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a b s t r a c t

Experiments to evaluate the potential ability of the nematode-trapping fungus Dudding-
tonia flagrans (Isolate CG768) to prey on the Ancylostoma spp. dog infective larvae (L3) in
pasteurized soil were performed through several laboratory assays. A microcosm approach
was used with increasing fungal concentrations in an inoculum of a chlamydospore water
suspension. The highest fungal concentrations provide a more consistent larval reduction
than the lowest concentrations, but no difference was observed from 10,000 to 25,000
chlamydospores per grain of soil. When using D. flagrans in a water suspension, in white
rice and in milled maize, there were reductions in the larval population of 72.0%, 78.4%
and 79.4%, respectively, but there was no difference between white rice and milled maize
(p < 0.05). To evaluate the nematode control by D. flagrans inoculated in milled maize at
10,000 chlamydospores per grain of soil under greenhouse conditions, observations were

performed at 10, 15, 20, 25 and 30 days after inoculation and the percent reduction in
the larval population was 61.4%, 73.2%, 70.8%, 64.5% and 57%, respectively (p < 0.05). There
was an inverse relationship between the number of L3 recovered from the soil and the
total days of exposure to the fungus (p < 0.05). These results showed that D. flagrans could
present some potential to be used as a non-chemotherapeutic alternative for regulation of
Ancylostoma spp. populations in the environment.
. Introduction

The role of companion animals as reservoirs for zoonotic
iseases has been recognized as a significant public
ealth problem worldwide (Robertson et al., 2000). The
astrointestinal parasitic nematodes of the family Ancy-
ostomatidae are blood-feeding intestinal parasites of
ammalian hosts of considerable veterinary and medi-
al importance (Schantz, 1994). Some species of the genus
ncylostoma only infect either humans or animals, while
thers, such as A. caninum and A. braziliense, are zoonotic
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parasites (Kalkofen, 1987; Macpherson et al., 2000). These
adult hookworms live in the intestinal mucosa of infected
dogs and cats, usually in tropical and subtropical regions
where the climate is conducive to the development from
eggs in the feces of these animals to the free-living forms
in soil (Soulsby, 1982). The contaminated soil puts other
pets and humans at risk of infection by hookworms and is
the major source of infection in humans, especially children
(Macpherson, 2005).

Given the importance of the bond between humans and

animals and their relationships in modern society, envi-
ronmental canine hookworm control is necessary (Schad,
1994). The regular treatment of pups and bitches with an
effective anthelmintic can minimize environmental con-
tamination by killing adult hookworms (Bowman et al.,
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http://www.sciencedirect.com/science/journal/03044017
http://www.elsevier.com/locate/vetpar
mailto:ale_spalenza@yahoo.com.br
dx.doi.org/10.1016/j.vetpar.2010.06.027


y Parasit
A.S. Maciel et al. / Veterinar

2003), but rapid reinfection and the high treatment cost
hamper this control effort. Furthermore, the resistance
of A. caninum to anthelmintic therapy with pyrantel is
an emerging problem that has been reported (Jackson
et al., 1987; Kopp et al., 2007, 2008). Considering the
fact that parasitic nematodes infecting animals spend
part of their life cycle in soil (Soulsby, 1982) and that
nematophagous fungi are commonly found in the soil
of several ecosystems rich in organic matter worldwide
(Gray, 1987), these fungi can become part of an alterna-
tive or complementary approach to effective nematode
control with a reduction in anthelmintic usage (Larsen,
2000).

