Arbuscular mycorrhizal fungi in soil aggregates from fields
of “murundus” converted to agriculture
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Abstract — The objective of this work was to evaluate the spore density and diversity of arbuscular mycorrhizal
fungi (AMF) in soil aggregates from fields of “murundus” (large mounds of soil) in areas converted and not
converted to agriculture. The experiment was conducted in a completely randomized design with five replicates,
in a 5x3 factorial arrangement: five areas and three aggregate classes (macro-, meso-, and microaggregates).
The evaluated variables were: spore density and diversity of AMF, total glomalin, total organic carbon
(TOC), total extraradical mycelium (TEM), and geometric mean diameter (GMD) of soil aggregates. A total
of 21 AMF species was identified. Spore density varied from 29 to 606 spores per 50 mL of soil and was
higher in microaggregates and in the area with 6 years of conversion to agriculture. Total glomalin was higher
between murundus in all studied aggregate classes. The area with 6 years showed lower concentration of TOC in
macroaggregates (8.6 g kg!) and in microaggregates (10.1 g kg'). TEM was greater at the top of the murundus
in all aggregate classes. GMD increased with the conversion time to agriculture. The density and diversity of
arbuscular mycorrhizal spores change with the conversion of fields of murundus into agriculture.

Index terms: diversity of arbuscular mycorrhizal fungi, geometric mean diameter, total glomalin, total
mycelium, total organic carbon.

Fungos micorrizicos arbusculares em agregados do solo
de campos de murundus convertidos em agricultura

Resumo — O objetivo deste trabalho foi avaliar a densidade e a diversidade de esporos de fungos micorrizicos
arbusculares (FMA) nos agregados do solo de campos de murundus, em areas convertidas e ndo convertidas
para agricultura. O experimento foi conduzido em delineamento inteiramente casualizado com cinco repetigdes,
em arranjo fatorial 5x3: cinco areas e trés classes de agregados (macro, meso e microagregados). As variaveis
avaliadas foram: densidade e diversidade de esporos de FMA, glomalina total, carbono organico total (COT),
micélio extrarradicular total (MET) e diametro médio geométrico (DMG) dos agregados do solo. Foram
identificadas 21 espécies de FMA. A densidade de esporos variou de 29 a 606 por 50 mL de solo e foi maior
nos microagregados ¢ na area com 6 anos de conversdo para agricultura. A glomalina total foi maior entre os
murundus em todas as classes de agregados em estudo. A area com 6 anos apresentou menor concentragao
de COT nos macroagregados (8,6 g kg™') e nos microagregados (10,1 g kg'). O MET foi maior no topo dos
murundus em todas as classes de agregados. O DMG aumentou com o tempo de conversdo para agricultura. A
densidade ¢ a diversidade de esporos de fungos micorrizicos arbusculares mudam com a conversdo dos campos
de murrundus em agricultura.

Termos para indexagdo: diversidade de fungos micorrizicos arbusculares, didmetro médio geométrico,
glomalina total, micélio total, carbono orgénico total.

influence its physical, chemical, and biological
attributes, and are one of the crucial factors for

Soils present a three-dimensional arrangement of  maintaining the sustainability of ecosystems (Tisdall
organomineral complexes, called aggregates, which & Oades, 1982). Among the microorganisms that aid

Introduction
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in the formation and maintenance of soil aggregates,
arbuscular mycorrhizal fungi (AMF) have a key role
(Miller & Jastrow, 2000). Through their network
of mycelia, AMF physically and chemically unite
soil components forming organomineral aggregates,
respectively, by forcing the particles together and by
releasing compounds with cementing action, such as
glomalin (Rillig & Mummey, 2006), promoting soil
structure stabilization. AMF belong to the phylum
Glomeromycota (Schuessler, 2013) and produce large
amounts of hyphae in soil, having a greater involvement
in the formation and particularly in the stabilization
of macroaggregates (>250 um) (Tisdall et al., 1997).
The greater abundance of AMF in aggregates >1 mm
can contribute to carbon sequestration, whereas some
bacteria and nematodes increase the accumulation
of carbon in aggregates <l mm (Zhang et al,
2013). Studies confirm the influence of AMF in
macroaggregates (Cavagnaro et al., 2006; Bedini et al.,
2009), but information on the role of AMF in smaller
aggregates (<250 um) are rare. Most studies related to
AMF and microaggregates seek to review the role of
organic matter and carbon sequestration (Zhang et al.,
2013).

