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ABSTRACT 

 

Soybean is the most important oilseed cultivated in the world and Brazil is the second major producer. 

Expansion of soybean cultivation has direct and indirect impacts on natural habitats of high conservation 

value, such as the Brazilian savannas (Cerrado). In addition to deforestation, land conversion includes the 

use of fertilizers and pesticides and can lead to changes in the soil microbial communities. This study 

evaluated the soil bacterial and fungal communities and the microbial biomass C in a native Cerrado and in 

a similar no-tillage soybean monoculture area using PCR-DGGE and sequencing of bands. Compared to 

the native area, microbial biomass C was lower in the soybean area and cluster analysis indicated that the 

structure of soil microbial communities differed. 16S and 18S rDNA dendrograms analysis did not show 

differences between row and inter-row samples, but microbial biomass C values were higher in inter-rows 

during soybean fructification and harvest. The study pointed to different responses and alterations in 

bacterial and fungal communities due to soil cover changes (fallow x growth period) and crop 

development. These changes might be related to differences in the pattern of root exudates affecting the 

soil microbial community. Among the bands chosen for sequencing there was a predominance of 

actinobacteria, �-proteobacteria and ascomycetous divisions. Even under no-tillage management methods, 

the soil microbial community was affected due to changes in the soil cover and crop development, hence 

warning of the impacts caused by changes in land use. 
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INTRODUCTION 

 
The Cerrado (Brazilian savanna) is the dominant biome in 

Central Brazil, covering approximately 24% of the area in the 

country.  In spite of its remarkable biodiversity, the Cerrado 

has rapidly converted to large-scale agricultural areas due to 

expanding agricultural activities, especially cattle farming and 

soybean plantation (25). Only 5.5% of the Cerrado (83,520 

km2) is currently protected in conservation units and recent 

studies have estimated that by 2030 it may be extinct (24).  

Soybean is the most important oilseed cultivated in the 

world and Brazil is responsible for 24.6% of the soybean world 

production, ranking as the second largest producer of this crop. 

In the 1980s the soybean plantations started to aggressively
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expand into the savannas of Central Brazil. This expansion was 

influenced by the savana’s natural conditions, as for instance 

gentle relief (favoring mechanization) and technological 

development (including the selection of highly efficient N-

fixing soybean cultivars), which rendered a viable cultivation 

of this crop in an ecosystem formerly considered inhospitable. 

The ensuing problems include widespread deforestation of the 

Cerrado and southern Amazon. In spite of the no-tillage 

practices adopted, a massive use of pesticides and fertilizers 

and the intense mechanization lead to substantial soil carbon 

losses and changes in the soil microbial community. Those 

changes can lead to an unsustainable system and soil 

degradation (2, 8). 

Microorganisms are a critical component of ecosystems as 

they mediate 80-90% of the processes occurring in the soil (16, 

19, 27), thus key players in the carbon and nitrogen 

biogeochemical cycles. 

Function and diversity of bacterial and fungal 

communities can be a more efficient and dynamic indicator of 

soil quality than those based on physical and chemical 

properties (5, 13). However, little is known of the factors that 

drive diversity, in part due to the complexity of communities 

but also because not all microorganisms can be cultured under 

laboratory settings (32). Although the development of 

molecular biology techniques is responsible for a considerable 

knowledge increase on the ecological and functional aspects of 

microbial communities, information regarding the effects of 

rapid land use changes in tropical ecosystems on belowground 

diversity is still very scarce (6, 14). 

Compared to bacteria, information on diversity and 

function of soil fungal community is even more limited. Some 

methods, like phospholipid fatty acid (PLFA), estimate only 

the total fungal biomass. Studies based on 18S rRNA have 

conducted a more refined analysis of this group (3, 9).  Pinto et 

al. (37) and Quirino et al. (38) compared the bacterial 

community structure in native areas and in pastures in the 

Cerrado region at different times, showing that the community 

is influenced by vegetation cover and time since the 

conversion. However, the impacts of the annual crops in the 

Cerrado region on the soil bacterial and fungal community 

have not yet been studied.  

The present work aims to compare soil bacterial and 

fungal community structure and composition from a native 

Cerrado area and an area with similar characteristics under 

soybean monoculture along a crop cycle.  

