenced by 

environmental factors such as water stress and low phosphorous availability in soils  

(Balestrini et al., 2019). The values verified in cashews from the cerrado, peki and buriti 

were 41.17%, 47.38% and 47.71%, respectively. 

The period in which the sampling was conducted was in August. The region of the 

São Patrício Valley, which has a climate classified as Tropical Rainy (Aw),with two 

well-defined seasons, the rainy and the dry (Cardoso et al., 2015). The sampling period 

coincides with the end of the dry season, where the plants are subjected to at least 5 

months of water scarcity. This would explain the high density of spores observed in the 

sampled areas. 

Figure 3 shows the heat density maps of mycorrhizal fungi spores in cerrado soil 

d. São Patrick's Valley isolated from the rhizospherical soil of Buriti, cerrado cashew 

and Peki. It is possible to observe that among the plants studied, the cashew of the 

cerrado is the one with the largest area with the highest values of density of spores than 

peki and buriti. 
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Figure  3. Heat density maps of mycorrhizal fungi spores in rhizospherical soil of Buriti 

(a), Cerrado Cashew(b)and Peki (c) in cerrado soil in the São Patrício Valley region in 

the state of Goiás. 

There are few studies evaluating the density of spores of arbuscular mycorrhizal 

fungi associated with Buriti,  cerrado cashew and Peki in cerrado soils, however by 

comparing the density values of spores with other native cerrado species, it is possible 

to verify the presence of similar values of spore density in the soil  (Angelini et al., 

2012; Moura et al., 2017; Moura and Cabral, 2019; Vieira Junior et al., 2020). 

When evaluating the seasonal difference in the density of spores of the cerrado 

soil(Vieira Junior et al., 2020),there was a difference in soil spore density when 

comparing the dry season with the rainy season. And during the dry period, the spore 

density values were like those found in this study. 

Figure 4 shows the heat map of the mycorrhizal colonization rate of the roots of 

Buriti, cerrado cashew and Peki d the São Patricio Valley region isolated from the 

rhizospherical soil of Buriti, cerrado cashew and Peki. 
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Figure  4. Heat maps of mycorrhizal colonization rate in buriti roots (a), Cerrado 

Cashew(b)and Peki (c) in cerrado soil in the São Patrício Valley region in the state of 

Goiás. 

As in the heat map of spore density (Figure 3), mycorrhizal colonization values 

were also high for cerrado cashew, however, in the peki plants investigated, the values 

of mycorrhizal colonization rate were also high. Arbuscular mycorrhizal fungi are very 

important for the maintenance of the Cerrado ecosystem  (Casagrande, 1985). Because 

it is a biome that presents seasonal variations with periods of long droughts, the action 

of arbuscular mycorrhizal fungi in increasing the tolerance against water stress for the 

native vegetables of this biome is fundamental for the maintenance of plant life (Moura 

and Cabral, 2019). 

The mycorrhizal colonization rate is an index that indicates the number of roots of 

plants that are colonized by the mycorrhizal fungus. These values indicate that the plant 

is receiving support from fungi through the absorption of water and soil nutrients 

brought from regions that the plant cannot absorb (Phillips and Hayman, 1970). 

Table 2 shows the genera of arbuscular mycorrhizal fungi identified in the 

samples collected from Buriti, cerrado cashew and Peki. Where the presence of the 

genera Acaulospora, Claroideglomus, Diversispora, Scutellospora Sclerocystis, 

Glomus, Funneliformis, Gigaspora, Ambispora and Scrobiculata associated with all 

plants studied was verified, except for Claroideglomus which was not identified in the 
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Buriti rhizosphere. 

 

Table  2. Genera of arbuscular mycorrhizal fungi identified in rhizospherical soil of 

Buriti (Mauritia flexuosa), cerrado cashew (Anacardium humile) and Peki (Caryocar 

brasiliense) in cerrado. 

Genres 

(FMA) 

Moriche palm 

(Mauritia flexuosa) 

Cashew 

(Anacardium humile) 

Moriche palm 

(Caryocar brasiliense) 

Acaulospora + + + 

Claroideglomus - + + 

Diversispora + + + 

Scutellospora + + + 

Sclerocystis + + + 

Glomus + + + 

Funneliformis + + + 

Gigaspora + + + 

Ambispora + + + 

Scrobiculata + + + 

 

These genera are often found associated with plants in cerrado soil. When 

evaluating the biodiversity of genera of arbuscular mycorrhizal fungi in bamboo in the 

Cerrado, Moura et al., (2019) verified the presence of Acaulospora, Claroideglomus, 

Diversispora, Gigaspora, Glomus, Sclerocystis and Scutellospora. And Vieira Junior et 

al., (2020) when studying the biodiversity of arbuscular mycorrhizal fungi in different 

phytophysiognomies of Cerrado found associations with Acaulospora, 

Claroideoglomus, Diversispora, Sclerocystis, Glomus, Funneliformis, Gigaspora and 

Scrobiculata. 

