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Depth-strati¿ed soil sampling for assessing nematode communities

Amostragem estrati¿cada em profundidade para avaliação de 
comunidades de nematoides

Giovani de Oliveira Arieira1; Débora Cristina Santiago2*; 
Júlio Cezar Franchini3; Maria de Fátima Guimarães2 

Abstract

This study assessed the importance of strati¿ed soil sampling on the detection (and therefore the 
distribution) of nematode communities and the differentiation of ecosystems by collecting strati¿ed 
soil samples at intervals of 10 cm and non-strati¿ed samples from 0 to 30 cm in two soil management 
systems (no-tillage and conventional tillage) and in a native forest fragment. The nematode frequency and 
prominence values were obtained after extraction by successive screening operations, sugar Àoatation 
clari¿cation and the identi¿cation of nematodes to the genus level. The nematode communities were 
compared two-by-two based on Sorensen’s community coef¿cient (CC) and the percentage similarity 
(PS). Relative abundances of functional guilds were subjected to a principal component analysis (PCA) 
and classi¿ed in dendrograms. Thirty-two edaphic nematode genera were found, and the nematode 
communities sampled on a non-strati¿ed basis in the soil pro¿le exhibited a high level of similarity 
because they could not be accurately characterized. Genera with low abundances were not detected. 
In the strati¿ed samples, we were able to classify and group the nematodes present at different depths, 
mainly from 0 to 10 cm. Strati¿ed soil sampling allowed a more accurate characterization and greater 
differentiation of nematode communities, identifying taxa that occurred at lower abundance levels, 
irrespective of frequency.
Key words: Bioindicators. Free-living nematodes. Nematofauna. Similarity. Vertical distribution.

Resumo

Com o objetivo de avaliar a importância da amostragem estrati¿cada de solos na detecção (assim como 
na distribuição) de comunidades de nematoides e na diferenciação de ecossistemas, amostras de solo 
estrati¿cadas em intervalos de 10 cm e não estrati¿cadas de 0 a 30 cm foram coletadas em dois sistemas 
de prepare do solo (plantio direto e preparo convencional), e em um fragmento de Àoresta nativa. Após 
extração por peneiramento sucessivo, clari¿cação por Àotação em sacarose e identi¿cação dos nematoides 
até nível de gênero, a frequência e proeminência dos nematoides foram obtidas. As comunidades de 
nematoides foram comparadas duas a duas, baseadas no Coe¿ciente de comunidade de Sorensen e na 
Similaridade percentual (PS). Abundâncias relativas das guildas funcionais foram submetidas à Análise 
de componentes principais (PCA) e classi¿cadas em dendrogramas. Trinta e dois gêneros de nematoides 
edá¿cos foram encontrados e as comunidades de nematoides amostradas de forma não estrati¿cada 
no per¿l do solo apresentaram um maior nível de similaridade entre si, pois não foram corretamente 
caracterizadas e os gêneros com baixa abundância não foram detectados. Nas amostras estrati¿cadas, 
foi possível classi¿car e agrupar os nematoides presentes em diferentes profundidades, principalmente 
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de 0 a 10 cm. A amostragem estrati¿cada do solo permitiu uma caracterização mais precisa e uma 
maior diferenciação das comunidades de nematoides, pela identi¿cação de taxa que ocorrem em baixa 
abundância, independente da frequência. 
Palavras-chave: Bioindicadores. Distribuição vertical. Nematofauna. Nematoides de vida livre. 
Similaridade.

Introduction

Bioindicators can measure soil quality 
(ARAÚJO; MONTEIRO, 2007), and nematodes 
have been used for this purpose because they occupy 
key positions in the soil food web (NEHER, 2001). 
Furthermore, they respond rapidly to changes in 
the environment (BONGERS; FERRIS, 1999), 
are abundant in the soil (FRECKMAN; ETTEMA, 
1993), are widely distributed (CURRY, 1994) and 
extend over various trophic groups (YEATES et al., 
1993). They also present facilities in sample and 
extraction because of their abundance and small 
size compared with other groups of soil organisms 
(NEHER, 2001). 