The role of AMF diversity in soil-system functioning
has been discussed by several authors (Buscot &
Varma, 2005; Klironomos et al., 2005); however, few
have evaluated the role of AMF species richness and
community composition on soil aggregation (Rillig &
Mummey, 2006), especially in fragile environments,
such as fields of “murundus”, a phytophysiognomy of
the Cerrado biome in Brazil.

These fields are characterized by the formation
of circular-shaped mounds of soil, ranging from 2
to 10 m in diameter and up to 2 m in height (Rahlao
et al., 2008). The soils of these fields have low water
infiltration capacity, remaining flooded between the
murundus during the rainy season. These areas are
vegetated by species tolerant to temporary flooding,
whereas the dried part of the soil (upper-third of the
murundus) presents typical vegetation of the Cerrado
stricto sensu, with shrubs and trees (Marimon et al.,
2012). Analogous formations to the murundus are also
found in Africa, Australia, and North America (Silva
et al., 2010). To convert these areas to agriculture, it
is necessary to build drainage channels and flatwork,
removing the murundus, besides performing soil
homogenization, correction, and fertilization.
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However, there are no known studies on changes in
soil physical, chemical, and biological attributes in this
phytophysiognomy after conversion to agriculture.

The objective of this work was to evaluate the
spore density and diversity of AMF in soil aggregates
from fields of murundus in areas converted and not
converted to agriculture.

Materials and Methods

The study area was located in the municipality
of Jatai, in the state of Goias, Brazil (17°57'11"S,
52°04'45"W, at 872 m of altitude). The climate,
according to Koppen, is Cw, mesothermal with a
dry (May to September) and rainy season (October
to April). The soil of the area was classified as a
Plintossolo Haplico (Haplic Plinthaquox) — 445, 25,
and 530 g dm? of clay, silt, and sand, respectively
(Santos et al., 2006) —, with conditions restricting
the downward movement of water and temporary
flooding during 4 to 6 months, as well as the formation
of plinthite about 60 cm deep. The experiment was
carried out in a completely randomized design with
five replicates, using a 5x3 factorial arrangement,
representing five areas and three soil aggregate classes
(macro-, meso-, and microaggregates). The evaluated
areas corresponded to a field of murundus converted
to agriculture at different times; in 2010 (year of
sample collection), the areas had 13, 10, and 6 years of
conversion. Two areas without anthropic interference
were taken as reference.

The area with 13 years was under human intervention
since 1995. At its incorporation to agriculture,
3.0 Mg ha' dolomitic lime were applied through
grading. Since 1996, there was no soil disturbance.
Crop succession was performed with soybean in
harvest and with corn, millet, or sorghum in the oft-
season. Based on soil analysis, 1.5 Mg ha'! lime was
applied to the soil surface layer in 2005. This area
has 98 ha and the average yield was 3.4 Mg ha' for
soybean and 6.0 Mg ha'! for maize.

The area with 10 years has been subject to human
intervention since 2000. A total of 6.0 Mg ha'
dolomitic lime were incorporated using harrow,
and 0.6 Mg ha’! reactive phosphate (33% P,0;) was
applied. Since 2000, there was no soil disturbance
and crop succession was performed with soybean at
harvest and with corn, millet, or sorghum in the off-
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season. Based on soil analysis, 2.5 Mg ha' lime were
applied to soil surface in 2005 and 2007. This area has
87 ha and the average yield was 3.4 for soybean and
6.0 Mg ha'! for maize.

The area with 6 years was incorporated into the
agricultural system in 2004. The soil was prepared
with 5.0 Mg ha' dolomitic lime through disking;
0.6 Mg ha'! reactive phosphate (33% P,0s); and
2.0 Mg ha'! gypsum. From 2005, there was no soil
disturbance, and crop succession was performed with
soybean in harvest and with corn, millet, or sorghum
in the off-season. Based on soil analysis, 1.5 Mg ha'!
lime was applied to the soil surface layer in 2006. The
area has 45 ha and the average yield was 3.1 Mg ha!
for soybean and 4.5 Mg ha' for maize.