By analyzing the frequency in which each genus was identified associated with 

the studied plant, it is possible to determine the diversity index of individuals (Figure 5). 

The diversity indices measure the richness and abundance of genera of arbuscular 

mycorrhizal fungi associated and identified in the rhizosphere of Buriti, cerrado cashew 

and Peki. 
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Figure  5. Shannon and Simpson ecological diversity index of the associated 

mycorzicos fungi identified in rhizoberico soil of Buriti (Mauritia flexuosa),  cerrado 

cashew(Anacardium humile) and Peki (Caryocar brasiliense) in cerrado. 

 

The Simpson diversity index presents the measure of dominance of the identified 

genera, from the most weight to the genera that are more frequent in the samples, while 

the Shanon diversity index presents the measure of gender equity, giving more weight 

to the rarest and less frequent genera in identifications  (Melo, 2008). The values of both 

indices in all communities studied ranged from 0.79 to 0.81, which represents a 

relatively uniform distribution of genders in the communities studied. 

In the analysis of canonical correspondence (figure 6) it is possible to observe 

whether the presence of gender in a given community was casual or if it is recurrent 

based on the frequency in which the genera were identified in the rhizosphere of Buriti 

(Mauritia flexuosa),  cerrado cashew(Anacardium humile) and Peki (Caryocar 

brasiliense) in soil of clenched. 
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Figure  6. Analysis of canonical correspondence of the associated genera identified in 

buriti rhizosphere (A), cerrado cashew(B) and Peki (C) in cerrado soil.  
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When analyzing the genera identified in Buriti rhizosphere (Figure 6A), it was 

possible to observe that the genera Scrobiculata and Scupellospora are found with less 

frequency associated with this plant. In the rhizosphere of cerrado cashew (Figure 6B) 

the genera Funneliformis, Scutellospora and Sclerocystis are found less frequently than 

the other. And in relation to the genera identified in peki rhizosphere (figure 6C), only 

the genus Gigaspora is found less frequently. 

These values indicate that the genera that are identified less frequently may have 

been casually found in the rhizospheres of the studied plants. A to be studied the 

biodiversity of mycorrhizal fungi in bamboo species in cerrado soil (Moura et al., 2019) 

and in cerrado soils of different phytophysiognomies (Vieira Junior et al., 2020)  the 

genus Glomus was the one that was associated with all cerrado plants studied. 

 

Conclusions 

There was no statistical difference between the values of spore density and 

mycorrhizal colonization rate in the three species investigated. The genera Acaulospora, 

Claroideglomus, Diversispora, Scutellospora, Sclerocystis, Glomus, Funneliformis, 

Gigaspora, Ambispora and Scrobiculata in the rhizosphere of peki, cerrado casher and 

buriti were identified. With the exception of Scrobiculata and Scutellospora, all other 

genera are commonly found in Buriti. In cerrado cashews, the genera Funneliformis, 

Sclerosystis and Scutellospora have lower affinity. In the peki rhizosphere, only the 

genus Gigaspora has low affinity with the plant. 
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Abstract: The Cerrado is a biome that has as its main floristic 

characteristic a diversity of phytophysiognomies composed of landscapes 

ranging from dense tropical forests to areas composed of undergrowth and 

poorly dense tree species. The cerrado can be classified according to 

five phytophysiognomies, which differ according to the visual 

characteristics of the landscape, these phytophysiognomies are Campo 

Limpo, Campo sujo, Cerradão, Strictu sensu and Veredas. The 

understanding of mycorrhizal fungi dynamics in the Cerrado is 

fundamental for the adoption of conservation practices and for the 

understanding of the resilience of this biome in relation to adverse 

situations, thus, this work aims to verify the dynamics of the 

mycorrhizal population in five phytophysiognomies of the Cerrado biome. 

