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THE QUANTITATIVE EXTRACTION OF NEMATODES
FROM SOIL

BY

J. W. SEINHORST

(Instituut voor Plantenziektenkundig Onderzoek, Wageningen, the Netherlands)

INTRODUCTION

Several methods have been devised for the determination of numbers
of eelworms in soil samples: direct microscopy (STOcKLi, 1944), the
Baermann funnel method and variations of it (OVERGAARD NIELSEN,
194G), CoBs’s decanting and sieving method (CoBs, 1918, GoODEY,
1049), a combination of the latter and the Baermann funnel method
(CarisTie and PErRY, 1951), methods replacing the decanting by a
separation by means of an upward current of water (CoBm 1924,
SPEREITER 1953, QOSTENBRINK 1954) and centrifugal flotation of
soil suspensions in a sugar solution (CAVENEss and JENSEN, 1955).
The first two methods are for different reasons unsatisfactory. They
were discussed by the writer in an earlier paper (SEINHORST, 1950).
According to LowNsBERRY, LownsBERRY and Mar {1951) only 30%
to 50 % of larvae of Heterodera rostochiensis added to soil samples
could be recovered by Cosp’s method. When applied to Dutch soils
this method was also found to be inadequate, as a considerable number
of eelworms were not recovered from the samples and the fine
organic particles in these soils made the separation of the eelworms
from the soil particularly difficult. Very good resuits may be obtained
by centrifugal flotation of soil suspensions in a sugar solution (Cave-
NEsS and JENSEN, I953) but the quantities of soil that can be in-
vestigated are generally too small for work on plant parasitic nemato-
des, Total numbers of eelworms recovered per unit of soil by means of
the other methods appear to be generally much lower than those
found in similar soils by direct microscopy, centrifugal flotation or
the methods described below. '

The separation of eelworms from soil by Cosg’s method is based
on the fact that soil particles, with both a lower and slightly higher
settling speed in water than eelworms of a certain size, have a smaller
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diameter than the meshes of sieves through which the eelworms do
"‘not easily pass (diameter of meshes about 0.1-0.05 of length of eel-
worms), and that soil particles, which have a larger diameter thau
the meshes of these sieves, have a distinctly higher settling speed in
water than eelworms with a length up to 20 times the diameter of
these meshes.

A homogeneous suspension of the soil sample to be investigated is
made in water. When this suspension is left standing until all soil
particles larger than a certain size have reached the bottom of the
vessel, a large proportion of the eelworms shorter than 20 times this
diameter is still in the suspension together with a proportion of the
smaller soil particles. This suspension of the eelworms and small soil
particles can be separated from the deposit by decanting carefully.
The eelworms are then separated from the small soil particles by
sieving the decanted suspension through a sieve with meshes of diame-
ter slightly larger than those of the largest soil particles decanted.
The majority of the eelworms remain on the sieve whilst all soil
particles pass through. To separate eclworms of various sizes from
soil, different settling times and sieves with meshes of appropriate
size can be applied successively.

As the eelworms in the suspension do not all have to travel the same
distance to the bottom of the vessel, a number settle between the soil
particles and remain there whilst the supernatant suspension is being
decanted. The separation can be improved by bringing the deposit
into suspension again and repeating the process but this tends to
become time consuming. Theoreticaily, therefore, if the settling speed
of the nematodes could be reduced to zero or if they could be moved
slowly upwards the separation would be much better. With small
samples this can be done by using salt or sugar solutions of a high
specific gravity,

For large samples a better method is to use an upward current of
water. Two types of apparatus based on this principle have been
constructed, They both consist of three parts:

1. An erlenmeyer flask (contents 1-2 litre) with a funnel shaped
mouth piece;

2. A U tube with a narrow cylindrical leg, inner diameter 5 mm,
and a wider partly cylindrical partly conical leg.
. 3. An apparatus producing a constant flow of water.

The separation of the eelworms from the soil is done in two stages.
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First the eelworms and fine soil particles are separated from the
coarse particles by elutriation in the apparatus and then the eelworms
are separated from the fine soil particles by sieving.

