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ABSTRACT

McSorley, R., and J. L. Parrado. 1987. Nematode losses during sieving from two soil types.
Nematropica 17:125-146.

Estimates of losses at each stage of a multistep sieving procedure were obtained for
nematodes infesting Rockdale fine sandy loam and Perrine marl soils from southern
Florida. The steps examined in the sieving procedure ranged from preparation of the soil
subsample for extraction to concentration of a sieved subsample for centrifugation. Losses
in the early stages of the sieving process (suspension of a soil subsample in water, screening
through a coarse sieve) were much greater than losses in the latter stages (passing through
a 38-pm sieve, rinsing sieves, decanting). Estimates of maximum extraction efficiency
through all of the sieving steps were 62.2% for Criconemella onoensis, 67.6% for Rotylenchulus
reniformis, and 71.4% for Helicotylenchus dikystera on Rockdale soil; and 88.0% for C. onoensis
and 75.8% for R. reniformis on Perrine marl soil. Experiments varying methodology at
each step provided means for optimizing procedures at each step in the sieving process.
Additional key words: Criconemella onoensis, extraction efficiency, Helicotylenchus dihystera,
methodology, Meloidogyne incognita, population assessment, quantitative nematology, Quinisulcius
acutus, Rotylenchulus reniformis, Tylenchorhynchus martini.

RESUMEN

McSorley, R., y J. L. Parrado. 1987. Pérdidas en la extraccion de nematodos por tamizado
en dos tipos de suelo. Nematrépica 17:125-146.

Las estimaciones de pérdidas en cada etapa de un procedimiento mitiple de extraccién
por tamizado fue obtendido para los nematodos que infestan los suelos de textura franco
arenosa fina de Rockdale y marl de Perrine al sur de la Florida. Los pasos en el pro-
cedimiento de tamizado examinado fluctuaron desde la preparacion de la submuestra de
suelo hasta la concentracién de la submuestra tamizada lista para la centrifugacién. Las
pérdidas en las primeras etapas del proceso de tamizado (suspension de la submuestra en
agua, paso a través de un tamiz grueso) fueron mayores que las pérdidas en las etapas
posteriores (paso a través del tamiz 38-pm, enjuague de los tamices, decantado). Los
estimados de la maxima eficiencia de extraccién a través de todos los pasos del tamizado
fueron 62.2% para Criconemella onoensis, 67.6% para Rotylenchulus reniformis, y 71.4% para
Helicotylenchus dihystera en los suelos Rockdale; y 88.0% para C. onoensis y 75.8% para R.
reniformis en los suelos marl de Perrine. Variando la metodologia, los experimentos en
cado paso proporcionaron la forma de optimizar el procedimiento en cada etapa del
proceso de tamizado.

Palabras claves adicionales: eficiencia de extraccion, evaluacion de la poblacion, metodologia,
nematologia cuantitativa.
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INTRODUCTION

Increased emphasis on numerical data in nematology has made it
imperative that sources of error in commonly-used extraction proce-
dures be identified and a firm quantitative basis for the methods be
developed (15). Extraction efficiency, or that percentage of nematodes
present in a sample which is recovered by the extraction method, has
been proposed as a useful standard for quantifying and comparing
methodologies (2,4). Published estimates of extraction efficiencies range
from 0-100%, depending on the nematode, method, and soil type (9).
Clearly, additional studies are necessary before the concept of extraction
efficiency can be applied even to rather specific situations.

Many methods for extracting nematodes from soil involve multistep
procedures (1,9,13), and so the determination of the exact points at
which nematodes are lost can become quite complicated. Since the time
of Cobb (3), many laboratories have used sieving as a convenient step
in separating and concentrating large quantities of nematodes from soil
suspensions. The reported efficiency of sieving is low however (14,16),
and so it is most useful to determine the elements of the sieving process
which result in substantial losses of nematodes.

The purpose of the current study is to examine a typical sieving
process to determine estimates of losses at various stages of the process,
and to determine the influence of varying methodology at specific points
in the sieving process. The steps of the sieving procedure examined
range from preparation of the soil subsample for extraction to concen-
tration of sieved material for centrifugation, as part of a modified siev-
ing-centrifugation process (8,10). The method was applied to soil sam-
ples of plant-parasitic nematodes from vegetable crops grown on two
different soil types in southern Florida.