The area (148 ha) of the fields of murundus that
were not converted to agriculture were used as a
reference and had 33 soil mounds evenly spread out.
In this case, two reference areas were considered:
top of the murundus and between the murundus,
considering the differences in vegetation composition
due to land flooding between the murundus. The top
of the murundus have typical vegetation of Cerrado
stricto sensu, with a high diversity of shrubs, trees, and
creeping plants, besides a constant presence of termites.
Between the murundus, flooding occurs for a period of
6 months during the rainy season and the predominant
vegetation is of plants of the genus Syngonanthus sp.
(Eriocaulaceae). The process of converting fields of
murundus into agricultural areas initially consisted in
burning-off native vegetation, leveling soil surface,
destroying murundus with scarification/subsoiling,
and leveling soil with a grid leveler. To avoid seasonal
flooding, a network of drainage channels was built,
spaced at about 100 m and at a 0.5 to 2-m depth.

The evaluated areas are close to each other and,
therefore, show similar topography, climate, and
soil. The main variation between cultivated areas
was the time of conversion to agriculture, forming
a chronological sequence of agricultural use. Soil
chemical characteristics of the studied areas are shown
in Table 1.

The locations for sampling in the cultivated areas
were selected using the computer program Surfer
(Golden Software, Golden, CO, USA), to detect areas
on a 100x100-m grid (1.0 ha polygons). Subsequently,
the software selected, within each grid area, five
random polygons that were considered as replicates.

In November 2010, a block of 3-kg undeformed
soil (0-20 cm layer) was removed from each polygon
and wrapped in plastic film, packed in coolers, and
sent to the laboratory for analysis. In the laboratory,
the soil of each block was broken into clods at the
points of weakness, being air dried and then sieved
through 7.0 and 4.0-mm seives. The aggregate retained
on the 4-mm sieve was subjected to dry sieving. For
this, 100-g aggregates (>4.0 mm) were placed in
a set of sieves of 2.00, 0.25, and 0.053 mm coupled
to a vibrating mechanical stirrer, and stirred for 1
min at the rate of 30% of the maximum power. After
this procedure, the aggregates were classified into
macroaggregates (>2.00 mm), mesoaggregates (2.00
to 0.25 mm), and microaggregates (0.25 to 0.053 mm)
(Kemper & Chepil, 1965).

In each aggregate class, the spore density and
diversity of AMF were determined. To determine the
spore density of mycorrhizal fungi in each class of
aggregates, 50-g aggregates were stirred in a blender
with water for 30 s. Then, the liquid phase was poured
into a set of sieves (0.25 mm and 0.053), and spores
were separated by wet sieving (Gerdemann & Nicolson,
1963) and counted using a stereoscopic microscope.
The species of the AMF community were identified
by the traits spore wall, color, and size, according to
Schuessler (2013), mounted on microscope blades in
polivinilactoglicerol (PVLG) and PVLG + Melzer’s
reagent (1:1).

To quantify total glomalin, 1.0 g of each type of
aggregate, in which the extraction was performed, was
used with 8.0 mL of 50 mmol L' sodium citrate at pH
8.0 over three cycles of autoclaving at 121°C, for 1 hour
per cycle. The extractor was separated from the soil via

Table 1. Soil chemical attributes in fields of murundus
(mounds of soil) converted® and not converted (TM and
BM)® to agriculture in the Cerrado biome, Brazil.

Areas pH AP Ca®™  Mg* K P SOM
[(55(0) I (cmol, dm?)-------- ---(mg dm?)-- (g kg")
6 years 6.1 0.1 2.5 0.9 30.5 2.3 352
10 years 5.8 0.1 2.8 1.2 40.8 3.1 35.2
13 years 6.3 0.1 34 1.3 111.4 3.9 41.1
™ 5.0 0.8 0.1 0.2 249 0.4 37.2
BM 54 03 0.1 02 198 04 398