Nematophagous fungi are able to trap and kill nema-
todes and have been investigated as a means of achieving
a significant reduction in the larval population in the
environment, which will then result in a significant reduc-
tion in the worm burden in animals (Wolstrup et al.,
1996). The species Duddingtonia flagrans has been reported
to be the most promising biocontroller of nematodes of
several domestic animals: cattle (Gronvold et al., 1993),
horses (Fernández et al., 1997), pigs (Nansen et al., 1996),
small ruminants (Chandrawathani et al., 2003). Its effi-
cacy in limiting the nematode population is due to its
ability to produce abundant thick-walled chlamydospores
that can survive under harsh environmental conditions
(anaerobic, enzymatic and thermal), such as the ani-
mal gut (Larsen, 1999). These structures can use their
considerable nutritional reserve to create hyphae and
adhesive three-dimensional net-type traps (Skipp et al.,
2002).

Although a promising approach is to feed animals
with D. flagrans chlamydospores (Nordbring-Hertz et al.,
2006), an integrated public veterinary and medical health
system should focus on the direct incorporation of this
nematophagous fungus into the soil in backyards, public
parks and playgrounds, especially in light of the fact that
the main canine hookworm reservoir is stray dogs (Kopp et
al., 2007). The incorporation of the nematophagous fungi
into the soil requires the addition of organic substrate
because the activity of these fungi might be stimulated by
organic matter (Siddiqui and Mahmood, 1996). The biolog-
ical control of canine nematodes has been neglected and
there is little information on the efficacy of nematophagous
fungi on the pre-parasitic forms of these hookworms in the
soil. Studies reveal that D. flagrans is an antagonist of dog
Ancylostoma and causes a significant reduction in the infec-
tious larval population (Maciel et al., 2006, 2009; Carvalho
et al., 2009). The present work describes the experimental
results carried out to provide information on the impact of
the D. flagrans fungus on the Ancylostoma spp. L3 population
in pasteurized soil under laboratory conditions, and in nat-
ural soil under greenhouse conditions, using a microcosm
approach.

2. Material and methods
2.1. Fungal inoculum

Stock cultures of the previously isolated nematode-
trapping fungus D. flagrans (Isolate CG768) were stored
ology 173 (2010) 262–270 263

at 4 ◦C in the dark on integral rice grains in 5 mL BD
Vacutainer® glass tubes (Becton Dickinson, Brazil) contain-
ing blue silica gel, similar to the conservation technique
described by Smith and Onions (1983). These tubes were
closed with a conventional stopper and sealed with
polyvinyl chloride (PVC) transparent film in the Nematode
Biocontrol Laboratory at the Federal University of Viçosa,
Brazil. The identification of the fungus was confirmed
on the basis of microscopic morphological features in
micro-culture and trapping structures in cultures contain-
ing nematodes, as described by Cooke (1969). D. flagrans
was selected for the present study due to its success-
ful destruction of the Ancylostoma spp. L3 observed in
previous trials and its abundant production of chlamy-
dospores.

One integral rice grain colonized by fungus was trans-
ferred from the tube to the center of a 60 mm × 15 mm
Petri dish with 2% water–agar (2% WA) culture media. After
seven days of incubation at 25 ◦C in the dark, mycelial discs
5 mm in diameter were transferred from the edges of the
fungal colony to a 90 mm × 15 mm Petri dish with V8-agar
media (200 mL of Campbell’s V8 juice, 3 g of CaCO3, 18 g
of agar and 800 mL of distilled water). The new inoculated
Petri dishes were kept for 15 days under the same condi-
tions to produce D. flagrans chlamydospores.

Mycelial fragments and chlamydospores were har-
vested by gently scraping the surface of the V8-agar with
a brush after the addition of 10 mL distilled water. The
residual chlamydospores were then washed with 5 mL
of distilled water spread over the surface of the culture
medium. The fungal suspension was filtered through four
layers of gauze and collected in a 50 mL Griffin glass
tube to reduce mycelial fragments. Dispersant polysorbate
(Tween® 80) 0.2% (v/v) was added to the suspension under
agitation in a magnetic stirrer device for two minutes to dis-
perse the chlamydospores. After careful homogenization,
two aliquots of 10 �L were collected using a micropipette
and placed on a Neubauer counting chamber to estimate
the number of chlamydospores per milliliter of suspen-
sion.