MATERIALS AND METHODS

Soil for these experiments was obtained from vegetable fields in the
vicinity of Homestead, Florida. Two different types of soil were used in
the various experiments (7): Rockdale fine sandy loam (Lithic Eutroch-
rept, 40.4% sand, 31.4% silt, 28.2% clay, pH = 7.8) and Perrine marl
(Typic Fluvaquent, 3.6% sand, 64.2% silt, 32.2% clay, pH="7.8). Nema-
todes were extracted from soil samples using a modification (10) of
Jenkins’ (8) sieving and centrifugation procedure. The individual steps
in the sieving procedure are outlined (Fig. 1), and were identical for all
experiments, except as modified below. For ease in comparing data
from different experiments, nematodes obtained using this standard
method (Fig. 1) are hereafter referred to as a “standard count”. When
several treatments and replications were needed for an experiment, the
required number of separate 100-cm® subsamples were removed from
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Fig. 1. Steps involved in a typical sieving process for extracting nema-
todes from soil subsamples.
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the same large sample. All experiments were performed at least twice,
once using the Rockdale soil and once with the Perrine marl soil. All
data were analyzed by the analysis of variance procedure appropriate
for the particular experiments, followed by curve fitting to linear and
nonlinear models, if appropriate (5).

Operator variability. A large soil sample was passed through a 4.0-mm
sieve to remove rock, the soil was mixed well, and 18 subsamples of
100-cm® each were removed. Six 100-cm?® subsamples were given to each
of three different operators to extract according to the sieving proce-
dures outlined (Fig. 1, step #3 onward). Two operators (B and C) had
considerable previous experience in processing soil samples, but the
third operator (A) had no experience and was trained in the procedure
the morning before the experiment. After the extractions were com-
pleted (Fig. 1, step #13) by the three operators, all samples were further
processed by operator B, using a modification (10) of Jenkins’ (8) cen-
trifugation procedure.

Soil mixing prior to sieving. In preparing soil for the extraction process,
the screening out of rock through a 4.0-mm sieve (Fig. 1, step #2)
provides some mixing of the soil prior to removal of a 100-cm?® subsam-
ple for extraction. This experiment examined the effect of mixing the
soil sample in a rotary mixer (9.5-L capacity, 31 rpm) prior to passing
it through the 4.0-mm sieve. A bulked portion of more than 38 L of soil
was divided into 7.5-L portions which were mixed in the rotary mixer
for 0, 1, 2, 4, or 8 min. After each sample was passed through a 4.0-mm
sieve, b replicate 100-cm® subsamples were removed from each sample
and processed as outlined previously (Fig. 1).

Volume of water for dilution of subsample. For this experiment, the ex-
traction process was identical to Fig. 1, except that step #4 was varied,
using 1, 2, 3, 4, or 5 L of water in the bucket to dilute the subsample.
The 5 treatments were replicated 4 times, requiring 20 subsamples (100-
cm?® each) for this experiment. In addition, for each subsample, soil
residue remaining in the bucket after the first sieving (Fig. 1, step #7)
was saved, and later resuspended in 5 L of water for extraction (Fig. 1,
step #4). In this way, an evaluation could be made of nematodes remain-
ing in the residual soil which is normally discarded.

Mixing time of subsample in water. After subsamples are added to 4 L
of water, the usual procedure is to mix the suspension manually for 60
sec to break up the soil and disperse nematodes (Fig. 1, step #5). This
experiment investigated the effect of five manual mixing times, 15, 30,
45, 60, and 90 sec, with each mixing time replicated three times. Fifteen
100-cm® subsamples were thus used in this experiment. As in the previ-
ous experiments examining subsample dilution, residues were saved and
reprocessed to obtain an indication of nematodes which did not go into
suspension.
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Settling time in water. Before a soil suspension is poured through the
first sieve, it is permitted to stand 15 sec to allow large soil particles to
settle (Fig. 1, step #6). In this experiment, settling times were varied (0,
15, 30, 60, and 90 sec) with other steps remaining the same. Fifteen
100-cm?® subsamples taken from the same soil sample provided 5 treat-
ments x 3 replications. As in previous experiments, the residue remain-
ing in the first bucket after pouring through the 850-pm sieve was
resuspended and reprocessed to determine the numbers of nematodes
which had settled out.