In studies conducted in tropical regions, 
nematodes have proved to be effective as a means of 
verifying the effects of the most diverse management 
systems on soil quality (MATTOS et al., 2006; 
KORENKO; SCHIMIDT, 2006; YEATES, 2007; 
CARES; HUANG, 2008; RODRIGUES et al., 
2011; SANTIAGO et al., 2012). However, de¿ning 
an appropriate method of collecting samples is 
fundamental for obtaining representative samples, 
especially because the reliability of an assessment 
based on samples depends upon the ef¿ciency of the 
sampling pattern and design (GOULART, 2007). 
Furthermore, the interpretation of impacts on the 
nematode community must take account of both 
their horizontal and vertical distributions in the soil 
(MENG et al., 2006). 

Horizontal nematode distribution has already 
been well elucidated. Nematodes typically occur 
in aggregates, especially plant-parasitic nematodes 
(GOULART, 2007) because they are affected by root 
distribution, soil type and moisture content, as well 
as other physical and biological factors (FREITAS et 
al., 2001). In contrast, the vertical distribution varies 

considerably and, in agroecosystems, nematodes 
tend to be concentrated in the upper 20 cm of soil 
(NORTON; NIBLACK, 1991; BONGERS, 1999). 
Samples used to be taken at depths of 0-20 cm or 
0-30 cm (GOULART, 2007), and few studies have 
been conducted based on a strati¿ed soil sampling 
method at different soil depths (TOMAZINI et al., 
2008; RODRIGUES et al., 2011). 

It is therefore essential to understand the impact 
of the soil sampling method on the detection, and 
therefore diversity, of the organisms assessed, and 
especially to understand the strati¿cation of the 
samples. Patterns of diversity consist basically 
of α diversity (occurring in the in situ organisms 
community), β diversity (between two communities) 
and γ diversity (on a regional level), with the ¿rst two 
related to the sampling method (GOULART, 2007) 
and the last affected by other wider factors such as 
climate and plant cover (SMITH; SMITH, 2008). 
Although this type of study is rarely conducted in 
edaphic ecosystems, the inÀuence of strati¿cation 
on the assessment of nematode communities has 
been con¿rmed in studies of marine sediments 
(STEYAERT et al., 2003). 

Therefore, the aim of this study was to con¿rm 
the implications of strati¿ed soil sampling in the 
characterization of ecosystems and how it affects 
the differentiation between nematode communities.

Material and Methods

Experimental site

The study was conducted in the experimental 
area of the National Soybean Research Center 
(Embrapa – Soja) in Londrina, Paraná, Brazil 
(23°11’ S, 51°11’ W, 620 m altitude). The climate in 
the region is classi¿ed as Cfa (humid mesothermal) 
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in the Köppen-Geiger system, and the soil is 
classi¿ed as an Oxisol (Eutroferric Red Latosol in 
the Brazilian classi¿cation, or Rhodic Eutrudox in 
the USA classi¿cation) with 710 g clay kg−1 soil, 82 
g silt kg−1 soil, and 208 g sand kg−1 soil. The native 
vegetation is the Atlantic forest, classi¿ed as a semi-
deciduous seasonal forest (IBGE, 1992). 

The experimental sites were set up 22 years 
ago, and two farming systems and an area of native 
forest (FO) adjacent to the experimental area were 
assessed. The agricultural plots were 50 m x 8 m, 
with a randomized block experimental design and 
four replications as follows: conventional tillage 
(CT) with a 20-cm disk plow and leveling harrow 
and no-tillage (NT), which disturbed the soil only 
on the sowing line. Both plots were under a crop 
rotation of soybean (Glycine max), wheat (Triticum 
aestivum), maize (Zea mays), white lupine (Lupinus 
albus), forage radish (Raphanus sativus) and black 
oats (Avena strigosa).

Sampling, extraction and identi¿cation of nematodes

Samples were collected immediately after the 
soybean harvest in March, 2011 based on a modi¿ed 
version of the method proposed by Anderson and 
Ingram (1993), collecting three soil subsamples and 
forming a composite sample of approximately 1500 
cm3 from each experimental plot. The same method 
was used for collecting samples from random points 
at least 50 m apart in the forest fragment. 