There was no statistical difference between the values of spore density 

and mycorrhizal colonization rate in the investigated 

phytophysiognomies. The genera Acaulospora, Claroideglomus, 

Diversispora, Scutellospora, Sclerocystis, Glomus, Funneliformis, 

Gigaspora, Ambispora and Scrobiculata in the rhizosphere of cerrado 

plants of the investigated phytophysiognomies were identified. Campo 

Limpo showed greater affinity with Diversispora and Gigaspora; Campo 

Sujo with Gigaspora, Glomus and Ambispora; already cerradão did not 

learn affinity with Sclerocystis and Gigaspora, Strictu Sensu with 

Scutellospora and Funneliformis and Veredas with Scrobiculata. 

Keywords: MFAs, Tropical Savannas, Biodiversity 

 

1. Introduction 

Brazil is the largest country in Latin America and one of the 

main food producers in the world. Much of its territorial 

extension, about 35% of the Brazilian territory, is covered by a 

type of vegetation classified as Cerrado[1]. The Cerrado is the 

second largest Brazilian biome, extending over an area of 

2,045,064 km², covering eight states of Central Brazil: Minas 

Gerais, Goiás, Tocantins, Bahia, Maranhão, Mato Grosso, Mato 

Grosso do Sul, Piauí and the Federal District [2]. It is cut by 

three of the largest hydrographic basins in South America, with 

regular rainfall indices that provide great biodiversity. Behind 
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only the area occupied by the Amazon, the Cerrado today is 

considered the last agricultural frontier of the Americas [3,4]. 

The Cerrado is a biome that has as its main floristic 

characteristic a diversity of phytophysiognomies composed of 

landscapes ranging from dense tropical forests to areas composed 

of undergrowth and poorly dense tree species [2,5,6]. The Cerrado 

can be considered a type of savannah, because it has mostly 

phytophysiognomies composed of herbaceous grass species, small 

shrubs and spaced tree species [6–9]. 

The Cerrado has one of the greatest biodiversity on the 

planet, because it is a transition biome that is in direct 

geographic contact with others important South American biomes 

such as the Amazon, Caatinga, Atlantic Forest, Pantanal and 

Bolivian Chacos [3,10]. The predominant soil class in this biome 

is Oxisols, deep soils of low natural fertility, acids, with 

intense weathering, rich in iron and aluminum oxides, and 

deficient in phosphorus [11]. 

Surveys carried out in different types of Cerrado soil show 

that arbuscular mycorrhizal fungi are associated with many native 

plants in the region, encompassing grasses, legumes and tree 

species, such as pequi and buriti [12]. Of the 79 species of 

arbuscular mycorrhizal fungi found in Brazilian biomes, 67% were 

identified in soils of the cerrado region, closely linked to 

theaphoclimaticed conditions of the region [6,13]. 

According to [1], the cerrado can be classified in five 

phytophysiognomies, which differ by its visual characteristics of 

landscape, these phytophysiognomies are Campo Limpo, 

predominantly composed of undersoil grasses; Campo Sujo, composed 

of undersoil grasses and small shrubs; Cerradão, characterized by 

presenting a vigorous and dense forest; Strictu sensu, 

characterized by the presence of trees of tortuous aspect and 

tenement bark; and Veredas, characterized by vegetation adapted 

to water saturation conditions in the soil, lowland areas and 

close to water bodies (Figure 1). 

  

  

a b 

c d 
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Figure 1. The five phytophysiognomies of the Cerrado Biome: Campo Limpo (a), Campo Sujo 

(b), Cerrado strictu sensu (c), Cerradão (d) and Veredas (e) 

However, there are few reports on the ecological 

manifestations of arbuscular mycorrhizal fungi in the different 

types of phytophysiognomies that the cerrado presents. The 

understanding of mycorrhizal fungi dynamics in the Cerrado is 

fundamental for the adoption of conservation practices and for 

the understanding of the resilience of this biome in relation to 

adverse situations, thus, this work aims to verify the dynamics 

of the mycorrhizal population in the five phytophysiognomies of 

the Cerrado biome. 

 

2. Materials and Methods 

The samplings were carried out in September 2020 in different 

cerrado areas in the state of Goiás, samples of roots and 

rhizospherical soil were collected from the five main 

phytophysiognomies (Figure 1) of the cerrado in the São Patrício 

Valley region, in Goiás, Brazil, according to the sampling points 

presented in table 1. Each sample collected was composed of the 

mixture of samples collected at six different locations at each 

geographical point. 

 

Table  1. Geographical locations of the collection points of rhizospherical soil 

samples from cerrado soil in the state of Goiás. 