With most soils a sample of 500 grams can be investigated in appa-
ratus of the dimensions shown in the figures.

PREPARATION OF THE SOIL SAMPLE FOR INVESTIGATION

The soil is weighed in a 1 litre beaker, approximately 600 ml of
water are added and the soil suspension is stirred until all the lumps
are broken down and all the clay is dispersed. With clay soils it may
be necessary to soak the sample for a considerable time. Addition of
sodium oxalate, which precipitates the Ca, gives a more rapid disper-
sion. Too much rubbing of the soil is not advisable as this may kill
some of the nematodes. After soaking the soil suspension is sieved

Fig. 1. Sieve and funnel for transferring the soil sample to an erlenmeyer flask.
(A) erlenmeyer flask; (B) funnel; (C)} 2 mm sieve; (D) stopper; {(E) string
to pull stopper from stem of funnel.

through a 2 mm sieve in order to remove stones and roots which
would obstruct the action of the apparatus. To do this a half spherical
domestic sieve with meshes 2 mm wide is placed in a suitable funnel
(for shape see fig. 1B). The stem of this funnel is closed with a
cork (D) to which a piece of string (E) is attached. The funnel with
the sieve is placed on a 1 or 2 litre erlenmeyer flask. The well soaked
soil suspension is poured on the sieve and the latter is moved up and
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down in the water which has run through, All the soil particles then
pass through the sieve. Then the cork is removed from the stem of
the funnel by pulling string E, and the soil suspension runs into the
erlenmeyer flask. Only a small quantity of water is required for
washing the remnants of scil from the sieve and the funnel. The
mouth piece is mounted on the flask and the whole filled to the brim
with water, the stopper (fig. 2a and fig. 4a) is closed, and the flask
is inverted and placed in the position shown in figures 2 and 4.

The stopper is opened. If a stirrer is used it is connected to the
transmission axle and the motor is started. In the erlenmeyer flask
the coarse particles settle rapidly and the finer particles and the eel-
worms more slowly. The separation of the eelworms from the coarse
soil particles is not complete, but further separation takes place when
the sand and other soil particles pass through the mouth piece in tube
D or tube C. The soil is replaced by water which causes a strong up-
ward current keeping at least a large part of the small particles and
eclworms in the erlenmeyer. However, the smaller the soil particles
that pass through the narrow tube of the mouth piece the slower is the
upward current and the larger the number of eelworms that sink with
the soil particles into tubes D or C;. The stirrer serves to avoid
clogging of the mouth piece and may also separate eelworms from
small organic particles, fibres and fungal threads. These have a ten-
dancy to become entangled, thus forming agglomerations which have
a settling speed far higher than the eelworms. Stirrer speeds of
100-500 revolutions per minute gave good results. A further separation
of eclworms and fine soil particles is effected by an upward current
of water in the long conical tube in the apparatus of fig. 2, in the
two cylindrical tubes of different diameters in the apparatus of
fig. 4. The second type is superior to the first in many respects.
TTowever, many data upon which the construction of the second type
was based, were collected with apparatus of the first type and it was
used in the investigations of several hundreds of soil samples. There-
fore it is described at some length here as well.

CURRENT SPEEDS TO BE USED FOR THE SEPARATION OF EELWORMS
FROM SOIL PARTICLES.

It has been found that even nematodes as small as 500 p can be
separated quantitatively from suspensions by sieves with meshes of
50 n wide and 1 mm long nematodes by sieves with meshes of 100 p.
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1In all the soils investigated, particles with a diameter of 50 p to 100 p
had a sedimentation speed of over 350 cm/hour and particles with a
diameter of over 100 p a sedimentation speed of over 700 em/h. So
350 cm/h and 700 emjh represented the optimum speeds for the separa-
tion of suspensions to be sieved through 50 u and 100 p sieves
respectively.