(MTime of conversion: 6, 10, and 13 years. @TM, top of the murundus; BM,
between the murundus. SOM, soil organic matter.
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centrifugation at 1,720 g for 15 min. The supernatant
protein was quantitated in mass spectrophotometer
by the Bradford reagent assay, using bovine serum
albumin as a standard (Wright & Upadhyaya, 1998).
Total soil mycelium (TSM) was extracted by flotation
in 45% sucrose, filtered on a gridded membrane,
and stained with trypan blue, to enhance viewing in
microscope, for quantification as described in Melloni
& Cardoso (1999). Total organic carbon (TOC) in soil
was determined by oxidation of potassium dichromate
and titration with 0.05 mol L' ferrous ammonium
sulfate (Claessen, 1997). Aggregate stability was
determined via moist to obtain the geometric mean
diameter (GMD) of the aggregates, according to
Kemper & Chepil (1965).

Data were subjected to analysis of variance, and
means were compared by the Scott & Knott test, at
5% probability, and by Pearson’s correlation using the
statistical software Sisvar (Ferreira, 2011).

Results and Discussion

The community of AMF recorded in fields of
murundus and in areas converted to agriculture
presented 21 species belonging to 5 families and
3 orders (Table 2). However, positions in order and
family taxon of six AMF species are still uncertain
(Schuessler, 2013). The AMF species of widespread
occurrence in all studied areas were: Ambispora
leptoticha, Acaulospora scrobiculata, Gigaspora sp.,
Dentiscutata scutata, and Glomus macrocarpum. The
species Acaulospora cavernata, Acaulospora laevis,
Scutellospora reticulata, and Rhizophagus clarus were
recovered only from areas with native vegetation (field
of murundus), and the species Acaulospora denticulata,
Acaulospora  rehmii, Acaulospora tuberculata,
Scutellospora sp., and Funneliformis badium occurred
only in areas converted to agriculture.

The spore diversity of AMF observed in the present
study was high, as in Assis et al. (2014), who found
27 AMF species, of which 16 AMF species were
similar to the ones identified in the present study. The
obtained results are in accordance with those reported
by Carvalho et al. (2012), in Cerrado-field areas in
Serra do Cipo, in the state of Minas Gerais, Brazil,
which was considered a hotspot of AMF diversity by
the authors, with 23 AMF species.
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Species richness in macroaggregates was similar in
all studied areas, ranging from six to eight AMF species
(Table 2). However, the area with 6 years of conversion
presented 10 species in mesoaggregates and 12 in
microaggregates. Regarding classes of aggregate size,
the species A. cavernata, S. reticulata, Scutellospora sp.,
and Glomus sp. were recovered only in the macro-
or mesoaggregates. The species A. laevis, A. rehmii,
A. tuberculata, F. badium, and R. clarus were recovered
only in meso- and microaggregates. Generalist species,
recovered in three size classes of aggregates, were also
identified, including Ambispora leptoticha, Acaulospora
foveata, Acaulospora mellea, A. scrobiculata,
Gigasporasp., D.scutata, G.macrocarpum, G. tortuosum,
and Sclerocystis clavispora.

Arbuscular mycorrhizal fungi diversity has been
little studied in different size classes of soil aggregates.
The results obtained in the present study are indicative
that the species A. laevis, A. rehmii, A. tuberculata,
F. badium, and R. clarus are associated to soil
microhabitats related to meso- and microaggregates.
Some mycorrhizal fungi may prefer more protected
microhabitats for spore production, as is the case of
G. aggregatum, whose spores may be found within
other dead AMF spores, seeds, pollen sacks, and insect
exoskeletons (Huang & Tang, 1988).

The higher species richness of AMF spores in
meso- and microaggregates in the area with 6 years
may suggest that the impact of the recent conversion
to agriculture — with stump removal, land leveling,
plowing, and subsoiling — still influences the soil
aggregation process and, consequently, the AMF
community. These results are indicative that there
is greater physical protection of AMF spores to
predators, such as nematodes (Zhang et al., 2013), in
meso- and microaggregates than in macroaggregates;
in contrast, the greatest amount of mycelium and
production of glomalin favor the stabilization of these
microaggregates (Wright & Upadhyaya, 1998; Rillig
& Mummey, 2006; Vilela et al., 2014).