Losses on the first sieve. The first sieve, a coarse 850-um-mesh sieve, is
useful in removing root fragments, small rock particles, and other debris
from the soil suspension (Fig. 1, step #7). To evaluate losses on this
sieve, a soil subsample was extracted according to the usual procedure.
However, debris remaining on the 850-um sieve was removed and resus-
pended for a second extraction. Debris caught on the 850-pum sieve in
that extraction was also resuspended and extracted, and so forth, until
four successive 850-um sievings had been performed. The procedure
was replicated three times, using three 100-cm?® subsamples.

In a second pair (Rockdale and marl soil) of experiments, extraction
with a 850-pm sieve at the first sieving was compared with a 600-um
sieve. Twelve 100-cm® subsamples provided 6 replications with each
sieve size.

Settling time before second sieving. In this experiment, the settling time
prior to the first pass through a 38-pm sieve was varied (Fig. 1, step #8).
Settling times used were 0, 15, 30, 60, and 90 sec, with each treatment
replicated three times. Residues remaining in the bucket, after pouring
the suspension through the sieve, were resuspended and extracted sepa-
rately to give an indication of losses in the residues.

Losses through a 38-pm sieve. Usually, the soil suspension is passed
twice through a 38-pm sieve (Fig. 1, steps #9-10). To evaluate losses
through this sieve, a single pass through the sieve was made, catching
the soil suspension in a second bucket. Nematodes were washed from
the sieve and processed through the further steps of the extraction
process. The soil suspension caught after passing through the sieve was
sieved again and extracted a second time, and so on, until 5 successive
sievings through a 38-pm sieve had been made. The procedure was
replicated three times.

Settling and decanting. The 38-pm sieve is usually rinsed with 200 ml
water and residues collected in a 250-ml beaker (Fig. 1, step #11), before
decanting to a smaller volume. To investigate potential losses during
decanting and to optimize settling time, four experiments were carried
out, two utilizing Rockdale soil and two using Perrine marl soil. Subsam-
ples from a large sample were extracted and allowed to settle for various
times in the 250-ml beakers before decanting. In the first two experi-
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ments (one Rockdale and one marl), 3 treatments (30, 60, and 120-min
settling times) were replicated 6 times, while in the second two experi-
ments, 4 treatments (15, 30, 60, and 120-min settling times) were repli-
cated 4 times. After decanting, extractions proceeded using the standard
centrifugation technique (8), and counts were made. However, water
decanted from each subsample was also saved for direct examination
for nematodes.

RESULTS AND DISCUSSION

Nematodes recovered from the Rockdale soil used in this experiment
included Rotylenchulus reniformis Linford & Oliveira, Meloidogyne incognita
(Kofoid & White) Chitwood, Criconemella onoensis (Luc) Luc & Raski,
Helicotylenchus dihystera (Cobb) Sher, and Quinisulcius acutus (Allen) Sid-
diqi. Perrine marl soil contained R. reniformis, M. incognita, Tylenchorhyn-
chus martini Fielding, Psilenchus hilarulus De Man, and Aphelenchus sp.,
although not all of these nematodes were recovered from samples in
every experiment.

Operator variability. Although similar numbers of nematodes were
extracted by all three operators in most cases (Table 1), operator B
recovered significantly more H. dihystera from the Rockdale soil and
significantly more R. reniformis from the marl soil. Measurement of the
pellet heights (mm) in the centrifuge tubes following the first centrifuga-
tion (in water) suggested that operator B also recovered more soil parti-
cles in the sieving process from the Rockdale soil. The inexperienced
operator A never recovered significantly fewer nematodes than did
operator C, and often his coefficients of variation were lower than those
of either experienced operator (Table 1). Coefficients of variation were
similar to those achieved in a previous study using sieving and centrifu-
gation (11). This study indicated the occurrence of some differences
and variability in the sieving process due to different operators, and
suggested a more in-depth investigation of the steps involved in the
sieving process to determine which are the most critical and subject to
error.

