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ABSTRACT: Arbuscular mycorrhizal fungi (AMFs) interact with and benefit commercial 

cultures, such as Eucalyptus globulus. This crop occupies large areas in several countries, 

and can occupy up to one third of the reforested area in Portugal. The aim of this study was 

to evaluate and identity AMF groups in E. globulus plantations. Samples of soil and root 

systems were collected in the winter and the summer from fertilized or unfertilized 

plantations situated in three different regions of Portugal: Penafiel, Gavião and Odemira. 

The samples were subjected to DNA extraction, nested PCR-DGGE, sequencing and analysis. 

The data from DGGE and the soil pH, moisture, organic matter, acid and alkaline 

phosphatase and P content were used for principal component analysis. The AMF profile was 

influenced by season, winter and summer, N fertilization and region. Glomus sp. and 

Gigaspora sp. were the most frequently detected AMFs. We observed a greater number of 

AMF species in Penafiel than in the other two regions. Furthermore, Scutellospora 

heterogama was only found in Penafiel. Improved knowledge of AMF communities may 

facilitate better management of eucalypt plantations and further exploration of the potential 

and biodiversity of these partners.  

 

KEYWORDS: Eucalypt, nested PCR-DGGE, Glomus, Gigaspora and Scutellospora 

heterogama  

 

INTRODUCTION 

 

Arbuscular mycorrhizal fungi (AMFs) are ancient biotrophic fungi that belong to the 

Glomeromycota and form symbiotic associations with plants (Parniske, 2008). AMFs receive 

carbon from their hosts and in exchange, provide numerous benefits to plants, primarily by 

improving nutrition and growth, protecting against pathogens, increasing resistance to stress 

and heavy metals, and acting in nutrient cycling (Arriagada et al, 2009; Bonfante and Anca, 

2009; Croll and Sanders, 2010). These fungi have hyphae 10 times thinner than the roots, and 

the cost for the growth of hyphae up to 100 times smaller (Helgason and Fitter, 2005). 
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Among the nutritional benefits of these fungi are increased absorption of nutrients, such as 

phosphorus (P), because these fungi possess transporters that absorb inorganic soil P and 

transfer this nutrient to the plant (Helgason and Fitter, 2005; Bonfante and Anca, 2009). The 

absorption of nitrogen (N) is also increased by AMFs because these fungi possess genes 

involved in the capture of inorganic and organic N that are active during mycorrhization 

(Parniske, 2008; Bonfante and Anca, 2009; Näsholm et al., 2009). 

 

Eucalypt is a species of great interest to the forest industry that interacts with and receives the 

benefits of AMFs. Eucalyptus globulus belongs to the Myrtaceae, which include different 

species scattered throughout the world in widely varying environmental conditions (ABRAF, 

2010). Eucalyptus sp. was introduced in Portugal in the 1950s and currently occupies 672,000 

ha, which represents one third of the reforest area of the country. Due to the strong annual 

demand of industries, this area will reach 2.44 billion m3 in 2030, which represents a 45% 

increase over consumption in 2005 (FAO, 2009).  

 

The interaction between AMFs and E. globulus has benefits for the plant, such as protection 

against heavy metals, including cadmium, lead, copper, zinc and aluminum (Arriagada et al., 

2004, 2005, 2007a, 2007b, 2009, 2010). In addition, these authors observed an increase in the 

capacity to absorb nutrients, such as nitrogen, phosphate and potassium. 

 

The objective of this work was to investigate the community of AMFs and identify the main 

groups present in the winter and summer seasons in three regions of Portugal that were 

reforested with E. globulus and either unfertilized or fertilized with nitrogen. 

 

MATERIALS AND METHODS 

 

 Study site 

 

This study was performed on E. globulus plantations belonging to the Portucel-Soporcel 

Group in three regions of Portugal: Penafiel in the northern region, Gavião in the central 

region and Odemira in the southern region. These plantations were approximately eight years 

old. The three regions were selected due to their distinct soil physicochemical properties, 

rainfall and climates (Table 1). In January (i.e., winter) and June 2011 (i.e., summer), samples 

of soil and root systems were collected from two plots within each plantation. Both plots had 

received an initial N fertilization (3.3 g of N per plant) at the time of planting, but only one 

plot from each plantation subsequently received N maintenance fertilization (60 kg of N ha-

1y-187 ) in the period from 2004-2007.  
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Table 1- Characterization of soil of the Penafiel, Gavião and Odemira regions for the physicochemical properties, rainfall and climate. 

