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1 Introduction

Soil nematodes are excellent bioindicators of ecological
status and have been widely used for environmental monitor-
ing (Bongers and Ferris, 1999; Zhang et al., 2019; Neher,
2001; Aira and Domínguez, 2020; Chen et al., 2020). The use
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A B S T R A C T

Soil nematodes are useful ecological indicators and can be extracted from soil by a variety of
techniques. Because the extracted nematode samples (suspensions) can be quite turbid (i.e., they
contain soil particles and organic particles in addition to nematodes), quantitative and taxonomic
analyses of the nematodes by microscopy can be difficult. In this study, the following three methods
for cleaning turbid suspensions obtained from Baermann funnels were assessed: repeated
centrifugation at 692.5 ´g for 1 min, repeated settling at low-temperature (4°C) for 24 h, and a
combination of low-temperature settling and centrifugation. Nematodes were extracted with
Baermann funnels from soil samples collected from four land-use types (since land-use type can
affect the turbidity of nematode suspensions), and the resulting suspensions were cleaned by the
three methods before nematode abundance was assessed. As a control, samples (i.e.,
suspensions) were simply diluted with water, and nematodes were counted in the entire volume.
The results showed that, within each land-use type, nematode abundance did not significantly differ
between the control and the three cleaning methods. Averaged across all land-use types, however,
the nematode recovery rate was slightly higher with repeated centrifugation than with the other two
cleaning methods. Therefore, the proposed methods are sound for cleaning turbid nematode
suspensions, and repeated centrifugation is the most efficient method.
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H I G H L I G H T S

• Soil nematode samples can be quite turbid,
which are not satisfactory for microscopy.

• Three methods were designed for cleaning
turbid nematode suspensions.

• Nematode abundance did not significantly
differ among control and the three methods.

• Repeated centrifugation had slightly higher
recovery rate of nematodes than the other
methods.
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of soil nematodes as bioindicators requires their extraction
from soil, which can be conducted with a variety of techniques.
Because nematodes live in the water films around soil
particles, most nematode extraction methods, whether active
or passive, use water as an extracting agent. The methods are
primarily based on the nematode movement, nematode
density, and/or body size (Coleman and Crossley, 1996;
Coleman and Wall, 2015). The current study concerns
modifications of the Baermann funnel method and the sieving
and sucrose-centrifugation method with the goal of obtaining
cleaner (less turbid) nematode samples.

In the standard Baermann funnel method, nematode
movement and nematode density relative to water cause the
nematodes to move downward out of the water-saturated soil
sample, through a filter, and into the stem of a funnel, where
the nematodes can be collected in a suspension (Barker et al.,
1985; Coleman and Crossley, 1996; Zhang et al., 2013). This
method can mainly extract alive nematodes. The soil
nematodes with poor mobility (e.g., dead or nearly dead
nematodes and sedentary endoparasites) generally cannot
be extracted by the Baermann funnel method. The sieving and
sucrose-centrifugation method has higher efficiency in
extracting soil nematodes (including dead or nearly dead
nematodes) than the Baermann funnel method. In the
standard sieving and sucrose-centrifugation method, nema-
todes are first separated from denser soil particles by mixing
the soil sample in water, allowing the denser soil particles to
settle while the nematodes are still in suspension, and then
collecting the nematodes (plus less dense soil particles and
organic particles) by washing the suspension through a sieve
of an appropriate mesh size. The collected nematodes are
then added to water, and the suspension is centrifuged such
that the non-nematode organic matter floats while the
nematodes and soil particles form a pellet. The liquid with
most of the non-nematode organic matter is discarded, and
the pellet is suspended in a sucrose solution of an appropriate
density. The solution (i.e., suspension) is then centrifuged
such that the nematodes tend to float in the liquid whereas the
soil particles tend to form a new pellet. The liquid containing
nematodes is poured through a sieve of an appropriate mesh
size, and the nematodes are washed from the sieve into a vial
(Freckman and Baldwin, 1990; Coleman et al., 1999). For
both extraction methods, the vials containing the extracted
nematodes are left undisturbed in water for at least 2 h, during
which time the nematodes settle but most remaining organic
particles do not. The organic particles can then be discarded
by carefully removing most of the water in the vial without
disturbing the nematodes at the bottom (Wright and Coleman,
2000; Sarathchandra et al., 2001; Geisen et al., 2018).

Regardless of the extraction method, the vials of nematode
suspension may contain many mineral soil particles and
organic particles in addition to nematodes, i.e., the suspen-
sions may be turbid (Supporting information, Fig. S1). This is
especially true for soils with a high clay content (Seinhorst,
1962). Such turbid suspensions make the quantification and
identification of nematodes via microscopy very difficult

(Supporting information, Figs. S1 and S2). In our previous
research (Zhao et al., 2012; Zhao et al., 2015; Li et al., 2020),
we found that the turbidity of nematode suspensions obtained
from Baermann funnels was affected by land-use type
(unpublished observations). In the current study, we assessed
three methods for cleaning nematode suspensions obtained
from Baermann funnels. The soil samples included both red
soil and the calcareous soil and were collected from four land-
use types (cropland, natural grass-shrubland, orange orchard,
and pine forest).

