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Abstract: Routine quantitative nematode extraction for pest management purposes remains a
problem. There is need for more knowledge of the parameters limiting efficiency of the various
available methods. Sedimentation rates for several species of nematodes have been confirmed as
slow and highly variable and therefore not suitable for quantitative separation of nematodes.
Funnel losses with clean and unpitted glassware, whether closed or open stemmed, with or
without misting, are negligible so long as misting periods are neither inadequate nor excessive;
i.e., approximately a 1.5-min water spray period in a 10-min cycle. Tissue paper used to retain
soil, sievings, or other substrate in the funnel extraction can greatly inhibit the passage of
nematodes depending upon the tissue properties and the nematode species. Key words: sedimenta-

tion, tissue paper, extraction efficiency.
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The extraction of nematodes from their
environment continues to be a vexing prob-
lem. Initially the extraction objective was
to obtain clean specimens for microscopic
observation; however, it soon became de-
sirable to extract nematodes in quantity
and free of associated debri for use in ex-
perimental studies. The methods devised to
accomplish this objective have been sum-
marized in several reports (2,15,17,19).
Over the years the number of modifications
of basic methods have proliferated prodi-
giously. Usually the modifications were de-
veloped to satisfy the particular needs of
individual investigators; motivation was
usually due to particular characteristics of
a nematode, soil or plant tissue substrate,
or expediency requirements of experimen-
tation (1,5,6,10,12,18,14,16,18,20,21,22,23).
The methodology has served satisfactorily
as long as the desired results were qualita-
tive or relative. In recent years the demand
for quantitative evaluations has intensified.
Toward this goal there have been efforts
comparing extraction methods for selected
nematodes in specific substrates (1,3,4,7,9,
11). Others have described processes and
apparatus in detail to achieve quantitative
results in specific situations (8,18,19).

With increasing pressure to reduce pesti-
cide usec and pollution problems, there
comes a need for quantitative nematology
to determine field population levels of
nematodes, population levels at the thresh-
old of plant injury, standards of nematode
extraction, including optimum efficiency,
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and corrective factors to reflect true field
values. Quantitative nematology is therefore
basic to improved nematode control tactics
and integrated pest management practices.
Consequently it was important to explore
mechanical and biophysical aspects of se-
lected extraction processes. A first step in-
volved the examination of some of the basic
parameters utilized in the various applica-
tions of modifications of the Baermann
funnel.

MATERIALS AND METHODS

Sedimentation rates: Nematode sedi-
mentation properties are intrinsic to many
of the extraction procedures. It was of in-
terest to approximate the sedimentation
rates of various nematodes in water for
possible comparative use of these values.
Boiled water was used to prepare the sedi-
mentation column which consisted of a
10.0-mm glass tube surrounded by an inter-
mediate 25.0-mm tube comprising the water
jacket in turn surrounded by a 45.0-mm
tube forming a static air jacket. The entire
assembly was 1 m in length and aligned
vertically with a plumb. The sedimentation
tube was marked 200 mm from the upper
end to indicate the starting point of the
measurement zone. The measurement zone
consisted of 200 mm of column marked at
50.0-mm intervals. Individual nematodes
were placed at the center of the upper end
of the sedimentation tube and allowed to
fall 200 mm to achieve dynamic equilib-
rium. The times required for a nematode
to fall through each of two measurement
rones was measured to the nearest .01 sec
and averaged for that nematode. The sedi-
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mentation rates of at least 30 individuals
were determined for each species.

To approximate what might be expected
in a heavy concentration of nematodes,
groups consisting of at least 10 individuals
for large nematodes, and substantially more
for smaller ones, were added to the sedi-
mentation column. The sedimentation rates
of the fastest and the slowest individual in
each group were measured as before, with
averages indicating the range for each pop-
ulation.

After preparation, the sedimentation
column was allowed to come to rest undis-
turbed for a minimum of 24 hours. The
jacketing reduced thermal convections and
allowed the water column to approximate a
static condition.