Mass production of D. flagrans chlamydospores was per-
formed with cereal grains inside 2.5 L propylene bags with
biological filter. Two substrates were used: white rice and
milled maize. Bags containing 300 g of a single substrate
and 40 mL of distilled water were closed and sterilized for
30 min at 121 ◦C. The sterilized substrate in each bag was
inoculated with six mycelial discs of approximately 5 mm
in diameter removed from the D. flagrans culture edges
after fungal growth in 2% WA, as previously described. The
bags were closed again to allow for the growth of D. fla-
grans on the substrates for 15 days in a dark room at 25 ◦C.
The substrate was agitated every five days until the end
of the incubation period to ensure homogeneous mycelial
growth.

Six samples of 1 g of colonized substrate were trans-
ferred from each bag after the incubation period to an

Erlenmeyer flask containing 10 mL of distilled water plus
0.2% (v/v) dispersant polysorbate (Tween® 80) and were
agitated for two minutes. The number of chlamydospores
per gram of substrate was then estimated as previously
described.
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.2. Ancylostoma spp. L3

Ancylostoma spp. L3 were obtained from a coprocul-
ure of feces from stray dogs containing hookworm eggs

ixed with moist vermiculite for ten days at 26 ◦C. The
eces containing hookworm eggs were identified accord-
ng to Willis (1921). The active larvae were separated from
he fecal cultures using the Baermann’s funnel technique
Baermann, 1917) and were concentrated by gravity inside
5 mL BD Vacutainer® glass tube (Becton Dickinson, Brazil)
onnected to a funnel. The sediment larvae were washed
y centrifugation and resuspended in distilled water five
imes, at 1000 rpm, for five minutes. The supernatant was
ently aspirated with a plastic pipette and discarded at the
nd of each centrifugation.

The method described by Barçante et al. (2003) was used
o eliminate debris and obtain a clean suspension contain-
ng only viable Ancylostoma spp. L3. Six aliquots containing
0 �L of the homogenized suspension were transferred to
lass slides marked with longitudinal lines and covered
ith a glass coverslip after the addition of 10 �L of lugol

olution to kill the larvae. These were then counted under
light microscope (40×). The total number of larvae in the

uspension was calculated based on the average number in
he aliquots. The motility of the larvae was checked under
ight microscopy before they were used in the assay.

.3. Experimental procedure

In all assays, a Brazilian loamy sand soil (coarse
and = 30%; fine sand = 17%; silt = 14%; clay = 39%;
rganic matter = 1.6 dag/kg; phosphorus = 12.6 mg/dm3;
otassium = 37 mg/dm3; calcium = 4.1 cmolc/dm3; magne-
ium = 0.7 cmolc/dm3; aluminum = 0 cmolc/dm3; pH 6.4)
as used. The soil was collected at a depth of 0–20 cm,

ifted through a 5 mm mesh and placed in polyethylene
ags. This soil was steam-pasteurized twice in a horizontal
ylindrical autoclave for one hour and was then used 48 h
ater in in vitro assays. For assays under semi-natural con-
itions, the same soil was air-dried at room temperature
or one week in order to eliminate possible Ancylostoma
pp. larvae, as they are susceptible to dehydration (Soulsby,
982).

.3.1. Soil microcosm assay with different fungal
oncentrations

The effect of the dose of D. flagrans on Ancylostoma spp.
3 was investigated in two in vitro assays. The assays were
erformed with 40 g of soil (initial moisture = 25%) inside
45 cm3 transparent polypropylene pots. The soil of each
ot was artificially infested with the nematode by means of
standardized suspension of 100 �L of distilled water con-

aining approximately 1000 specimens of Ancylostoma spp.
3. In a first assay, the ratios of chlamydospores inoculated
er gram of soil were 500:1, 1000:1, 1500:1, 2000:1 and
500:1; in a second assay the ratios were 5000:1, 10,000:1,

