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ABSTRACT - The objective of this study was to identify communities of arbuscular mycorrhizal fungi (AMF) 

in soils under pasture, silvopasture, and Cerrado forest ecosystems, and evaluate the effects of land use system, 

soil texture, and seasonality on the dynamics of AMF communities, in Alta Floresta D'Oeste, Rondônia, Brazil. 

Samples of the soil 0-20 cm layer were randomly collected in each ecosystem in July, 2010 (dry season) and 

January, 2011 (rainy season). Spores were extracted, counted, and identified. The spore density and density of 

each species of AMF were estimated. The frequency of occurrence, Shannon diversity index, and Simpson 

diversity index were calculated for each species. Multivariate clustering analysis was carried out, considering 

the number of AMF of each species. The results showed a trend of higher number of spores in the Cerrado 

forest ecosystem, regardless of the soil texture or season, when compared to pasture and silvopasture areas. The 

Glomus macrocarpum species presented 100% frequency of occurrence in the rainy season in both soil 

textures. The effects of texture and seasonality on the composition and diversity of AMF communities was 

more expressive in the Cerrado forest ecosystem. The climate, soil texture, and land use and management 

affected the composition and diversity of AMF species.  

 

Keywords: Agroecosystems. Diversity of species. Diversity indexes.  

 

 

FUNGOS MICORRÍZICOS ARBUSCULARES NO CERRADO: INFLUÊNCIA DO SISTEMA DE 

USO, TEXTURA DO SOLO E SAZONALIDADE 

 

 

RESUMO - O objetivo deste estudo foi identificar as comunidades dos fungos micorrízicos arbusculares 

(FMAs) presentes em solos sob ecossistemas de silvipastagens, pastagens e mata de cerrado, além de avaliar a 

influência do sistema de uso do solo, textura do solo e da sazonalidade na dinâmica das comunidades destes 

fungos, no município de Alta Floresta D’Oeste – RO. As amostras de terra foram coletadas aleatoriamente na 

profundidade de 0 a 20 cm, em cada um dos ecossistemas em Julho/2010 (período seco) e Janeiro/2011 

(período chuvoso). Após extraídos, os esporos foram contados e identificados. Estimou-se a densidade dos 

esporos e a densidade de cada espécie de FMA. Calcularam-se a frequência de ocorrência de cada espécie, o 

índice de diversidade de Shannon e o índice de diversidade de Simpson. Realizou-se uma análise multivariada 

de agrupamento baseado no número de indivíduos das espécies dos FMAs. Houve tendência de um maior 

número de esporos no ecossistema de mata de Cerrado independente da textura do solo ou da estação do ano, 

quando comparado as áreas de pastagem e silvipastagem. A espécie de Glomus macrocarpum apresentou 100% 

de frequência de ocorrência na estação chuvosa em ambas as texturas do solo. A influência da textura e da 

sazonalidade na composição e diversidade da comunidade dos FMAs foi mais expressiva no ecossistema de 

mata de Cerrado. O clima, a textura do solo, o manejo e o sistema de uso do solo afetam a composição e 

diversidade de espécies de FMAs.  

 

Palavras-chave: Agroecossistemas. Diversidade de espécies. Índices de diversidade. 
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INTRODUCTION 
 

The conversion of native forests into pasture 

has caused impoverishment and degradation of soils 

in the Amazon region due to several factors, mainly 

the lack of suitability of soils for the livestock 

activity. However, the balance between vegetation 

and soil biological component is essential for the 

maintenance of soil fertility, and facilitate nutrient 

cycling (MIRANDA; SILVA; SAGGIN-JUNIOR, 

2010). Silvopasture systems have been used for the 

maintenance of economic activities related to animal 

breeding and production; it provides a better 

interrelation between biotic (soil vegetation and 

microorganisms) and abiotic (soil, air layer on the 

soil, soil water, rainfall water intercepted by the 

vegetation and soil surface) components of the 

ecosystem (WHEATERS; STRAVER; LIKENDS, 

2015).  