To verify the inÀuence of the sampling method 
on assessments of the nematode communities, 
strati¿ed samples were collected at depths of 0-10 
cm, 10-20 cm and 20-30 cm in the soil pro¿le 
(total sampling pro¿le depth – 30 cm). Samples 
were packed in plastic bags and kept at 4 °C until 
processed.

To extract the nematodes, 300 cm3 of soil 
were placed in suspension in 2 L of water and 
homogenized, then sieved through successive 
screens of 0.84, 0.075 and 0.025 mm. Next, the 

suspension containing the nematodes was clari¿ed 
by sugar centrifugal Àoatation (JENKINS, 1964) 
and kept in formalin (4% formaldehyde). The total 
number of nematodes was estimated on a counting 
slide, and 200 random individuals were identi¿ed 
to genus level under an optical microscope, in 
accordance with Goseco et al. (1974a, 1974b), 
Bongers (1987), Fortuner et al. (1988) and De Ley 
and Blaxter (2002). 

Assessment of nematode communities and data 
analysis

For each genus, we obtained the frequency (fa = 
Pa/P, where Pa represents the number of samples 
in which the taxon occurred and P the total number 
of samples) and the prominence value (Vp= Aa x 
√fa, where Aa represents the absolute abundance 
of a given taxon and fa the absolute frequency of 
this taxon), in accordance with Norton (1978) and 
Goulart (2007). After grouping the genera into 
functional guilds (according to the classi¿cation 
in FERRIS et al., 2001), we obtained their relative 
abundance values (percentage weighting in the 
community). 

To verify similarities between ecosystems, the 
communities at each level were compared two-by-
two based on Sorensen’s community coef¿cient 
(CC) and the percentage similarity (PS). Sorensen’s 
community coef¿cient is obtained using the formula 
CC = 2c/(s1+s2), where c is the number of species 
common to both communities and s1 and s2 are the 
total number of species in communities 1 and 2. The 
percentage similarity (PS) is the sum of the lowest 
relative abundances of each genus common to both 
communities (SMITH; SMITH, 1998).

For each sampling depth, the relative 
abundances of the functional guilds were subjected 
to a multivariate statistical analysis (principal 
component analysis) and a hierarchical classi¿cation 
(dendrograms), as recommended by Valentin 
(2000), with loadings higher than 0.30 considered 
signi¿cant (HAIR et al., 1998).
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Results

Irrespective of the sampling method, 32 edaphic 
nematode genera were found, but the distribution 
of these genera varied according to soil depth 
and management system (Tables 1 and 2). In 

terms of frequency, seven genera (Eudorylaimus, 
Hoplolaimus, Ironus, Monhystera, Nygolaimus, 
Pratylenchus and Psilenchus) were not found when 
the sampling was non-strati¿ed in the soil pro¿le, 
although they were observed in at least one strati¿ed 
sample. 

Table 1. Soil nematode genera frequency (fa) in communities characterized by the two samples method (strati¿ed soil 
samples at intervals of 10 cm and non-strati¿ed samples from 0 to 30 cm). 