By operating the apparatus of fig. 2 at a speed of 250-350 cm/h
in the top part of the conical tube 86%-89% (mean of § experiments
87,5%) of a number of stem eelworms (length 800-1200 1) deliberately
added to a suspension of 500 grams of soil in water could be recovered
and there was no material increase in the number of stem eelworms
or Pratylenchus recovered when a current speed of 700 cmfh was
applied later. Numbers of Hoplolaimus uniformis recovered increased
considerably, however, when a current speed of 700 cm/h was used
after one of 350 ecm/h. So for collecting nematodes of this size the
speed should be 700 ‘emfh. Increase of the current speed te 1400
cm/h added no appreciable number of nematodes to those collected
at 700 cm/h. The animals collected at this speed were mamly Enchy-
tracids of lengths up to 1 cm and only a few very large and stout
Dorylaims of species, which were already collected in equal or larger
numbers at 700 cm/h. The relation of different speeds to the mesh
width of the sieves to be used and the size of eelworms collected
almost quantitatively has been estimated and recorded in table I.
These estimations agree with the results of experiments using dif-
ferent current speeds. Attention is drawn to the fact that the short
thick Criconemoides must be collected at a speed of 700 cm/hour,

TABLE I
Speed of Width of Eelworms Approximate
current meshes of collected length
sicves quantitatively
250-350 cmjh 50 Stem celworms 0.3—1.2 mm
Pratylenchus
Aphelenchoides
6oo-700 cm/h 100 & Hoplolaimus
uniformis 1.2 —4 mm
Monenchus '
Dorylaims
Criconemoides 0.5 mm
1400 cmth 250 p Large Dorylaims > 4 mm
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Even at a current speed of 250-350 cm/h considerable numbers of
large Dorylaims, Floplolaimus uniformis and Mononchs are collected
and also at 700 cm/h Enchytraeids § mm long.

APPARATUS 1

In the conical tube with dimensions shown in fig. 2 the highest
speed of the current (at the bottom) is 10-20 times faster than the
lowest (at the top). If a soil suspension is now introduced into the top
of this tube the small particles and eelworms will be carried off
through one of the syphons: larger soil particies and large eelworms
stay in the tube at a level, where the current speed is equal to their
rate of sedimentation. The coarse sand having a rate of sedimentation
even greater than the current speed in the lower end passes through
this tube to the vessel E. It would obstruct the action of the apparatus
if it stayed in the current.

The water leaves tube D intermittently through one of the two
syphons. In this way small soil particles and eelworms are washed
from this tube more rapidly than by a continuous flow through a
straight lateral tube or over the top edge of tube D. The upper syphon
is used as long as the erlenmeyer flask is in the position figured, the
lower one when it has been taken from the apparatus. During the first
20 minutes of the separation process a current speed of 250 emjh
is used, '

Twenty minutes after erlenmeyer A has been placed on the appa-
ratus all soil particles larger than 350 u have passed to tube D, but
large numbers of the eelworms are still contained inside the flask e.g.
about 60% of the stem eclworms present in the soil samples in-
vestigated. Therefore, 20 minutes after the beginning of the separation
process the erlenmeyer is closed and taken from the apparatus. Its
contents are added to the suspension collected from D up to that
moment in a container (referred to below as container I). If a stirrer
is used, it is stopped 2 minutes prior to the removal of the erlenmeyer
as by its action, soil particles larger than 50 p are kept in the erlen-
meyer flask for a considerable time,

After the erlenmeyer has been taken from the apparatus the lower
syphon is opened and the apparatus is kept running for another 15-20
minutes at a current speed of 350 cm/h. The suspension running off
is collected in container I. If large nematodes must also be collected
the apparatus is run for another period of 10 minutes at a current
speed of 700 cmfh, the eelworm and soil suspenston, which contains
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Fig. 2. Apparatus 1 for separating eelworms from soil. Scale 1:z0.
(A) erlenmeyer flask; (B) funnel with (a) rubber stopper; (b) guiding ring
and (c) handle for moving guiding ring and stopper; (C) stirring apparatus
(see fig. 3 for further explanation); (D) conical tube with (d) and (e)
syphons; (E) Woulfe flask with (f) air outlet for easy filling and (m) stopper
for emptying apparatus; (F) apparatus to provide constant current with (h):
water supply to tank (g), (i): outlet for excess of water, (k): rubber tube
and (1), capillary; (G) movable tube to conduct water inta (D); (S} dynamo.
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Fig. 3. Construction of stirrer. Scale 1:2.

