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ABSTRACT
In this work, we hypothesized that two spore-based methods, direct analysis of field samples and trap 
cultures, simultaneously used for assessment of occurrence and species richness of arbuscular mycorrhizal 
fungi (AMF) may vary in their efficiency according to the environmental conditions and the total AMF 
species richness of the evaluated ecosystem. The performance of both methods was analyzed based on two 
datasets: 1) a complete site x species matrix compiled from two studies in different land uses in the Amazon 
using direct analysis of field samples and trap cultures. 2) Total number of AMF morphotypes detected by 
both methods in published manuscripts across several ecosystems. From dataset 1, direct analysis of field 
samples revealed 57 morphotypes, whereas only 21 of these were detected by trap culture. Community 
variation (beta diversity) analysis  revealed that field samples are far more sensitive in detecting shifts in 
AMF community composition among land uses than trap cultures in the Amazon region, with the combined 
results of both methods being not better than that obtained only by direct analysis of field samples. Analysis 
of dataset 2 showed that the relative performance of trap cultures, using direct analysis of field sample as 
reference, was inversely related to the total observed AMF species richness. 
Key words: alpha and beta diversity, diversity assessment methods, Glomeromycota, spore counts, 
taxonomy.
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INTRODUCTION

The highly specialized Glomeromycotan 
arbuscular mycorrhizal fungi (AMF) are important 
components of the belowground biodiversity 
because of the ubiquitous root symbiosis they 

form with the vast majority of plant species 
occurring in most terrestrial ecosystems and 
because of their functional role in plant nutrition, 
growth, and community structure. Their presence 
is usually assessed by quantitative and qualitative 
assessments of mycorrhizal colonization and by 
spore counts and identification from field soils. 
The latter method provides the baseline to assess 
species richness, abundance, frequency, and to 
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draw inferences about community composition. 
Taxonomic classification of AMF spores is usually 
evaluated by the analysis of morphological 
characters of AMF asexual spores (Schenck 
and Pérez 1988) and by molecular techniques 
targeting specific rRNA gene sequences (Liang 
et al. 2008). Although suitable protocols and 
primers (Helgason et al. 1998, Kruüger et al. 
2012) have been developed to identify AMF 
species from field samples (Avio et al. 2009, Öpik 
et al. 2013), the use of molecular techniques is 
still limited because it yields DNA sequences 
that may or may not match traditional AMF 
morphospecies (Robinson-Boyer et al. 2009, 
Young 2012). Extraction and identification of 
spores either directly from field soil or from trap 
cultures are commonly used procedures in AMF 
ecological and applied research because spores 
are the ultimate fungal unit required to establish 
AMF in single cultures, which are then used for 
further evaluation of functional traits. Common 
constraints attributed to field collected spores are 
the low quantity of spores, parasitism by soil fauna 
and bacteria, and lack of all spores subcellular 
structures necessary to an accurate identification of 
species. Moreover, not all AMF in the community 
might be sporulating at the sampling time, what 
may underestimate diversity (Morton et al. 1995). 
Therefore, multiplication of the indigenous fungi 
in host plants under controlled conditions is an 
alternative for triggering sporulation of cryptic 
AMF species. This procedure is known as trap 
culture and has been widely used in AMF ecological 
studies (Bever et al. 1996, Stutz and Morton 1996, 
Stürmer 1998, Leal et al. 2009, Mergulhão et al. 
2009). It usually gives large number of viable 
spores containing all morphological structures for 
an accurate identification and detection of non-
sporulating AMF species. 

These two spore-based methods (spores 
extracted directly from field soil and trap 
cultures) are believed to be complementary and 

are frequently used together in the hope that they 
can give more accurate assessments of AMF 
communities, but this implies in at least doubling 
the total costs of the analysis, imposing restrictions 
on the sampling effort under a limited availability 
of resources. Furthermore, the extent to which the 
complementarity between these methods is true 
and its dependency on environmental conditions 
have not yet been explicitly addressed. Studies 
have demonstrated contrasting results on AMF 
richness obtained through spore analysis collected 
from field versus trap cultures (Stürmer 1998, 
Ferrol et al. 2004, Tchabi et al. 2008, Robinson-
Boyer et al. 2009). Some studies recovered none 
or only few species exclusively in trap cultures 
(Bever et al. 1996, Melloni et al. 2003, Oehl et al. 
2003) while others had detected a large number of 
species (Stutz and Morton 1996, Beauchamp et al. 
2006). 