Genera 0-10 cm 10-20 cm 20-30 cm 0-30 cm
FO CT NT FO CT NT FO CT NT FO CT NT

Acrobeles 1 1 0.75 0.75 1 1 1 1 0.75 1 1 1
Acrobeloides 0.75 0 1 1 0.75 1 0.75 1 1 1 1 1
Alaimus 0 0 1 0.75 0.75 0.75 1 0 0.5 0.75 0.5 0.75
Aphelenchoides 1 0 1 1 0.75 0.5 0.25 1 1 1 0.75 1
Aphelenchus 1 1 1 0.75 0.75 0 0.5 0.25 0 0.75 1 1
Cephalobus 1 0 0.75 1 1 1 1 1 1 1 1 0.75
Chiloplacus 0 0 0 0.5 1 0 0.75 1 0.5 0.5 1 0.75
Discocrinemella 1 0 0 1 0 0 1 0 0 1 0 0
Dorylaimellus 0.75 0 0 1 0.5 0.25 0 0.25 0 0.75 0.5 0.75
Eudorylaimus 1 0 0 0.25 0.25 0 0 0 0.75 0 0 0
Helicotylenchus 1 1 1 1 1 1 1 1 1 1 1 1
Hoplolaimus 0 0 0 0 0 0.75 0 0 0 0 0 0
Ironus 1 0 1 0.75 0 0 0.25 0 0 0 0 0
Labronema 1 1 1 0 0.5 0 0 0.75 0 0.5 0.5 0.75
Mesocriconema 1 0 0 1 0 0 1 0 0 1 0 0.25
Mesodorylaimus 0 1 0 0 0 0 0 0 0 0 0.5 0
Mesorhabditis 0.75 0.75 0.75 0 1 1 0.5 1 1 0.5 1 1
Monhystera 0 0 0 0 0.75 0.75 0 0 0 0 0 0
Mononchus 0 0 0 0 0.75 0 0 0 1 0 0 0.5
Mychonchus 1 0 0 1 0 0 0 0 0 0.5 0 0
Nygolaimus 0 0 0 0.25 0.75 0 0.5 1 0 0 0 0
Panagrolaimus 1 1 1 1 1 1 0 1 1 0.75 1 1
Plectus 0 0 0 0.75 1 1 1 0 0 0.75 0.5 0.5
Prionchulus 1 0 0 0 0 0 0 1 1 0.5 0.25 0.5
Prismatolaimus 0 1 1 1 0.75 0 1 1 1 0.75 0.75 0.75
Prodorylaimus 0.5 1 1 0.75 0.75 0 0 0 0 0.5 0.25 0.5
Psilenchus 1 0 0 0 0.75 0 0 0 0.5 0 0 0
Rhabditis 1 0.75 1 1 1 1 0 0 0 0.75 1 0.75
Rotylenchulus 0 0.75 0.75 0.75 1 0 1 1 1 1 1 1
Scutellonema 1 0 1 0.25 0.25 1 1 0 0.75 0.75 0.25 1
Tylenchus 0.75 0 1 1 1 1 0.5 1 1 1 0.75 0.5

NT: No-tillage, CT: Conventional tillage, FO: Forest fragment.
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Table 2. Soil nematode proeminence value (fa) in communities characterized by the two samples method (strati¿ed 
soil samples at intervals of 10 cm and non-strati¿ed samples from 0 to 30 cm).

Genera 0-10 cm 10-20 cm 20-30 cm 0-30 cm
FO CT NT FO CT NT FO CT NT FO CT NT

Acrobeles 12.38 4.25 1.52 0.76 1.38 2.13 4.88 1.25 0.76 8.13 5.00 2.50
Acrobeloides 1.41 - 1.88 18.25 3.25 2.38 3.36 11.75 14.50 8.88 6.63 8.50
Alaimus - - 1.50 1.62 2.81 0.76 1.50 - 0.53 0.76 0.62 1.19
Aphelenchoides 1.88 - 5.63 4.13 3.25 1.24 0.13 2.50 6.13 2.13 0.76 3.50
Aphelenchus 4.13 5.38 16.25 0.54 - - 0.71 0.13 - 1.19 1.88 8.25
Cephalobus 2.13 - 1.41 10.13 6.38 7.50 12.63 4.75 4.25 7.88 3.13 3.03
Chiloplacus - - - 0.18 - - 2.92 20.13 2.74 0.44 8.13 2.17
Discocrinemella 0.63 - - 22.88 - - 20.38 - - 15.64 - -
Dorylaimellus 1.41 - - 4.25 0.18 0.13 - 0.31 - 1.41 0.18 1.30
Eudorylaimus 9.25 - - 0.13 - - - - 1.41 - - -
Helicotylenchus 1.38 - 3.50 4.88 38.38 40.38 6.75 11.38 12.13 7.88 32.38 29.13
Hoplolaimus - - - - - - - - - - - -
Ironus 22.13 - - 0.43 - - 0.06 - - - - -
Labronema - 2.63 - - - - - 1.30 - 0.71 0.44 0.65
Mesocriconema 2.75 - - 13.13 - - 15.88 - - 18.88 - 0.13
Mesodorylaimus - 1.00 - - - - - - - - 0.27 -
Mesorhabditis 0.65 0.65 0.65 - 9.00 5.88 0.53 12.38 6.38 0.27 6.38 6.13
Monhystera - - - - 0.87 2.60 - - - - - -
Mononchus - - - - - - - - 2.75 - - 0.27
Mychonchus 1.50 - - 2.13 - - - - - 0.88 - -
Nygolaimus - - - 0.06 - - 0.35 2.00 - - - -
Panagrolaimus 4.75 2.00 0.88 3.00 9.38 8.13 - 7.88 12.88 1.73 9.88 10.38
Plectus - - - 1.30 5.00 6.63 10.13 - - 1.95 0.62 0.44
Prionchulus 0.88 - - - - - - 2.25 7.00 0.18 0.06 0.80
Prismatolaimus - 5.88 3.25 3.50 - - 7.00 7.00 3.00 1.41 2.27 1.52
Prodorylaimus 0.35 2.88 5.50 0.54 - - - - - 0.18 0.13 0.62
Psilenchus 1.75 - - - - - - - 0.80 - - -
Rhabditis 2.00 1.30 3.00 3.00 13.13 6.38 - - - 0.97 6.13 1.84
Rotylenchulus - 21.76 1.84 1.08 - - 4.75 10.13 11.88 2.13 10.88 7.00
Scutellonema 2.00 - 11.13 0.13 0.88 0.38 4.38 0.00 1.41 1.52 0.06 6.50
Tylenchus 0.97 - 2.00 2.63 2.13 1.38 1.33 4.25 6.00 5.63 2.27 0.97