Funnel conformation in misting: The
normal funnel conformations are stem
closed and stem open. The closed stem con-
figuration involves a short segment of rub-
ber tubing at the end of the stem which is
closed off by a pinch clamp or by the in-
sertion of a small culture tube. The open
stem configuration involves a short segment
of rubber tubing to extend the stem so that
the funnel washings are released near the
bottom of a culture tube (usually 22 X 200
mm) enveloping the funnel stem. For com-
parative purposes, an additional modifica-
tion was employed using an oil centrifuga-
tion tube (35 X 200 mm), thereby reducing
the upward flow of water by a factor of 2.5.
The usual misting apparatus involved an

aqueous intermittant spray in a 10-min’

cycle. Several spray times were used to esti-
mate yields and overflow losses. In the
closed funnel stem, screens covered with
micro-wipe tissue were placed in a holder
maintaining the screen ahbove the overflow
water level. In the open stem funnel, a
shaped screen, also covered with micro-wipe
tissue, nested within the upper portion of
the funnel with the flat bottom of the screen
approximately 1 ¢m below the funnel edge.
An aliquant of 500 nematodes was added by
pipette to the moistened paper tissue, and
the funnel racks containing replicates of 12
were placed in the mister. The overflow
from the collection tubes or the funnels
were collected in conical flasks. After 48
hours the nematodes in the collection tube,
in the overflow, and in the funnel washing

were counted.

Tissue paper permeability: Quality of
tissues amenable to the Baermann (i.e., re-
taining debri while allowing nematodes to
pass through) is known to vary in terms of
porosity, texture, and wet strength. It was
of interest to evaluate different sources of
tissue as to the efficiency in allowing nema-
todes to pass through the closed stem con-
ventional Baermann funnels with nested
screens to support various tissues, The fun-
nels were filled with tap water sufficient to
cover the tissue with about 1 mm of water.
Aliquants of nematodes were then added by
pipet to the surface of water with a mini-
mum of roiling. The funnel racks were
covered with plastic sheets to retard evapo-
ration. After 24 hours the funnel contents
and funnel washings were collected and
counted. The funnels were refilled with
water as before and allowed to extract
again. The process was repeated after 48
and 72 hours which terminated the trial.
Except for parchment paper, tissues were
used as two-ply, either as supplied by the
manufacturer or folded if supplied as single-
ply. The test consisted of 12 replicates for
each tissue tested.

RESULTS

The sedimentation rates of different
nematodes in a static water column are il-
lustrated in Fig. 1. The median sedimenta-
tion rate of small nematodes appears to be
less than that of larger ones. The range of
sedimentation rates of a concentrated group
of nematodes appears to be large; however,
if the range is viewed as a percentage of the
median, the comparative disparity is much
reduced.

The observations obtained with various
Baermann funnel configurations and differ-
ent spray times are illustrated in Table 1.
It is evident that the fraction of the inoc-
ulum found in the collection tubes is es-
sentially the same as the total collected so
that there is negligible loss due to overflow
or adherence to the funnel. With spray
periods of 10-15% of the cycle time (10
min), the recovery of inoculum in the col-
lection tube was high; with 50% spray time,
recovery was much reduced. 1t appears that
the general recovery in relation to the inoc-
ulum was poor.,
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Table 1. Nematodes recovered from different collector tube configurations with different spray periods.
Total collected includes nematodes in the collection table, adhering to funnel, and in the overflow.

% Collection Total Overflow
System Spray time* Nematode tube collected (liters)
Sealed collection tube,
elevated screen, overflow
from funnel lip 10 P.vulnust 158 187 0.1-1.9
Oil centrifuge tubes 10 P. vulnus 188 195 0.5-2.1
Reg. test tubes 10 P. vulnus 177 178 0.2-1.8
LSD (P = .01) 19
Sealed collection tube 15 M. incognita} 229 237 0.9-1.8
Oil centrifuge tube 15 M. incognita 191 198 0-12
Reg. test tubes 15 M. incognita 204 218 0.6-1.2
LSD (P = .01) 11
Reg. test tubes 50 M. javanica$ 130 + 12 not collected

*10-min. cycle.

+Pratylenchus vulnus inoculum 300 * 15.
{Meloidogyne incognita inoculum 500 = 30.
§Meloidogyne javanica inoculum 500 + 28.

The property of different tissues to al-
low various nematodes to pass through them
are illustrated in Table 2. Parchment paper
is impermeable; however, all other tissues
tested appeared to vary in their permeabil-
ity, not only to one nematode but between
nematodes. Under the conditions of these
experiments, the bulk of the nematodes
passing through the paper did so within 24
hours.

DISCUSSION

It appeared that as the heterogeneity of
a nematode population increased, so did the
variability of the sedimentation rate of in-
dividuals and the range for a concentrated
population. The results of the two trials
with Criconemella xenoplax illustrate the
different sedimentation properties of two
populations differing in age of culture and
host plant. The cogeneric Ditylenchus
dipsaci and D. destructor appeared to vary
substantially in sedimentary properties.
Since the sedimentation rate of an individ-
ual nematode measured over two segments
of the track could vary, factors other than
nematode density affected sedimentation;

<&

e.g., differential drag as the wriggling nema-
tode presented different geometrical con-
figurations to the waterfront and undetect-
able thermal gradients. These observations
suggest that elutriation which utilizes high
rates of turbulent flow may have some merit
in separating light organic particles from
dense mineral ones, but the method’s use-
fulness in quantitative nematode separation
is open to question.