2 Materials and methods

The soil samples in this study were collected in Huanjiang
County, Guangxi Province, China, where calcareous soil and
red soil are the typical soil types (Xiao et al., 2014; Huang
et al., 2018). Areas with the following land-use types were
sampled: cropland, grass-shrubland, orange orchard, and
pine forest. The cropland and the grass-shrubland have
typical Luvisols (i.e., calcareous soils) (FAO, 2006) and the
orange orchard and the pine forest have typical Acrisols (i.e.,
red soils) (FAO, 2006). The nematode suspensions obtained
via Baermann funnel extraction of the soil samples (an
Acrisol) from the orange orchard were very turbid (Supporting
information, Figs. S1 and S2) and could not be directly
examined by microscopy for taxonomic or quantitative
determination of nematodes.

In March 2019, four replicate sites were selected for each of
the land-use types, and one 30 m� 30 m plot was established
at each of the 16 sites. After the surface litter was removed,
soil cores (5 cm in diameter) were taken at 0–10 cm depth
from 25 random locations in each plot. The 25 cores from each
plot were combined to form one composite sample, yielding
four replicate samples for each land-use type. Samples were
transported to the laboratory in insulated boxes. The soil was
then passed through a 2-mm sieve to remove roots and small
stones. Nematodes were extracted from 100 g of moist soil
using the Baermann funnel method (Barker et al., 1985); the
soil was placed directly on the funnel without prior decanting
and sieving. Four 100-g subsamples were extracted from
each soil sample and were subjected to the cleaning methods
described in the following paragraphs.

Three cleaning methods were assessed: repeated centri-
fugation; repeated natural settling at low temperature (4°C),
and a combination of low-temperature settling and centrifuga-
tion (Fig. 1). Low temperature can reduce nematode
degradation during settling. The centrifugation method
(method I) involves centrifuging the suspension (first in
formalin and then in water), discarding of the supernatant,
and adding water; these steps are repeated until the sample
appears to be clean. The nematodes in the final water
suspension are examined with an inverted microscope
(Eclipse Ts100, Nikon). The low-temperature settling method
(method II) involves settling in water at 4°C, discarding of the
supernatant, and adding water; these steps are repeated until
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the sample appears to be clean. The nematodes are then
preserved in formalin before they are examined with an
inverted microscope. The combined low-temperature settling
and centrifugation method (method III) involves settling in
water at 4°C, discarding of the supernatant, and fixation in hot
formalin, followed by the repeated centrifugation in hot
formalin and discarding of the supernatant until the sample
appears to be clean. The nematodes in formalin are then
examined with an inverted microscope. For all steps and all
methods, the samples were in 15-ml centrifuge tubes (~ 12 cm
in height). In this investigation, regarding the centrifugation
procedure, a low-speed desktop centrifuge (Anting TDL-40B,
China) was used.

A preliminary experiment was conducted to determine the
centrifugation speed to be used in methods I and III, using soil
samples from grass-shrublands. The centrifugation speed
should be sufficient to concentrate the nematodes in a pellet
(the recovery rate should be near 100%) while leaving as
much other material as possible in the supernatant. Nematode
suspensions in water were obtained directly from Baermann
funnels. We evaluated the recovery rate of nematodes at
seven centrifugation speeds: 4000, 3000, 2500, 2000, 1500,
1000, and 500 rpm which corresponding to 2770.0, 1558.1,
1082.0, 692.5, 389.5, 173.1, and 43.3�g. To reduce the time
required for processing samples in methods I and III, the
centrifugation time was set at 1 min rather than the commonly
used 3-5 min. The results showed that the nematode recovery
rate did not significantly differ with centrifugation speeds of
2770.0, 1558.1, 1082.0, 692.5�g and that the recovery rates
were significantly higher at these speeds than at 389.5, 173.1,
and 43.3�g (Fig. 2). We therefore selected 692.5�g as the
centrifugation speed for methods I and III. For methods II and
III, we allowed nematodes to settle at 4°C for 24 h based on

previous reports (Wright and Coleman, 2000; Geisen et al.,
2018).

There were other differences among the cleaning methods
(Fig. 1). In method I, samples were fixed in hot formalin before
purification because the soil samples were extracted at a field
station where a centrifuge was not available. Method II was
designed to clean fresh nematode samples, which were then
fixed in hot formalin so that microscopic examination could be
delayed. Method III first used low temperature settling and
then fixation in hot formalin; the samples were further cleaned
by repeated centrifugation. In method III, the initial settling was

Fig. 1 Flow chart of the three methods that were compared for cleaning of turbid nematode samples.