 

MATERIAL AND METHODS 

 

Study Site and Soil Collection 

Soil samples were collected from the “Dom Bosco” farm, 

located in the municipality of Cristalina, Brazil (S 16o 13' W 

47o 28'). Two areas were selected: an undisturbed cerrado 

stricto sensu (20-50% woody cover) and a cerrado area 

converted to a soybean (Glicine max cv. 70002 – Bayer S/A) 

monoculture plantation in 1990 and since then cultivated under 

no-tillage. The two areas are approximately 3 km apart. The 

soil of both areas was classified as Oxisols (Dystrophic Red 

Latosols in the Brazilian classification) with acidic pH, high 

aluminum saturation and low cation exchange capacity. Table 

1 shows its physical and chemical characteristics. This soil type 

covers approximately 45% of the Cerrado region (39). Before 

sowing, the area was treated with herbicides and fungicides and 

the soybean seeds were previously inoculated with 

Bradyrizobium japonicum. During the cultivation period 

(November to March) the area receives different applications 

of herbicides, fungicides and insecticides. Soil samples were 

obtained by collecting the top 5 cm and in the soybean area 

they were collected in rows and inter-rows (inter-row spacing 

of 50 cm with 25 plants per meter in the row). To obtain a 

representative sample of each area, 15 samples (approximately 

10 g each) were randomly collected along rows and additional 

15 samples were randomly collected in the inter-rows, which 

resulted in two composite samples (row and inter-rows) with 

approximately 1 kg each. As in other works (20, 29 and 30), 

the composite samples were taken with the effort involved in 

collecting data from each location in order to have a more 

representative sample to assess the variability of soil microbial 

biomass. The samples were collected monthly from September 
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2004 to March 2005 and were kept on ice until they were 

sieved through a 2 mm mesh and stored at –20 °C for 

molecular analysis and 4 °C for microbial biomass C. 

 

Determination of soil pH, gravimetric water content and 

microbial biomass C 

The soil pH was measured in H2O (1:2.5 mass:volume). 

Gravimetric water content was obtained after drying the 

samples at 105 oC until constant weight. The microbial biomass 

C was determined by the fumigation-incubation method (22). 

Three replications from the composite samples were incubated 

in air-tight flasks with water content adjusted to field capacity. 

Carbon dioxide (CO2) evolved was trapped in a 0.1 M KOH 

solution and quantified by titration using 0.1 N HCl and 

phenolphthalein as indicators [Kc factor of 0.41 (4)]. 

 

Extraction of total DNA 

Total DNA was directly extracted from the soil composite 

samples by the protocol described by van Elsas et al. (44), with 

modifications. Two grams of soil were resuspended in 5 ml of 

extraction buffer (0.1 M Tris-HCl, pH 8.0, 0.1 M sodium 

EDTA, pH 8.0, 1.5 M NaCl, 1% CTAB, 0.1 M NaPO4) and 2 g 

of glass beads (150-212 microns, acid washed, Sigma®) and 

vortexed for 4.5 min with 10 s intervals every 90 s. After 

vortexing, 200 �l of SDS 20% were mixed into the sample and 

the mixture was incubated for 1 h at 65 °C with gentle agitation 

every 15 min. The mixture was then centrifuged at room 

temperature for 15 min at 3400g (Eppendorf 5804). The 

supernatant was transferred to a new tube and 1 ml PEG 

solution (13% PEG 8000, 1.6 M NaCl) was added. The mixture 

was incubated for 1 h at room temperature and then centrifuged 

at room temperature for 15 min at 3400g (Eppendorf 5804). 

The pellet was resuspended in 400 �l TE. Potassium acetate 

was added to a final concentration of 0.5 M. The mixture was 

incubated on ice for 5 min and after centrifugation for 20 min 

at top speed the supernatant was transferred to a new tube. This 

solution was then extracted 3 times with an equal volume of 

phenol 98% and 2 times with an equal volume of 

chloroform/iso-amyl alcohol (24:1). The final aqueous 

supernatant was transferred to a new tube and an equal volume 

of isopropanol 80% was added to the recovered supernatant; 

after 1 h at room temperature the total DNA was recovered by 

centrifugation at top speed for 20 min. The pellet obtained was 

dried in a speed vac (Eppendorf) and resuspended in 200 �l TE 

1X. This DNA was further purified using the UltraClean TM15 

kit (MOBIO Laboratories Inc.) according to the manufacturer’s 

instructions. The quality and quantity of the extraction were 

checked on 0.8% agarose gels. 