5,000:1, 20,000:1 and 25,000:1. In order to compensate
or the different volumes of the chlamydospore suspension
equired in each pot, distilled water was added to the soil
ntil a standardized final volume of 500 �L. Because of this,
ach fungus-free control pot received 500 �L of distilled
ology 173 (2010) 262–270

water as a complementary volume. Microorganisms were
mixed with soil using a disposable wooden toothpick. The
pots were closed with their own plastic lids and were incu-
bated for 15 days in a dark room at 25 ◦C. Every three days
the pots were agitated to promote interaction between the
microorganisms.

At the end of the incubation period, the larvae were
recovered from the soil microcosm using the Baermann’s
funnel technique, as described above. A volume of 2 mL of
sedimented Ancylostoma spp. L3 was kept and two drops
of lugol solution were added to kill them. This volume was
transferred to a Peters counting slide (Peters, 1952) and the
larvae were counted under a light microscope (40×).

2.3.2. Soil microcosm assay with fungal substrate
The effect of D. flagrans on Ancylostoma spp. L3 was

evaluated after the fungus was incorporated into a pasteur-
ized soil microcosm with the culture substrate of either
white rice grains or milled maize grains. The soil was
artificially infested with nematodes by means of a stan-
dardized suspension of 100 �L of distilled water containing
approximately 1000 specimens of Ancylostoma spp. L3. A
concentration of 10,000 chlamydospores per gram of soil
was used due to the results of previous trials. Three test
treatments and three fungus-free control treatments were
performed. In one of the treatments, a suspension of D. fla-
grans chlamydospores was used, while in the other two
treatments substrates which had been pre-colonized by the
fungus were used. Two fungus-free control treatments con-
tained the same amount of the sterilized substrates used in
the treatments, without the nematophagous fungus.

To achieve a concentration of 10,000 chlamydospores
per gram of soil, 0.69 g of milled maize or 0.88 g of white
rice colonized by D. flagrans were added to 40 g of soil,
based on the production of 577,000 and 452,000 chlamy-
dospores per grain of these substrates, respectively. A
chlamydospore suspension from the fungus grown in the
V8-agar culture was added to the soil in the treatment
without substrate. Equal volumes of distilled water were
added to fungus-free control treatments and treatments
with colonized substrate. The fungal inoculum, substrates
and nematodes were mixed to the soil with a disposable
wooden toothpick. The pots were closed with their own
plastic lids and incubated under the same conditions as
the previous trials. At the end of the period, the larvae
were recovered from the soil microcosm and counted as
previously described.

2.3.3. Biological control under semi-natural conditions
A technique similar to that used in a previous micro-

cosm assay was carried out to evaluate the predatory ability
of D. flagrans on Ancylostoma spp. L3 under semi-natural
conditions. The assay was performed inside 350 cm3 trans-
parent polypropylene pots containing 200 g of untreated
soil. This soil was artificially infested with nematodes by
means of a standardized suspension of 250 �L of distilled

water containing approximately 5000 specimens of Ancy-
lostoma spp. L3. The fungal suspension was inoculated with
3.54 g of colonized milled maize to result in a concentra-
tion of 10,000 chlamydospores per gram of soil, due to the
production of 565,000 chlamydospores per grain of milled
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Fig. 1. Descriptive analysis of average Ancylostoma spp. dog infective

control, the percent reduction in the larval population at
500, 1000, 1500, 2000 and 2500 D. flagrans chlamydospores
per gram of soil was 40.5%, 44.1%, 44.7%, 47.5% and 47.9%,
respectively; at 5000, 10,000, 15,000, 20,000 and 25,000
A.S. Maciel et al. / Veterinar

maize. Microorganisms were mixed with soil as described
above. Two fungus-free control treatments were also per-
formed. One of these controls contained the same amount
of the sterilized substrate used in the fungal treatment,
without the nematophagous fungus, and the other con-
trol had neither substrate nor fungus. The open pots were
placed inside 500 cm3 round black plastic plant pots and
kept in a greenhouse, protected from direct sunlight, for
a period of 30 days. The soil was irrigated every two days
to prevent Ancylostoma larvae dehydration (Soulsby, 1982)
and to allow for the germination of D. flagrans chlamy-
dospores (Knox et al., 2002).