Silvopasture systems present better 

performance for the maintenance of associations 

between trees, pastures, and animals, resulting in 

better soil physical, chemical, and biological 

characteristics (BARROS et al., 2018; LOSS et al., 

2014). Thus, these systems contribute to improve 

yields of farms, due to the management of natural 

resources (JOSÉ; DOLLINGER, 2019), contributing 

to avoid soil degradation, and recover degraded areas 

(PEZARICO et al., 2013). According to Nicodemo et 

al. (2004), land use systems should include a high 

number of plant species in a same crop or 

successions, high organic matter levels, high 

diversity of soil organisms, and high water, light, and 

nutrient use efficiencies to maintain the soil 

production, thus forming an appropriate environment 

for the activity of microorganisms related to 

ecosystem stability.  

Information on dynamics of microorganisms, 

such as arbuscular mycorrhizal fungi (AMF) in 

different soils types and climatic seasons, can be a 

useful alternative to evaluate the quality of pasture 

ecosystems combined with forest plantations, and 

understand edaphic and climate factors that affect 

AMF communities. AMF assist in nutrient 

absorption processes of plants, mainly nutrients that 

are at low levels in the soils (CHEN et al., 2018), and 

contribute to the formation and stability of soil 

aggregates, through its mycelium and glomalin 

productions, thus reestablishing the soil structure 

(BARBOSA et al., 2019). AMF contribute to the 

efficiency in nutrient cycling process, and 

development and succession of plants, improving the 

establishment of plants species at intermediate and 

advanced succession stages, and the recovery of the 

plant cover at climax stage (SOUSA et al., 2014). 

Therefore, AMF present environmental benefits and 

are characterized as a useful biotic resource for 

sustainable soil management (CHEN et al., 2018), by 

ensuring the maintenance of plant biodiversity and 

ecosystem functions.  

The objective of this study was to identify 

AMF communities in soils with vegetation 

characteristic of Cerrado, encompassing pasture, 

silvopasture, and Cerrado forest ecosystems, and 

evaluate the effects of land use system, soil texture, 

and seasonality on the AMF communities in Alta 

Floresta D'Oeste, Rondônia, Brazil. 

 

 

MATERIAL AND METHODS 
 

Samples of the soil 0-20 cm layer were 

randomly collected in pasture, silvopasture, and 

Cerrado forest areas in Alta Floresta D'Oeste, 

Rondônia, Brazil (12°25'51''S, and 62°04'43''W, and 

360 meters of altitude). The region presents an AM, 

tropical hot and wet climate, according to the 

Köppen classification. The mean total annual rainfall 

depths vary from 1,750 to 2,250 mm, with a rainy 

season from October to May and a dry season from 

June to September, and mean annual potential 

evapotranspiration of 1,455 mm. The lowest rainfall 

indexes are found between May and September. The 

mean annual temperature is 25.8 °C and the relative 

air humidity varies from 63% to 95% (CUNHA; 

SCHÖFFEL, 2011). 

The ecosystems presented soils with clayey 

and sandy textures. The soil samples were collected 

for analysis of diversity of species and densities of 

AMF spores in two seasons, July 2010 (dry season) 

and January 2011 (rainy season). 

The predominant species in the pasture and 

silvopasture ecosystems was Urochloa brizantha A. 

Rich. The vegetation of the silvopasture ecosystem 

included the arboreal species: Cedrela fissilis Vell.; 

Schizolobium amazonicum Huber ex. Ducke; and 

Platonia insiginis Mart.) in the sandy texture soil, 

and Myracroduon urundeuva (Freire Allemão) 

Engler.; and P. insiginis Mart) in the clayey texture 

soil. The Cerrado forest ecosystem presented a wide 

diversity of species, with typical characteristics of 

the Cerrado biome. 

The sampling consisted in the collection of 

eight composite samples formed by 10 subsamples in 

each ecosystem, totaling 48 composite samples in 

each season (July, 2010 and January, 2011). The 

samples were analyzed at the Laboratory of 

Microbiology of the Federal University Foundation 

of Rondônia (UNIR), in Rolim de Moura, RO, 

Brazil. 

The sand, silt, and clay percentages and pH 

values of the soils in the ecosystems were evaluated 

according to Donagema et al. (2011).  