Region Textural Class FAO Classification (1998) Lithology 
Stony 

(%) 

Average 

Rainfall 

annual (mm) 

Winter    Summer 
Average Temperature 

annual (°C) 

Penafiel 

 
Sandy loam Regosols epileptic Sediments 10%  1500 Fresh 

Modera

te 
12.8 

Gavião 

 
Sandy loam Regosols epileptic skeletic 

Shale and 

Grauvaques 
5% 850 Moderate Hot 9.7 

Odemira 

 
Sandy loam 

Umbrisol endoleptic 

arenic 
Granite 50% 750 Moderate Hot 14.6  

 N P K Ca Mg Na B Cu Zn Fe Mn 

 g Kg-1 mg Kg-1 -------------------------------cmol Kg-1-------------------------------------- ---------------------------------mg Kg-1-------------------------- 

Penafiel 

 
1.3 4.8 0.09 0.08 0.05 0.07 1.0 0.3 0.7 168 4.8 

Gavião 

 
1.12 0.4 0.6 0.77 0.4 0.03 0.5 1.8 1.3 52 0.6 

Odemira 2.25 7.0 0.14 0.58 0.48 0.22 1.0 0.3 0.7 41 61.6 
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Sampling 

Three composite samples were collected from each plot. Each composite sample consisted of 

soil or roots collected from three neighboring trees. In each tree, ten random points were 

sampled in a radius of 40 cm around the trunk at a depth of 0-10 cm. The root fragments were 

composed primarily of fine roots (0-1 mm in diameter). The samples were placed into plastic 

bags, stored on ice, transported to the laboratory, and subsequently stored at -20 °C for up to 

two months prior to analysis. 

 

Soil characterization 

Soils were classified according to the FAO/UNESCO (Table 1). Triplicate soil samples were 

weighed and placed in an oven at 60 °C for 48 h to determine the moisture content. The 

organic matter content was determined using the loss-on-ignition method. One gram of soil 

was weighed in a porcelain crucible and placed in a muffle furnace (Nabertherm 30-3000°C, 

model L3, Germany) at 500°C for 12 h (Schulte et a., 1987). For pH determination, soil 

extracts were prepared in 2 mol L-1 potassium chlorate using 2 g of soil and completed by the 

addition of distilled water to achieve a final volume of 20 mL. 

 

Phosphate content  

A second soil extract was prepared using 2 g of each soil sample, with the volume increased 

to 20 mL with distilled water. The sample was incubated under agitation for 1 h. Then, a 10 

mL sample of this extract was centrifuged and the supernatant was used to determine the 

phosphate concentration. This determination was performed using the colorimetric method, 

which involves the reaction of the Fiske reagent and ascorbic acid, which reacts with the 

phosphate present in the soil extract. For this assay, 50 μL of soil extract were used in 

triplicate. The absorbance was determined on a microplate reader (Spectra Rainbow - 

TECAN) at 700 nm. 

 

Phosphatase activity 

The phosphatase activity in the soil was determined using the colorimetric method, according 

to Tabatabai and Bremer (1969). Assays were performed in triplicate, with one gram of soil 

for each composite sample, and absorbances were determined on a microplate reader (Spectra 

Rainbow - TECAN) at 405 nm. The control readings were performed in the same manner, 

except for the addition of the substrate PNP-phosphate. 

 

Nested PCR of the 18S rDNA gene 

The denaturing gradient gel electrophoresis (DGGE) technique was used to assess the profile 

of microbial communities of AMFs in eucalypt plantations in Portugal. Total DNA was 

extracted from 250 mg of the root system or soil samples using an UltraClean PowerSoil kit 

(Mobio Laboratories, Solana Beach, CA, USA), according to the manufacturer's instructions.  

 

The total DNA was used as the template in a PCR reaction to amplify the 18S rDNA gene. 