{n) glass, metal or plastic tube; {0} 1 mm hypodermic needle; (p) stirrer bent
from 0.5 mm brass or nichrome wire; (q), (r) flexible axle (stainless steel
spring) (1) metal tube; (u) rubber collar.
particles between 50 p and 100 p diameter being collected in a second

container (later referred to as container II).

APPARATUS FOR THE PRODUCTION OF A CONSTANT CURRENT OF
WATER

If there were water only in the U tube the speed of the current in
the apparatus could be controlled by varying the levels of the watcr
in the narrow and wide limbs of the tube. This simple relationship is
disturbed by the varying amount of soil in the apparatus. Thus, by
keeping the difference between the levels of the liquid in both tubes
constant the current in the U tube would not remain constant, How-
ever, an almost constant and easily regulated current speed is obtained
with the help of the apparatus F (figs. 2 and 4). In the vessel g a
constant water Ievel is maintained by allowing water to enter through
h. The excess runs off through i. Water from this small tank is led by
the rubber tube k through a hypodermic needle or glas capillary tube
1 into tube G (figs, 2 and 4). The amount of water flowing into G
is now dependent only on the distance between the constant water
level in g and the aperture of the capillary 1. By varying this distance
the output can easily be regulated for all quantities of water that may
be required for the apparatus. As long as the output of the apparatus
F remains unchanged the current in the U tube will be nearly constant.
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It changes very little when the difference between the water levels
in both limbs changes.

APPARATUS 2 (fig. 4 and PL XXIV, fig. 1)

The main difference between the first and the second apparatus is
the different shape of the tube through which the soil passes after
leaving the erlenmeyer flask. The preparation of the soil sample is
the same and also the apparatus for producing a constant current of
water, except that the amount of water used is only about 20 ml/min.
and that this amount is constant all through the washing process. This
makes a simpler construction possible.

In C; a current speed of 350 em/h is maintained and in Dy one of
700 ci/h. The diameter of C, (2 cm) is about /2 times the diameter
of Dy (1,5 cm).

Thus eclworms with settling rates less than 350 cn/h are separated
from particles greater than 50 u in tube Cp and the eelworms with
settling rates between 3350 cm/h and 700 em/h from particles greater
than 100 g in tube Dy, When investigating samples of 500 g, the
contents of Cy and Dy should be about 200 ml and their width 4-5 cm.
Larger soil particles are collected in E,

C; and D, serve to contain the soil particles, which may pass faster
from the erlenmeyer into C; than through C, and faster from C,
into D; than through D,. As the inevitable turbulence in tubes C,
and D, results in remixing of soil particles and eelworms of different
settling rates these tubes should not be too short. A length of 25 cm -
for Cg and of 18 cm for D, appear to be sufficient for a good sepa-
ration. The water leaving the apparatus through tube d is collected in
a container (referred to below as container I), as it contains many
nematodes.

Twenty minutes from the beginning of the separation process all
particles larger than 50 g have left the erlenmeyer flask and its
contents are emptied into container I. It takes another 10 minutes
before the separation in tubes Cy and D, is completed. So 30 minutes
from the beginning of the separation process tubes C; and C, are
emptied into container I by opening glasscock e and afterwards tubes
D; and D, are emptied into a separate container (container II} by
opening glasscock f.