 
 
Table 1. Chemical and physical characteristics of soil in the studied areas at Dom Bosco Farm, Cristalina (Federal State of Goiás, 

Brazil).  

Parameters* Cerrado native area Soybean area 
Organic matter dag/kg 3.6 4.1 

P mg/dm3 1.8 6.6 
K mg/dm3 72.0 85.0 
S mg/dm3 11.6 1.7 

Ca2+ cmolc/dm3 0.4 2.9 
Mg2+ cmolc/dm3 0.3 1.4 
Al3+ cmolc/dm3 0.3 0.0 

H+Al cmolc/dm3 6.8 2.8 
Cation exchange capacity cmolc/dm3 7.7 7.3 

Clay % 65 74 
Silt % 20 19 

Sand % 15 7 
* Soil analyses made by Laboratório de Fertilidade do Solo e Nutrição Vegetal – CAMPO, Brazil. P e K extractors: Mehlich I; S extractor: CaHPO4; MO: 
colorimetric method 
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Polymerase chain reaction (PCR) 

Purified total DNA was used as a template for PCR 

amplification. The primer pairs used to amplify 16S rDNA 

sequences were U968f-GC (5'-CGCCCGCCGCGCGCGGCG 

GGCGGGGCGGGGGCACGGGGGGACGCGAAGAACCTT

AC-3'; GC clamp underlined) and L1401r (5'-

GCGTGTGTACAAGACCC-3') (31). PCR amplification was 

performed using a Thermocycler (Perkin Elmer). The cycling 

parameters were 4 min denaturation at 95 °C followed by 25 

cycles of 95 °C for 1 min, 47 °C for 1.5 min and 72 °C for 3 

min and finally 72 °C for 15 min. Each 50 �l PCR reaction 

contained 10 ng of total soil DNA, Taq 1X reaction buffer (10 

mM Tris-HCL pH 8.3  5 mM KCl; 1.5 mM MgCl2), 2.5 mM 

dNTPs (Promega), 20 �M of each primer and 5 u Taq DNA 

polymerase (Gibco BRL). 

The amplification of 18S rDNA sequences occurred by a 

nested PCR procedure (7, 42). The first round involved 

amplification of approximately 1400 bp using primers EF4f (5'-

GGAAGGG[G/A]TGTATTTATTAG-3') and EF3r (5'-

TCCTCTAAATGACCAGTTTG-3'). The product of this 

reaction was diluted 1:1000 with sterile water and used as 

template for a subsequent round of PCR with primers EF4f and 

NS3r-GC (5’-CGCCCGCCGCGCCCCGCGCCCGGCCCGCC 

GCCCCCGCCCCGGCTGCTGGCACCAGACTTGC-3’; GC 

clamp underlined) resulting in a PCR product of approximately 

500 bp. PCR amplification was performed using a 

Thermocycler (MJ). Each 50 �l PCR reaction contained 10 ng 

of total soil DNA, Taq 1X reaction buffer (10 mM Tris-HCL 

pH 8.3; 5 mM KCl; 1.5 mM MgCl2), 2.5 mM dNTPs 

(Promega), 40 �M of each primer, 5 u Taq DNA polymerase 

(Gibco BRL) and mineral oil. The thermocycling parameters 

for the first amplification with EF4-EF3 were 4 min 

denaturation at 94 °C followed by 25 cycles of 95 °C for 1 min, 

51 °C for 1 min and 72 °C for 1 min and lastly 72 °C for 10 

min. The cycling parameters for the second amplification with 

EF4-NS3-GC were 4 min denaturation at 94 °C; 10 cycles of 

95 °C for 1 min, 60 °C for 1 min (with reduction of 1 °C every 

cycle) and 72 °C for 1 min; 15 cycles of 94 °C for 1 min, 50 °C 

for 1 min and 72 °C for 2 min; 72 °C for 5 min. The amplicons 

were checked on 1% agarose gels. 