The primers used to amplify the 18S rDNA fragments corresponding to the first round 

included the AM1 primer (5'-GTTTCCCGTAAGGCGCCGAA-3') (Helgason et al., 1998) in 

combination with the universal primer for eukaryotes, NS31 (5'-

TTGGAGGGCAAGTCTGGTGCC-3') (Simon et al., 1992). The PCR mixture consisted of 
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20 ng of total DNA, 0.2 μM of each oligonucleotide, 200 μM dNTP, 2 mM MgCl2, 0.5 mg 

mL-1 of bovine serum albumin (BSA) and 1.25 units of GO Taq DNA polymerase (Promega, 

Madison, USA) in a total reaction volume of 50 μL. The negative controls consisted of 

MilliQ water to replace the DNA sample to evaluate the presence of possible contaminants. 

All materials used in the preparation of the reactions were previously sterilized and nuclease-

free. 

 

The PCR amplifications were performed in a thermocycler (Mastercycler epgradient, 

Eppendorf) using the following steps: an initial cycle of 1 min at 94 °C, 1 min at 66 °C and 1 

min 30 s at 72 °C, followed by an additional 30 cycles of 30 s at 94 °C, 1 min at 66 °C and 1 

min 30 s at 72 °C and a 10 min final extension at 72 °C. To confirm the presence of the 

amplified product, aliquots of the products from PCR reactions were submitted to 

electrophoresis in agarose gels (0.8% w:v, at 80 V for 80 min) stained with ethidium bromide 

and visualized under a UV light photodocumentation imaging system (Loccus Biotecnologic 

L-Pix Chemi). 

 

The amplification of the DNA fragment corresponding to the 18S rDNA of AMFs from the 

first two primers described (i.e., AM1 and NS31) resulted in DNA fragments of 

approximately 560 bp. To obtain a smaller DNA fragment to perform the DGGE technique 

and for the careful observation of the bands in the gel, a second round of PCR reactions was 

performed (i.e., nested PCR) using the primers NS31-GC (5’-

CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGGTTGGAGGGCAAGTC

TGGTGCC-3’) (Kowalchuk et al., 2002) and Glo1 (5’-GCCTGCTTTAAACACTCTA-3’) 

(Cornejo et al., 2004) and the same reaction mixture utilized in the first round of PCR. An 

initial denaturation of 5 min at 94 °C was performed, followed by 35 cycles of 45 s of 

denaturation at 94 °C, 45 s at 52 °C, 1 min at 72 °C and the extension of the fragments at 72 

°C for 30 min. To confirm the presence of the product, 5 µL of the PCR product was verified 

by electrophoresis on agarose gels (1.5% w:v, 80 V, 80 min) stained with ethidium bromide 

and visualized under a UV light photodocumentation imaging system (Loccus Biotecnologic 

L-Pix Chemi).  

 

DGGE 

 

The DNA fragments obtained from the soil and root samples using the nested PCR technique 

were analyzed by DGGE (DCode System, Bio-Rad Inc., California).The reference markers 

were Rhizophagus clarus from an in vitro collection (Laboratory of Mycorrhizal 

Associations, Universidade Federal de Viçosa -Viçosa, MG), Acaulospora koskei SCT406A, 

Acaulospora tuberculata SCT250B, Gigaspora albida PRN201A, Gigaspora decipiens 

SCT304A and Dentiscutata heterogama (= Scutellospora heterogama) PNB102A. Fungal 

isolates were obtained from the International Culture Collection of Glomeromycota (CICG) 

(www.furb.br/cicg) at the Universidade Regional de Blumenau in Blumenau, SC, Brazil.The 

references were treated as described for the field samples, and a volume of 15 µL of the DNA 

mixture of these species was used as a marker for the DGGE analysis. For this analysis, a 20 

µL sample of the nested PCR products, ranging from 150 to 200 ng of DNA, was loaded onto 

an 8% (w/v) polyacrylamide gel in 1 X Tris-acetate-EDTA (TAE) buffer. The gel was 
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prepared with a denaturing gradient ranging from 35% to 50% (where 100% denaturation 

indicates a concentration of 7 mol L-1 urea and 40% formamide). The gel was subjected to 

vertical electrophoresis at 60 V for 20 h at 60°C, then stained for 40 min with 1x Sybr Gold 

