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ABSTRACT

The use of in vitro mass multiplication of nematodes under axenic conditions allows intensification of studies on taxonomy, biology,
epidemiology and control of these pathogens. In the present study, two methods were compared for in vitro multiplication of two species
of plant-parasitic nematodes, Radopholus similis and Pratylenchus brachyurus in 20, 40 and 60 day-periods. Both techniques involved the
use of carrot cylinders placed in jars with lids, with water—agar in the bottom of the flasks (WA+) or without (WA-). In WA- the nematodes
were treated with a 1% solution of ampicillin whilst for WA+ the axenization was carried out with a solution of mercuric chloride (0.01%),
and streptomycin sulfate 0.02%. The WA+ condition was the most favorable for multiplication of both species of nematodes, resulting
in a population increase of about 280 times for R. similis and 226 times for P. brachyurus in relation to the founding population of 25
individuals. For WA- a population increase of only five times after 60 days for R. similis and a duplication of the population after 60 days

for P. brachyurus was obtained. Overall, the largest amount of nematodes occurred at 60 days after inoculation.
Key words: Burrowing nematode, in vitro multiplication, root lesion nematode.

The plant-parasitic nematodes Radopholus similis
(Cobb, 1893) Thorne, 1949, and Pratylenchus brachyurus
(Godfrey, 1929) Filipjev Stekhoven & Schuurmans, 1941,
are migratory endoparasites that develop in functional tissues
of roots. Pratylenchus brachyurus, known as the root lesion
nematode, belongs to the group considered to be second in
economic terms to agriculture, surpassed only by the root-
knot nematode, Meloidogyne (Sasser & Freckman, 1987),
while the burrowing nematode (R. similis) is considered one
of the most important pathogen for banana plantations (Luc
& Vilardebo, 1961). Mass multiplication of both species
in vitro allows intensifying studies on taxonomy, biology,
epidemiology and control of these pathogens.

For multiplication of nematodes in vitro, axenization
of specimens is a key step in establishing a monoxenic
culture, to avoid contamination with microorganisms.
O’Bannon & Taylor (1968) pioneered the use of carrot discs
for in vitro multiplication of R. similis and different species
of Pratylenchus. The technique was enhanced by Moody et
al. (1973), allowing the extension of culture longevity and
increased rate of multiplication.

Gonzaga & Santos (2010) successfully multiplied
Pratylenchus spp. in vitro by introducing modifications to
the technique of Moody et al. (1973), such as improving
the process of axenization and replacing the carrot discs
by individual carrot cylinders of approximately 30 mm in
length by 15mm in diameter, taken from the central portion
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of the roots with a metal cork-borer, without adding any
medium to the flasks.

From the technique developed by Marc Boisseau,
cited by Villain (2000), Costa (2004) made minor
adjustments, using carrot cylinders of 20 mm long by 15
mm in diam. and successfully multiplied R. similis. Using
this technique the risk of contamination is minimized and
large populations of R. similis are obtained and maintained
for a long period of time. However, due to lack of detailed
descriptions of the technique in the literature, failures are
frequent among researchers trying to multiply the nematode
through this technique.

The objective of this study was to attempt to further
improve the in vitro multiplication of nematodes and to
compare two techniques of in vitro multiplication of R.
similis and P. brachyurus, in search for the better method
for meeting the demand of inoculum for experiments with
these two nematode species.

The experiments were conducted in a growth chamber
from August 28" to October 27", 2009. The population of
P. brachyurus used in the experiment was extracted from
soybean roots from the state of Tocantins, and the population
of R. similis originated from banana roots collected in the
state of Pernambuco and was maintained in a greenhouse in
banana plants cv. Grande Naine. Nematode multiplication
through the two methods was performed on fresh organic
carrots which were washed and immersed in a 2% sodium

Tropical Plant Pathology 37 (4) July - August 2012



Comparison of two methods for in vitro multiplication of Radopholus similis...

hypochlorite solution during 15 min. Tools used in substrate
preparation were sterilized and kept in aseptic conditions in
a laminar flow chamber.