AMF spores were extracted from 100 mL of 

each soil sample by the wet sieving method 

(GERDEMANN; NICOLSON, 1963), with 

centrifugation in saccharose 50% (v v-1). The spores 

were transferred to a channeled Petri dish, counted, 

and grouped by size, color, and form. These spores 

were placed in slides in two groups, one with 
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polyvinyl alcohol in lactoglycerol (PVLG) and other 

in Melzer reagent, and broken under coverslips to 

expose the internal walls. The spores were then 

identified and counted by species.  

The AMF species were identified based on 

observations in an optical microscope with clear 

illumination and immersion objective, according to 

Schenck and Perez (1988) and morphologically 

described according to data available at the 

webpages of the International Culture Collection of 

Arbuscular Mycorrhizal Fungi (INVAM, 2000), 

International Culture Collection of Glomeromycota 

(CICG), and recent scientific literature. The 

taxonomic characters used to differentiate the species 

included number and type of layers of spore walls, 

internal wall morphological characteristics (when 

present), spore support hypha morphology, and color 

and size variation.  

The spore density and density of each AMF 

species were estimated. The first was determined by 

the number of spores in 100 mL of soil, and the 

second by the number of spores of the same species 

in 100 mL of soil.  

The frequency of occurrence of each species 

was calculated for each sampling season (dry and 

rainy), according to the equation Fi = Ji / K, where 

Fi = frequency of occurrence of species i; Ji = 

number of samples with occurrence of the species i, 

and k = total number of samples. 

The Shannon Wiener (H’) and Simpson 

dominance (S) indexes were calculated to analyze 

communities in each soil sample. The Shannon 

diversity index was calculated according to the 

equation: H’= -∑(Xi / Xo) × log(Xi / Xo), where Xi is 

the spore density of each species in 100 mL of soil; 

Xo is the total spore density of all species. The 

Simpson dominance index was calculated by the 

equation S = ∑( Xi / Xo)
2, where Xi and Xo are as 

described above. 

The results of spore density were subjected to 

parametric test, Tukey (p<0.05); and non-parametric 

test, Mann-Whitney (p<0.05), using the Assistat 7.7 

program. Multivariate clustering analysis was carried 

out using the PAST program, paired comparison 

method, and Gower similarity measure. 

 

 

RESULTS AND DISCUSSION 
 

AMF Spore Density  

 

The distribution of number of AMF spores in 

clayey and sandy texture soils of the pasture, 

silvopasture, and Cerrado forest ecosystems in the 

dry (July, 2010) and rainy (January, 2011) seasons 

are presented in Figure 1. The soil texture (Table 1) 

affected the spore density, mainly in the Cerrado 

forest areas, whose sandy texture allows for a higher 

AMF sporulation in both dry and rainy seasons 

(Figure 1A). Vieira et al. (2020) found that the 

higher the clay content, the lower the abundance of 

AMF spores in soils with textural gradient; they 

evaluated soils in mountain top areas in the Semiarid 

region of the Caatinga biome, and report that sandy 

soils present larger particles, which facilitates root 

expansion and probably generates a better 

distribution of AMF propagules than clayey soils. In 

addition, sandy soils have larger porous spaces that 

favor the metabolic processes of these 

microorganisms. The lower water retention capacity 

of sandy soils may have also affected sporulation. 

According to Bonfim et al. (2010), low water 

availability induces manifestation of adaptation 

mechanisms in microorganisms associated to plants, 

such as increase in sporulation. 

The pasture areas presented no difference 

between textural classes (Figure 1A). Silvopasture 

areas presented a trend of higher sporulation in the 

sandy texture soil in the dry season, but with no 

significant difference; and the clayey texture soil 

presented higher sporulation in the rainy season 

(Figure 1A). This indicates that the land use and 

management and season can affect responses of 

AMF sporulation to soil texture. Concentrations of 

AMF propagules tend to be higher in the soils with 

sandy texture, however, the vegetation composition 

and land use system may change the structure of 

AMF communities (CARVALHO et al., 2012; 

VIEIRA et al., 2020). 