The occurrence of the species 4. Ieptoticha,
A. scrobiculata, Gigaspora sp., D. scutata, and
G. macrocarpum corroborates other studies conducted
in the same biome (Carvalho et al., 2012; Ferreira
et al., 2012). The species recovered only in areas of
native vegetation (4. cavernata, A. laevis, S. reticulata,
and R. clarus) may be adapted to very low fertility
soils with pH below 5.4, concentrations of AI** above
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0.3 cmol, dm?3, Ca?>* + Mg*" around 0.3 cmol, dm?,
and P around 0.4 mg dm” (Table 1). The species that
occurred only in agricultural areas (4. denticulata,
A. rehmii, A. tuberculata, Scutellospora sp., and
F. badium) suggest adaptation to soils corrected with
limestone and agricultural gypsum, with pH above
5.8, concentrations of AIP** around 0.1 cmol, dm?,
Ca? + Mg?" cmol. above 3.4 dm?3, and P between
2.3 and 3.9 mg dm3. Some species of fungi respond
specifically to the intensity of land use, cultural
practices, and soil type, which suggests that these
AMF species are a highly suitable bioindicator of soil
properties and of the intensity of agricultural land use
(Oehl et al., 2011).

Analysis of variance showed interaction among the
different studied areas and classes of soil aggregates

317

for the variables spore density of AMF, total glomalin,
TOC, and total extraradical mycelium (TEM). The
average spore density ranged from 29-606 spores
in 50 mL of soil, and the areas with 13 years of
conversion and at the top of the murundus showed
the lowest spore density (Table 3). Within the micro-
and macroaggregates, the area with 6 years showed
higher spore density than the areas with 10 years and
between the murundus. In mesoaggregates, there was
no difference between the studied areas and spore
density. Spore density was higher in micro- and
macroaggregates, but was lower in mesoaggregates;
these results are similar to those obtained by Vilela et al.
(2014) in a Cerrado Oxisol. The area with 13 years of
conversion showed results close to those of the areas
between and at the top of the murundus, with a higher

Table 2. Recorded species and frequency of occurrence of mycorrhizal fungi in different classes of soil aggregates from fields
of murundus (mounds of soil) converted” and not converted (TM and BM)® to agriculture in the Cerrado biome, Brazil.

Species® Macroaggregates

Mesoaggregates Microaggregates

6 10 13

™ BM

6 10 13 T™M BM 6 10 13 T™ BM

Archaeosporales/Ambisporaceae
Ambispora leptoticha 2 1 1 1

Diversisporales/Acaulosporaceae

Acaulospora cavernata - - - -
Acaulospora denticulata 1

Acaulospora foveata 2 - 1 -
Acaulospora laevis - - - -
Acaulospora mellea - 1 2 -
Acaulospora rehmii - - - -
Acaulospora scrobiculata 5 4 4 -

Acaulospora tuberculata - - - -

Diversisporales/Gigasporaceae
Dentiscutata heterogama - - 3 -
Gigaspora sp. - 1 - 2
Scutellospora reticulata - - - -
Dentiscutata scutata 1 5 5 5
Scutellospora sp. - - - -

Glomerales/Claroideoglomeraceae

Claroideoglomus etunicatum

Glomerales/Glomeraceae
Funneliformis badium - - - -
Glomus macrocarpum 4 4 4 4
Glomus tortuosum - 1 - _
Glomus sp. 1 - - 1
Rhizophagus clarus - - - -

Sclerocystis clavispora - 1 - 2

Species richness 8 8 7 6

(MTimes of conversion: 6, 10, and 13 years. ®TM, top of the murundus; BM, between the murundus. ®Classification according to the list of species available

in Schuessler (2013).
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number of spores in microaggregates and a similar one
in meso- and macroaggregates.

The fact that the areas most recently exposed to soil
disturbance (area of 6 and 10 years of conversion) have
higher spore density in micro- and macroaggregates
shows the impact of agriculture on the AMF community
(Zangaro et al., 2013), which was not observed in
the preserved areas (between and at the top of the
murundus) and in the area with 13 years.