Soil mixing prior to sieving. Several nematode species showed signifi-
cant linear or quadratic relationships between numbers recovered and
mixing time (Table 2). For example, C. onoensis recovered from marl soil
(y) was linearly related to mixing time in minutes (x), by y=2410-124x,
with r2=0.529. All significant (P=0.05) linear equations were of similar
form, with a negative slope and maximum value when the mixing time
equalled zero. The data (Table 2) reflect this general trend toward de-
creased numbers with increased mixing time, and so the mixing process
was discontinued, since it would be an innovation which might reduce
nematode recovery.
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Table 1. Effect of the operator (A, B, or C) performing the sieving steps
on nematode recovery from 100-cm? soil subsamples.

Numbers per Coetficients of
100-cm?® variation
soil by operator® (%) by operator
Nematode A B C A B C

Rockdale fine sandy loam
Criconemella onoensis 296a 283a 342a 419 304 30.6
Rotylenchulus reniformis ~ 767a 1004a 792a 11.2  30.0 184
Helicotylenchus dihystera 308 b 467a 354b 13.2 241 258
Pellet size in first

centrifugation

(height in mm) 15.0b 22.0a 13.7b 103 175 252

Perrine marl
Criconemella onoensis 323a 376a 328a 10.8 49 18.0
Rotylenchulus reniformis 27b 62a 39b 526 290 149
Tylenchorhynchus martin: 8a 12a 1la 31.0 704 347
Pellet size in first
centrifugation
(height in mm) 16.0a 16.0a 15.8a 181 142 24.8

*Data are means of 6 replications. Means in rows followed by the same
letter are -not significantly different (P=0.05), according to the Waller-
Duncan K-ratio test (5).

Although efficiency of recovery was reduced by the mixing process
used here, mixing of soil is considered a process which usually improves
reliability and reduces subsample error (6). Coefficients of variation
from this experiment did not show a definite improvement with mixing
time (data not shown). For example, M. incognita and Q. acutus from
Rockdale soil and C. onoensis from marl soil all had coefficients of vari-
ation between 10-20%, even at the zero mixing time. On the other hand,
coefficients of variation for pellet size in the first centrifugation de-
creased from 11.5% at zero mixing time to 5.2% after an 8-min mixing
time with Rockdale soil, and from 12.3% at zero mixing time to 2.7%
after 8-min with Perrine marl soil. Thus, the homogeneity of the soil
seemed to improve with mixing, but the distribution of nematodes did
not. The mixing process used here was unusual in that it involved large
quantities of rock in the soil samples. Improved reliability with nema-
tode extraction could possibly be obtained if the mixing was performed
after the sieving step to remove rock (Fig. 1, step #2), rather than before
1t.
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Volume of water for dilution of subsample. Varying the amount of water
used prior to the initial sieving had no significant (P=0.05) effect on
numbers of nematodes obtained during a typical extraction or on sizes
of pellets obtained in the centrifugation step (Table 3). For both nema-
tode species extracted from the Rockdale soil, significant (P=0.05)
quadratic relationships were observed between numbers of nematodes
recovered from the residues (normally discarded after the first sieving)
and the volume of water used for extraction. In both cases, peaks in
nematode recovery from residues were obtained at extraction volumes
of 3 to 4 L. The significant patterns observed with nematode losses in
residues were not observed in the standard counts of nematodes reco-
vered during a typical extraction. This lack of significant differences in
nematode recovery with extraction volume is in agreement with other

Table 3. Effect of volume of water used for diluting the subsample on nematode recovery
from 100-cm?® subsamples.

Nematodes per 100-cm? soil by volume
of water (L) to dilute subsample®

Nematode and Location 1 2 3 4 5
Rockdale fine sandy loam
Meloidogyne incognita in standard count” 112 100 138 108 150
in residue® 15 16 36 28 15
Residue as % of standard 13.4 16.2 26.2 255 10.0
Quiniculcius acutus in standard count 845 725 682 685 732
in residue 52 64 82 102 46
Residue as % of standard 6.2 8.8 12.1 15.0 6.3
Pellet size in first centrifugation (mm) 13.5 14.2 13.2 13.8 17.2
Perrine marl