(Molecular Probes, Leiden, The Netherlands); the gel was then photographed under UV light 

on a molecular imaging system (Loccus Biotecnologic L-Pix Chemi). The bands of interest 

were excised, eluted, used as templates in a new PCR reaction using the same primers but 

without the addition of the GC-clamp, and then sequenced by Macrogen, Inc. (Korea). All 

sequences obtained in the present study were edited using Sequencher software (Version 4.1, 

Gene Codes Corp Ann Arbor, USA). The results were analyzed by comparing the obtained 

sequences with those deposited in the GenBank database using the BLASTn search tool 

(Autshul et al., 1997). 

 

Statistical analyses 

The data were subjected to variance analysis (ANOVA), and mean values were compared by 

the Saeg software (version 9.1, Universidade Federal de Viçosa) using Tukey’s test (p<0.05). 

The DGGE profiles, which were aligned based on the external markers, were analyzed and 

compared using BioNumerics software (Version 5.1, Applied Maths NV). Correlations 

between the environmental data and the occurrence and intensities of DGGE bands were 

determined using principal component analysis (PCA) and canonical analysis (CA) with 

Canoco software (version 4.5, Biometris, Wageningen, Netherlands). Distinct bands observed 

in the DGGE gels were considered different species, and the relative intensities of these 

bands were considered to represent the frequency at which these species occur. The 

environmental variables considered in the analysis were: organic matter, moisture, phosphate, 

phosphatase activity and pH.  

 

RESULTS 

 

Soil characterization 

The soils were acidic, and moisture varied greatly with season and region, reaching very low 

values in summer, particularly in the Gavião region (Table 2).The phosphate concentrations 

in the soil were higher in summer than in winter, except for the Gavião region, which had 

similar values in both seasons (Table 2). The soil from Odemira exhibited a higher 

concentration of phosphates than the soil from the other regions, regardless of the evaluation 

period (Table 2). In all regions, the acid phosphatase activity was higher than the alkaline 

phosphatase activity (Table 2).  The highest alkaline phosphatase and acid phosphatase 

activities were quantified in the winter and in the summer, respectively, except for the Gavião 

region, where the acid phosphatase activity was greatest in the winter. The soils from 

Odemira exhibited high phosphatase activity in both seasons (Table 2).
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Table 2- Physicochemical analysis of the soils of planted forests of Eucalyptus globulus in the Penafiel, Gavião and Odemira regions.  
 

Without nitrogen fertilization (WNF); with nitrogen fertilization (NF) 

 

Region Treatment 

Organic matter 

(%) 
pH Moisture (%) 

Acid phosphatase 

μg P-PO4 g
-1  dry soil h-1 

 

Alkaline phosphatase 

μg P-PO4 g-1  dry 

soil h-1 

 

Phosphate 

μg P-PO4 g-1 

dry soil 

winter summer winter 
summer 

winter summer winter summer winter summer winter summer 

Penafiel 
WNF    7.57±0.98 9.02±1.56 3.76±0.08 3.85±0.08 16.53±1.95 9.36±0.99 248.32 ±155.59 319.30±200.3 74.51±29.41 19.80±32.7 5.79±0.16 7.92±1.90 

NF   9.42±0.87 9.46±0.76 3.79±0.07 4.04±0.38 14.68±3.91 8.34±2.32 398.60±100.10 448.58±125.3 76.75±48.56 40.26±33.06 5.80±0.43 6.87±1.09 

Gavião 
WNF   5.24±1.38 4.82±0.07 4.17±0.07 4.08±0.10 11.64±2.20 5.75±2.04 244.71±43.43 190.10±57.00 115.02±21.56 24.61±12.07 5.25±0.70 5.18±4.59 

NF   7.66±3.12 6.05±0.06 3.75±0.06 3.79±0.17 10.50±1.17 4.49±0.85 441.41±134.69 176.70±86.30 213.46±67.37 29.27±7.03 6.58±1.38 6.22±3.45 