Coord X Coord Y  Coord X Coord Y  Coord X Coord Y 

-

48,9738 

-

15,5203 

 -

51,4271 

-

18,9123 

 -

50,2791 

-

15,5691 

-

49,9119 

-

15,4453 

 -

48,8002 

-

15,1686 

 -

48,9673 

-

14,8966 

-

51,5088 -15,877 

 -

49,4574 

-

15,3178 

 -

50,6046 

-

15,0485 

-

49,9367 

-

17,1089 

 -

49,3877 -15,622 

 -

52,2288 

-

15,8974 

-

49,2628 

-

15,0439 

 -

49,5728 

-

15,5203 

 -

49,8886 

-

15,1589 

-

51,1042 

-

20,0638 

 -

51,5088 

-

15,8769 

 -

49,0504 

-

15,7568 

-

50,3712 

-

15,8946 

 

-48,987 

-

15,5523 

 -

50,7143 

-

17,5948 

-

49,3877 -15,622 

 -

52,2288 

-

15,8974 

 -

49,4509 

-

15,3236 

- -  - -  - -

e 
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50,6046 15,0485 49,2628 15,0439 50,2791 15,5691 

-

49,7605 -16,008 

 -

50,3618 

-

15,8948 

 -

49,9129 

-

15,4398 

-

49,0692 

-

15,6515 

 -

51,3675 

-

18,8057 
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48,9673 

-
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-
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 -
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-
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-
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-

49,3877 -15,622 

 -

49,2628 

-

15,0439 

 -
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-
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-
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 -
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-
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-50,279 
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15,5691 

 -

49,0701 

-

15,6494 

 -

50,3625 

-

15,8948 

-

50,9914 

-

18,0155 

 -

49,9119 

-

15,4453 

 -

51,1209 

-

18,5498 

-

48,8002 

-

15,1686 

 -

51,3341 

-

15,9322 

 -

49,8695 

-

15,1583 

-

49,5728 

-

15,5203 

 -

48,9673 

-

14,8966 

 

  

 

 

The analyses were carried out in the laboratory of 

agricultural microbiology of the Evangelical College of 

Goianésia. The spores of arbuscular mycorrhizal fungi (AMF) were 

extracted from 50 mL rhizospherical soil by the wet sieving 

technique [14] followed by centrifugation in water and sucrose 

solution 50 %. The spores were separated according to their 

phenotypic characteristics such as color, size and shape, 

composing the different morphotypes, under stereoscopic binocular 

magnifying glass. 

To determine the percentage of colonization, the roots were 

clarified and colored with 0.05% Trypan Blue in lactoglycerol 

[15] and the evaluation of colonization was done by a 

stereoscopic microscope, following the quadrant intersection 

technique [16]. 

To identify the genera of AMF from morphological 

characteristics, the spores were separated according to their 

morphotypes and mounted on blades with pure polyvinyl-lactoglycol 

(PVLG) and PVLG mixed with Melzer (1:1 v/v). To support the 

identification work, original articles of species description  as 

well as species descriptions provided by the website of the 

"International Culture Collection of Arbuscular and Vesicular-

Arbuscular-Arbuscular Mycorrhizal Fungi were used" [17]. 

The maps were generated from the Quantum Gis 2.18 program 

[18–20]. The data were submitted to variance analysis, and 

statistical analyses were performed by the Assistat software 

[21]. The analyses of major components and diversity indices were 

performed by the Past software [22]. The graphics were rendered 

and produced by the Prism GraphPad software [23]. 
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3. Results and Discussion 

 

There was no statistical difference in the values of spore 

density and mycorrhizal colonization rate (Figure 2) in the 

rhizosphere of cerrado phytophysiognomies investigated (Campo 

Limpo, Campo Sujo, Cerradão, Strictu Sensu and Veredas). 

 

Figure 2. Density of spores (A) and mycorrhizal colonization rate (B) in different 

cerrado phytophysiognomies. CL - Campo Limpo, CS - Campo Sujo, CE - Cerradão, SS - 

Strictu Sensu, VE - Veredas. 

 

The low nutrients availability in soil and waterstress, which 

are typical conditions of the Brazilian Cerrado  [6], promotes 

the colonization of the rootsand that increase the density of 

spores of mycorrhizal fungi  [24,25]. The Cerrado soils are 

classified, mostly, as Oxisols [11], which are oxidized soils 

with excesses in phosphorus, a situation that directly affects 

mycorrhizal activity [26], increasing the density of spores 

produced by the fungus in the soil [25,27]. 