 
Denaturing gradient gel electrophoresis (DGGE) 

16S rDNA PCR products (20 �l of each) were analyzed by 

DGGE (Bio-Agency Inc.) using a polyacrilamide gel (6%) with 

a denaturant gradient of 45-75%. 15 �l of the 18S rDNA PCR 

products were ran in DGGE (Bio-Agency Inc.) using a 

polyacrylamide gel (10%) with a 30-45% denaturant gradient 

(100% denaturant is equivalent to 7 M urea and 40% v/v of 

deionized formamide). Polymerization was achieved by the 

addition of ammonium persulfate (0.1% v/v) and TEMED 

(tetra-methyl-ethylene diamine 0.05% v/v). Before 

polymerization was complete a 2 ml top loading gel containing 

0% denaturants was dispensed and the gel comb carefully 

placed into this. 16S rDNA PCR-DGGE was subjected to 

electrophoresis for 18 h at 70 V in 1X TAE buffer at a constant 

temperature of 55 °C and 18S rDNA PCR-DGGE was 

subjected to electrophoresis for 17 h at 85 V in 1X TAE buffer 

at a constant temperature of 55 °C. Electrophoresis under the 

same conditions was performed without the samples for 1 h to 

clean up the gel and heat the buffer. The gels were stained with 

SYBR Green I (Molecular Probes Inc., OR, USA) according to 

the manufacturer’s instructions. The images were captured 

using a UV transillumination table (TFX 35M, Gibco BRI UV) 

and KodaK - Digital Science Electrophoresis Documentation 

and Analysis System (DC 120). The best gels were stained 

with AgNO3 (12) for further excision and sequencing of DGGE 

bands. At least three DGGE runs were carried out for the 

samples in order to estimate the method’s reproducibility. 

 
Sequencing of DGGE bands 

The bands were excised with a razorblade and the small 

blocks of acrylamide containing the band were placed in sterile 

n.n ml tubes with 30 �l of sterile water. The samples were 

placed at room temperature (25 oC) for 3 days to allow 

diffusion of DNA out of the gel fragments. All the water in the 

samples (30 �l) was used as a template for PCR reamplification 

using the aforementioned primers and reaction conditions.  
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Following reamplifications, 5 �l of the PCR products were 

rerun on DGGE gels to confirm their purity and positions 

relative to the bands from which they were excised. PCR 

amplification products were run on a 1% agarose gel and bands 

were excised and purified using the UltraClean TM 15 kit 

(MOBIO Laboratories Inc.). The products were then sequenced 

by using a DYEnamic ET Terminator Cycle Sequencing kit 

(Amersham Biosciences) for the automated ABI Prism 377 

DNA Sequencer (Applied Biosystems) according to the 

manufacturer’s instructions. To confirm the identities, both 

primer pairs used for PCR amplification were adopted in 

separate sequencing reactions. Sequences were analyzed and 

checked for chimeras using the program Bellerophon - Huber-

Hugenholtz (21) (http://foo.maths.uq.edu.au/~huber/bellero 

phon.pl) and compared to the database of sequences deposited 

at the National Center for Biotechnology (NCBI) using BLAST 

(http://www.ncbi.nlm.nih.gov). 

 

Statistical analyses 

Statistical analyses were carried out using the computer 

package SPSS v.10 (SPSS Inc., IL, USA). Normality was 

verified by using the Kolmogorov-Smirnov test. One-way 

analysis of variance (repeated measures ANOVA; p < 0.05) 

was used to determine significant differences in the pH, 

gravimetric content and microbial biomass C. Student’s t-test 

was used to determine differences between the samples 

collected in row and inter-rows.  DGGE banding patterns (band 

presence and absence) matrix data were used to calculate the 

pairwise similarities of the profiles using the Dice coefficient. 

The cluster analyses based on this matrix were performed using 

UPGMA – Dice Coefficient (23) and were carried out using the 

package NTSYSpc - Numerical Taxonomy and Multivariate 

Analysis System v.2.10. 