Funnel and collector configurations ap-
peared to have little effect on collection ef-
ficiency, provided the spray time fell within
certain limits and the interior funnel walls
were clean and pit free. Generally, misters
utilize spray nozzles providing a cone shaped
distribution of water droplets. The volume
of water delivered per unit area through a
plane normal to the axis of the cone de-
creases with radial distance. Funnels in
racks placed in such a cone do not all re-
ceive the same volume of water. The varia-
tions in volume of overflow indicated in
Table 1 for a 48-hour period indicate that
spray in 10-min cycles of less than 10% are
likely to be insufficient to wash nematodes
into the collection tube in some funnel

Fig. 1. Sedimentation rates of nematodes in a static water column. Filled circles indicate the mean of
individual release measurements and the cross bars SD about the mean. The long bars through the means
indicate the range of sedimenting rates of nematodes released as groups. Nematodes tested include
Meloidogyne incognita (M. incog.), Heterodera schachtii (H. schach.), Ditylenchus dipsaci (D. dip.),
Crinconemella xenoplax (C. xeno.). Ditylenchus destructor (D. dest.), Xiphinema index. (X. index),

Panagrellus silusiae (P. sil).



Table 2. Permeability of paper tissues to Meloidogyne incognita* and Ditylenchus dipsacit in a normal Baermann funnel extraction apparatus. (TT = toilet
tissue.)

Nematode recovery

Ist 24 hours 2nd 24 hours 3rd 24 hours Total
Tissue M. incognita D. dipsaci M. incognita D. dipsaci M. incognita D. dipsaci M. incognita D. dipsaci

Scott (TT) 4224 276 = 20 0.7 = 1.7 355 = 21 105
Davis Lumber 1837 = 25 186 = 28 118 + 10 1.1 = 1.14 283 = 43 04 +09 152 188
Dennison 161 + 42 174 = 26 18 + 18 0.6 + 1.0 2.7 =27 0.3 =07 182 176
Rice paper 150 + 34 143 = 31 98 + 7.3 24 + 22 1823 0.7 +12 162 144
Northern (TT) 55.3 + 36.1 174 = 16 323 = 294 1.7 £ 35 128 + 8.8 0.8 + 1.0 100 178
MD (TT) 235 = 27.6 207 = 31 68 + 56 18 + 3.2 26 + 25 0.7 = 1.1 245 209
Truly Fine (TT) 154 = 22 207 + 22 9.6 + 4.9 24 £ 19 1.3+ 18 166 210
Micro-wipes 120 += 13.7 . 182 + 39 278 + 265 2119 29 +29 1.1 14 150 186
LSD (P = 01) 29 29
(P = .05) 22 22

*Meloidogyne incognita inoculum 272 + 11,
tDitylenchus dipsaci inoculum 219 =+ 16.

€861 &nf ‘¢ "oN ‘5T 2wnjoq ‘€3ojoypwa N fo jpuinof



Nematode Extraction—Baermann: Viglierchio, Schmitt 443

preparations. In contrast, prolonged spray
periods would cause some funnels to collect
large volumes of water and to effect turbu-
lence in the collector tube and loss of nema-
todes in the overflow, as indicated by the
50% spray time (Table 1). In all cases, the
proportion of the number of nematodes re-
covered to that of the original inoculum
was low; since all possible losses were ac-
counted for, those nematodes not recovered
must have been retained by the paper tissue.
This notion is confirmed by the data of
Table 2 which indicates that retention of
Meloidogyne incognita larvae may vary
between nearly 5 and 80% depending upon
the particular tissue, and that of D. dipsaci
from 5 to 35% in a 24-hour period. The
bulk of the nematodes passing through the
tissue did so within 24 hours, although in
some cases appreciable numbers succeeded
in the next 48 hours. The intent of Table 2
is to call attention to the nematode perme-
ahility properties of tissues used in Baer-
mann extractions, The permeability of
tissues to two nematodes used in these ex-
periments could vary, so it remains to be
established how other nematodes would re-
spond. Furthermore, there is no assurance
as to how other lots of the same brand of
tissue would respond; therefore, each ana-
lyst needs to know the properties of the
tissues available to him locally.

This report should focus additional at-
tention on several sources of error inherent
to specific kinds of extraction methodology
and stimulate the development of quantita-
tive processes. Recommendations for tech-
nique standardization must await more ex-
tensive studies on other impinging factors.
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