NT: No-tillage, CT: Conventional tillage, FO: Forest fragment.

In contrast, the frequency of Acrobeles, 
Acrobeloides, Helicotylenchus and Rotylenchulus 
was 100% under all management systems when 
non-strati¿ed sampling was used, but only 
Helicotylenchus exhibited the same tendency in the 
strati¿ed samples. It is worth noting that although 
Acrobeles and Acrobeloides were observed in at 
least 75% of strati¿ed samples, Rotylenchulus was 
not found in some areas and at some depths.

It was also observed that strati¿ed sampling 
produced more variable results in all ecosystems, as 
evidenced by the signi¿cant difference between the 
maximum and minimum numbers of genera (Figure 
1). In addition, the cumulative number of genera 
was higher in non-strati¿ed sampling, although this 
was not reÀected in the average number of genera. 
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Figure 1. Soil nematode diversity in communities characterized by the two samples method (strati¿ed soil samples at 
intervals of 10 cm and non-strati¿ed samples from 0 to 30 cm).

A: 0 – 10 cm, B: 10 – 20 cm, C: 20 – 30 cm, D: 0 – 30 cm, NG: Number of genus, Acum: Accumulated, Med: Medium, max: 
Maximum, min: Minimum, NT: No-tillage, CT: Conventional tillage, FO: Forest fragment.

Assessing these biological attributes from 
one ecosystem to another, we noted that the non-
strati¿ed samples exhibited greater homogeneity, 
making it more dif¿cult to observe differences 
between the management systems. In contrast, when 
the same ecosystems were assessed using strati¿ed 
soil sampling, there were obvious differences at 
depths of 0-10 cm and 10-20 cm.

In terms of the occurrence of genera in 
communities, Figure 2A shows that when strati¿ed 
sampling was used, the ecosystems are clearly 
differentiated down to a depth of 20 cm. The strati¿ed 
soil samples showed that the similarity between the 

soil management systems (approximately 0.75) was 
signi¿cant, in contrast to a comparison between the 
forest soil and conventional tillage (results always 
below 0.50). However, at depths of 20-30 cm, all 
similarity values were the same and always below 
0.75. When non-strati¿ed soil sampling was used, 
no differences were observed between ecosystems, 
and there were high similarities between all 
communities (values higher than 0.95).

When the weightings of the genera were taken 
into account (Figure 2B), there was no difference 
between the trends exhibited in the strati¿ed and 
non-strati¿ed samples, with greater similarity 
between the management systems.
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Figure 2. Similarity between soil nematode communities characterized by the two samples method (strati¿ed soil 
samples at intervals of 10 cm and non-strati¿ed samples from 0 to 30 cm). 