Two methods were tested: one involving carrot
cylinders placed inside a sterile flask containing a layer
of water-agar on the bottom (WA+) and the other without
such a layer (WA-). In WA-, carrot cylinders were prepared
according to Moody et al. (1973), with minor adaptations,
as described in Gonzaga & Santos (2010). Microcentrifuge
tubes (1.5 mL) were used for nematode axenization, and
100 mL jars with caps, instead of bottles of 180 mL capped
only with aluminum foil, for nematode multiplication, as
described in Moody et al. (1973). The nematodes of each
species were extracted from their hosts as described by
Coolen & D’Herde (1972), then 25 females nematodes of
each species were selected under a stereo microscope and
transferred with a fine needle to microtubes containing
600 pL of ampicillin 1%. Ten minutes later most of the
ampicillin solution was drained and 200 pL of sterile water
was added to the tubes. Five minutes later, most of the water
content in the tube was drained and replaced with 200 pL
of the antibiotic solution. After ten minute rest, 150 pL of
the antibiotic solution was removed, and the remaining 50
pL of nematode suspension was transferred with a pipette
onto the surface of a carrot cylinder. For both species of
nematodes, the carrot cylinders were inoculated with 25
females, and maintained in a growth chamber adjusted to
28°C. In WA+, a procedure similarly to that described in
Villain (2000) and Costa (2004), was used. The carrots were
thoroughly washed, dried, sprayed with commercial ethanol,
flamed inside a laminar flow chamber, and cut with a sterile
knife on the sterile surface of a cutting board into pieces ca.
20 mm long. A sterile metal cork borer was pushed through
each piece of carrot and the resulting cylinders (20 mm long
x 15 mm diam.) were used. Glass jars (100 mL) containing
10 mL of water-agar 1% were autoclaved with their lids.
After the medium hardened, the carrot cylinders were
arranged to fit transversally across the diam. of each flask
with sterile tools in order to remain suspended 3-4 cm above
the WA layer at the bottom and the lids were tightly closed.
The jars were left in a growth chamber at 28°C. After 5 days
each jar was inspected for possible contaminant growth and
the contaminated flasks were discarded.

Twenty-five females of each nematode species were
obtained as described for WA- then placed in sterile 1.5 mL
microtubes filled with 1000 pL of sterile distilled water.
The microtubes were submitted to centrifugation at 3000
rpm for six minutes and the supernatant was discarded.
I mL of a solution of 0.01% mercuric chloride was added
to each microtube, and another centrifugation round at
3000 rpm for six minutes was performed and once again
the supernatant was discarded. Next, 1 mL of a solution of
streptomycin sulfate 0.02% was added to each microtube
followed by another centrifugation cycle (3000 rpm for six
minutes) and, finally, the supernatant was removed. After
axenization, the concentrated suspension of nematodes was
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collected with a micropipette and transferred to the surface
of the carrot cylinders under aseptic conditions and the
flasks were sealed with PVC film (cling film). The jars were
kept in an incubator at 28°C in the absence of light.

The experiment design was completely randomized
with four replications for each evaluation period. The
experiment was evaluated 20, 40 and 60 days after
inoculation. At each evaluation time the nematodes were
extracted from the carrot tissues as described in Coolen
& D’Herde (1972). The nematode suspension was poured
through a 140 mesh sieve and the nematodes collected in
a 400 mesh sieve. The walls of the jars were also washed
with sterile water and these nematodes recovered in a 400
mesh sieve.

The nematode population in each sample, including
eggs, was estimated by counting 3 aliquots of 2 mL under a
stereoscopic microscope with a score board.