Thus, mycorrhizal researchers aiming to 
evaluate AMF diversity within ecosystems face a 
challenge in selecting the method to reveal AMF 
richness and abundance because little data is 
currently available with regard to the factors that 
control the performance of each method and the 
extent to which these methods complement one 
another for giving a more accurate picture of AMF 
communities. In this study, we tested the following 
hypotheses: (i) trap culture and direct analysis of 
field samples differ in their selectivity for AMF 
species, resulting in method-specific biases on the 
community composition; (ii) the combination of 
both methods gives a less biased assessment of AMF 
communities and a greater resolution for detecting 
variations in AMF community composition (beta 
diversity) in response to environmental changes; 
(iii) the relative performance of trap cultures 
as compared to direct analysis of field samples 
is variable, depending on specific ecosystem’s 
features, such as total richness.
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MATERIALS AND METHODS

DATASETS

Two datasets were used to assess the relative 
performance of the trap culture method (herein 
referred as trap) compared to field spore extraction 
(herein referred as field) in recovering AMF cryptic 
species. The first dataset is from of the project 
Conservation and Sustainable Management of 
Below-Ground Biodiversity, implemented through 
the Global Environment Facility. Data on AMF 
occurrence, abundance and species richness were 
recovered from field-collected spores (Stürmer and 
Siqueira 2011) and from trap cultures established 
with the same soil samples from field (Leal et al. 
2009). Both studies include information on AMF 
diversity from soils collected at the same time, in 
the same sampling points from different land uses 
(pristine Amazon forest, old secondary forest, 
young secondary forest, agroforest systems, field 
crops and pasture) in the western Amazon region, 
Brazil. Detailed characterization of this area is 
found in Moreira et al. (2009), and methodologies 
for spore extraction, counts and identification, as 
well as trap cultures conditions are described in 
Stürmer and Siqueira (2011) and Leal et al. (2009).

The second dataset was compiled from a 
literature search (Web of Science database) on 
November 2015, using the strings “arbuscular 
mycorrizal fungi”, “diversity”, “field”, and “trap 
cultures”, resulting in a total of 24 publications 
from distinct continents and ecosystems (Table I) 
reporting assessment of AMF species richness from 
traps and field methods. From these publications 
data on total number of AMF species detected 
by each method (trap and field) and on the total 
richness were obtained for subsequent analysis. 

For our purpose, relative trap performance was 
defined as the ratio of species richness detected by 
trap to that detected by field (trap/field) expressed as 
fraction or as its equivalent percentage. To compare 
field and trap methods, we used the recovery ratio of 

trap/field and the equivalent percentage. In order to 
calculate the extrapolated species richness for each 
method, we applied the first-order Jackknife index, 
using the package Vegan in the R environment 
(R Development Core Team 2015). Confidence 
intervals were calculated from 1,000 resampling 
data.

To evaluate the association between AMF 
spores richness and diversity assessment method 
(trap and field), we used the A component of the 
equation for the indicator value index (IndVal) 
described by Dufrêne and Legendre (1997), for 
absence and presence data, as follows: 

√(Apa) = √(np / n)

Where n is the number of times that a 
particular species occurs across all points; and np 
is the number of times that the same species occurs 
for a given group (sampling method). Only non 
rare AMF species (i.e., those recovered from more 
than two samples) were selected for this analysis. 
This analysis was performed using the Indicspecies 
package in the R environment (R Development 
Core Team 2015).

For the Amazon dataset, in order to compare 
the community composition indicated by the 
two methods at the six land uses, a dissimilarity 
matrix was calculated for all sites using the Jaccard 
index, with the correction for empty sites (which 
only occurred in the trap cultures) proposed by 
Clarke et al. (2006). The distance matrix was used 
to arrange the sites in a bi-dimensional plane, 
using the non-metric multidimensional scaling 
method. Based on the obtained dissimilarity 
matrix, a permutational multivariate analysis of 
variance (PERMANOVA) was performed to test 
the effects of the LUS, sampling methods, and 
the interaction between these two factors (LUS x 
Methods) on the AMF community composition. 
After confirming the significance of the main terms 
of the PERMANOVA, multiple comparison of the 
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LUSs was conducted within each method, using 
the Bonferroni correction to control Type-I error 
inflation. All analyses were performed using R.