 

RESULTS 

 

The soil pH values in the soybean area were higher (5.2 in 

March to 6.5 in December) than in the native area (4.6 in 

March to 5.3 in December). Differences in row and inter-row 

occurred only in January 2005, with samples from the row 

showing higher pH values (P � 0.05) (Table 2). The values of 

soil gravimetric water content are organized in the same table. 

They ranged from 5.1% in September (dry season) to 41.6% in 

February (rainy season). 

 

 

Table 2.  Values of pH , microbial biomass C and gravimetric water content of the soil  samples (0-5 cm) collected at Dom Bosco 

Farm, Cristalina (Federal State of Goiás, Brazil).  

Sample 
Number Sample Description pH Microbial Biomass C 

mg C.kg-1 soil 
Gravimetric Water 

Content (%) 
1 Native area - October 2004 5.4 +  0.16 325.7 12.6 + 3.2 
2 42 days before sowing – row (September 2004) 6.0 + 0.10 220.8 + 113.6 5.7 + 0.8 
3 42 days before sowing – inter-row(September 2004) 6.0 + 0.12 84.5 + 65.0 5.1 + 1.6 
4 7 days after sowing - row (November 2004) 5.9 + 0.20 190.9 + 26.5 37.3 + 1.4 
5 7 days after sowing – inter-row (November 2004) 6.1 + 0.21 250.7 + 91.1 40.8 + 1.3 
6 Flowering – row (December 2005) 6.5 + 0.06 130.4 + 33.3 31.4 + 0.9 
7 Flowering – inter-row (December 2005) 6.4 + 0.10 248.4 + 10.2 33.8 + 1.0 
8 Fructification - row (January 2005) 5.9 + 0.00 176.8 + 31.6 36.6 + 0.9 
9 Fructification – inter-row (January 2005) 5.6 + 0.10 275.3 + 17.5 35.6 + 0.4 

10 29 days before harvesting - row (February 2005) 5.9 + 0.10 202.3 + 80.8 41.6 + 1.0 
11 29 days before harvesting – inter-row (February 2005) 5.9 + 0.06 196.5 + 13.5 41.1 + 1.4 
12 7 days after harvesting - row (March 2005) 5.2 + 0.00 193 + 27.8 22.4 + 3.9 
13 7 days after harvesting – inter-row (March 2005) 5.2 + 0.06 367.6 + 147.2 27.5 + 1.0 
14 Native Area - March 2005 4.6 + 0.22 363.2 + 49 26.1 + 2.6 
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Soil microbial biomass C in the soybean area was between 

17% and 66% lower than in the native area. A significant 

variation between months was observed in the soybean area 

only for inter-row samples (84.5 mg C.kg-1 soil in September 

2004 and 367.6 mg C.kg-1 soil in March 2005) (Table 2). 

Differences between row and inter-row occurred only in 

December 2004 and January 2005 when samples from the 

inter-row presented higher values of soil microbial biomass (P 

� 0.05). 

Replicates of profiles produced by DGGE showed 

reproducibility. Firstly, the band profiles produced by DGGE 

of bacterial and fungal rDNA amplified fragments from the 

row and inter-row samples were compared. The level of 

similarity between the row and inter-row samples collected on 

the same day are presented in Table 3. The similarity was 

higher than 75% in most of the cases. The exceptions were the 

16S rDNA fragments from the samples collected during the 

period of fructification (similarity of 57%) and the 18S  rDNA 

fragments from the samples collected a week after the harvest 

(similarity of 46%). Because of the high similarity between the 

row and inter-row samples, the comparison with the native 

cerrado area and between the different dates will be presented 

only for the samples from the rows. 

 

 

 
Table 3. Dice similarity coefficient between row and inter-row in the cluster analysis of bacterial and fungal communities of soil 

samples (0-5 cm) collected in the soybean area.  