Data on the total number of nematodes were
transformed into log,(x) and submitted to analysis of
variance, factorial, and the averages of the original data
were used to quadratic polynomial regression analysis,
correlating the different evaluation times and the number
of nematodes with the aid of software SISVAR (Ferreira,
2008).

Contamination of the carrot samples after five days
of resting period (fungi and bacteria) was of 20% in WA-
and of 5% for WA+. The lower level of contamination in
WA+ is probably related to the fact that in this method the
carrot cylinders were not in direct contact with the moisture
that accumulated on the bottom of the flasks as observed in
WA-. This seems to provide more adequate conditions for
proliferation of contaminants. Therefore, this represents an
improvement for this technique as compared with those
described by O’Bannon & Taylor (1968), Castro and Ferraz
(1989a, b), Fallas & Sarah (1994), Castillo et al. (1995)
and Boisseau & Sarah (2008). For in vitro multiplication
of nematodes, with the use of carrots from conventional
non-organic fields result in lower nematode populations as
compared with the use of fresh organically grown carrots
(Dilson C. Costa, personal observation). Results of the
present work confirmed published observations on the benefit
of axenization of nematodes with mercurial products, either
separately or in combination with antibiotics (O’Bannon &
Taylor, 1968; Chitambar & Raski, 1985, Castro & Ferraz,
1989b; Sarah & Boisseau, 2008).

There was no statistically significant difference
between the two species of nematodes in the methods of
multiplication. However, there were significant differences
between the methods for both species of nematodes, and
for the times of evaluation. A significant interaction was
observed between the methods and times of evaluation
(Table 1).

There was a significant positive correlation (P
<0.05) between the time of assessment and the number of
nematodes, except for the method WA- with P. brachyurus,
which was negative and non-significant. The averages
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TABLE 1 - Analysis of variance of the multiplication of
Radopholus similis and Pratylenchus brachyurus by two methods
of in vitro nematode multiplication

Source of variation DF MS*
Nematodes (N) 1 0.003™8
Methods (M) 1 21.353%**
Times (T) 2 3.487%*
NxM 1 0.456™
NxT 2 0.229N8
MxT 2 1.036**
NxMxT 2 0364
Error 36 0.112
CV (%) 14.79
General mean” 123291

“For statistical analysis the data were converted to Log, (x).
®Original data, unconverted.

of the number of nematodes for the method WA+ were
significantly higher than those generated by the other
method at all sampling times. Twenty days after inoculation
by WA+ were counted on average 560 and 148 specimens
of R. similis and P. brachyurus, respectively, whereas
WA- had on average 20 and 55 nematodes. Forty days
after inoculation the mean score was 503 nematodes (R.
similis) and 470 (P. brachyurus) for WA+, and 26 and 180
nematodes, respectively, for WA-. The largest difference
was seen after 60 days, where WA+ gave an average 7010
nematodes (R. similis) and 5656 (P. brachyurus), while
WA- gave only 49 and 109 nematodes, respectively. In the
60-day trial nematode averages were superior to the other
evaluation periods for the method WA+. Regarding the
method WA-, the numerical count increased from the first
nematode evaluation at 20 days to the second, after 40 days.
In the evaluation after 60 days there was a reduction in the
number of P. brachyurus in relation to previously evaluated
(Figure 1).

Populations of R. similis and of P. brachyurus
increased in both methods of multiplication as compared
with the founding population of 25 nematodes. WA+ was far
more effective, with a population increase of approximately
280 times for R. similis and 226 times for P. brachyurus,
after 60 days, while for WA- the final population after
the same period was of only respectively five times and
twice the size of the founding population for R. similis
and P. brachyurus and although the nematode population
progressively increased along the period of evaluation
for R. similis and initially increased until the 40* day for
P. brachyurus, it then dropped significantly at the 60" day
of evaluation.

Sixty days after inoculation, of the carrot cylinders
in the jars still had a healthy appearance with no sign of
decomposition or contamination, except for one WA- jar
where growth of an unidentified fungus was observed.