The relationship between trap efficiency and 
total richness using published data was tested with 
a linear model, using the log-transformed trap 
efficiency as response variable and total richness as 
explanatory variable. It is important to stress that 
our work did not applied meta-analysis methods 
because measures of variability (standard error or 
standard deviation) for total species richness within 
studies are rarely reported.

RESULTS

AMAZON DATA

In soils from western Amazon, 62 AMF morphotypes 
were recovered from different land uses (LUs) by 
both methods. From this total, 43 morphotypes 
(70%) were identified to known species pertaining 
to families Acaulosporaceae, Glomeraceae, 
A r c h a e o s p o r a c e a e ,  D i v e r s i s p o r a c e a e , 
Paraglomeraceae, and Gigasporaceae. Field 
samples yielded 57 morphotypes, whereas 21 
species were detected in trap cultures. From 
the total number of species, nine were of rare 
occurrence, defined as those occurring in less than 
two samples out of 98 total number of samples. 
From these, three were exclusive to trap (Gigaspora 
margarita, Glomus sp9, and Paraglomus occultum) 
and six were detected exclusively in field (Glomus 
magnicaule cf, Glomus nanolumen cf, Glomus 
tortuosum, Diversispora trimurales cf, Dentiscutata 
biornata, and Dentiscutata scutata). 

Mean species richness was 9.2 and 1.4 per 
sample in field and in trap cultures, respectively. 
The mean AMF species richness detected from field 
collected spores per sampling point (α-diversity) 
varied from 5.5 in forest to 11.7 in young secondary 
forest, whereas in traps it ranged from 0.5 in 
forest to 2.2 in pasture (Figure 1). Trap relative 
performance for AMF recovery ranged from 10 to 

16% in most land uses, except at pasture where it 
was 32%. Number of AMF spores recovered from 
field was not correlated with number of spores 
detected in traps (Figure 2). 

From the 20 samples with highest spore counts 
(those above the 0.8 quantile) for each method, 
i.e., those samples with more than 910 spores for 
trap and 150 for field, only four were above the 
0.8 quantile for spore number in both field and trap 
culture simultaneously. Spore density varied with 
land use and, in contrast to morphotypes richness, 
it was much higher (3.28-fold higher) in traps than 
in field, with an average of 4,646 and 1,331 spores 
per sample, respectively. In the pristine forest, 
spore counts were very low by both methods (Table 
II). Acaulospora delicata and A. gedanensis were 
the most prolific sporulators in most land uses and 
in general the three species with highest relative 
abundance were not the same for traps and field 
(Table II). 

The strength of association between 
morphotype occurrence and detection method 
showed that the two methods differ in their ability 
to detect most of the morphotypes (Figure 3). The 
trap culture method primarily detected Glomus sp. 
11 and Glomus sp, 14, which correspond to 9% 
of the total morphotypes richness detected from 
traps. Conversely, 35 morphotypes were detected 
only from field samples and they belonged to 
Acaulospora, Cetraspora, Glomus, Diversispora, 
Funneliformis, Rhizophagus, Sclerocystis, 
Racocetra, and Scutellospora. From the 28 Glomus 
morphotypes detected in this study, only Glomus 
sp5 was detected by both methods. From the 16 
species detected by both methods, most pertained 
to Acaulospora (10). Other genera detected by 
both methods were Entrophospora, Gigaspora, 
Ambispora and Rhizophagus, although they were 
more efficiently detected in field (except for E. 
infrequens). 

To verify the efficiency for morphotypes 
detection by each procedure, the extrapolated 
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TABLE II

Total number of spores (in 50 mL soil) recovered in fi eld 
and traps and species with the highest relative abundance 

(%) from distinct land uses in western Amazon.

Land use

Total Number 
of Spores (50 

mL)

Morphotypes and spore abundance 
(%)

Field Traps Field Trap

Forest 370 242

Acaulospora 
delicata (46%)

Acaulospora 
delicata (54%)

Acaulospora 
gedanensis cf. 

(17%)

Glomus sp11 
(43%)

Acaulospora 
mellea (8%)

Gigaspora 
margarita 

(12%)

Old 
Secondary 

Forest
764 2597

Glomus 
glomerulatum 

(29%)

Glomus sp11 
(80%)

Archaeospora 
trappei (7%)

Acaulospora 
morrowiae 

(14%)
G. 

corymbiforme, A. 
scrobiculata, 

A. walkerii (6%)

Acaulospora 
delicata (11%)

Young 
Secondary 

Forest
2351 13221

Acaulospora 
gedanensis cf. 