The assay was assessed beginning on the tenth day and
at intervals of five days over a 30-day period. In order to
recover the larvae, the soil of each pot was spread over
a white paper towel sheet (22 cm × 20 cm) inside a flat
plastic sieve (20 cm in diameter) and remained for 12 h
on a plastic bottom plate in contact with water, initially
at 41 ◦C. This modified Baermann’s technique was used in
order to improve the recovery of Ancylostoma spp. L3 by
improving the contact between soil and water. The lar-
vae were collected from the plate using a wash bottle and
were concentrated for six hours by gravity inside 5 mL
BD Vacutainer® glass tubes (Becton Dickinson, Brazil) con-
nected to this funnel. The larvae were then counted on a
Peters counting slide, as described above.

2.4. Statistical method

The assay was carried out once, in a completely random-
ized design, with six replicates. Descriptive analyses of the
panels were used at 95% confidence intervals when statisti-
cal inference was not possible. The data were transformed
into logarithm (log10) in order to equalize variances and
to normalize the residuals prior to the analysis by ANOVA.
The post hoc Tukey’s multiple range test was performed
at a 5% level of significance. Statistical inferences of the
transformed data were made and back-transformed aver-
ages were presented. A regression analysis was applied to
show the relationship between the variables. All statistical
procedures were performed using the Statistica software
system, version 7.0 (Statsoft, 2004).

The trapping ability of fungus (expressed as a percent-
age) was calculated as follows:

RP = 100 − x · 100
y

In this equation, RP is the reduction percentage, x is the
average number of larvae recovered from the treatment
and y is the average number of larvae recovered from the
fungus-free control.

3. Results

Figs. 1 and 2 present the average numbers of Ancy-
lostoma spp. L3 recovered from the soil containing five

inoculum concentrations of D. flagrans chlamydospores.
Each of the fungal concentrations reduced the larval popu-
lation in relation to the fungus-free control (95% confidence
interval). The highest chlamydospore concentration per
gram of soil provided more consistent larval reduction
larvae (L3) recovered from test treatment with low inoculum concentra-
tions of Duddingtonia flagrans chlamydospores in distilled water and from
fungus-free control treatment after 15 days of interaction at 25 ◦C in a
microcosm containing pasteurized soil artificially infested with 1000 L3.

than lower concentrations, but there were no statistical
differences between the five concentration levels in the
low inoculum assay (Fig. 1). In the high inoculum con-
centration assay, fewer larvae were recovered at 5000
chlamydospores per gram of soil, which increased in the
subsequent levels. Nevertheless, there was no difference
between concentrations from 10,000 chlamydospores per
gram of soil and above (Fig. 2). In relation to the fungus-free
Fig. 2. Descriptive analysis at of average Ancylostoma spp. dog infective
larvae (L3) recovered from test treatment with high inoculum concentra-
tions of Duddingtonia flagrans chlamydospores in distilled water and from
fungus-free control treatment after 15 days of interaction at 25 ◦C in a
microcosm containing pasteurized soil artificially infested with 1000 L3.
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Table 1
Average numbers, standard deviation (±) and percent reduction (%) of
Ancylostoma spp. dog infective larvae (L3) recovered from test treatments
using D. flagrans in distilled water and in cereal grains (10,000 chlamy-
dospores/g of soil) and fungus-free control treatments after 15 days of
interaction at 25 ◦C in a microcosm containing pasteurized soil artificially
infested with 1000 L3.