Sample Number Sample Description Row and Inter-row similarity 

  16S 18S 

2 and 3 42 days before sowing (September 2004) 94.5 % 94.0 % 

4 and 5 7 days after sowing (November 2004) 100.0 % 78.6 % 

6 and 7 Flowering (December 2005) 89.0 % 78.6 % 

8 and 9 Fructification (January 2005) 57.0 % 77.9 % 

10 and 11 29 days before harvesting (February 2005) 96.2 % 77.9 % 

12 and 13 7 days after harvesting (March 2005) 70.5 % 46.0 % 
 

 

The band profile produced by DGGE of bacterial 16S 

rDNA amplified fragments was characterized by a few strong 

and exclusive bands appearing in the samples from the native 

area (samples 1 and 14 in Figure 1). However, in terms of 

intensity of bands, the differences between collection dates in 

the soybean areas were not striking. In contrast, the profile 

obtained from DGGE of fungal 18S rDNA was characterized 

by a stronger differentiation of the samples in terms of intensity 

and position of the bands (Figure 2). In both profiles (16S and 

18S rDNA) a large number of weaker bands was observed, 

indicating microbial communities with complex structure. The 

dendrogram constructed from the DGGE gel of the bacterial 

community shows the formation of two branches with a 67% 

similarity, which initially separated the samples collected when 

the soil was without vegetation cover (i.e. samples collected in 

the fallow period and one week after sowing in the soybean 

field) from all the others (Figure 3). A second division 

separated the native area samples from the soybean area 

samples with a 72% similarity. In the latter group, the 

similarity between samples was more affected by the stage of 

soybean plant development and time of year. 
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Figure 1. DGGE fingerprints of PCR-amplified 

16S rDNA sequences. M - 1kb ladder following 

the samples listed in table 2. Samples 1 and 14 

are from the native Cerrado area in October 2004 

(dry season) and March 2005 (end of wet season), 

respectively.  Samples 2 to 13 (odd and even 

numbers correspond to inter-row and row 

samples, respectively) are from the soybean area 

representing the period before sowing (fallow) to 

the post-harvesting period.  The associated letters 

and numbers indicate the sequenced bands. 

 

Figure 2. DGGE fingerprints of PCR-amplified 

18S rDNA sequences. M - 1kb ladder following 

the samples listed in table 2. Samples 1 and 14 

are from the native Cerrado area in October 2004 

(dry season) and March 2005 (end of wet season), 

respectively.  Samples 2 to 13 (odd and even 
numbers correspond to inter-row and row 

samples, respectively) are from the soybean area 

representing the period before sowing (fallow) to 

the post-harvesting period.  The associated letters 

and numbers indicate the sequenced bands. 

 

Figure 3. Cluster analysis 

(UPGMA, Dice coefficient 

of similarity) of molecular 

banding patterns of row 

samples generated by PCR-

DGGE in  Fig. 1. 
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The dendrogram for the fungal community (Figure 4) 

indicated the first separation at 51% of similarity. One group 

included the samples from the native area and those collected 

two days after the second fertilization in the soybean areas. The 

second group included the other samples from the soybean 

area. The further divisions in this second group were related to 

the temporal sequence of sample collections. 

In spite of the variations between the dendrograms, the 

analysis of the banding patterns of all gels showed a stronger 

effect of the soil cover, development stage of soybean and time 

for the bacterial and fungal communities. Bands that appeared 

in all samples and those exclusively for the cerrado were 

chosen to be sequenced. BLAST search indicated that all 

sequences are from uncultured soil microorganisms (Table 4). 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 

 

The cerrado has clearly defined dry and rainy seasons. 

This variation is most likely responsible for changes in the soil 

pH, water gravimetric content and microbial biomass C in the 

samples from the native area (Table 2). Changes in the soil pH 

and water gravimetric content affect microbial populations. 

Seasonal variations of soil pH change the distribution pattern 

of the kind of microorganisms since bacteria prefers neutral to 

alkaline conditions and fungi prefers the acidic ones (47). 

In the soybean area, microbial biomass C concentration 

did not show variations during the cultivation period, which 

corresponds to the rainy season in the Cerrado region. 

However, even under the no-tillage system, microbial biomass 

in the soybean area was lower than in the native area, showing 

the effect of land conversion and cultivation on microbial 

biomass. Similar results were found by Perez et al. (36) in soils 

under native Cerrado vegetation, when compared to a soybean 

monoculture under conventional tillage system. The effect of 

management (tillage and cover cropping) on soil microbial 

communities in the Cerrado was also observed in Peixoto et al. 

(33) using PCR-DGGE analysis with variations in the 

dominant bacterial population and in Castro et al. (9) with 

RISA 18S  rDNA profiles observing different banding patterns 

in the Cerrado native area, soybean monoculture and pasture 

areas. 