Criconemella onoensis in standard count 1980 2165 1840 1980 1835
in residue 54 32 58 48 45
Residue as % of standard 2.7 1.5 3.1 2.4 2.4
Rotylenchulus reniformis in standard count 90 85 65 70 55
in residue 4 6 2 4 8
Residue as % of standard 4.2 7.4 3.8 5.4 13.6
Tylenchorhynchus martini in standard count 130 140 115 115 120
in residue 10 12 9 8 6
Residue as % of standard 7:7 8.9 7.6 6.5 5.2
Pellet size in first centrifugation (mm) 20.2 19.2 20.2 18.2 23.0

"Data are means of 4 replications. No significant (P=0.05) differences with treatment,
except that on Rockdale soil, numbers of M. incognita and Q. acutus lost in the residue
showed significant quadratic relationships to the volume of water used.

’The standard count is the number of nematodes normally recovered in the extraction
process.

*Soil residue remaining in the bucket after pouring the suspension through the first sieve.
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studies in which volume of the subsample was varied while volume of
the extraction water was held constant (10,12). In one study, reduced
recovery was observed as the ratio between extracting solution and soil
volume became as low as 3.5:1 (12). At higher ratios, no differences
were observed (10,12), as anticipated for the larger water-soil ratios
used here (range 10:1 to 50:1).

Although effect of soil dilution on final nematode counts was neglig-
ible, examination of residues for evidence of incomplete suspension in-
dicated some losses of nematodes in these residues, which would nor-
mally be discarded. In general, the magnitude of these losses (as a per-
cent of the standard count) was somewhat greater on Rockdale soil (M.
incognita range 10.0-26.2%; Q. acutus range 6.2-15.0%) than for those
found in marl soil (C. onoensis range 1.5-3.1%; R. reniformis range 3.8-
13.6%; T. martini range 5.2-8.9%).

Table 4. Effect of mixing time of subsample in water on nematode recovery from 100-cm?
subsamples.

Nematodes per 100 cm? soil by
mixing time (sec) of subsample”

Nematode and Location 15 30 45 60 90
Rockdale fine sandy loam
Criconemella onoensis in standard count” 417 483 492 450 358
in residue® 58 37 33 12 17
Residue as % of standard 14.0 7.6 6.8 2.6 4.7
Rotylenchulus reniformis in standard count 700 842 542 1292 975
in residue 187 145 152 98 73
Residue as % of standard 19.6 17.2 28.0 7.6 7.5
Helicotylenchus dihystera in standard count 250 308 242 333 225
in residue 50 60 27 32 27
Residue as % of standard 20.0 19.5 11.0 9.5 11.9
Pellet size in first centrifugation (mm) 13.0 16.0 16.7 18.0 17.3
Perrine marl
Criconemella onoensis in standard count 277 303 297 322 293
in residue 35 18 18 17 8 **
Residue as % of standard 12.6 6.0 6.2 5.2 2.8
Rotylenchulus reniformis in standard count 31 28 33 45 50
in residue 6.7 3.3 1.7 0 0 **
Residue as % of standard 21.0 11.8 5.0 0 0
Pellet size in first centrifugation (mm) 15,0 157 180 18.0 19.7

“Data are means of 3 replications. Asterisks (**) indicate significant (P=0.01) linear and
quadratic relationships.

*The standard count is the number of nematodes normally recovered in the extraction
process.

*Soil residue remaining in the bucket after pouring the suspension through the first sieve.
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Mixing time of subsample in water. Varying the amount of time the
subsample was mixed in water did not affect the number of nematodes
obtained during a typical extraction (Table 4). The number of nema-
todes not entering suspension (i.e., those left behind in the residue)
showed significant (P=0.05) decreases with mixing time for three of
five nematode-soil combinations studied (Table 4). In theses cases, min-
imal losses in residues were obtained with a 60-90 sec mixing time, with
very short (15 sec) mixing times providing the greatest losses of nema-
todes in the residue left behind following this soil suspension step. At
the 60-sec mixing time, losses in the residue ranged from 0-5.2% on
Perrine marl soil and from 2.6-9.5% on Rockdale soil, depending on the
nematode species. Percent losses on Rockdale soil at a 60-sec mixing
time in 4 L of water in this experiment were lower than those observed
in the previous series of experiments on Rockdale soil (15.0-25.5%,
Table 3), but nematode species were different. From the data of these
experiments, there is evidence that percent loss in the first residue is
species-dependent.