The increase in spore density values is an environmental 

response of the fungus to stress situations submitted to the 

plant in which it is associated [28]. These fungi are closely 

linked to the adaptability of plants to the stressful 

edaphoclimatic conditions of the Cerrado[6]. The climate of the 

region is tropical, with two well-defined seasons, being the dry 

winter, between the months of April and September, and the humid 

summer, between the months of October and March[29]. Samples were 

collected in August, at the end of the dry season, indicating 

that the plants underwent a five-month dry season. This factor 

may explain the high density of spores, as well as the absence of 

statistical difference, found in the phytophysiognomies 

evaluated. 

The mycorrhizal colonization rate (Figure 2B) also showed no 

difference between the phytophysiognomies investigated. 

Mycorrhizal colonization values represent how much the symbiotic 

association between the plant and fungus are functional, values 

similar to those found in the same phytophysiognomies 

investigated by [30], which evaluated the influence of the 

seasons on the rate of mycorrhizal colonization. 

The higher the root colonization rate by arbuscular 

mycorrhizal fungi, the more representative the values of water 

and nutrient absorption by the fungus for the plant  [31,32]. The 
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arbuscle, fungal structure present in the roots is the main place 

of exchange and communication between the fungus and the plant in 

mycorrhizal symbiosis  [33,34]. These values may vary depending 

on the need of the plant, when the plant is under stress 

situation, colonization values may increase[35]. 

Figure 3 shows the heat map of spore density and mycorrhizal 

colonization rate in cerrado soil in the Vale region of São 

Patrício, in Goiás, Brazil. 

 

 

Figure 3. Heat maps of spore density (a) mycorrhizal colonization rate (b) in roots in 

Cerrado soil of the São Patrício Valley region in Goiás. 

 

The values of spore density (figure 3a) and mycorrhizal 

colonization rate (Figure 3b) showed uniform distribution in the 

investigated region. Mycorrhizal fungi are capable of colonizing 

about 80% of plant  species[36]. Colonization by mycorrhizal 

fungi plays a fundamental role for the survival of plants in 

stressful situations, having nutritional and non-nutritional 

function, assisting in the absorption of nutrients in areas where 

the roots are not able to reach, mitigate the effects of high 

concentrations of heavy metals and changes in pH, accumulate 

growth promoters, increase tolerance to stresses and promote soil 

aggregation [27,37]. 

Table 2 shows the genera of arbuscular mycorrhizal fungi 

identified in samples collected from Cerrados type Campo Limpo, 

Campo Sujo, Strictu Sensu, Cerradão and Veredas. The presence of 

the genera Acaulospora, Claroideglomus, Diversispora, 

Scutellospora Sclerocystis, Glomus, Funneliformis, Gigaspora, 

Ambispora and Scrobiculata associated with the phytophysiognomies 

studied were verified. 
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Table  1. Genera of arbuscular mycorrhizal fungi identified in rhizospherical soil of 

different cerrado phytophysiognomies. CL - Campo Limpo, CS - Campo Sujo, CE - Cerradão, 

SS - Strictu Sensu, VE - Veredas. 

Genera (FMA) CL CS CE SS VE 

Acaulospora + + + + + 

Claroideglomu

s + - + + - 

Diversispora + + + + - 

Scutellospora + + + + + 

Sclerocystis + + + + + 

Glomus + + + + + 

Funneliformis + - - + + 

Gigaspora + + + + + 

Ambispora + + + + + 

Scrobiculata + - + - + 

 

All genera presented in rhizospherical soil of Campo Limpo 

were identified. The genera Claroideglomus, Funneliformis and 

Scrobiculata in Campo Sujo, Funneliformis in Cerradão, 

Scrobiculata in Strictu Sensu and Claroideglomus in Veredas were 

not identified. 

The genera identified here are commonly found associated in 

plants in Cerrado soil. When investigating arbuscular mycorrhizal 

community in different phytophysiognomies of the Cerrado, [38] 

found seven genera, among them, three were found in the present 

work, being glomus, Scutellospora and Gigaspora, where the genus 

Glomus was the most abundant. [30] evaluated the seasonal 

variation in different phytophysiognomies of the Cerrado and 

found eight genera of mycorrhizal fungi, namely Acaulospora, 

Claroideglomus, Diversispora, Gigaspora, Glomus, Sclerocystis and 

Scutellospora. 

By analyzing the frequency at which each genus was identified 

associated with the studied plant, it is possible to determine 

the diversity index of individuals (Figure 4). The diversity 

index measure the richness and abundance of genera of associated 

arbuscular mycorrhizal fungi and identified from the five 

phytophysiognomies studied. 