Odemira 
WNF 12.74±0.40 17.50±3.98 3.43±0.17 4.74±1.32 18.22±1.08 15.20±0.75 478.73±56.30 675.60±221.3 127.37±67.01 30.27±32.26 10.10±2.58 13.72±1.3 

NF 12.85±0.95 14.09±1.90 3.20±0.06 3.52±0.03 21.04±1.61 15.66±2.73 537.09±133.96 541.35±72.17 260.33±66.84 26.99±7.08 8.28±1.44 12.01±1.38 
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Arbuscular mycorrhizal fungi 

The 18S rDNA gene was successfully amplified, enabling analysis of the amplicon by 

DGGE. This technique allowed the analysis of culture-independent AMFs directly from the 

soil and roots of the sampled plots (Figures 1, 2 and 3).The banding patterns generated by 

DGGE revealed different profiles, especially when each region was assessed in relation to 

nitrogen fertilization and seasons of the year. In Gavião and Odemira, a greater number of 

bands was observed in the soil samples than in the root system samples. In the region of 

Penafiel, a greater number of bands was found in the area that received nitrogen fertilization 

in the winter. Root system samples collected from the areas that received nitrogen 

fertilization had a larger number of bands than unfertilized areas (Figures 1A-B, 2A-B, and 

3A-B), suggesting that the diversity of these AMF communities is distinct. 

 

The AMF communities were grouped primarily according to season. However, AMFs in 

some soil and root system samples were also grouped according to nitrogen fertilization 

(Figures 1C-D, 2C-D, and 3C-D). In the soils and roots from Penafiel, a difference was 

observed between winter and summer, with the formation of two groups with 30% similarity. 

The winter group exhibited 76% similarity (Figure 1C). In the root system samples, 

differences were also observed between winter and summer, with the formation of two 

groups with 35% similarity. The summer group exhibited 50% similarity (Figure 1D). 

 

Season impacted the AMF communities in the soil from Gavião, where the formation of two 

groups with 40% similarity was observed. The first group within the summer samples 

exhibited 53% similarity, and the second group in the winter samples exhibited 60% 

similarity (Figure 2 C). The root system samples exhibited two main groups of AMF 

communities, according to N fertilization (Figure 2 D).  

 

In the soil from Odemira, one main group of AMFs with 50% similarity to samples that did 

not receive maintenance N was observed (Figure 3 C). In the root system samples, 

differentiation was observed between winter and summer, with the formation of two groups 

with 40% similarity. The summer group exhibited 50% similarity (Figure 3 D). 
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Figure 1 - Analysis of the cluster obtained from the DGGE banding patterns of the AMF communities in E. globulus 

plantations in the Penafiel region of northern Portugal. A) DGGE band pattern of soil samples obtained using 

the 18S rDNA gene. B) DGGE band pattern of root system samples obtained using the 18S rDNA gene. C) 

Dendrogram of soil samples (UPGMA). D) Dendrogram of root system samples (Neighbor Joining). NF: with 

maintenance nitrogen fertilization; WNF: without maintenance nitrogen fertilization; W: winter; S: summer; M: 

Marker. Scale = similarity (%). 
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Figure 2 – Analysis of the cluster obtained from the DGGE banding patterns of the AMF communities in E. globulus 

plantations in the Gavião region of northern Portugal. A) DGGE band pattern of soil samples obtained using the 

18S rDNA gene. B) DGGE band pattern of root system samples obtained using the 18S rDNA gene. C) 

Dendrogram of soil samples (UPGMA). D) Dendrogram of root system samples (UPGMA ing). NF: with 

maintenance nitrogen fertilization; WNF: without maintenance nitrogen fertilization; W: winter; S: summer; M: 

Marker. Scale = similarity (%). 
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Figure 3 – Analysis of the cluster obtained from the DGGE banding patterns of the AMF communities in E. globulus 

plantations in the Odemira region of northern Portugal. A) DGGE band pattern of soil samples obtained using 

the 18S rDNA gene. B) DGGE band pattern of root system samples obtained using the 18S rDNA gene. C) 

Dendrogram of soil samples (Neighbor Joining). D) Dendrogram of root system samples (Neighbor Joining). 