(19%)

Acaulospora 
foveata (32%)

Acaulospora 
delicata (15%)

Glomus sp11 
(21%)

Glomus 
corymbiforme 

(11%)

Acaulospora 
delicata (20%)

Agroforestry 744 1855

Acaulospora 
gedanensis cf. 

(28%)

Glomus sp.11 
(39%)

Acaulospora 
delicata (27%)

Acaulospora 
delicata (28%)

Glomus 
corymbiforme 

(6%)

Glomus 
sp14(18%)

Crop 2100 4398

Acaulospora 
delicata (31%)

Glomus sp.11 
(58%)

Acaulospora 
gedanensis cf. 

(17%)

Acaulospora 
delicata (28%)

Glomus sp5 (9%)
Acaulospora 
morrowiae 

(10%)

Pasture 1657 5568

Acaulospora 
gedanensis cf. 

(33%)

Glomus sp.11 
(37%)

Glomus sp15 
(21%)

Acaulospora 
foveata (30%)

Acaulospora 
colombiana 

(19%)

Acaulospora 
colombiana 

(29%)
Mean 1331 4646

Figure 1 – Mean AMF species richness per sample detected by 
spores recovered from fi eld (grey bars) or trap culture (black 
bars). The numbers inside white circles indicate the effi  ciency 
of trap culture (expressed as percentage) for detecting the 
morphotypes recovered by fi eld sampling. Error bars represent 
the standard error of the mean (n = 17 for Forest; n = 10 for 
OSF; n = 30 for YSF; n = 10 for Agroforestry; n = 18 for Crop; 
n = 13 for Pasture).

Figure 2 – Dispersion plot of AMF spore counts for samples 
from fi eld and traps. Black lines indicate the 0.8 percentile 
for each method. Points occurring in the grey shaded areas 
correspond to samples with spore counts above the 0.8 
percentile for each method.
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richness for the whole area (γ-diversity) estimated 
by the Jackknife’s method indicated that field can 
recover up to 80% of the maximum estimated 
richness while trap cultures can recover only 
around 20%. 

The ordination based on community 
composition dissimilarity (Jaccard index) revealed 
that AMF communities are mainly separated along 
the horizontal axis, relating to the effects of methods 
(Figure 4). They were also separated by land use, 
depending upon methods. Points belonging to 
different land uses were well separated in field, 
whereas in trap cultures they were clustered, 
indicating lower resolution power for detecting 
effects of land uses on AMF community in the 
trap method. Based on PERMANOVA, significant 
effects on community dissimilarity (Jaccard index) 
were found for method, land use, and the interaction 
method x land use (Table III). Multiple comparisons 
of land use within methods (Table IV) show that, 
for trap, significant differences among land uses 
occurred only when forest was compared to pasture, 
crop, or young secondary forest. In contrast, for 
direct analysis of field samples, most comparisons 
among land uses were highly significant. To test 
the hypothesis of complementarity of the two 
methods for revealing variability on AMF species 
composition among different sites (β-diversity), the 
matrices of community composition obtained by 
both methods were combined and the Jaccard index 
was calculated on it. Applying PERMANOVA 
on the resulting dissimilarity matrix resulted in a 
pseudo F5,92 for land use of 5.02, and the results 
of multiple comparisons were similar to those 
obtained by field alone. 

To address the question of whether method 
performance is related to total AMF species 
richness, the association between trap relative 
performance (trap to field richness ratio) and 
total AMF richness was analyzed (Figure 5). The 
estimated model was highly significant (F1,20 = 17, 
P < 0.001) with a negative relationship between 

trap relative performance and total AMF species 
richness. In some studies, traps detected five times 
more AMF than direct analysis of field samples 
whereas in other studies traps detected only 1/8 of 
the richness found in field. Based on the estimated 
model, a total AMF richness of 21 was defined as 
the threshold for trap relative performance because 
at this value the estimated trap/field ratio equals one 
and, consequently, both methods performs equally 
well. Below that point, trap performs betters than 
field.