The highest values of TOC and GMD indicate
improvements in soil quality. However, the significant
negative correlation between spore density and TOC
(r = -0.73 **) and GMD (r = -0.81 **) shows that
the environment is not in balance, as observed in the
areas with 6 and 10 years of conversion. The area
between the murundus presented intermediate spore
density due to stress caused by flooding, which, even
temporarily, affects the sporulation of AMF. The areas
that have lower spore densities of AMF — 13 years
of conversion and at the top of the murundus — are
probably the most stable and balanced environments
for the AMF community. This indicates that after
13 years of conversion to agriculture (tillage system),
the area can be stable again for the AMF community. It
is important to note that, despite the similar reduction
in spore number and richness of AMF, at the top of the
murundus and in the area with 13 years of conversion,
there was no change in the AMF community. Oehl
et al. (2009) studied the dynamics of AMF sporulation
in microcosms of different agroecosystems and found
that spore density was lower and the AMF community
more diverse in conservationist production systems,
when compared to intensively managed pastures or
even monoculture agriculture. The authors attribute
this succession of species within each agroecosystem to

the seasonality of sporulation, which is in accordance
with the results obtained in the present study.

Studies suggest that when the environment is stressful
for the plant, the AMF community is directed to the
species’ perpetuation mechanism, for example, spore
production. Sporulation can be induced by moderate
water stress (Kaushal, 2002); moderate grazing (Ba
etal., 2012); pH at the limit; high and low temperature,
or high-temperature limit (Costa et al., 2013); and
high levels of aluminum (Seguel et al., 2012). In these
stressful situations, highly-sporulating AMF species
can dominate the unbalanced community, and these
species of higher spore-production capacity dominate
the AMF community. With time, the tillage system
promotes the reduction in the amount of AMF spores,
showing that the environment is becoming balanced.

The microaggregates, in all areas, have a greater
number of spores than the other classes (Table 3),
which may be explained by the increased sporulation
of AMF inside the microaggregates, especially of
species with small spores and abundant sporulation.
This may be associated to the fact that some species
were identified only in the soil microaggregates, such
as A. laevis, A. tuberculata, and R. clarus, and that
AMF richness was higher in microaggregates, with no
major differences observed among the studied areas.

The content of total glomalin was higher in the area
between the murundus than in the other studied areas, and
only areas without human intervention showed higher
content in macro- and mesoaggregates (Table 3). TOC
in macroaggregates was higher in the area between the
murundus, differing from the other evaluated areas. In
mesoaggregates, significant differences were observed
between the studied areas, whereas microaggregates at
the top of the murundus, between the murundus, and at

Table 3. Spore density, total glomalin, total organic carbon (TOC), and total extraradical mycelium (TEM) in different classes
of soil aggregates (macro-, meso-, and microaggregates) in fields of murundus (mounds of soil) converted and not converted

(TM and BM) to agriculture in the Cerrado biome, BrazilV.

Areas Spore density Total glomalin Total organic carbon Total extraradical mycelium
Macro Meso Micro Macro Meso Micro Macro Meso Micro Macro Meso Micro
---(N@ of spores per 50 mL')---  ------me-eem- (mg g' soil) (g kg™ (cm)

6years  152aB 74aC 606aA 5.5bA 3.1cA 3.2bA 8.6dA 10.5aA 10.1bA  90.8bB 90.0bB  106.2bA

10 years 135aB 58aC 292bA 2.4cA 3.3cA 3.3bA 13.1bA 13.2aA 9.8 bB 51.7dB 64.9dB 83.5cA

13 years  43bB 21aB 131dA 3.5bA 2.6cA 2.6bA 11.6cA 11.0aA 13.5aA 4777dA  47.6dA 66.3cA

™ 34bB 29aB 98dA 2.3¢cB 4.6bA 3.3bB 11.1cB 12.9aA 14.4aA  105.0aA  105.0aA  135.9aA

BM 91aB 69aB 226cA 6.8aA 6.5aA 5.2aB 15.8aA 12.1aB 12.1aB 77.7¢B 77.7¢cB  114.3bA

(DMeans followed by equal letters, uppercase in the lines and lowercase in the columns, do not differ by the Scott & Knott test, at 5% probability. Time of
conversion: 6, 10, and 13 years. TM, top of the murundus; BM, between the murundus.
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the area with 13 years of conversion presented higher
TOC values than the other areas of 6 and 10 years.