NF: with maintenance nitrogen fertilization; WNF: without maintenance nitrogen fertilization; W: winter; S: 

summer; M: Marker. Scale = similarity (%). 

http://www.eajournals.org/


European Journal of Agriculture and Forestry Research 

Vol.2, No.3, pp.25-42, September 2014 

       Published by European Centre for Research Training and Development UK (www.eajournals.org) 

36 

ISSN 2054-6319 (Print), ISSN 2054-6327(online) 

 

 

Effect of environmental factors on AMF communities 

Multivariate analysis demonstrated that in the soils from Penafiel, there was an explanation 

for 38.5% of the variation in the AMF community (Figure 4). The first axis explained 25.7% 

of the variability, and the differentiation in the microbial community was primarily associated 

with the season, winter and summer. In the root system samples, there was an explanation for 

33.4% of the variation in the AMF communities and the groups were primarily associated 

with the season, winter and summer. In both cases, the winter samples had a stronger 

relationship with moisture and alkaline phosphatase than the summer samples, which 

exhibited a stronger relationship with the concentration of phosphorus and the acid 

phosphatase activity (Figure 4 A-B). The root system was also influenced by om (Figure 4 A-

B). 

 

In the soils and root systems from the Gavião region, the AMF communities were grouped 

according to the seasons, with an explanation for 61.7 and 41.1% of the variability, 

respectively (Figures 4 C-D). In both cases, the winter samples exhibited a stronger 

relationship with acid and alkaline phosphatase activity, om, moisture and phosphorus 

concentration (Figure 4 C-D).  

 

In the soils and root systems from the Odemira region, the AMF communities were grouped 

according to the seasons, with an explanation for 55.8 and 45.5% of the variability, 

respectively. In both cases, the winter samples exhibited a stronger relationship with alkaline 

phosphatase activity and moisture than the summer samples.  

 

In the samples from soils that received maintenance N fertilization in the summer, the 

strongest relationships were observed with pH, om and the concentration of phosphorus 

(Figure 4 E-F).  
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Figure 4 - PCA and CA based on PCR-DGGE profiles of the 18S rDNA gene from soil and root system samples from E. 

globulus plantations in Penafiel (northern), Gavião (central) and Odemira (southern) regions of Portugal, 

overlaid with environmental data. A and B - soil and root systems (Penafiel); C and D - soil and root systems 

(Gavião); E and F - soil and root systems (Odemira); moisture, pH, phosphorus concentration (P), organic 

matter (om), acid phosphatase (acid-Pase) and alkaline phosphatase (alk-Pase). 
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Identification of AMF communities 

The DGGE gel bands of the AMFs from the three regions were sequenced, and the results 

were compared using the BLASTn algorithm (NCBI). Band sequencing indicated that most 

of the bands that belonged to the AMFs in the soil samples corresponded to Gigaspora sp. 

and Glomus sp. (Figure 5). This latter genus was also predominant in the root samples 

(Figure 5). We also found many bands that belonged to non-arbuscular mycorrhizal fungi, 

especially in samples from the Odemira region. 

 

The results of the band sequencing revealed that the samples of soil from Penafiel had a large 

number of species. Scutellospora heterogama was only found in this region. In the root 

samples, Gigaspora rosea and Glomus sp. were found. In the soil samples from Gavião, the 

greatest percentage (40%) of sequences corresponded to Gigaspora margarita, followed by 

Glomus spp. The opposite was observed in samples from the root system. In the soil samples 

from Odemira, Glomus irregulare predominated, followed by Gigaspora margarita; in the 

root samples, only Glomus spp. were found (Figure 5). 

 

 

 

 
 

                       Figure 5 - Distribution of bacterial genera found in the soil and root systems of E. globulus plantations in three 

regions of Portugal (Penafiel, Gavião and Odemira) obtained by sequencing the DGGE bands of the 18S rDNA 

gene. 
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DISCUSSION 

 

The influence of the rainy winters associated with a Mediterranean climate was decisive in 

the regions studied, especially in view of the reduction of moisture that occurs in the summer, 

which is characterized by the absence of rainfall (Table 1).The alkaline phosphatase activity 

increased in the winter compared to the summer. This difference may be due to high 

moisture, which is very important to the metabolism of the fungi and bacteria responsible for 

alkaline phosphatase production (Dakora and Phillips, 2002; Caldwell, 2005) (Table 1). 