The effect of seasonality on mean spore 

density (Figures 1B and 1C) within each ecosystem 

was found only for the silvopasture area in the sandy 

texture soil, with significantly lower AMF 

sporulation in the rainy than in the dry season 

(Figure 1C). This denotes that land use and 

management and soil texture affect the AMF 

sporulation response to climatic variations. Moebius-

Clune et al. (2013) reported that the soil moisture can 

explain variations between seasons, since a low 

water availability to host plants can stimulate AMF 

sporulation; and that soil moisture and texture are 

usually related, since soils with coarser textures tend 

to be more drained (BONFIM et al., 2010). Pereira et 

al. (2018) evaluated soils under different 

management practices in the Atlantic Forest biome, 

in the Northeast region of Brazil and found higher 

number of spores in the dry when compared to the 

rainy season. 

Regarding the effect of land use and 

management on AMF sporulation, clayey texture 

soils of the pasture and silvopasture ecosystems 

presented similar AMF spore density in both 

seasons, with lower sporulation than those found in 

the Cerrado forest areas (Figure 1B). Sandy texture 

soil presented this same result in the rainy season, 

but significant differences between areas in the dry 

season, with the lowest sporulation in the pasture, 

intermediate sporulation in the silvopasture, and the 

highest sporulation in the Cerrado forest ecosystem 

(Figure 1C).  
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Figure 1. Mean AMF spore density (SD) in 100 mL of soils from pasture, silvopasture, and Cerrado forest ecosystems with 

clayey and sandy textures (A); and ecosystems with clayey (B) and sandy (C) texture soils in the dry (July, 2010) and rainy 

(January, 2011) seasons. Columns with the same uppercase letter within the same ecosystem comparing soil textures, or 

lowercase letters within the same season comparing ecosystems are not different from each other by the Tukey's test at 5% 

probability level. * = significant difference between seasons within the same ecosystem. 

Table 1. Sand, silt, and clay percentages and pH of soil samples from pasture, silvopasture, and Cerrado forest ecosystems. 

Alta Floresta D'Oeste, Rondônia, Brazil. 

Therefore, the Cerrado forest ecosystem 

showed higher spore density in both soil textures and 

seasons, diverging from results found in studies 

comparing native with anthropized areas, in which 

native areas presented lower sporulation 

(CORDEIRO et al., 2005; FERREIRA; 

CARNEIRO; SAGGIN JUNIOR, 2012; ASSIS et 

al., 2014). The difference in sporulation between 

areas may be due to variations in soil properties, host 

plant species, and AMF survival strategies 

(PEREIRA et al., 2018). Some plants are preferred 

by AMF species, affecting the multiplication of these 

microorganisms (COUTINHO et al., 2019a); in 

addition, a higher number of AMF species promotes a 

higher general sporulation (COUTINHO et al., 

2019b). Thus, the highest number of plant species in 

the Cerrado forest may have contributed to the higher 

number of AMF species (Table 2), and the higher 

sporulation of some species (Table 2), reflecting in a 

higher total abundance of spores (Figures 1B and 

1C). According to Moreira and Siqueira (2006), the 

occurrence of a high sporulation may indicate 

adequate nutritional and environmental conditions for 

these fungi.  

Ecosystem 
Sand Clay Silt pH 

 g kg-1   

 Texture sandy 

Pasture 760 180 60 5.8 

Silvopasture 740 100 160 6.2 

Cerrado forest 830 120 50 5.1 

 Texture clayey 

Pasture 240 290 470 5.8 

Silvopasture 390 340 270 6.5 

Cerrado forest 320 270 410 5.1 

 1 
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Composition and diversity of AMF species 

 

Twenty-four AMF morphotypes were 

identified in the soils of the pasture, silvopasture, and 

Cerrado forest ecosystems, in the dry and rainy 

seasons (Table 2). Twenty of them were identified at 

the species level and four at the genus level (Table 

2). There was no significant difference (Mann-

Whitney P≤0.05) in AMF spore density between the 

dry and rainy seasons, within the different 

ecosystems.  

Table 2. Mean spore density and frequency of occurrence of AMF species in 100 mL of samples of soils collected in the 

dry (DS) and rainy (RS) seasons in pasture, silvopasture, and Cerrado forest ecosystems with sandy and clayey texture soils. 

Alta Floresta D'Oeste, Rondônia, Brazil. 