Settling time in water. In one instance, C. onoensis recovery from marl,
nematodes extracted showed significant differences with settling time
(Table 5). This relationship was quadratic (R2=0.459, P=0.05), and
given by:

y=2304.2 +4.018x-0.0452x?

where y=C. onoensis/100 cm?® soil and x =settling time in sec. The first
derivative, dy/dx, is given by:

4y _ 4.018-0.0904x

dx

and when set equal to zero, would yield a maximum nematode recovery
at a settling time of 44.4 sec. Losses of C. onoensis in residues of Rockdale
soil are given by (R?=0.460, P=<0.05):

y=43.47-1.00x + 0.0126x?

Setting the first derivative equal to zero yields a minimum loss in the
residue at a settling time of 39.7 sec. Both of these examples suggest
that a settling time of 30-60 sec is optimal for maximum recovery of C.
onoensis and least loss in residues. With other nematode species, settling
time did not influence recovery, although results were highly variable
for H. dihystera on Rockdale soil (Table 5). Pellet size in the first centrifu-
gation decreased as longer settling times permitted more debris to settle
out of the soil suspension. However, too much settling time (e.g., 90 sec)
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225

200 Y=170.4-122.9 In x
R'= 0.884 ***

175 x - intercept =4.00
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Fig. 2. Relationship between numbers of Rotjlenchulus reniformis trapped
on an 850-um sieve and number of sievings.

would permit increasing numbers of nematodes to settle out, exerting
a significant effect in the case of C. onoensis.

Nematode losses in the residues remaining after the first sieving
were affected by settling time to some extent, as well as by volume of
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water used and time of mixing. Here, losses (as a percent of nematodes
in a standard count) ranged from 12.6-19.4% for a 15-sec settling time
with Rockdale soil, depending on species, while a range of 2.1- 4.6% was
observed for identical conditions with marl soil.

Losses on the first sieve. Substantial numbers of nematodes were trap-
ped in the debris on the first sieve (Table 6). Numbers trapped in the
debris declined with successive sievings, following a logarithmic func-
tion. For example, on Rockdale soil, numbers of R. reniformis obtained
on the 850-pm sieve (y) was related (R?=0.884, P=<0.001) to the number
of sievings (x) of the debris by (Fig. 2):

y=170.4-122.9 In x

Solution of this equation yields an x-intercept of 4.00, meaning that this
equation predicts complete extraction from the residue (zero recovery)
after 4 sievings. Similar intercepts were obtained for the other nema-
tode-soil combinations (Table 6), and so it appears that the four sievings
used were sufficient to remove almost all nematodes from these resi-
dues. If the sum of nematodes lost in these four sievings is considered
the total loss on a 850-pum sieve, then it can be seen that losses on this
sieve were substantial, ranging from 8.7-52.0% of the nematodes nor-
mally obtained in a counted sample. Losses on the 850-wm sieve gener-
ally appeared to be greater with Rockdale soil than with marl, probably
because of the numerous small rock particles obtained from this soil
type which were caught on the sieve, blocking or reducing the effective
size of some of the pores.

Nematode recovery was not significantly (P=0.05) affected by sub-
stituting a 600-um sieve for an 850-pm sieve (Table 7), although signific-
antly more debris (g dry wt) was retained on a 600-um sieve than on an
850-pm sieve in some cases.

Settling time before second sieving. Varying the settling time before pas-
sing the soil suspension through a 38-um sieve had no significant
(P=0.05) effects on nematodes recovered from the subsample or on
nematodes lost in the residues (Table 8). Losses in these residues were
much lower than those observed before the first sieving (Table 5). The
higher figures observed in those previous experiments include not only
nematodes settling out of the suspension. (which should be comparable
to results here), but more importantly, those nematodes which did not
become suspended in the first place. Thus, settling time at this stage did
not seem particularly critical in influencing nematode recovery. Pellet
size in the centrifugation step showed linear decreases with settling time,
since longer settling times allowed more debris to settle out.