Fig. 2 Relationships between nematode recovery rates (%)

and centrifuge speeds. Nematode samples were centrifuged for

1 min at 2770.0, 1558.1, 1082.0, 692.5, 389.5, 173.1, and 43.3

xg. The recovery rate of nematodes was the number of

nematodes counted after centrifugation divided by the number

counted before centrifugation � 100. Each dot represents one

replicate (n = 4). The curve is the fitted regression curve. Circles

and error bars indicate means±SE. Means with different letters

are significantly different at p<0.05.
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not repeated because doing so would take several days,
during which time nematodes might degrade.

A control method was also used. For the control, the
suspensions from the Baermann funnels were diluted with
water until the turbidity was greatly reduced. The suspen-
sions, which consequently had greatly increased in volume,
were then examined. We assumed the nematode recovery
rate with the control was 100%. As noted above, four
subsamples were extracted via Baermann funnel from each
soil sample. Each of the four resulting nematode suspensions
was then randomly assigned to the control or to method I, II, or
III.

One-way ANOVAs were used to determine the effects of
land-use type on the turbidity of the nematode suspensions
before cleaning (Supporting information, Fig. S2) and the
effects of cleaning method on nematode abundance and
recovery rate (Supporting information, Fig. S3) for each land-
use type. When ANOVAs were significant, LSD was used to
test differences among means. Tamhane’s T2 was used to
test differences among treatments when variances of trans-
formed data were not equal. The relationship between
recovery rates of nematodes and centrifugation speeds was
determined by curve estimation. All statistical analyses used
SPSS software (SPSS Inc., Chicago, IL). Statistical signifi-
cance was determined at p<0.05.

3 Results and discussion

Within each land-use type, the number of nematodes
recovered did not significantly differ between the control and
the three methods (Fig. 3). The results indicate that all three
methods may be useful for cleaning nematode samples, at
least in terms of abundance. Across all land-use types, the

mean nematode recovery rate was 94% for repeated
centrifugation (method I), 84% for the repeated low-tempera-
ture settling (method II), and 78% for the combination of low-
temperature settling and centrifugation (method III) (Support-
ing information, Fig. S3). An ANOVA indicated that the
recovery rate was not significantly greater in using the control
method than in using cleaning methods (Supporting informa-
tion, Fig. S3). In addition, the repeated centrifugation method
required less time than the other two cleaning methods. The
current results therefore indicate that repeated centrifugation
method is the most efficient method for cleaning turbid
nematode suspensions.

Lower clarity of the suspensions is required for the counting
of nematodes than for their taxonomic analysis (Seinhorst,
1962). In the present study, although taxonomic determina-
tions of the nematodes were not conducted, the purified
samples were sufficiently clean for the taxonomic determina-
tions (according to our experience). Moreover, the quantitive
analysis was capable of achieving the research goals of this
study. Particularly, if the proposed methods significantly
reduced the nematode quantity, then the methods are not
satisfactory and there is no need for further taxonomic
analysis. Since the nematode abundances and recovery
rates had no significant differences between the control
method and the cleaning methods, the nematode taxonomic
compositions are potentially unaffected by the cleaning
methods, especially for the repeated centrifugation with the
highest nematode recovery rate. Because both quantitative
and taxonomic analysis of nematodes are important (Bongers
and Ferris, 1999; Neher and Darby, 2009; Ferris and
Tuomisto, 2015), additional research may be needed to
determine the usefulness of the cleaning methods for
taxonomic analysis.

In addition, the procedures of the proposed methods could

Fig. 3 Numbers of nematodes counted in suspensions obtained from Baermann funnel extraction of soil samples as affected by land-use

type and suspension cleaning method. Control: suspension volume was increased to reduce turbidity. Centrifugation: see method I in Fig. 1.

Low-temperature settling: see method II in Fig. 1; Low-temperature settling + Centrifugation: see method III in Fig. 1. Values are means±SE.
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be changed to further improve their efficiencies. For instance,
the repeated centrifugation method was applied to hot
formalin fixed samples due to lack of facilities in the field
station in this study. According to our experience, the
impurities will form flocculent precipitate after hot formalin
fixation, which will decrease separation efficiency. Therefore,
we suggest using the repeated centrifugation method to purify
fresh nematode samples and then fix in hot formalin. In
addition, the time for natural low-temperature settling method
was 24 h which may not be necessary. Twelve hours or even
shorter time may be enough for the settling of nematodes in
15-ml centrifuge tubes. Moreover, formalin is one of the most
commonly used and effective fixatives for nematodes but is
toxic (Freckman and Baldwin, 1990; Abebe et al., 2006).
Other fixatives with no toxicity may be a choice for certain
scenarios. For example, ethanol can be used as a fixative for
short-term preservation of nematodes. However, the ethanol
often causes specimen distortion (Abebe et al., 2006).
Therefore, careful use of formalin in a fume cupboard during
fixation and purification of nematodes is recommended.
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