 
SANDY TEXTURE SOIL CLAYEY TEXTURE SOIL 

Species Silvopasture Pasture Cerrado FO Silvopasture Pasture Cerrado FO 

 
DS RS DS RS DS RS DS RS DS RS DS RS DS RS DS RS 

Acaulospora                 

A. rehmii - 0.9 - - 3.1 1.6 12.5 16.6 - 0.3 - - - - 4 4 

A. mellea 12.1 4.8 4.1 13.7 64.6 5.1 66.6 4 5.5 4.9 5.9 2.0 21.5 7.7 58 54 

A. denticulata 2.1 - 1.1 - - - 12.5 0 - - - - - - - - 

A. excavata - 9.5 - 3.5 - - 8 37.5 0.2 2.4 0.7 0.7 0.62 3.5 12.5 25 

A. morrowiae - - - 0.1 - - 4 4 - 1 - - - - 12.5 12.5 

Acaulospora sp. - - - - - - - - - - - - - 3.5 - 4 

A. scrobiculata 14.4 5.1 7.6 1.5 41.6 15.4 66.6 62.5 1.9 0.9 7.1 1.2 36 9.7 54 25 

A. tuberculata - - - - 2.6 - 8 - - - - - 1.87 - 4 - 

Claroideoglomus                 

C. etunicatum 14.1 4.6 17.0 17.3 4.0 23 54 62.5 13.4 14.0 5.5 16.1 15.5 29.2 66 79 

Sieverdingia                 

Si. tortuosa - - - - 2.1 - 8 - - - - - 1.6 - 4 - 

Non-identified 

species 
9.8 0.9 10.2 3.6 13.6 11.6 58.3 54.0 7.4 3.6 6.6 5.5 7.1 3.4 41 66 

Funneliformis                 

F. geosporus - 0.2 - 1.1 - 1.0 4.0 20.8 - 1.5 - - - - - 4 

Kuklospora                 

K. colombiana - - - - - - - - 1.9 - - - - - 4 - 

Glomus                 

G. ambisporum - 0.2 - - - - - 4.0 - - - - - - - - 

G. macrocarpum 15.5 11.6 47.6 35.9 154 176.5 87.5 100 24.4 59 48.6 52.4 47.4 82.6 83 100 

Glomus sp. - - - - - - - - - 0.4 - - - - - 4 

Paraglomus                 

P. occultum - - - - - - - - - - - - 6.6 - 4 - 

P. brasilianum 8.2 4.1 0.7 8.6 9.9 20.8 62.5 62.5 20 2.1 11.6 4.4 59.3 7.1 54 58 

Oehlia                 

O. diaphana - 0.9 - - 1.0 2.1 29.0 8.3 - - - 1 - 3.6 16 20 

Rhizoglomus                 

R. microaggregatum - - - - 1.9 - 4.0 - - - - - - - - - 

Rhizophagus                 

R. fasciculatus - 0.6 - 1.2 2.9 1.4 12.5 16 - 3.5 - 0.3 - 0.6 - 20 

Sclerocystis                 

Sclerocystis sp. - - - - 1.9 - 4 - - - - - - - - - 

Scutellospora                 

S. projecturata - - - - 1.4 - 4 - - - 0.5 - - - 4 - 

Scutellospora sp. - - - - - - - - - - - - 1 - 4 - 

Standard deviation 5.6ns 96.6ns 10.2ns 8.2ns 33.7ns 36ns 28 29 6.7ns 12.1ns 10.1ns 11ns 16.4ns 13.4ns 25.8 29.3 

Total of species 8 10 7 9 14 10 18 15 6 10 8 9 11 11 15 14 

Total of species in 

the ecosystems 
13 11  14    13  10  14    

 1 
ns = not significant between dry and rainy seasons within each ecosystem by the Mann-Whitney test (p<0.05).  (-) absence 

of AMF species; FO = Frequency of occurrence. 

The Cerrado forest presented a higher number 

total AMF species than the silvopasture and pasture 

ecosystems, mainly in the dry season and in areas 

with clayey texture soils. Areas with sandy texture 

soils presented 18 AMF species in the dry season 

and 15 species in the rainy season (Table 2); whereas 

the areas with clayey texture soils presented 15 and 

14 species, respectively (Table 2).  