A: Sorensen’s community coef¿cient (CC), B: Percentage similarity (PS), NT: No-tillage, CT: Conventional tillage, FO: Forest 
fragment.
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In terms of functional guild distribution 
(Figures 3 and 4), a principal component analysis 
explains 64.99% of the data variability, with axis 
1 accounting for 36.94% and axis 2 accounting for 
28.05%. Non-strati¿ed sampling showed a positive 
relationship between plant-parasitic and bacterial-
feeding nematodes (low c-p values), and a negative 
relationship between bacterial-feeding (c-p 3) and 

carnivorous nematodes. There were ¿ve distinct 
groups, with a clear distinction between samples 
in the 0-10 cm layer and those taken in the other 
layers, as well as a tendency toward classi¿cation 
on the basis of depth (methodology). Non-strati¿ed 
samples and samples in the 20-30 cm layer showed 
a tendency toward grouping, according to the 
management system used. 

Figure 3. Principal Component Analysis (PCA) with nematode functional guilds (FERRIS et al., 2001) of communities 
characterized by the two samples method (strati¿ed soil samples at intervals of 10 cm and non-strati¿ed samples from 
0 to 30 cm). 

NT: No-tillage, CT: Conventional tillage, FO: Forest fragment.
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Figure 4. Cluster Analysis with nematode functional guilds (FERRIS et al., 2001) of communities characterized by 
the two samples method (strati¿ed soil samples at intervals of 10 cm and non-strati¿ed samples from 0 to 30 cm). 

NT: No-tillage, CT: Conventional tillage, FO: Forest fragment, 1: 0 – 10 
cm, 2: 10 – 20 cm, 3: 20 – 30 cm, 4: 0 – 30 cm.

Discussion

The gradual drop in the number of nematodes 
as the soil depth increases indicates strati¿ed 
biological activity, according to soil type (YEATES, 
1980), time of the year at which sampling was 
conducted (LIANG et al., 1999) and anthropogenic 
disturbances (YEATES; KING, 1997). However, 
not all nematodes are distributed in the same way 
throughout the soil pro¿le, implying that results 
can be affected by the sampling method, depending 
on which key groups are to be identi¿ed and the 
objectives of the study.

When a single sample is taken from the soil 
pro¿le, the nematodes are rendered homogeneous, 
although the nematode distribution in the soil pro¿le 
is known to be extremely variable. Meng et al. 
(2006) observed that over 70% of nematodes were 
concentrated in the top 20 cm of soil, and Hou et al. 
(2010) reported a predominance of approximately 
60% in the top 15 cm. However, we should bear 
in mind that the taxonomic groups occurring in 
these areas vary considerably at speci¿c depths and 
according to the soil management systems used.

The detection of high frequency, abundant 
nematodes, such as Helicotylenchus, remained 

unaffected by the sampling method in all the 
areas assessed, as well as for the Criconematidae 
family in the forest area. Goulart and Ferraz (2003) 
observed that these nematode groups are abundant, 
but vary according to the type of soil use, reporting 
that Helicotylenchus spp. were more abundant 
under maize and guava, whereas Cerrado areas 
showed high abundances of Discocriconemella spp. 
Furthermore, high populations of Helicotylenchus 
spp. have been reported in other studies conducted 
in Brazilian agroecosystems (RODRIGUES et al., 
2011) and even in nematode communities under 
native vegetation (SANTIAGO et al., 2012). The 
occurrence of nematodes from the Criconematidae 
family exclusively in areas of native vegetation has 
already been reported by Tomazini et al. (2008), 
who observed that Discocrinemella was the most 
abundant genus down to a depth of 30 cm. 

On the other hand, the detection of low-
abundance genera was very signi¿cantly affected 
by the sampling method, and in some cases, these 
genera remained undetected when non-strati¿ed 
sampling was used, even when their frequencies 
were high at speci¿c depths. Seven nematode genera 
not found in non-strati¿ed samples at depths of 0-30 
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cm were detected by strati¿ed sampling because 
these nematodes are restricted to certain depths, and 
even where frequent, their abundance is very low. 