Losses through a 38-pm sieve. Numbers of nematodes recovered from
the soil suspension using a 38-pm sieve decreased rapidly following the
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Table 7. Comparison of number of nematodes extracted using an 850-
pm sieve or a 600-wm sieve for the first sieving of 100-cm? subsamples.

Sieve size (pm)’

Parameter evaluated 850 600 t-statistic”

Rockdale fine sandy loam, first test

Criconemella onoensis/100 cm? soil 108 125 —0.58
Rotylenchulus reniformis/100 cm? soil 1546 1479 0.62
Quinisulcius acutus/100 cm? soil 54 71 —0.82
Pellet size in first centrifugation (mm) 18.2 17.3 1.43
Debris remaining on sieve (g dry wt) 0.38 0.47 -1.63
Rockdale fine sandy loam, second test
Criconemella onoensis/100 cm? soil 33 71 -1.83
Rotylenchulus reniformis/100 cm? soil 1550 1738 -1.56
Quinisulcius acutus/100 cm? soil 33 62 -2.15
Pellet size in first centrifugation (mm) 20.3 21.8 -141
Debris remaining on sieve (g dry wt) 0.48 0.79 —4. 277
Perrine marl
Criconemella onoensis/100 cm? soil 1325 1555 -1.55
Tylenchorhynchus martini/100 cm? soil 80 45 1.19
Pellet size in first centrifugation (mm) 22.6 25.0 -1.06
Debris remaining on sieve (g dry wt) 0.11 0.33 —2.48%

’Data are means of 6 replications.
*Asterisks (*,**) indicate significant differences at P=0.05 and P=0.01,
respectively.

first sieving (Table 9). Subsequent sievings recovered significantly fewer
nematodes than the first sieving, with numbers recovered by successive
sievings declining in a logarithmic manner (Table 9). When numbers
recovered in all 5 sievings were totalled, 96-99% of all nematodes reco-
vered were obtained in the first sieving. These results are in agreement
with previous work (10) which found no differences in recovery whether
one pass or two passes through a 38-pm sieve were used. Thus, only
one sieving with a 38-pm sieve should be sufficient in most cases. When
two sievings are used, as for the standard procedure outlined here (Fig.
1), only 0-1.5% of the number of nematodes counted could be expected
to be lost by passing through these sieving steps (Table 9).

Settling and decanting. In no instances were nematode counts signific-
antly affected by settling time and subsequent decanting (Table 10).
Nematodes were rarely found in water decanted from the samples. Only
with R. reniformis in one test on Rockdale soil were low numbers reco-
vered from decanted water, averaging only 0.12 to 0.41% of the nema-
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Table 8. Effect of settling time of the soil suspension prior to the second sieving on
nematode recovery from 100-cm?® subsamples.

Nematodes per 100-cm? soil by
settling time (sec) of suspension®

Nematode and location 0 15 30 60 90
Rockdale fine sand loam
Criconemella onoensis in standard count’ 264 172 324 278 216
in residue® 6 2 4 6 8
Residue as % of standard 2.3 1.2 1.2 2.2 3.7
Rotylenchulus reniformis in standard count 1008 1116 1308 1036 1128
in residue 4 6 8 4 6
Residue as % of standard 0.4 0.5 0.6 0.4 0.5
Helicotylenchus dihystera in standard count 588 830 780 876 660
in residue 8 8 8 10 6
Residue as % of standard 1.4 1.0 1.0 1.1 0.9
Pellet size in first collection (mm) 19.0 18.3 16.3 12.3 9.7k
Perrine marl
Criconemella onoensis in standard count 312 296 284 254 283
in residue 4 5 6 9 8
Residue as % of standard 1.3 1.7 2.1 3.5 2.8
Rotylenchulus reniformis in standard count 24 44 42 38 30
in residue 2 0 0 0 1
Residue as % of standard 8.3 0 0 0 3.3

Pellet size in first centrifugation (mm) 17.3 19.0 15.0 13.0 12.0%**

*Data are means of 3 replications. Asterisks (***) indicate significant (P=0.001) linear and
quadratic relationships.

¥The standard count is the number of nematodes normally recovered in the extraction
process.