DISCUSSION

AMAZON DATA

AMF species richness and composition from sites 
under different land use in western Amazon based 
on spores extracted directly from field soil and 
trap cultures revealed contrasting results. A total 
of 57 and 21 morphotypes were recovered from 
field and traps, respectively, with 90% of the total 
diversity being recovered in the former contrasting 
with 34% in the later. The results suggest that a 
high proportion of AMF species sporulating under 
field conditions were unable to sporulate under trap 
culture conditions. For soils from western Amazon, 
an enhancement of the recovery of cryptic species 
was attempted by setting up trap cultures in two 
different greenhouse conditions and using fours 
hosts (Leal et al. 2009) but this approach did 
not result in any substantial increase in species 
recovery. Changes from microhabitat conditions 
found in the field compared to trap environment 
possibly constrain the capacity of many AMF 
species to sporulate. Bartz et al. (2008) considered 
that pots where trap cultures are established usually 
offer a finite space for root growth, which limit 
root colonization and then sporulation of AMF in 
a mixed diverse community. A certain threshold of 
root colonization must exist for each AMF species 
to trigger sporulation (Gazey et al. 1992) and trap 
environment may favor fungal genotypes that are 
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Figure 3 – Strength of association between occurrence of morphotypes from fi eld samples as revealed by 
the “A” component of the indicator value index, varying from 0 to 1.0. The value 0 indicates no occurrence 
of morphotypes in fi eld samples while 1.0 indicates exclusive occurrence in that method. Fourteen rare 
morphotypes (occurring in less than two samples out of 98 samples) were not considered.

Figure 4 – Nonmetric multidimensional scaling of sampling points. Each point is the centroid of land use 
for each sample method, according to the legend at right. Bars indicate the standard error of the mean (n = 
17 for Forest; n = 10 for Old Seconday Forest; n = 30 for Young secondary Forest; n = 10 for Agroforestry; 
n = 18 for Crop; n = 13 for Pasture).
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TABLE IV
Multiple pairwise comparisons of community composition of FMA within trap culture (upper panel) and directly field 

sampling (lower panel).

Land Use Forest OSF YSF Agro Crop Pasture

Forest - 4** 4** 7***

OSF 2**† -

YSF 4*** -

Agroforestry 2** 2** -

Crop 2*** -

Pasture 6*** 5*** 8*** 7*** 8*** -
†Pseudo F value – mean dissimilarity among groups / mean dissimilarity within groups – for each comparison followed by the 
significance level: *0.05; **0.01; ***0.001. Non-significant values are not shown. Values in the upper diagonal (lightgrey) compare 
land use within trap method whereas the values in the lower diagonal (dark grey) compare land use within directly field sampling 
method.

TABLE III
PERMANOVA on Jaccard dissimilarity matrix for AMF communities sampled by two methods in six different land uses.
Source d.f.† SS‡ MS§ PseudoF P
Method 1 15.27 15.27 116.93 0.001 ***
LU 5 3.56 0.71 5.45 0.001 ***
MethodxLU 5 1.91 0.38 2.93 0.001 ***
Residuals 184 24.03 0.13 0.54
Total 195 44.77

†Degrees freedom;
‡Sum of squares;
§Mean square;
***Significant at the 0.001 probability level.

able to quickly colonize and grow inside roots to 
achieve enough mycelium biomass to sporulate. 
These aspects may restrict morphotypes abundance 
and richness in trap cultures, reducing the number 
of species in traps relative to field conditions as 
reported in several studies from different ecosystems 
(Eom et al. 2000, Cuenca and Lovera 2010, Oehl 
et al. 2011, Silva et al. 2012, Stürmer and Bellei 
1994). In fact, traps from Amazonian soils were 
able to recover only about one third of the total 
morphotype richness and the recovery efficiency 
of trap varied from as low as 10% in samples from 
forest to 32% in pasture samples. 

Despite the fact that trap cultures acted 
as a filter for the majority of the sporulating 

AMF species detected by direct analysis of field 
samples, overall spore density in trap were 3.28-
fold higher than in field. This indicates that traps 
were suitable for sporulation of those morphotypes 
adapted to the predominant conditions found in 
trap cultures. Traps represent a substantial change 
in the environment, favoring competitive species 
and not a balanced community (Cornell 1993). 
Among the six land uses surveyed in the Amazon 
region, AMF from the forest samples sporulated 
poorly in the traps, while those found in other 
land uses produced more spores under trap than 
under field conditions (Table II). This may be 
related to the taxonomic composition of AMF 
community exhibiting different life-history traits: 
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predominance of k-strategists AMF species (low 
colonization ability, low sporulation in forest) to 
r-strategists (high sporulation, low spore dormancy, 
low hyphal growth habit, and low persistence in 
other land use systems) as suggested by Hart et al. 
(2001). 