The significant difference in total number of 

AMF species between the Cerrado forest and the 

other ecosystems, mainly in the dry season and in 

clayey soils, may be due to the more diverse flora in 

the Cerrado forest ecosystem. Studies have 

correlated the wealth of AMF species with the 

wealth of host plants in the ecosystem (CARVALHO 

et al., 2012; WINAGRASKI et al., 2019; SILVA et 

al., 2021). In addition, natural environments 

commonly present a higher number of AMF species 

than environments with anthropogenic disturbances 

(SANTOS; SCORIZA, R. N.; FERREIRA, 2013; 

AZEVEDO et al., 2019). Thus, the lower number of 

species in the pastures and silvopasture ecosystems 

may be connected to impacts of cattle grazing and 

constant pruning of trees, which result in 
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disturbances with different intensities, since the 

pasture areas presented, in general, lower total 

number of species than silvopasture areas. According 

to Van der Heyde et al. (2017a), AMF are sensitive 

to disturbances, but its response is not always 

predictable, due to differences in type of disturbance 

and AMF species and growth strategies.  

The lower total wealth of AMF species found 

in the pasture ecosystem does not necessarily 

represent the distribution pattern of these organisms, 

since pastures can stimulate, inhibit, or have no 

effect on AMF; it was probably due to response 

variables of the fungi, ambiguous effects of soil and 

plant responses to cattle grazing, and variations in 

study time, and dependent on the pasture quality and 

management of the livestock farms (VAN DER 

HEYDE et al., 2017b).  

AMF of the genera Glomus and Acaulospora 

were found in the pasture, silvopasture, and Cerrado 

forest ecosystems, regardless of the soil texture and 

seasons. The genus Acaulospora presented a higher 

number of species (eight) and high frequency of 

occurrence (Table 2). High occurrence of the genera 

Glomus and Acaulospora was also found by Melo et 

al. (2014) in soils in the Cerrado biome. Species of 

the Acaulospora genus have intrinsic characteristics 

of production of large number of spores and high 

adaptability to soils with low pH (STÜRMER; 

SIQUEIRA, 2011) which is the case of most soils of 

the North region of Brazil and the Cerrado biome, 

although the pH of the areas evaluated in the present 

study varied from 5.1 and 6.5 (Table 1) and pastures 

with different degradation and disturbance levels 

(CRISTO; FORS; CARVALHO, 2018). The higher 

occurrence of genera Glomus and Acaulospora may 

be due to the highest adaptation capacity to soils 

subjected to variations in organic matter contents, 

pH, and management, denoting that these species are 

resistant to environmental disturbances 

(WINAGRASKI et al., 2019; MAIA et al., 2020).  

Five species (Acaulospora mellea, 

Acaulospora scrobiculata, Claroideoglomus 

etunicatum, Glomus macrocarpum and Paraglomus 

brasilianum) were found with frequency of 

occurrence above 54%, considering the six 

ecosystems and the two sampling seasons. These 

species were considered as generalists in the present 

study (STÜRMER; SIQUEIRA, 2011; MELO et al., 

2014). Regarding the occurrence, A. mellea was 

considered as generalist and A. scrobiculata as 

intermediate species by Cristo, Fors and Carvalho 

(2018) in pasture and native forest areas in the state 

of Santa Catarina, Brazil  A. scrobiculata, A. mellea, 

C. etunicatum, and G. macrocarpum were 

considered as omnipresent and adapted to different 

land management systems (AZEVEDO et al., 2019; 

WINAGRASKI et al., 2019; MIGUEL et al., 2020). 

Spores of Kuklospora colombiana, 

Acaulospora sp., Glomus sp., Rhizoglomus 

microaggregatum, Paraglomus occultum, and 

Scutellospora sp. were not found in sandy texture 

soils; the species K. colombiana and P. occultum 

were found in the clayey texture soils in dry season, 

although with low frequency of occurrence (4%) 

(Table 2). Spores of Acaulospora denticulata, 

Glomus ambisporum, R. microaggregatum, and 

Sclerocystis sp. were not found clayey texture soils; 

however, A. denticulata, R. microaggregatum, and 

Sclerocystis sp. were found in sandy texture soils and 

in the dry season, with frequency of occurrence 

below 12.5% (Table 2). 