Nematodes of the genera Ironus, Eudorylaimus 
and Psilenchus were present at a constant frequency 
in more than one treatment. Because omnivorous 
nematodes of the Dorylaimidae family can be 
restricted to certain soil depths (RODRIGUES et al., 
2011) and populations are usually low, especially in 
agricultural areas (NEHER; CAMPBELL, 1994; 
GOULART; FERRAZ, 2003; TOMAZINI et al., 
2008), the sampling method can signi¿cantly affect 
the results obtained. Because they are associated 
with anthropogenic activity and ongoing farming 
practices (GOMES et al., 2003), they form important 
groups in differentiating between the ecological 
processes that occur in agroecosystems and native 
ecosystems. 

In this respect, note that the strati¿ed soil sampling 
does not affect the detection of rare taxonomic 
groups because low-frequency nematodes have 
been found irrespective of the sampling method 
used. For these rare nematodes, the sampling 
method does not signi¿cantly affect the results, and 
for assessments intended to monitor speci¿c groups 
in the community, non-strati¿ed sampling can be 
used with no loss of relevant information.

The importance of strati¿ed sampling for 
detecting rare nematode groups, especially in 
tropical regions, is linked to the fact that differences 
between ecosystems often go unnoticed, even 
when there are fairly signi¿cant differences in the 
degree of ecological disturbance (BLOEMERS et 
al., 1997). In Brazil, Mattos et al. (2006) reported 
that diversity indices can prove fairly ineffective for 
differentiating agricultural systems, whereas using 
the number and richness of genera can be much 
more effective.

Non-strati¿ed sampling can result in very high 
similarity values, making it dif¿cult to differentiate 
natural and anthropogenic systems, whereas 
strati¿ed sampling allows communities to be 

more clearly differentiated and is therefore more 
appropriate for agroecosystems in which different 
management practices are used, resulting in the 
dominance of some genera at certain soil depths 
(LIANG et al., 2005).

The loss of sensitivity in the detection of some 
nematode genera is shown by the drop in the 
maximum and minimum numbers of genera, with 
the lower variation when non-strati¿ed sampling 
is used indicating a reduction in the capability to 
assess the variability that occurs from one soil layer 
to another. Further support for this hypothesis is 
provided by the fact that a smaller number of genera 
in the 0-30 cm layer is detected by comparison 
with the results of sampling each 10 cm layer 
individually, showing that non-strati¿ed sampling 
does not give an accurate snapshot of ecosystem 
conditions. Richness is often an ef¿cient measure 
for differentiating management systems (MATTOS 
et al., 2006; TOMAZINI et al., 2008), although 
diversity is a more complex parameter. 

At greater soil depths, the differences tend to fall, 
as we observed in this study in the 0-30 cm layer, in 
which the similarity between the systems studied 
showed a tendency toward value approximation. 
This decrease in difference is to be expected 
because the differences in nematode abundances 
at lower depths are less marked (HOU et al., 2010) 
and can occur due to natural edaphic factors (OU 
et al., 2005), root development and distribution 
(PEN-MOURATOV et al., 2004), anthropogenic 
disturbances (YEATES; KING, 1997) and the time 
of year at which sampling was conducted (LIANG 
et al., 1999).

The formation of groups closely related to 
sampling depth shows that if sampling is continuous 
(non-strati¿ed) across the pro¿le, a great deal of 
important information can be lost, and problems 
may be encountered in differentiating between even 
widely differing management systems. Because 
tillage and the incorporation of plant residues can 
favor groups of nematodes with short life cycles and 
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low c-p values, especially bacterial-feeding species 
(ETTEMA; BONGERS, 1993; LENZ; EISENBEIS, 
2000), this is reÀected in the low ecosystem stability 
at depths of 0-10 cm, characteristic of succession 
communities (MANACHINI et al., 2009).

Conclusions

Strati¿ed soil sampling provides a more accurate 
characterization and greater differentiation of 
nematode communities by identifying taxa with low 
abundance, irrespective of their frequency.
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