 

Figure  1. Shannon and Simpson ecological diversity index of the genera of associated 

mycorzicosfungi identified in rhizospherical soil of different cerrado 
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phytophysiognomies. CL - Campo Limpo, CS - Campo Sujo, CE - Cerradão, SS - Strictu 

Sensu, VE - Veredas. 

 

The Simpson diversity index presents the measure of dominance 

of the identified genera because it gives more weight to the 

genera that are more frequent in the samples, while the Shanon 

diversity index presents the measure of gender equity, giving 

more weight to the rarest and less frequent genera in 

identifications [39]. The values of both indices in all 

communities studied ranged from 0.7 to 0.85, which represents a 

relatively uniform distribution of genders in the communities 

studied. 

In the analysis of canonical correspondence (Figure 5) it is 

possible to observe whether the presence of gender in each 

community was casual or if it is recurrent based on the frequency 

at which each genus is identified in the rhizosphere of Campo 

Limpo, Campo Sujo, Strictu Sensu, Cerradão and Veredas. 
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Figure 5. Canonical correspondence analysis of the associated genera identified in 

rhizosphere of different cerrado phytophysiognomies. CL - Campo Limpo (A), CS - Campo 

Sujo (B), CE - Cerradão (C), SS - Strictu Sensu (D), VE - Veredas (E).  
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In the rhizospherical soil analyzed from Campo Limpo, the 

genera Diversispora, Gigaspora and Funneliformis are the most 

commonly found associated. In the rhizosphere of Campo Sujo, the 

genera Sclerocystis and Scutellospora were found less frequently, 

indicating lower affinity with the plants of this 

phytophysiognomy. The genera with the lowest affinity with 

Cerradão were Gigaspora and Sclerocystis, in Strictu Sensu they 

were Scutellospora and Funneliformis and in Veredas the genus 

with the lowest affinity was Scrobiculata. 

According to Araújo et al. (2021), when studying the 

mycorrhizal community of different phytophysiognomies of the 

Cerrado, the genus Glomus was the most abundant in all 

phytophysiognomies of the Cerrado and, according to Vieira et al. 

(2020), the genus Glomus was the one that was associated with all 

plant species in different phytophysiognomies of the Cerrado. 

 

4. Conclusions 

There was no statistical difference between the values of 

spore density and mycorrhizal colonization rate in the 

investigated phytophysiognomies. The genera Acaulospora, 

Claroideglomus, Diversispora, Scutellospora, Sclerocystis, 

Glomus, Funneliformis, Gigaspora, Ambispora and Scrobiculata were 

found in the rhizosphere of cerrado plants of the investigated 

phytophysiognomies. Campo Limpo showed greater affinity with 

Diversispora and Gigaspora; Campo sujo with Gigaspora, glomus and 

Ambispora; already cerradão did not learn affinity with 

Sclerocystis and Gigaspora, Strictu Sensu with Scutellospora and 

Funneliformis and Veredas with Scrobiculata. 
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Biodiversity in Amazonian and Other Brazilian Ecosystems; CABI Pub, 2006; ISBN 

9781845930349. 



Diversity 2021, 13, x FOR PEER REVIEW 11 of 75 
 

 
Diversity 2021, 13, x. https://doi.org/10.3390/xxxxx                                                                                www.mdpi.com/journal/diversity 

14. Gerdemann, J.W.; Nicolson, T.H. Spores of Mycorrhizal Endogone Species Extracted from Soil 
by Wet Sieving and Decanting. Transactions of the British Mycological Society 1963, 46, 235–

244, doi:10.1016/S0007-1536(63)80079-0. 

15. Phillips, J.M.; Hayman, D.S. Improved Procedures for Clearing Roots and Staining Parasitic 
and Vesicular-Arbuscular Mycorrhizal Fungi for Rapid Assessment of Infection. Transactions 

of the British Mycological Society 1970, 55, 158–161, doi:10.1016/S0007-1536(70)80110-3. 

16. Giovannetti, M.; Mosse, B. An Evaluation of Techniques for Measuring Vesicular Arbuscular 
Mycorrhizal Infection in Roots. New Phytologist 1980, 84, 489–500, doi:10.1111/j.1469-

8137.1980.tb04556.x. 

17. INVAM International Culture Collection of (Vesicular) Arbuscular Mycorrhizal Fungi | West 
Virginia University; 2021; 

18. Marcuzzo, F.F.N.; de Andrade, L.R.; Melo, D.C.R. Métodos de Interpolação Matemática No 

Mapeamento de Chuvas Do Estado Do Mato Grosso. Revista Brasileira de Geografia Física 2011, 

06, 1275–1291, doi:10.5935/1984-2295.20140015. 