 

Figure 4. Cluster analysis 

(UPGMA, Dice coefficient 

of similarity) of molecular 

banding patterns of row 

samples generated by PCR-

DGGE in  Fig. 2. 
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Table 4. Bacterial and fungal diversity of selected 16S and 18S rDNA DGGE bands and GenBank accession numbers. 

Observation Band BLAST Search Acess Number 
High intensity before sowing in row and inter-row S1 Uncultured soil fungus GQ294579 

Higher intensity in native samples S2 Uncultured soil fungus GQ294580 

High intensity in inter-row before sowing S3 Uncultured soil fungus GQ294581 

Absent in native area in October (rainy season) and high 
intensity in sowing period S4 Uncultured soil fungus GQ294582 

Present in all profiles and higher in row after sowing S5 _  

High intensity in row after sowing and in native areas S6 Uncultured soil fungus GQ294583 

Present in inter-row after sowing and in native area in March 
(dry season) S7 Uncultured soil fungus GQ294584 

Present in all profiles S8 Uncultured soil fungus GQ294585 

High intensity and absent in harvest period samples S9 Uncultured soil fungus GQ294586 

Absent in native área S10 Uncultured soil fungus GQ294587 

High intensity in soybean area fructification period in row and 
inter-row S11 Uncultured soil fungus GQ294588 

High intensity in inter-row before harvesting and in sowing 
period S12 Uncultured soil fungus GQ294589 

Present in all profiles and higher intensity in native areas S13 Uncultured soil bacteria GQ294590 

Present in all profiles and higher intensity in native areas S14 _  

High intensity in row and absent in inter-row in soybean 
fructification S15 Uncultured soil bacteria GQ294591 

Exclusively present in native area in March (dry season) S16 _  

Present in all profiles S17 _  

Absent until flowering and high intensity in native areas  S18 Uncultured soil bacteria GQ294592 

High intensity in native areas S19 Uncultured soil actinobacteria GQ294593 

High intensity in native areas S20 Uncultured soil bacteria GQ294594 

 
 

 

In 16S and 18S rDNA DGGE profiles a large number of 

weaker bands was observed, indicating microbial communities 

with complex structure. However, the profiles of bacterial 16S 

rDNA and fungal 18S rDNA amplified fragments differed in 

the distribution and intensity of the bands. The 18S rDNA 

profiles were characterized by a stronger differentiation of the 

samples in terms of intensity of the bands. This difference 

could be related to different levels of spatial variation for 

bacterial and fungal communities, as fungal growth is usually 

observed in patches (16). Fungi have many arrangements of 

hyphae in no-tillage systems. The opposite is observed for 

bacteria that have greater biomass in tillage systems (47). Thus, 

on our samples, fungi may have a greater biomass, which could 

cause the difference observed in the DGGE profiles. 

The analyses of 16S and 18S rDNA dendrograms did not 

show remarkable differences between row and inter-row except 

for the sample collected during fructification period (January 

2005) for 16S rDNA fragments and after harvest in March 

2005 for 18S  rDNA fragments. The variation between row and 

inter-row during fructification may be related to root exudates 

affecting the community in the row while the difference 

observed after harvest may be related to soil disturbances 

caused by machine traffic in the inter-rows during harvesting. 

        Cluster analysis of the16S and 18S rDNA community
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indicated that the structure of microbial communities is 

affected by the plant cover structure and composition. Plant 

activity is a primary determinant of the soil microbial 

community structure because of the release of specific forms of 

carbon that can represent important energy sources (15). The 

type of vegetation and the environmental conditions are 

contributing factors to the quality and quantity of the litter, 

influencing decomposition and community heterogeneity (26) 

and thus acting directly on the soil microbial community. An 

effect of the presence or absence of plant cover was also 

detected through the separation of samples collected during the 

fallow and cultivation period in the soybean area. Smalla et al. 

(41) compared bulk soils with soils cultivated with strawberry, 

potato and grape through the analyses of 16S rDNA fragments 

by PCR-DGGE. Most bacterial populations were equally 

abundant in the bulk soil but the pattern of soils under farming 

indicated the presence of very intense bands and low faint 

bands, hence indicating the effect of plant presence on the 

bacterial community structure. 