The advantages of the second apparatus over the first are: the
shorter washing time, less volume of eelworm suspensions (3-4 1) to
be sieved and the shorter apparatus which can be made more easily
in glass or plastic.
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Fig. 4. Apparatus 2 for separating eelworms from soil, Scale 1:10.
(A) erlenmeyer flask; (B} funnel with (a) stopper, (b) guiding ring and (¢)
handle to move guiding ring and stopper; {Ci) and (D1) funnels with {C2) and
(D2) cylindrical tubes and (d) outlet for water flowing through apparatus during
separation process; (e), (f) glass cocks or pinch cocks on rubber tubes; (E)
container for collecting coarse particles, (n) handle to move stopper {(m}; (F)
apparatus to provide constant current of water, Rubber tube (k) here provided
with glass cock, See fig. 2 for further explanation; (G) tube to conduct water

into apparatus.
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On a number of occasions the contents of E, after a first separation
were put back into an erlenmeyer and allowed to go through the
apparatus for a second time. The total number of eelworms collected
then was about 10% of the number collected by the first separation
and this was zlso true for both Pratylenchus and Hoplolaimus. The
eelworms collected by the second separation were a representative
sample of those collected by the first separation. Thus the loss of
about 10% occurring in one separation is, as regards nematodes up
to 3 mm long, not due to more rapid individua!l settling speeds but
their tendancy to form entangled masses with fibres and fungal
hyphae. These masses settle relatively rapidly, Stirring in the tops of
the tubes C; and Dy might improve the separation but the relatively
small gain would not make the inclusion of a stirring mechanism
worthwhile,

If smaller soil samples are investigated the separation time in the
apparatus can be reduced. Thus a sample of 250 g takes about 10

minutes before the erlenmeyer can be emptied and another § minutes
for completing the separation in tubes Cy and Ds.

THE SIEVING OF EELWORM SUSPENSIONS.

The contents of container I are sieved through 50 p sieves, those
of container II through 100 p sieves,

The sievings serve to separate the eelworms from the small soil
particles and to diminish the volume of the eelworm suspension.

The ratio of the number of the eelworms which remain on a sieve
to the number which pass through, depends on the ratio of the length
of the eelworms to the diameter of the meshes, the volume of the
suspension, the diameter of the sieve and the time the sieving takes.
When 4 litres of a suspension of stem eelworms (length == 0,8 mm)
were sieved through a 20 cm wide 50 p sieve, about 75% of these
eelworms stayed on the sieve. From the same amount of a suspension
of Pratylenchus penetrans (length about 0.6 mm) 65% stayed on this
sieve, and of Pratylenchus larvae of about 0.3 mm 25%. Hardly any
adult specimen of Hoplolaimus uniformis (1.5 mm) passed through.
When the suspension which had passed through the sieve was poured
through it a second time about the same percentage of the eelworms
of a particular species, which were still in the suspension, were
retained on the sieve. The percentage recovery from the suspension
by sieving is very nearly expressed by the formula 100 (1-a*), where
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a = the fraction of the total number of the eelworms of a certain
length present in the suspension which passes the sieve and x = the
number of times of sieving. The results from series of repeated
sievings of suspensions with different eelworms through 15 cm wide
50 p sieves are presented in table 1L

TABLE II

Numbers of nematodes recovered from suspensions by repeated

sieving through a 50 p sieve compared with numbers calculated

from the formule roo (1-a*)%. Volume of suspensions: g litres.
Diameter of sieve: 20 cm

Number of Pratylenchus Pratylenchus Ditylenchus dipsaci
times the Average length Avera ge Iength Average length 800 g
suspension 250 g
has been Counted Calculated Counted Calculated Couted Calculated
sieved assuming assuming assuming
' 4075 2==0.35 a=0.25
T*)=250 T=—172 T=154
(Counted before
experiment)
1 76 62 122 112 129 115
2 120 100 153 150 144 145
3 147 144 164 165 150 151
4 172 170 160 160
5 193 100 171 171
6 209 205
7 215 216

*) T==total number of eclworms in the suspension.

The numbers counted, agree fairly well with those calculated and
they show only a slight decrease of the effectiveness of repeated
sieving. It appears that nematodes can be separated very nearly quanti-
tatively from a suspension by relatively few sievings through a sieve,
whose meshes are not wider than 1/10 of the nematode length but
that sieves whose meshes are only 1/5 of the nematode length are too
coarse for quantitative separation. The percentage recovery after the
formula y = 100 (1-a*) for 3 values of a can be read from the graphs
in fig. s.