19. TEAM, Q.D. QGIS Geographic Information System; Open Source Geospatial Foundation Project, 
2012; 

20. Santos, L.C.L.; Brito, G.H.M. Delimitação Das Áreas de Preservação Permanente Na Bacia 

Hidrográfica Do Rio Dos Patos, Go e Identificação Dos Conflitos de Uso de Solo. Ipê 

Agronomic Journal 2018, 2, 53–60. 

21. SILVA, F. de A. ASSISTAT: Versão 7.7 Beta; DEAG-CTRN-Universidade Federal de Campina Grande: 
Campina Grande-PB, 2008; 

22. Hammer, Ø. Past 4.x - PAleontological STatistics; PAleontological STatistics; Natural 

History Museum, University of Oslo: Oslo, 2021; 

23. SWIFT, M.L. Prism - GraphPad; 2020; 
24. Dantas, B.L.; Weber, O.B.; Maciel Neto, J.P.; Rossetti, A.G.; Pagano, M.C. Diversidade de 

fungos micorrízicos arbusculares em pomar orgânico no semiárido cearense. Cienc. Rural 2015, 

45, 1480–1486, doi:10.1590/0103-8478cr20130097. 

25. Nunes, H.B.; Goto, B.T.; Coimbra, J.L.; Oliveira, J.S.; Tavares, D.G.; Rocha, M.S.; Silva, 
F.L.; Soares, A.C.F. Is Arbuscular Mycorrhizal Fungal Species Community Affected by Cotton 

Growth Management Systems in the Brazilian Cerrado? An. Acad. Bras. Ciênc. 2019, 91, 

doi:10.1590/0001-3765201920180695. 

26. Elbon, A.; Whalen, J.K. Phosphorus Supply to Vegetable Crops from Arbuscular Mycorrhizal 
Fungi: A Review. Biological Agriculture & Horticulture 2015, 31, 73–90. 

27. 2de Pontes, J.S.; Oehl, F.; Pereira, C.D.; de Toledo Machado, C.T.; Coyne, D.; da Silva, 
D.K.A.; Maia, L.C. Diversity of Arbuscular Mycorrhizal Fungi in the Brazilian’s Cerrado and 

in Soybean under Conservation and Conventional Tillage. Applied Soil Ecology 2017, 117–118, 

178–189, doi:10.1016/j.apsoil.2017.04.023. 

28. Sivakumar, N. Effect of Edaphic Factors and Seasonal Variation on Spore Density and Root 
Colonization of Arbuscular Mycorrhizal Fungi in Sugarcane Fields. Annals of Microbiology 

2013, 63, 151–160, doi:10.1007/s13213-012-0455-2. 

29. Cardoso, M.R.D.; Marcuzzo, F.F.N.; Barros, J.R. Classificação Climática de Köppen-Geiger 

Para o Estado de Goiás e o Distrito Federal. Acta Geográfica 2015, 8, 40–55. 

30. Vieira Junior, W.G.; Moura, J.B.D.; Souza, R.F. de; Braga, A.P.M.; Matos, D.J. de C.; Brito, 
G.H.M.; Santos, J.M. dos; Moreira, R.M.; Dutra e Silva, S. SEASONAL VARIATION IN MYCORRHIZAL 

COMMUNITY OF DIFFERENT CERRADO PHYTOPHYSIOMIES. Front. Microbiol. 2020, 11, 

doi:10.3389/fmicb.2020.576764. 

31. Abbott, L.K.; Robson, A.D. Factors Influencing the Occurrence of Vesicular-Arbuscular 

Mycorrhizas. Agriculture, Ecosystems and Environment 1991, 35, 121–150, doi:10.1016/0167-

8809(91)90048-3. 

32. Al-Karaki, G.; McMichael, B.; Zak, J. Field Response of Wheat to Arbuscular Mycorrhizal 
Fungi and Drought Stress. Mycorrhiza 2004, 14, 263–269, doi:10.1007/s00572-003-0265-2. 

33. An, G.H.; Kobayashi, S.; Enoki, H.; Sonobe, K.; Muraki, M.; Karasawa, T.; Ezawa, T. How Does 
Arbuscular Mycorrhizal Colonization Vary with Host Plant Genotype? An Example Based on Maize 

(Zea Mays) Germplasms. Plant and Soil 2010, 327, 441–453, doi:10.1007/s11104-009-0073-3. 