In addition to the vegetation cover, our data suggest that 

variations in the microbial community occurred at different 

stages of crop development. That is because plants release a 

variety of compounds in the soil, creating unique environments 

for the development of microorganisms. Those environments 

depend on the quantity and quality of exudates which is 

influenced by plant genotype, the development stage of plants 

and the environmental conditions such as CO2, light, pH, 

temperature and nutrients (17, 18, 32, 41, 45, 46). In the study 

herein, a different distribution of photosynthetic products to the 

roots may have contributed to a modification in the pattern of 

exudates released in the soil. As an annual plant, soybean 

initially has a low accumulation of dry matter and absorption of 

nutrients. In the next stage, 30 to 60 days after sowing, plant 

development and nutrient and water uptake occur at higher 

rates coupled to an intense photosynthesis rate. At the end of 

the next stage, which corresponds to fructification, there is a 

decrease in photosynthesis that continues until total senescence 

(43). This decrease in the synthesis of organic compounds 

could contribute to changes in the release of root exudates, 

hence affecting soil microbial communities.  

Other factors, as for instance the application of herbicides, 

fungicides and insecticides and the difference on the chemical 

and physical characteristics of soil presented in table 1 may 

influence the community structure. Besides this, as the high 

similarity of the groups formed on dendrograms evidence the 

effect on plant development, other factors may have only some 

contribution, which was not possible to see from the results. 

The bands selected for sequencing are from uncultured 

soil microorganisms. This is particularly relevant considering 

that microbial communities of the Cerrado soils have been 

poorly investigated to date and the rate of conversion of natural 

systems is very rapid. Most of the studies on soil microbiota in 

Brazil used the analysis of 16S and 18S rDNA genes and other 

molecular techniques (6, 9, 35) that result in phylogenetic 

descriptions of the community. The use of other techniques, 

such as metagenomics, is necessary for studies on the 

functioning and ecology of soil microorganisms. 

Many bands did not have high quality sequences for 

homology identification (90% <) (S5, S14, S16 and S17). 

Considering that DGGE allows the detection of only 

determinant populations, it is not possible to confirm the 

absence of other groups in the samples. A similar result was 

observed by Sekiguchi et al. (40) when trying to sequence 

DGGE 16S rDNA bands. A library of clones created from 

those non-sequenced bands allowed the detection of many 

different phylogenetic sequences, hence suggesting that even if 

a band appears in a DGGE profile as an unique band it can 

include small quantities of DNA by a co-migration of the bands 

(11).  

Nikolausz et al. (28), with a re-amplification of DNA from 

the inter-band region of denaturant gels, found that the pattern 

of bands might not be simply the separation result of different 

amplicons according to the denaturation behavior, but a 

consequence of complex interactions between different DNA 

structures. Nevertheless, while more detailed comparisons 

between soil populations may probably only be achieved 
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through very extensive cloning and sequencing of components, 

the use of PCR-DGGE profiling has proven to be a powerful 

tool in assessing community structure differences in soils (11, 

33). 

Although similar studies have been already performed, the 

present manuscript is the first of its kind carried out in the 

Cerrado. But, additional caution should accompany these 

results because the data were obtained from relatively few 

composite samples. Besides the DGGE bias already discussed, 

the impacts of DNA extraction and PCR amplification may 

have also contributed to further bias (20). Therefore, further 

research is needed to confirm the observations reported herein. 

Despite the critical role of the soil microbial community, 

studies on its structure and composition in tropical areas are not 

widespread. The present study pointed out that after 30 years of 

conversion and continuous cultivation under no-tillage, 

differences between microbial communities from native 

Cerrado areas and cropland are significant (regarding the 

amount of microbial biomass, community structure and 

composition). It also indicated that the soil microbial 

community responds to changes in crop development stages 

and that the responses of bacterial and fungal communities 

differ. Considering the fast rate of transformation and the 

intensification of land use in the Cerrado region as well as in 

other tropical regions, our results provide a warning about the 

consequences of human activity on soil microbial communities 

and suggest that more studies are essential for a better 

understanding of the processes that regulate microbial 

communities in native areas and the effects of land use 

changes. 
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