In order to investigate the effect of the volume of the suspension -
and the diameter of the sieve on the recovery of eelworms, suspensions
of different volume containing known numbers (274 or more) of
Heterodera rostochiensis larvae were sieved once through 50 p sieves
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Fig. 5. Graphs showing the relation between the number of sievings through a

50 g sieve and the percentage recovery of nematodes of three different lengths

after the formula: ¢ recovery — 100 (1-ax). Volume of suspension: 4 1;
diameter of sieve: 20 cm.

of different diameters. The numbers of larvae retained on the sieves
were counted. The results are shown in table 11T,

TaBLE IIT

Recovery of Heterodera rostochiensis larvae from suspensions of
different volume by sieving once through 50 p sieves of different

diameters.
Volume of Diameter %
suspension of sieve recovered mean
1% II*)
200 ml 8 cm 84 84
4000 ml 8 cm 35 46 40
4000 ml 20 cm 06 68 67

*) replicates.

It appears from these results that the volume of suspension to be
sieved should be kept as small as possible and that for sieving large
volumes larger sieves should be used than for sieving small volumnes
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because not only does a small sieve become clogged more readily by
clay particles than a large one but also a prolonged pouring of water
on the same small area causes more eelworms to pass the sieve.

The actual steving of the suspensions in containers I and II is done
as follows. First the contents of container II (250 ml) are sieved
repeatedly through a 100 p sieve, diameter 12-15 cm or through a bank
of 5-7 100 p sieves. The residues on these sieves are rinsed with a
gentle flow of water and washed into container I afterwards.

The separation of the eelworms in container I from soil particles
and the reduction of the volume of the suspension is done in three
stages. The eelworms are separated from soil particles smaller than
50 u and the volume of the suspension is reduced from 4 litres to
about 300 ml in stages one and two. The eelworms are separated
from small amounts of fibres and soil particles larger than 50 p and
the volume of the suspension is reduced to about § ml in the third
stage.

1. The volume of the eelworm suspension is reduced from about
4 1 to about 1 1 and most of the fine soil particles are discarted by
sieving the contents of container I repeatedly (5-7 times) through a
50 u sive, diameter 20 cm or once through a bank of 5-7 50 u sieves, dia-
meter 20 cm (Pl XXIV, fig. 2). As the suspension is poured through
the sieves the latter are tapped with some hard object to help to pre-
vent the clogging of the meshes by the fine soil particles. The deposits
on the sieves are washed into a suitable container. The number of
times the sieving of the suspension is repeated or the number of sieves
necessary when a bank of sieves is used can be determined with the
help of the formula 100 (1-a*) after having estimated the value of a
for the eelworm species to be collected. In order to avoid having
too great a volume of suspension when sieving repeatedly through one
sieve, or loss of nematodes when a bank of sieves is used, the deposits
are only slightly rinsed. Therefore they include some particles smaller
than 50 p in diameter. These are separated from the eelworms in the
next stage,

2. The suspension of the deposits of the first sieving (about 1 litre)
is sieved repeatedly through a 50 p sieve, diameter about 12 cm. This
time the deposits are rinsed thoroughly with a gentle flow of water to
free them from small particles before being collected in a container.
It is not advisable to use a bank of sieves in this stage. A prolonged
rinsing of the deposit when sieving the first time is especially neces-
sary when it contains small quantities of soil particles larger than 50 u.
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Fig. 1 Fig

Fig Apparatus 2 for the extraction of nematodes from soil, made in glass.
Fig. 2. Sieving an eelworm suspension through a bank of sieves.
Fig. 3. Reduction

o T
:

of the volume of eelworm suspensions in tubes by sucking up
excess of water through a filter plate mounted in a plastic tube. Hole in tube
1s covered by thumb.
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When using a bank of sieves this would prolong the rinsing of all
sieves and might result in a loss of nematodes. The deposits are
collected in about 300 ml of water. They consist of eelworms and a
small amount of fibres, organic particles and small mica plates larger
than 5o p. It is hardly possible to avoid the passing of some particles
of this size into container I, during the separation process, although
with apparatus 2 the amount is nearly always very small. As these
particles are a nuisance when the eelworms are counted, a final
scparation is necessary.

