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A new nematode extraction technique was established, which is based on an iso-osmotic density- gradient
medium (OpthrepT ). This technique resulted in significantly higher numbers of clean eggs and vermiform
nematodes that retain higher viability (48. 6%) than samples processed with the sucrose method (28.7%).

Nematodes survived exposure to OptiPrep™

for 22 hours without significant mortality whereas all nematodes

died in the sucrose medium. OptiPrepTM provided a suitable, non-toxic alternative to the traditional density
gradient material for the isolation of nematodes. This technique is convenient and relatively simple, with the
added benefit of yielding cleaner samples compared to traditional isolation techniques.
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INTRODUCTION

A rapid, reliable and highly efficient method for the
extraction of viable nematodes from soil is of particular
importance not only for field diagnostics but also labora-
tory research. Nematodes are most frequently extracted
using modifications of the Baermann funnel (Walker and
Wilson, 1960; Thorne, 1961; Hooper, 1990), live bait (Fan
and Hominick, 1991) or centrifugal flotation techniques
(Byrd et al., 1966; Saunders and All, 1982). The mecha-
nical separation of nematodes from soil by the Baermann
funnel is on nematode motility, while the live bait method
relies on infectivity and the flotation relies on the physical
properties of the juvenile. The Baermann funnel method
could only recover live nematodes; however, it takes
longer. Sucrose solutions as density-gradient media for
centrifugal flotation technique have proven to be valuable
tools to isolate nematodes quickly, making the centrifugal
flotation method one of the most preffered methods for
the extraction of nematodes. Density centrifugation
(Jenkins, 1964) extracts living and dead nematodes, so
that a higher extraction rate may theoretically be expect-
ed (Curran and Heng, 1992).

However, the recovery rate could still be less than 50%
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(Viglierchio and Schmitt, 1983).

Research on sperm and cell/macromolecular separa-
tion has revealed that density gradients generally suffer
from a lack of resolving power due to their high osmo-
larity, and the viscosity of the sucrose gradients often
leads to long centrifugation times for equilibrium density
banding (Smith et al., 1997). lodixanol offers some impor-
tant advantages over sucrose gradients, notably that
gradients can be produced that are iso-osmotic over their
entire density ranges (Ford et al., 1994). This research
dealt with the extraction of reniform nematodes using an
iodixanol solution, OptiPrep™, including the determi-
nation of its toxicity during the preparation of nematode
samples and evaluation, of its efficiency when used in the
centrifugal flotation extraction technique. The reniform
nematode, Rotylenchulus reniformis, Linford and Oliveira
(1940) , an important phytonematode species that is
widely distributed throughout the tropical and subtropical
regions, was used in the study.

MATERIALS AND METHODS
Nematode populations
Three germinated cotton seeds of Deltapine 5415 a variety from

Delta and Pine Land Company (Scott, MS), were planted in one 12
oz Styrofoam cup filled with a silt clay loam sail, previously oven-



treated at 135°C for 12 h and planted in al2 oz styrofoam cup.
Eggs were isolated as per below from the laboratory standard
reniform nematode population of Auburn University (Alabama, US)
and approximately 5,000/cup were used.

Primary nematode collection

After removal of aboveground stems, the infested soil and roots
were removed from the cup and placed in a 5 liter bucket and gently
rinsed in 3 volumes of tap water. After soaking the roots for 1 - 2
min, most of the remaining soil was removed by gentle mas-saging,
and the roots were transferred into another container full of water.
After gently rinsing 2 - 3 times, roots were suspended in the water
for over 1 hour to remove the last few remnants of soil from the
roots. The contents of both containers were combined and mixed
vigorously until the soil was sufficiently dispersed. The super-natant
in the bucket, after settling for three minutes, was poured through
stacked 106 microns and 45 micron (opening size) sieves. The
settled sediment was washed and sieved 3 times in this fashion.
The collection on the 45 micron (opening size) sieve was
transferred into a 250/500 ml beaker where it was allowed to settle
for at least 5 min.

Concentrating nematode samples
Vermiform nematodes

The supernatant in the 250/500 ml beaker was poured through a
small 25 micron sieve. The collection was equally divided into three
50 ml centrifuge tubes for later processing.

Eggs

The roots were continually stirred in 10% bleach for 4 min, and then
poured through 100 meshes, 45 and 25 micron sieves, respectively.
The collection on the 25 micron sieve was washed thoroughly with
water and then was washed out of the sieve into a 50 ml centrifuge
tube.

Centrifugation of both egg and vermiform tubes was carried out
at 3000 rpm for 3 min in a Marathon 21 k benchtop centrifuge
(Fisher Scientific, Suwanee, GA). The supernatant in the tube was
poured out, and the pellet was used in the following treatments.