Considering the species found with low 

frequency of occurrence, K. colombiana presents the 

highest sporulation in acid soils than in neutral or 

alkaline soils (MEHROTRA, 1998) and wide 

distribution in the ecosystems in Brazil 

(WINAGRASKI et al., 2019). The species G. 

ambisporum, R. microaggregatum, and 

Scutellospora sp. occur in the Legal Amazon region 

(STÜRMER; SIQUEIRA, 2011). According to 

Velázquez, Cabello, and Barrera (2013), species of 

the Scutellospora genus are widely found in soils 

with sandy texture and less subject to disturbance.  

Other species were sensitive only to the 

climate, such as A. tuberculata, Sieverdingia 

tortuosa, and Scutellospora projecturata, which 

occurred only in the dry season in both sandy and 

clayey texture soils. All species found had already 

been reported in different biomes in Brazil 

(DANTAS et al., 2015; WINAGRASKI et al., 2019; 

MAIA et al., 2020). A survey conducted by Maia et 

al. (2020) found the species C. etunicatum and A. 

scrobiculata in all biomes in Brazil (Amazon Forest, 

Atlantic Forest, Cerrado, Caatinga, Pampa, and 

Pantanal), and the other species found in the present 

study (except P. brasilianum, Funneliformis 

geosporus, Si. tortuosa, and S. projecturata) were 

found in at least four of these six biomes. This 

denotes the wide distribution of these species in 

Brazil and their grow capacity in different 

environmental conditions, since they were found in 

disturbed and non-disturbed areas (MAIA et al., 

2020). Winagraski et al. (2019) conducted a review 

on AMF diversity in forest ecosystems in different 

biomes in Brazil and found the occurrence of P. 

brasilianum (Atlantic Forest and Cerrado), F. 

geosporus (Atlantic Foreest, Amazon Forest, and 

Caatinga) and Si. tortuosa (Atlantic Forest, Cerrado, 

and Caatinga). Despite S. projecturata was not 

reported in the surveys of Maia et al. (2020) and 

Winagraski et al. (2019), it was found in organic 

orchards in the Semiarid region of the state of Ceará 

(DANTAS et al., 2015). 

The Shannon diversity index was, in general, 

higher in the Cerrado forest area, except in the rainy 

season in the sandy texture soil, and a lower Simpson 

dominance index, when compared to the other 

ecosystems (Figure 2). Higher variation in Shannon 

index between seasons was found in the Cerrado 

forest area, in sandy texture soil, whose diversity was 
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35% higher in the dry when compared the rainy 

season. The same pattern was found for the 

difference between textures, with the Cerrado forest 

area presenting a diversity 55% higher for the 

clayey, when compared to the sandy texture soil. 

However, higher variation in Simpson dominance 

index between seasons was found in the silvopasture 

area with sandy texture soil; it was approximately 

37.5% higher in the rainy, when comparison the dry 

season. The highest variation in Simpson dominance 

index between soil textures was found in the Cerrado 

forest area in the rainy season; it was 78% higher in 

the sandy, when compared to the clayey texture soil. 
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Figure 2. Shannon AMF species diversity and Simpson AMF species dominance indexes in pasture, silvopasture, and 

Cerrado forest ecosystems, in sandy and clayey texture soils, in the dry (July 2010) and rainy (January 2011) seasons. Alta 

Floresta D'Oeste, Rondônia, Brazil.  

The Simpson dominance index was below 0.5 

in the three ecosystems and two seasons, with the 

lowest value in the clayey texture soil in the Cerrado 

forest ecosystem, in both seasons, making the 

Shannon-Wiever index higher in this ecosystem. 

This result indicates that populations of AMF species 

are more well distributed in the Cerrado forest, 

showing a higher stability than in the other 

ecosystems. The variations of the indexes between 

the dry and rainy seasons, and between soil textures 

were, in general, higher in the Cerrado forest.  