In the area at the top of the murundus, in all
evaluated classes of aggregates, higher TEM values
were found in relation to the other studied areas, and
the areas with 10 and 13 years of conversion had lower
lengths of TEM in all classes of aggregates (Table 3).
The microaggregates showed greater length of TEM,
except for the areas with 13 years and at the top of the
murundus.

The concentration of total glomalin was not
influenced by time of adoption of the tillage system
(Table 3), and tended to be similar to that at the top of
the murundus, depending on the class of aggregates,
which suggests that glomalin did not effectively
distinguish agricultural areas. The highest content of
glomalin was found between the murundus in all classes
of aggregates, confirming that areas with flooding
problems have higher levels of this glycoprotein, as
verified by Macek et al. (2012). These authors found
that, in soils with poor oxygenation, root colonization
by AMF is present and glomalin levels are higher,
possibly because of the slow decomposition of this
glycoprotein in soils with hypoxia.

The similar levels of TOC in microaggregates
between areas of natural vegetation (top of and
between the murundus) and the area with 13 years of
conversion indicate improvements in this attribute due
to the employed management, providing stabilization
of TOC in the studied soil. Macroaggregate TOC
contents were lower in the late-revolved agricultural
area (6 years of conversion), which suggests further
consequence of the conversion into agricultural area.
The negative correlation of spore density (r = -0.73*%*)
and the full positive correlation of mycelium (r=0.57%*)
and glomalin (r = 0.65*) with organic carbon confirm
the importance of AMF for the maintenance of soil
organic carbon.

TEM decreased with conversion time of the fields
of murundus into agricultural areas. This may be due
to increased soil fertility, since it reduces colonization
and, therefore, extraradical mycelium (Dai et al.,
2013). In relation to the classes of aggregates, TEM
was greater in microaggregates, confirming that this
class of aggregates has the highest spore density of
AMF and that there is a positive correlation between
TEM and the content of total glomalin (r = 0.88%%*),

GMD presented significant increase with the time
of tillage (Figure 1). The results of the present study
are indicative that the used management promoted
improvements in soil structure, and, consequently, in
soil quality, which corroborates other studies (Bedini
et al.,, 2009; Peng et al.,, 2013). The positive and
significant correlation between GMD and the content
of total glomalin (r = 0.84**), TOC (r = 0.76*%*), and
TEM (r = 0.51%*) suggest that these factors interact to
stable aggregate formation in water, which is essential
for environments less susceptible to wide fluctuations
in temperature and humidity and, therefore, less
stressful to plants and mycorrhizal fungi. This is
evidenced by the negative correlation between GMD
and spores (r = -0.81*%*), indicating that in the areas
of lower soil structural stability, greater sporulation
occurs, improving the survival of the fungus.

The studied soil showed a high spore diversity of
AMF, asobservedin Assisetal. (2014). Ithas been found
that a community of AMF occupies different habitats
regarding classes of aggregates and agricultural and
natural systems, but there are always species present
in varying general conditions. Possibly, these AMF
species are responsible for maintaining the resilience
of soil impacts after conversion, whereas the AMF
species that occupy specific microhabitats are good
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Figure 1. Geometric mean diameter of the soil aggregates
from fields of murundus (mounds of soil) converted (time
of conversion of 6, 10, and 13 years) and not converted
(TM and BM) to agriculture in the Cerrado biome, Brazil.
Bars represent the DMS, at 5% probability. TM, top of the
murundus; BM, between the murundus.
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indicators of soil quality. In addition, soil structure,
assessed in the present study by GMD, was severely
affected when fields of murundus were converted to
agriculture and its recovery was slow — even after
13 years, its values were still not similar to those of the
uncultivated area, at the top of the murundus.

Conclusions

1. The density and diversity of arbuscular
mycorrhizal spores change with the conversion of
fields of murundus into agriculture.

2. The higher density and diversity of arbuscular
mycorrhizal spores are found in soil meso- and
microaggregates in areas with 6 and 10 years of
conversion to agriculture.

3. The species Acaulospora cavernata, Scutellospora
reticulata, Scutellospora sp., and Glomus sp. are only
present in macro- and mesoaggregates, whereas the
species Acaulospora laevis and Rhizophagus clarus
are only found in microaggregates.

4. The soil structure of fields of murundus is affected
when converted to agriculture and its recovery is slow.
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