Sample cleaning

Three different cleaning methods were used as treatments being
repeated 4 times. The pellet was resuspended in 10 ml distilled
water and, from now on, it was referred to as the Control sample. A
similar sample, prepared as the control sample, was then layered
onto the surface of undiluted OptiPrep™ (60% iodixanol, Axis-
Shield Company Oslo, Norway) in a 15ml conical centrifuge tube, of
which the volume of OptiPrep™ was about 2 - 3 ml, depending on
how dirty the tested sample was. After centrifugation at 3000rpm for
1 min, % the volume of supernatant was discarded. The remainder
of the supernatant, above the interface, was the OptiPrep™-treated
sample. The last treatment was the standard sucrose treatment.
Briefly, freshly prepared 40% sucrose solution was added to the
centrifuge tube with pellet, shaken, and centrifuged at 3000rpm for
1min. The supernatant was immediately poured through the 106
micron and 25 micron sieve set. The sieve set was thoroughly
washed with distilled water until the sucrose solution was suffi-
ciently rinsed out. The collection was the Sucrose — treated sample
The whole process associated with sucrose cleaning was com-

pleted within 5 min.

Nematode number and viability

For each sample, 8 to ten 25 pl aliquots of vermiform nematodes
were randomly selected and observed under a dissecting micro-
scope. The total number of nematodes counted were converted to
number/ml for data analysis. For viability studies, a nematode was
counted as "moving" = viable, if its body shifted within 1 min.

Data analysis

The observed data were calculated by following formulas, which
were derived and modified according to previous research (Camp-
bell and Gaugler, 1992; Jenkins, 1964):

Motility Rate(%) = Number of Moving Nematodes %1 0()
Total Nematodes

Recovery Rate(%) = Total Treatment Nematodes/ml
x1.0Q Total Control Nematodes/ml

The extraction efficiency, which combined the motility and recovery
rates, was here defined as:

Moving Rate X Recovery Rate for the Treatment
Relative Extraction Efficiency (%)= X 100
Moving Rate X Recovery Rate for the Control

All of the data were analyzed as the GLM Procedure with both
actual and log-transformed data using SAS 8.0 (SAS, Cary, NC). If
there was a significant difference among treatments based on F
Test, Duncan’s Multiple Range Test was applied.

To further determine the toxicity of OptiPrep™ during the
preparation of nematode samples, a unigue study on long-term
adaptability was carried out. Samples from the same OptiPrep™ -
treated collection were placed in distilled water as a control,
OptiPrep™ and 40% Sucrose. Four repeats of nematode samples
were observed for 22 h to determine the viability of the nematodes
in the different solutions.

RESULTS

The motility rates of OptiPrep™-treated samples were
similar to those of the unprocessed Control and both
differed significantly of the Sucrose treatment (Table 1).
Values determined for the sucrose treatment (28.7%)
actually averaged almost half of the Control values
(51.3%). However, the values for the sucrose- treated
samples averaged only half of the Control values (Table
1). Using OptiPrepTM as a gradient medium, the extrac-
tion efficiency reached 85%, while that of the sucrose
method was only 24%. Of course, the highest extraction
efficiency was that of the Control, but these samples were
dirty and possibly useless for any research pur-poses.
OptiPrep™-treated samples not only provided a high
efficiency of recovery, but the samples were also cleaner
than the sucrose-treated ones for vermiform specimens
(Figure 1 A vs. B) and for eggs (Figure 1c).



Table 1. Motility rate, recovery rate, and relative extraction efficiency for the different nematode preparation

cleaning treatments.

Cleaning Treatment

Motility Rate (%)

Recovery Rate (%)

Relative Extraction Efficiency (%)

Control (Not Cleaned)
OptiPrep™
Sucrose

51.3+2.7 a
48.6+3.0 a
28.7£0.3 b

100.0+0.0
89.9+0.7

43.7+2.0

100
85

24

Mean + Standard Deviation.

Figure 1. Representative samples of cleaned nematode preps. Scale bar =400 m. A =

Sucrose, B = OptiPrep

With regard to OptiPrep™ toxicity to nematodes during the
preparation of samples, the differences in nematode motility
rate calculated were highly significant according to ANOVA
analysis (Table 1) with no significant differ-rence between
the OptiPrep™- treated and Control while all the
nematodes were dead after 22 h of exposure to 40%
Sucrose.

DISCUSSION

The method is very reliable and reproducible after opti-
mizing for centrifuges and types of collection tubes. It
must be kept in mind that one does not collect nema-
todes/eggs from the interface. The combination of centri-
fugal time and speed used allows for the nema-
todes/eggs to clear the upper half of the water column.
The absolute depth of this nematode-clear area needs to
be examined initially, but once determined, can be
reliably used as the standard during nematode extraction.

, C = Eggs after extraction with the OptiPrep

M
method.

The present study revealed that the nematodes/eggs
were within half the volume above the interface after
contrifugation using our optimized parameters.

Compared with the Sucrose method, it is not necessary
to prepare fresh media each time nor there is time
pressure for subsequent quick rinsing with water because
the nematodes can tolerate exposure to OptiPrep™.
Recovery rates reached here were comparable to, or
eventually higher than those provided with other nema-
tode extraction techniques (Viglierchio and Schmitt, 1983,
Curran and Heng, 1992).

Although this method was not extensively tested for
egg isolation, this method can probably be applied to
collect eggs, at least for those species whose females lay
a large majority of the eggs outside their bodies. The
OptiPrepTM method, allowed high recovery of clean and
viable specimens of reniform nematode (R. reniformis) to
be achieved and we believe that it can easily be adapted
to other nematodes that live or at least spend part of their



lives in the soil as well as to other soils with different
textural composition.
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