Considering the number of AMF of each 

species, the hierarchical clustering analysis showed 

that the composition of AMF communities varies 

between soil textures within each season (Figure 3A 

and 3B), and between seasons within each soil 

texture (Figure 3C and 3D), in the different 

ecosystems, confirming the results found for the 

diversity and dominance indexes (Figure 1). The 

effect of soil texture on the composition of species 

was more expressive in the Cerrado forest area, and 

in the dry season, whose dissimilarity observed 

through the distance of connection between soils of 

sandy and clayey texture was ~70%. This 

dissimilarity was approximately 3.5-fold higher than 

that between soil textures in pasture and silvopasture 

areas (~20% in both areas) (Figure 3A). In the rainy 

season, the dissimilarity in the composition of AMF 

communities between soil textures were 

approximately 50%, 40%, and 25%, in the Cerrado 

forest, silvopasture, and pasture areas, respectively 

(Figure 3B). 

The effect of seasonality on the composition 

of AMF communities in the ecosystems in each soil 

texture showed that the Cerrado forest area had the 

highest dissimilarity between seasons for the sandy 

(~65%) (Figure 3C) and clayey (~50%) texture soils 

(Figure 3D). The dissimilarity was lower than 30% 

in silvopasture and pasture areas, in both soil 

textures. The hierarchical clustering analysis also 

showed that the composition of AMF communities is 

more similar between the pasture and silvopasture 

areas, standing out from the Cerrado forest area, 

regardless of the season or soil texture (Figure 3). 
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The comparison between clayey and sandy 

texture soils for composition of AMF communities 

showed intermediate to high dissimilarity levels 

between communities in the Cerrado forest 

ecosystem, and low dissimilarity level for the pasture 

and silvopasture ecosystems. Therefore, although 

soil texture affects the distribution of AMF species, 

the effect varies as a function of soil cover plant and 

land use. The effect of seasonality on the 

communities presented similar results; the 

dissimilarity level between dry and rainy seasons 

was intermediate in the Cerrado forest, and low in 

the pasture and silvopasture areas. Vieira et al. 

(2020) report that some factors other than soil texture 

can affect the distribution of AMF species, mainly 

the vegetation, which is an important modeling of 

communities of these microorganisms. Rodrigues, 

Silva, and Yaho-Melo (2021) evaluated AMF in soils 

under native and natural regeneration vegetation and 

found that the type of vegetation affect more the 

AMF communities than the seasonality.  

Determining an isolate factor that is affecting 

the sporulation and diversity of species is difficult, 

since AMF present seasonal dynamics, with higher 

activity in some periods of year (VIEIRA JÚNIOR et 

al., 2020), and can be dependent on the soil plant 

cover type, vegetation management, and carbon 

supply level (VAN DER HEYDE et al., 2017a).  

 

 

CONCLUSIONS 
 

The Cerrado forest presented higher 

sporulation of arbuscular mycorrhizal fungi (AMF) 

than the pasture and silvopasture ecosystems, 

regardless of the soil texture and season. The effect 

of the season and soil texture on the dynamics of 

AMF communities depends on the land use and 
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Figure 3. Hierarchical clustering analysis considering the number of AMF of each species in pasture, silvopasture, and 

Cerrado forest ecosystems, in the dry (A) and rainy (B) seasons, in sandy (C) and clayey (D) texture soils. 
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management system. These edaphoclimatic attributes 

affect the spore density only in silvopasture and 

Cerrado forest ecosystems. Regarding the 

composition and diversity of AMF communities, the 

effect was more expressive in the Cerrado forest 

ecosystem. The AMF species with low sporulation 

are more affected by the season and soil texture. The 

species Glomus macrocarpum, Claroideoglomus 

etunicatum, Acaulospora mellea, Acaulospora 

scrobiculata, Glomus fasciculatum, and Paraglomus 

brazilianum are little affected by climate conditions, 

soil texture, and land management due to their 

widespread occurrence. The Shannon-Wiener 

diversity and Simpson dominance indexes, which are 

indicators of stability regarding the presence of AMF 

spores, showed that pasture and silvopasture 

ecosystems present higher variations in AMF 

diversity, with an antagonistic form (diversity and 

dominance). 
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