*Soil residue remaining in the bucket after pouring the suspension through the second
(38 pm) sieve.

todes counted in a standard sample, and showing no significant differ-
ences with settling time (data not shown). Rinsing sieves with 200 ml of
water prior to settling and decanting (Fig 1, step #11) appeared to be
adequate, since no additional nematodes could be rinsed from 38-um
sieves which had already been rinsed with 200 ml of water.

Although losses involved in rinsing sieves and decanting were mini-
mal, substantial losses of nematodes did occur at some points of the
extraction process. Losses occuring at specific steps are summarized
(Table 11) for selected nematode species. Losses are expressed as a
percent of the nematodes counted in a standard sample, since methods
for determining losses varied, but the standard methodology (Fig. 1) did
not. Furthermore, it should be noted that these tabled values are prob-
ably conservative, since obtaining counts of nematodes lost, using
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Table 10. Effect of settling time of sieved sample on nematode recovery
from 100-cm? subsamples.

Nematodes per 100 cm?®
soil by settling time (min)
of the sieved subsample”

Nematode 15 30 60 120
Rockdale fine sandy loam, first test’
Criconemella onoensis — 106 103 122
Rotylenchulus reniformis — 534 572 577
Helicotylenchus dihystera — 169 157 152
Quinisulcius acutus . 14 10 15
Rockdale fine sandy loam, second test*
Criconemella onoensis 1338 1319 1394 1610
Rotylenchulus reniformis 38 56 31 35
Quinisulcius acutus 94 50 106 124
Perrine marl, first test’
Criconemella onoensis — 162 165 194
Rotylenchulus reniformis — 22 22 22
Perrine marl, second test*
Tylenchorhynchus martini 462 472 480 478
Meloidogyne incognita 72 52 48 88

*No significant (P =0.05) differences with settling time found in any test.
YData are means of 6 replications.
“Data are means of 4 replications.

methods which do not extract 100% of all nematodes, will consistently
underestimate loss. Losses occurring in several steps were quite low,
losses due to inadequate suspension of the initial soil sample were mod-
erate, and those on the coarse sieve (850-pm) were quite large. This loss
was especially severe with Rockdale soils, since small rock particles ac-
cumulated on this sieve to some extent, and evidently were quite effec-
tive in retaining nematodes. Total losses ranged from 13.7 to 60.8%,
depending on nematode species and soil type (Table 11). Extraction
efﬁaency (2,4,16) could be calculated from these loss figures as effi-
ciency = 100/(y+100), where y is the number of nematodes lost per
100 nematodes counted from a standard extraction. Calculated extrac-
tion efficiencies ranged from 62.2 to 88.0%, but these are maximum
extraction efficiencies (loss estimates are conservative), and are for the
sieving process only (Fig. 1), without considering centrifugation.
Results of this study suggest that efficiency of the sieving process
outlined here (Fig. 1) could be improved in several ways. An optimized
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sieving process would include: no mechanical mixing of the bulked soil
sample (step #1); utilizing a large volume of water for extraction (step
#4); mixing the sample into suspension for 60-90 sec (step #5); allowing
the suspended sample to settle 30-60 sec before pouring (step #6); using
a sieve much larger than 600-850pum to remove debris and particles
from these soils (step #7); maintaining a 15-sec settling time before fine
sieving (step #8); using only one pass through a 38-um sieve (steps
#9-10); maintaining rinsing and decanting procedures (steps #11-13)
for minimal losses.

It is evident that nematode extraction methodology must be greatly
improved to facilitate reliable quantitative work (4,9,15). Individual
stages in multistep extraction processes must be carefully evaluated to
determine which are error-prone and in need of improvement. Such
studies can be useful in estimating efficiency of extraction, although
more extensive and detailed studies are probably needed before reliable
extraction efficiency figures can be utilized in practice. Although nema-
tode soil counts may contain a high degree of imprecision resulting
from the sampling process, it may be unnecessarily risky to attempt to
“adjust” soil counts to some hypothetical level of “actual” nematodes
present using extraction efficiency figures which themselves may con-
tain a high degree of imprecision. The present study has revealed some
variation in estimates of extraction efficiency, depending on nematode
species, soil type, operator, and even within steps of the extraction pro-
cedure itself.
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