Another determining factor for the activity of this phosphatase is soil pH, which is acidic for 

eucalypts, favoring the synthesis and activity of phosphatases (Cao et al., 2010).The Odemira 

soils exhibited high phosphatase activity in both winter and summer; this activity can be 

related to the large amount of organic matter and moisture and the low phosphorus 

concentrations observed in the soil (Table 1). 

 

All of the evaluated parameters may interfere with the AMF community in eucalypts. 

According to the literature, the composition of the microbial community correlates strongly 

with soil pH (Bardgett et al, 1993; Högberg et al, 2007). Seasonal changes in soil microbial 

communities have been reported, and these communities are susceptible to change with 

variations in temperature and soil moisture (Moore-Kucera and Dick 2008).Similar to 

observations reported by Cao et al., (2010), the AMF communities assessed using the DGGE 

technique were influenced by region, season and nitrogen fertilization (Figures 2, 3 and 4).  

 

The larger number of AMF bands that was observed in soil samples compared to root system 

samples may be due to the smaller number of AMFs in adult eucalypt plants (Figures 1, 2 and 

3), where the succession of AMFs can be occurred by ectomycorrhizal fungi (Bellei et al, 

1992; Yinglong et al, 1999, 2000). However, this sequence is not a rule because under certain 

conditions, this sequence does not occur (Campos et al., 2011). 

 

A larger fungal biomass is found in N-poor soils, and the increased supply of nitrogen to 

plants decreases the C supplied to the fungi (Högberg et al., 2007), resulting in increased 

fungal diversity in areas that have not received nitrogen fertilization (Figures 1, 2 and 3). 

Moisture is a crucial factor for microbial activity, and in the dry seasons, the plant’s need for 

water promotes a stronger interaction between the plant and the AMF, favoring the 

emergence of a more diverse profile of AMFs in the summer season because the AMFs 

increase the water absorption of the area (Helgason and Fitter, 2005). 

 

The three Portuguese regions studied have different characteristics (Table 1). In Penafiel, a 

greater number of species was observed in the winter in the fertilized area than in the other 

regions. This difference may be due to the sandy soil and to the more severe winters that 

occur in Penafiel than in the other regions; these conditions require a stronger plant/AMF 

interaction that results in increased strength and protection for the plant (Figure 1). 

 

The interaction between environmental factors and the data obtained via DGGE highlights 

moisture as the factor that exerts the most influence on the community of AMFs. Soil 

moisture is one of the main limiting factors for the accumulation of biomass and increases the 
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efficient use of N in terms of accumulated carbon, which is reduced with the addition of 

fertilizer (Wood et al., 2002). 

 

AMFs of the Glomus genus have different spreading and survival strategies (Liang et al, 

2008), which can justify their presence in a higher percentage in this study. The interactions 

between Glomus mosseae and Glomus deserticola and E. globulus has been studied, and the 

benefits of this interaction are of great importance for the cultivation of this plant (Arriagada 

et al., 2004, 2005, 2007a, 2007b, 2010). Studies have also been conducted with Gigaspora 

rosea, which was present in significant proportions in this community (Arriagada et al., 

2009). 

 

The strategy of nested PCR, together with the partial specificity of the primer AM1 and the 

resolving power of the DGGE gel with the primer pair NS31-GC/Glo1, allows the 

observation of the profile of the AMF community (Cornejo et al., 2004). Understanding the 

community structure of AMFs in the soil and roots of plants is necessary for adequate 

management, particularly in acidic soils with low availability of P and other nutrients. 

 

CONCLUSIONS 

 

The profile of the AMF community is influenced by the winter and summer seasons and 

nitrogen fertilization. Soil moisture was the environmental factor most strongly related to the 

variation observed in the AMF community. Regardless of the region analyzed, the main 

genera of AMFs that are associated with eucalypts are Glomus and Gigaspora. 
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