Treatments Average number Reduction
percentage (%)

D. flagrans in distilled water 171.83c ± 5.64 72.0
D. flagrans in white rice 132.67b ± 13.14 78.4
D. flagrans in milled maize 126.33b ± 9.77 79.4
Fungus-free white rice 531.50a ± 57.96 13.4
Fungus-free milled maize 562.83a ± 63.41 8.3
Fungus-free control 613.67a ± 64.25 –
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nd 9.2%, respectively, on the same days of assessment.
here was a linear relationship with a negative correla- Ta
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tion and high degree of association (R2 > 0.83) between the
number of recovered Ancylostoma spp. L3 and the num-
ber of interaction days.Several plant-parasitic nematodes
of the genera Helicotylenchus, Meloidogyne, Mesocriconema
and Pratylenchus were harvested from plots without fun-
gal inoculum, while a smaller number were harvested
from those plots with D. flagrans. The average air temper-
ature during the experimental period was 24.2 ◦C, while
the minimum and maximum temperatures were 15.4 ◦C
and 33.0 ◦C, respectively. The development of hyphae
was observed around D. flagrans milled maize before the
decomposition of this substrate in the soil.

4. Discussion

The results demonstrate that the nematophagous fun-
gus D. flagrans reduces numbers of Ancylostoma spp. L3
in the soil. The first studies with Hyphomycetes and their
dispersal in the environment to reduce hookworm larvae
were employed in Russian by Soprunov and Soprunova
(1953) who proposed the use of spores of predaceous
fungi of the genus Didymozoophaga (Arthrobotrys fide)
as an anthelmintic measure to clean the soil of them.
Soprunov and Tendetnik (1957) also suggested the use
of predacious fungi for exterminating human hookworms
larvae in mines and Soprunov (1958) observed a signifi-
cant reduction of ancylostomiasis in miners after spreading
considerable quantities of fungal spores in infected coal
mines. Tendetnik and Davidov (1960) described a method
of preparation of a powder containing spores of predacious
fungi for the control of hookworm larvae in mines using
moist chopped maize, glucose solution and water-melon
juice. They describe the method as simple, inexpensive and
effective. The addition of large amounts of fungal inoculum
to soil is one of the two general applications of bio-
logical control of nematodes using nematophagous fungi
(Nordbring-Hertz et al., 2006). Therefore, it is evident that
the inoculum concentration of this fungus determines the
predatory efficacy on Ancylostoma spp. L3. The fungus may
have a higher virulence against first and second stage lar-
vae (L1 and L2), as Nansen et al. (1988) reported that these
free-living stages are more susceptible to nematophagous
fungi.

Nematode mortality is influenced by the trap density,
which is directly related to the number of conidia or
chlamydospores present (Gaspard and Mankau, 1987). This
is in accordance with Maciel et al. (2009), who observed
high larval death rates with an increase in the fungal inocu-
lum level. The fungal predatory efficiency depends on both
the ability of the nematode to induce hyphal morpho-
genesis in the traps and the capture efficiency of these
structures (Nansen et al., 1988). The nematode larva is
the most important biotic factor that leads to trap struc-
tures (Nordbring-Hertz et al., 2006). Their density is vital
in stimulating the action of nematophagous fungi (Jaffee et

al., 1992, 1993) such as D. flagrans, because when nema-
todes are in abundant supply, between certain threshold
densities, this fungus increases trapping rates (Morgan et
al., 1997). In the present study, it seems that the number of
Ancylostoma spp. L3 used for infesting the soil microcosm
ology 173 (2010) 262–270 267

was sufficient to stimulate the food-finding mechanism of
the nematophagous fungus.