3. The eelworms are separated from small amounts of soil particles
larger than 50 u in diameter by means of a modified Baermann funnel
method. The suspension obtained in stage 2 is sieved through a 50 u
sieve diameter 6 cm, having a metal or plastic rim. about § mm deep
and three legs 2-3 mm long. This sieve is then placed in a petri dish
and the space betwecn the glass and the sieve is filled with water.
The eelworms then pass actively through the sieve,

Some eelworms may pass through the sieve during sieving. These
must also be separated from the water passing through the sieve.

An apparatus for rapid sieving of the suspension of eelworms and
soil particles and filtering the water running through the sieve is
pictured in fig. 6. The sieve B, which is to receive the eelworms and
soil particles for the final separation, is placed on supports (a) in a
funnel (C). This funnel, having a volume about equal to the amount
of suspension to be sieved is provided with a sieve b to support a disc
of filter paper.

A cylinder (A) is placed on the sieve B and gently pressed down.
The eclworm suspension obtained in stage 2 is now poured rapidly
into A: it does not pass through sieve B as rapidly as it is poured
into A. So eclworms and soil particles form a well mixed suspension
and settle in a even layer on sieve B, which is transferred to a petri
dish later. The water, which passes into the {unne), is filtered through
the filterpaper disc. The latter retains all eelworms which might have
passed through sieve B. The filter paper disc is then placed, face
downwards, in sieve B.

Even the most careful rinsing of the deposits on the sieve in stage
2 cannot always free them from all particles smaller than 30 p.
Especially those having diameters only slightly smaller than 50 p are
apt to be kept on the sieves. They tend to pass slowly into the petri
dish with the eelworms, however, and are a nuisance during counting.
Attemps were made to find a material which, being put on the sieve in
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a very thin layer, would prevent these fine soil particles from pas-
sing through, but would not be of any hindrance to the eelworms.
Fine glass wool provided a very suitable material after having been
processed in water in an homogenizer for about 20 seconds which
chopped it into 0.5-2 mm pieces. A teaspoon full of this processed
glass wool put into sieve B (fig. 6), before the eclworm suspension
is poured in, forms an even layer well mixed with soil particles and
eclworms on the sieve when the water has passed through.

Fig. 6. Apparatus for the final sieving and filtering of the eelworm suspension.

(A) cylinder; (B) so u sieve with small legs; (C) funnel; (D) erlenmeyer

iflask evacuated by air pump; (a) support for sieve; (b) wire or nylon netting
to support fifter paper disc: (¢) tube for connection with air pump.

A thin layer of cotton wool on the sieve proved to have the same
effect. Circles of the right size are cut from a sheet of first quality
cotton wool. These circles can easily be split into very thin layers.
Such a thin circle is placed on the sieve. To avoid tearing when the
eelworm suspension is poured, a circle of large mesh plastic or metal
netting is laid on the cotton wool.

The quantity of soil particles on the sieves in the petri dishes should
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be very small as with thicker layers the eelworms are less active. This
inactivity of eelworms in layers of wet soil is the cause of the very
unsatisfactory results obtained with the Baermann funnel method
and of the more or less incomplete separation obtained when CHRISTIE
and PERRY's method is used.

Nearly all the active eelworms pass through the sieve within 4 to 12
hours,

Counting is done in 2 or 4 mm deep counting slides, In order to
estimate the degree of infestation of a soil with stem eelworms or
Pratylenchus all specimens of these species separated from a soil
sample of 500 g must be counted as their number is generally lower
than 200. In most cases the petri dishes contain more water than the
contents of one or two counting slides and so the volume of the eel-
worm suspension must be reduced to 3-5 ml This is done by pouring
it from the petri dish into a tube (diameter = 2 cm). As soon as the
eelworms have settled most of the water is removed by sucking
it up with a pipette, or through a 1,5 cm wide sintered glass filter
(e.g. Schott G 3) mounted in a glass or plastic tube, which is con-
nected to a suction pump. The filter plate can be washed free from
adhering eclworms with a few drops of water after turning the
suction off. If a hole has been drilled in the plastic tube the filter can
easily be handled by closing this hole with the thumb or a finger for
sucking and opening it when the filter plate is washed (Pl XXIV,
fig. 3). The suspension should not be poured into sintered glass filters
as many eelworms are sucked into the pores of the filter plate and
cannot be removed easily by washing with a small amount of water.