34. Balestrini, R.; Rosso, L.C.; Veronico, P.; Melillo, M.T.; De Luca, F.; Fanelli, E.; 

Colagiero, M.; di Fossalunga, A.S.; Ciancio, A.; Pentimone, I. Transcriptomic Responses to 

Water Deficit and Nematode Infection in Mycorrhizal Tomato Roots. Front. Microbiol. 2019, 

10, doi:10.3389/fmicb.2019.01807. 

35. Begum, N.; Qin, C.; Ahanger, M.A.; Raza, S.; Khan, M.I.; Ashraf, M.; Ahmed, N.; Zhang, L. 
Role of Arbuscular Mycorrhizal Fungi in Plant Growth Regulation: Implications in Abiotic 

Stress Tolerance. Front. Plant Sci. 2019, 10, doi:10.3389/fpls.2019.01068. 

36. Ferreira, D.A. a; Carneiro, M.A.C. b; Saggin Jr., O.J. c Arbuscular Mycorrhizal Fungi in an 
Oxisol under Managements and Uses in Cerrado [Fungos Micorrízicos Arbusculares Em Um 

Latossolo Vermelho Sob Manejos e Usos No Cerrado]. Revista Brasileira de Ciencia do Solo 

2012, 36, 51–61, doi:10.1590/S0100-06832012000100006. 

37. Moreira, F.M.S.; Siqueira, J.O. Micorrizas. In Microbiologia e Bioquimica do Solo; Moreira, 
F.M.S., Siqueira, J.O., Eds.; 2006; p. 729 ISBN 85-87692-33-X. 

38. Dantas-Medeiros, R.; Zanatta, A.C.; de Souza, L.B.F.C.; Fernandes, J.M.; Amorim-Carmo, B.; 
Torres-Rêgo, M.; Fernandes-Pedrosa, M. de F.; Vilegas, W.; Araújo, T.A. de S.; Michel, S.; 

et al. Antifungal and Antibiofilm Activities of B-Type Oligomeric Procyanidins From 



Diversity 2021, 13, x FOR PEER REVIEW 12 of 75 
 

 
Diversity 2021, 13, x. https://doi.org/10.3390/xxxxx                                                                                www.mdpi.com/journal/diversity 

Commiphora Leptophloeos Used Alone or in Combination With Fluconazole Against Candida Spp. 

Front Microbiol 2021, 12, doi:10.3389/fmicb.2021.613155. 

39. Melo, A.S. O Que Ganhamos’ Confundindo’riqueza de Espécies e Equabilidade Em Um Índice de 
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8. CONCLUSÕES GERAIS 

 

• Não foi verificada diferença na densidade de esporos na rizosfera das plantas 

estudadas; A forrageira Brachiaria decumbens atingiu maior taxa de colonização 

micorrízica e; A forrageira Megathyrsus maximum cv. Mombaça teve o menor 

valor estatístico. Os gêneros de fungos micorrízicos identificados são 

comumente encontrados em rizosfera em todas as gramíneas investigadas, com 

exceção dos gêneros Gigaspora, Scutelospora e Sclerocysts, indicando que a 

associação com estes gêneros de fungo é menos recorrente do que com as 

demais. 

 

• Não foram verificadas diferenças entre os valores de densidade de esporos e taxa 

de colonização micorrízica nas três espécies investigadas. Foram identificados 

os gêneros Acaulospora, Claroideglomus, Diversispora, Scutellospora, 

Sclerocystis, Glomus, Funneliformis, Gigaspora, Ambispora e Scrobiculata na 

rizosfera de pequi, caju do cerrado e buriti. Com excessão de Scrobiculata e 

Scutellospora, todos os demais gêneros são comumente encontrados em buriti. 

Em caju-do-cerrado, os gêneros Funneliformis, Sclerosystis e Scutellospora 

tiveram menor afinidade. Já na rizosfera de pequi, somente o gênero Gigaspora 

teve baixa afinidade com a planta. 

 

• Não foram verificadas diferenças entre os valores de densidade de esporos e taxa 

de colonização micorrízica nas fitofisionomias investigadas. Foram identificados 

os gêneros Acaulospora, Claroideglomus, Diversispora, Scutellospora, 

Sclerocystis, Glomus, Funneliformis, Gigaspora, Ambispora e Scrobiculata na 

rizosfera de plantas de cerrado das fitofisionomias investigadas. Campo Limpo 

teve maior afinidade com Diversispora e Gigaspora; Campo Sujo com 

Gigaspora, Glomus e Ambispora; já o Cerradão não apresentou afinidade com 

Sclerovystis e Gigaspora, Strictu Sensu com Scutellospora e Funneliformis e 

Veredas com Scutellospora. 
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