The soil microcosm conditions did not mirror those
existing in the environment, where several ecological
interactions occur, but it did represent a biological model
for the study of the predatory ability of the nematophagous
fungus on target nematodes. This approach was used
because it is suitable for assessing the interaction among
microorganisms. With this method one can manipulate the
nematode population density and the amount of the fun-
gal inoculum, presenting sufficient replications to obtain
acceptable accuracy and precision in the results (Jaffee,
1996). In addition to being experimentally convenient, the
use of small volumes of soil is biologically appropriate,
given the small size and limited motility of fungi and nema-
todes (Wiens, 1989). However, the understanding of the
processes involved in the biological control of Ancylostoma
spp. pre-parasitic forms by D. flagrans in an ecosystem
requires a comparison between microcosm and field data.
Good results were achieved in response to the inocula-
tion of D. flagrans in natural soil when the microcosm was
maintained under greenhouse conditions, simulating a nat-
ural ecosystem. The reduction in the phytonematode larval
population indicates that D. flagrans could act as a bio-
control agent of these parasitic nematodes in agricultural
and horticultural crops.

D. flagrans was incorporated into the soil on its growth
substrate because a food base is an important factor for
the establishment of fungal bio-control agents in the envi-
ronment (Monfort et al., 2006), as the energy required for
mycelial growth and the formation of traps can be sup-
plied by this source of carbohydrates (Payne and Lynch,
1988; Stirling, 1991). Thus, with an energy source readily
available, the fungus probably would not have nutritional
limitations to colonize the soil profile and form structures
to capture nematodes (Dias and Ferraz, 1994). However,
fungistasis is identified as a major limiting factor for sur-
vival, and the soil microbiota has been reported as one of
the main factors that affect the survival of nematophagous
fungi because it can inhibit its germination, growth and
activity (Kerry, 1984). The results of this study revealed
that the possible presence of other microorganisms in
unpasteurized soil did not affect the D. flagrans trapping
efficacy, since there was consistent larval control. There-
fore, a reasonable interpretation is that D. flagrans used the
milled maize to establish itself in the soil. This was pos-
sible because predatory adhesive network forming fungi
are good saprophytes which feed on other nutrient sources
in the absence of nematodes to ensure their survival in
the soil (Nordbring-Hertz, 1988). Furthermore, the D. fla-
grans chlamydospores used as the fungal inoculum are
viable for an extended period in soil under unfavourable
environments (Sanyal and Mukhopadhyaya, 2003) due to
their ability to germinate and form mycelia and traps in
response to nematode activity (Skipp et al., 2002). The
reduction in the larval population in plots with uncolonized

milled maize may have been caused by the stimulation
of the activity of nematophagous microorganisms present
in the untreated soil. Therefore, the natural occurrence of
indigenous microorganisms demonstrates that the manip-
ulation of the environment to increase existing populations
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f nematophagous fungi may also be feasible (Waghorn et
l., 2002).

The induction of traps in nematophagous fungi is
lso influenced by environmental factors, such as pH,
ight, moisture (Nordbring-Hertz, 1973) and tempera-
ure (Bogus et al., 2005). Especially, the soil temperature

ay be the main biologically significant physical vari-
ble (Stirling, 1991) because the optimum temperature for
ematophagous fungi varies and each species affects the
ercentage of arrested larvae (Morgan et al., 1997). The air
emperatures during the experimental period were vital for
he activity of D. flagrans in the soil as evidenced by the low
umber of Ancylostoma spp. L3 recovered from the treated
lots. According to Gronvold et al. (1996) and Morgan et
l. (1997), the optimal growth temperature for D. flagrans
anges from 25 to 33 ◦C. At temperatures lower than 25 ◦C, it
rows slowly (Larsen, 1991); growth is limited at 35 ◦C and
tops completely at 37 ◦C (Peloille, 1991). Despite the high
emperature regime that exceeded 30 ◦C inside the green-
ouse, the real temperature in the soil was lower than the
ir temperatures recorded. Gronvold et al. (1999) reported
hat D. flagrans produces a higher number of traps at 30 ◦C,
ompared to 20 ◦C. At 10 ◦C, it has a slower development
ithout decreasing its trapping capacity, though this can