INVESTIGATION OF BS0IL SAMPLES HAVING SMALL QUANTITIES OF
TINY ORGANIC PARTICLES.

The methods described above apply to soils with a considerable
amount of organic particles of sizes between 50 u and 200 p as nearly
all Dutch soils,

The investigation of a number of red and grey soils from northern
Victoria (Australia) and from near Adelaide by the two erlenmeyer
method (SEINHORST 1953) showed that separation at current speeds
of 700 cm/h combined with sieving through 50 u sieves can possibly
be applied to them. This would give at least a more rapid and perhaps
a more effective separation. Obviously these soils did not contain
particles larger than 50 p with a sedimentation speed below 700 em/h.
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TIME REQUIRED FOR TIIE INVESTIGATION OF A SOIL SAMPLE.

The time required to prepare a sample for the apparatus (mixing,
weighing, making a suspension in water, sieving this suspension and
transferring it to the erlenmeyer flask) depends on the nature of the
sample. With a sandy soil it takes about 5 minutes, but with clay
soils it may take considerably longer as the mixing of the sample is
more difficult and the clay disperses slowly.

Setting up the erlenmeyer, starting the scparation process and
collecting the suspension takes about 1 minute,

The time taken to sieve the eelworm suspensions collected depends
on the number of repetetive sievings. Four litres of suspension steved
7 times takes about 10 minutes, but if a pile of sieve is used the
sieving can be completed in 7 minutes.

THE STIRRING MECHANISM

The construction of the stirrer is shown in fig. 3 (p. 256). The trans-
mission axle from the motor to the stirrer is a stainless steel spring to
allow for the bends in the axle. There is a connection between the two
pieces of this spring q and r near the conical mouth piece. A metal
rod is fastened in part q of the spring and protrudes about 1 cm. The
end of this spring is bent to a hook. The width of the metal rod
is such that spring r can easily be slipped on it. This spring is also
provided with a hook which catches the hook on spring q when
turning. The straight top of the nichrome wire stirrer p passes through
the hypodermic needle 0, which serves as a guide, and is fastened 1o
the spring q inside the socket of the needle.

Tube n should be an airtight fit in the mouth piece B but it is not
necessary to make the stirrer p an airtight fit into hypodermic needle
o. The capillary forces in this part of the mechanism do not allow
air to pass through.

Bicycle lamp dynamos of a type which run at not more than 59
r.p.h. on 4 to 6 volts, 50 cycles A.C. proved to be cheap and satisfac-
tory motors. They can easily be attached to a frame and no gears
are required. The transmission spring Y is directly connected to the
axle of the dynamo.

SUMMARY

Two types of apparatus for the determination of numbers of eelworms in
soil samples are described and figured. With both types about 85-90% of the
eclworms are recovered from soil samples of sco g With the more practicle
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of these apparatuses most of the eelworms are collected in about 3 litres of water
together with only a very few of or no soilparticles larger than 30 u. The
larger forms are collected in about 0.3 liters of water with hardly any or no
soil particles larger than 100 g. The eelworms can be separated almost completely
from these soil particles by sieving the suspensions repeatedly through 50 g sieves
{for suspensions with small eelworms and soil particles not larger than 5o u)
or through 100 g sieves (suspensions with larger eelworms and soil particles not
larger than 100 p). The sieving technique is fully discussed, Methods for a final
separation of the eelworms from small amounts of soil particles larger than
so p and for the reduction of the eelworm suspensions are described.

Grateful acknowledgments are due to Miss D, Brsuop and Dr J.
B. Goopgy who very kindly corrected the manuscript.
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