AMF community composition, dominant 
morphotypes, and species richness were also quite 
distinct between the two methods. The nonmetric 
multidimensional scaling analysis indicates that 
communities recovered by traps are quite similar 
among land uses in the Amazon, suggesting 
a uniform selective pressure upon indigenous 
AMF species in the trap environment. Analysis 
of Jaccard dissimilarity matrix, an indicator of 

β-diversity, showed that variability in community 
composition is at the order of 20-fold higher for 
extraction method than for land use. Therefore, trap 
technique by itself performs poorly in assessing 
β-diversity in distinct land uses in this region 
because it may underestimate the impact of land 
use on AMF community composition, except 
under very contrasting environments like forest 
compared to pasture, crop and young secondary 
forest. Furthermore, in this study, the combined 
results of trap and direct analysis of fi eld samples 
did not improve the results obtained by the latter 
method alone, indicating no complementary eff ect 
of traps for assessing variations in AMF community 
composition (beta diversity) in this case.

Figure 5 – Trap relative performance as related to AMF richness detected by direct analysis of fi eld samples based on publications 
1 to 24 (see Table I) and results of the present study (25). The estimated model (F1,20 = 17; P< 0.001) is shown at the bottom. The 
solid line indicates the fi tted values and the grey area indicates the standard errors.
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Literature survey

Data from distinct surveys published indicate that 
AMF species richness ranges from 1 to 61 in field 
samples and 5 to 40 in traps (Table I). Such variation 
makes it difficult to choose the right procedure to 
assess AMF spore abundance and richness, and 
little is known about the factors determining such 
variability. One of such factors could be the AMF 
species richness originally present in the soil. In 
some cases, trap performed well in relation to 
direct analysis of field samples in detecting AMF 
(Ferrol et al. 2004), while in others it performed 
poorly (Tchabi et al. 2008). Trejo-Aguilar et al. 
(2013) observed a reduction from 17 species, 
detected under field conditions, to only one species 
(Claroideoglomus etunicatum) after 13 successive 
cycles of trap cultures. Our results indicate a 
general trend of higher trap relative performance 
in soils with low AMF richness and lower trap 
relative performance when field soils have a high 
AMF richness. This negative relationship may be 
the result of traps exerting a high selective pressure 
upon AMF species favoring those with more 
environmental flexibility, i.e. those that sporulate 
more abundantly. Indeed, most of the spores 
recovered in traps cultures from published surveys 
belonged to Glomeraceae (data not shown), which 
harbors species known as good sporulators. 

By using the fitted model (Figure 5), we can 
define that when the trap/field ratio equals one, 
these methods have similar performance and this 
happens when total richness is 21, a value that can be 
defined as a threshold for trap relative performance. 
Below that value, trap outperforms direct analysis 
of field samples in assessing AMF, while at higher 
richness direct analysis of field samples performs 
better. In western Amazon soils, we detected 
overall 61 AMF species and this may explain why 
trap method was not efficient in detecting cryptic 
species in that region. Trap cultures have been 
highly efficient to assess AMF richness in some 

circumstances (Klauberg-Filho et al. 2002, Ferrol 
et al. 2004, Oliveira et al. 2005). This efficiency 
seems also to be dependent on the environment, 
with higher trap efficiency being found in stressful 
environments such as contaminated sites or in drier 
climates compared to more mesic conditions. 

CONCLUSIONS

Trap technique does not always substantially 
improves the results obtained by direct analysis of 
field samples, especially in sites with high AMF 
species richness. In soils from western Amazon, it 
underestimated AMF species richness in distinct 
land uses and was highly selective for two Glomus 
morphotypes. Considering the data from different 
environments, the relative performance of trap in 
detecting AMF species is inversely related to total 
AMF richness. Roughly, trap technique should not 
be used by itself to assess AMF communities when 
the AMF species richness is less than 21 species 
per site, whereas the sole use of direct analysis of 
field samples should be avoided if the total AMF 
richness is below that value. 
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