e compromised at temperatures persistently below 10 ◦C
Fernández et al., 1999). This trapping capacity may also
e dependent on the duration of exposure to high tem-
eratures (Kahn et al., 2007). In addition, the effect of
emperature fluctuation on the trapping efficacy of D. fla-
rans demonstrated a dependence on the maintenance of
n appropriate temperature, with a reduction in the larva
opulation between 15 and 25 ◦C (Fernández et al., 1999).
ased on the reports presented above, it is reasonable to
tate that the temperature maintained during the exper-
mental period, between 14.5 and 33 ◦C, contributed to
ptimal fungal activity.

Factors such as the selection of an isolate with rapid
rowth and abundant sporulation that is pathogenic to
he target organism, as well as the use of an organic
ubstrate that is minimally processed, inexpensive, eas-
ly obtained and practical were taken into account in the
resent study, based on the reports by Samsinakova et al.
1981). The propylene bags with a biological filter were
feasible and practical method to obtain a large number

f D. flagrans chlamydospores in a short time, providing
n aseptic environment for fungal growth. Furthermore,
hite rice and milled maize grains were suitable sub-

trates for the production of this fungus’ inoculum, which
s consistent with reports from Waller et al. (2001). How-
ver, other cereal grains such as wheat, sorghum and
arley are also good organic substrates for the production
f D. flagrans chlamydospores (Sanyal, 2000; Sanyal and
ukhopadhyaya, 2003).
The continued recovery of Ancylostoma spp. L3 until

he last day of evaluation revealed the survivability of
his nematode in the soil, which is facilitated by the lar-

al arrest at the L3 stage, according to Datu et al. (2008).
ne of the probable reasons for the persistence of larvae

n the soil microcosm is the fact that the predatory phase
f nematophagous fungi continues only until their nutri-
ional requirement is met (Hayes and Blackburn, 1966).
ology 173 (2010) 262–270

Moreover, the activity of nematophagous fungi in the envi-
ronment tends to be short-lived due to the ecological
factors that limit their population in the field (Cooke and
Satchuthananthavale, 1968). Nonetheless, a new incorpo-
ration of D. flagrans inoculum could possibly completely
eliminate Ancylostoma spp. larvae in the microcosm. How-
ever, the survival of a few parasitic nematode larvae is
acceptable because the objective of the biological control
is to reduce the population of the larvae in the environ-
ment to a level that prevents adverse effects in the host
animals, but that is still sufficient to stimulate a naturally
acquired active immunity to them (Larsen et al., 1997). The
D. flagrans nematophagous activity is not specific to the
target nematode. Therefore, the nematode community or
indigenous microorganisms in the soil ecosystem may be
disturbed by the introduction of large amounts of this fun-
gus. However, in several studies with D. flagrans, no damage
was observed to earthworms (Gronvold et al., 2000), free-
living nematodes or microarthropods (Knox et al., 2002).

Currently, there are no restrictions to the use of
nematophagous fungi in the control of pre-parasitic stages
of dog nematodes in the environment. However, the bio-
logical control does not preclude the use of anthelmintics,
since nematophagous fungi do not have any effect on
nematodes after they have infected a host (Jackson
and Miller, 2006). Hence, chemical treatment is consid-
ered necessary in addition to the non-chemotherapeutic
approach to animal health. This study demonstrated that
the nematode-trapping fungus D. flagrans (Isolate CG768)
at 10,000 chlamydospores per grain of soil presented sat-
isfactory results reducing the numbers of Ancylostoma
spp. L3 in a soil microcosm under greenhouse conditions.
Although there are no guarantees that this concentration
of D. flagrans will cause satisfactory damage to the dog
Ancylostoma population in the field, the present results
provide considerable encouragement for further research
under environmental conditions.
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