It is likely that WA+ was more effective for the
multiplication of populations of both nematodes because
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the humidity inside the jars was maintained at a higher
level with this method. Castro & Ferraz (1989b) evaluated
two methods for in vifro multiplication of P. brachyurus,
P zeae, R. similis, and Tylenchorhynchus sp. on carrot disks.
The authors argued that the maintenance of carrot discs in
Petri dishes with a layer of agar medium provided better
moisture conditions for the multiplication of the nematodes
and (questionably) “better aeration” than the maintenance
of carrot disks in Petri dishes without agar. However, such a
benefit from the presence of an agar medium might appear
superfluous since Moody et al. (1973) demonstrated that
simply increasing the amount of carrots used would be
sufficient to maintain the necessary humidity level.

The highest final numbers of nematodes for both,
R. similis and P brachyurus in WA+ suggest that
multiplication periods equal or longer than 60 days are
ideal for obtaining larger populations of nematodes. Castro
& Ferraz (1989b) also obtained the largest populations of
nematodes 60 days after inoculation. As carrot cylinders
appeared to be in good conditions after 60 days both, in
WA+ and WA-, it is likely that multiplication would still be
sustained for a longer period of time. Fallas & Sarah (1994)
managed to keep population growth of R. similis in carrot
discs for up to 75 days at 27°C and were able to extend it to
135 days when keeping these at 15°C. Gonzaga & Santos
(2010) also obtaining large populations of Pratylenchus spp.
120 days after inoculation and Castillo et al. (1995) obtained
large populations of P. thornei 100 days after inoculation.

Variability among species and populations of
nematodes must be taken into account for the purpose
of selection of a multiplication procedure and length
of incubation. Costa (2004) working with 12 different
populations of R. similis, found that more aggressive
populations reproduced more quickly than the Iess
aggressive populations. In an experiment to evaluate the
dynamics of three populations of R. similis originating
from Cuba, Costa Rica and Brazil, this author found that
the Cuban population, for example, reached the peak of its
reproductive capacity 60 days after inoculation, while the
Brazilian and the Costa Rican peaked after 90 and 120 days,
respectively. The population of R. similis used in this study
was considered the most aggressive among the ones tested
by Costa (2004), and a large population was yielded after
60 days with WA+. Nevertheless, Gonzaga & Santos (2010)
obtained even larger sized populations of Pratylenchus spp.
during a 60-days period using a similar methodology. This
may be owing to the use of a lesser prolific population of
Pratylenchus in our study.

The negative and non significant correlation
between time and number of nematodes for P. brachyurus
in WA-, was probably due to the great variation in the
number of nematodes from a flask (replication) to another,
demonstrating that WA- does not support the same pattern
of development among replications, which leads us to
believe that WA- method is not always reliable for the
multiplication of nematodes.
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FIGURE 1 - Average number of nematodes obtained through two in vitro methods of multiplication: with a layer of water-agar (WA+)
and without a layer of water-agar (WA-) for 60 days. A. Number of Radopholus similis multiplied in vitro by WA+; B. Number of
Pratylenchus brachyurus obtained with the WA+ method; C. Number of Radopholus similis obtained with the WA- method; D. Number

of Pratylenchus brachyurus obtained with the WA- method.

Multiplication of P. brachyurus and R. similis on
carrot cylinders is a simple low cost technique, suitable for
mass multiplication of nematodes for both, production of
inoculum and maintenance of diverse nematode populations.
Therefore, the WA+ methodology appears appropriate for
the multiplication of these nematodes since it allowed the
consistent production of large populations of both species
of nematodes with low contamination rates of the carrot.
Adjustments of the technique for different nematode species
and nematode populations are recommended. Evaluations of
nematode populations at shorter intervals and along longer
periods of time would also lead to fine-tuning the technique
in order to allow the maximum harvest of nematodes for
practical use in experiments.
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