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Abstract: The root-knot nematode, Meloidogyne incognita causes serious economic loss to tomato plantation
in Turkey. Fungi associated with eggs of M. incognita in tomato plantation soil have not been studied yet but
this knowledge could from the basis for future field studies on biological control of this nematode. In this study,
effects of different pH levels, temperature and light intensity were tested on the growth of two isolates of
nematophagous fungus Pochonia chlamydosporia: FPochonia chlamydosporia var. chlamydosporia and
Pochonia chlamydosporia var. catenulate. These isolates were isolated from M. incognita eggs and analyzed
based on their cultural conditions. The results of experiment indicated that the growth of P. chlamydosporia
var. chlamydosporia was maximum in pH range of 4.00-7.00 and the best growth of P. chlamydosporia var.
catenulate was 1 6.00-7.00. The optimum temperature for growth ranged between 25 and 30°C for two 1solates
of P. chlamydosporia. Maximum growth of P. chlamydosporia var. chlamydosporia was in darkness and for
P. chlamydosporia var. catenulate ocourred 1 12 h light and 12 h dark. Future studies are required to clarify

the potential of these fungi as biological control agents of M. incognita.
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INTRODUCTION

The nematodes are a very successful group of
animals; they are important paerasites of ammals and
plants and are of major medical and agricultural
unportance (Liu ef af., 2009). Some soil-inhabiting fung:
are nematophagous and have been used as biclogical
control agents of harmful nematodes in agriculture
(Stirling, 1991). Nematophagous fungi are camivorous
fungal species that use their spores or mycelial structures
to capture vermiform nematodes or use their hyphal tips
to parasitize the eggs and cysts of nematodes
(Nordbring-Hertz, 2004) or produce toxins to attack
nematodes (Liu et al., 2009).

Major groups of nematophagous fungi are facultative
parasites and have the capacity to colomze plant roots
(Bordallo et al., 2002; Lopez-Llorca et al., 2002). Among
the endoparasitic species, Paecilomyces lilacinus (Thom)
Samson and Pochonia chlamydosporia (Goddard) 7 aress
and W. Gams are notable as biological control agents of
Meloidogyne sp. (Kerry, 2001; Nagesh et al., 2003, 2007).

P. chlamydosporia is a facultative parasite of eggs of
sedentary cyst nematodes (Heterodera sp.) and root-knot
nematodes (Meloidogyne sp.) and has been associated
with nematode suppressive soils (Kerry et al, 1993,

Araujo et al, 2009, Arevalo et al, 2009) P.
chlamydosporia 1s greatly distributed and has been
successfully used in laboratory conditions for the parasite
of eggs of Meloidogyne sp. (Hidaldo-Diaz ef al., 2000a, b).
This fungus can colonize the rhizosphere without causing
lesions to the plants or affecting plant growth which
represents an additional characteristic that facilitates its
survival in soil in the absence of nematodes (De Leij and
Kerry, 1991).

Production in great quantities of the fungus for
biological control requires the best knowledge of the
important factors: the most suitable pH level, temperature
and light intensity. The objective of this research was to
1solate parasitic fungi from M. incognita eggs and studied
its cultural conditions.

MATERIALS AND METHODS

Preparations of samples: Ten randomized samples of
500 g of soil and infected roots were collected up to a
depth of 10 e¢m from commercial tomato plantations
(Kumluca-Turkey, 36°22.8' N, 30°16.8'E). The samples were
placed in plastic bags and kept at 4°C until processed
for 1solation of nematode egg parasitic fungi. In the
laboratory, roots of each sample were then washed,
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blotted dry, cut into 1 cm sections and mixed. About
thirty egg-masses were picked up individually.
Approximately 20 of them were mechanically disrupted
before the eggs were suspended in 1 mL of 0.5% sterile
agar solution, autoclaved at 121°C for 20 min and cooled
at room temperature and 0.2 mL of the suspension plated
onto water agar (12 g L.™") containing 50 mg I.™" of each
of the following antibiotics: streptomycin sulphate,
chloramphenicol and chlortetracycline in two Petri dishes
(9 cm diameter). They were incubated at 25°C for 24-48 h
to enable fungi to grow out from colonized eggs
(Kerry and Crump, 1977). Six colonized eggs were picked
at random from each plate and subcultured on 12 g L™
Com Meal Agar (CMA) for 16 days at 25°C. The
remaining 10 egg-masses were placed directly on a
semi-selective medium for 1solates of P. chlamydosporia
(De Leij and Kerry, 1991) and incubated at 25°C for
10 days. The egg-masses colonized by fungi were
preliminarily observed in open Petri dishes using an
optical microscope (x100) to check for comdiophore
branching patterns, arrangement of conidia and spore
production. From these observations, species of egg
parasitic fungi could be distinguished (Gams, 1988). Fungi
field 1solates were selected for detail studies on growth.

Fungal inoculation: For fungal moculation, monosporic
cultures were obtained for two isolates and stored at 4°C
on 39 g L™ Potato Dextrose Agar (PDA). Agar plugs
(0.5 cm diameter) from the edge of a colony grown in PDA
at 15°C for 14 days were placed on the centre of Petr1
dishes (9 cm diameter) containing 48 g 1.7" Malt Extract
Agar (MEA) and the plates incubated at 20°C m the dark.
After 12 days, the diy mycelial weights were obtained
using a Dikomsan HTSH precision scale (300-0.005 g). The
1solates were analyzed and described using the keys and
species descriptions proposed by Zare et «l. (2001),
Zare and Gams (2001).

Effect of pH: Effect of pH on the growth of those isolates
was tested m the laboratory using liquid cultures
contaiming different pH levels. Potato Dextrose Broth
(PDB) medium was used to study the effect of pH of
medium on the growth of two isolates of P.
chlamydosporia. For this purpose, 25 mL of liquid medium
was poured into a 150 mlL conical flask under aseptic
conditions. The reaction of the medium was adjusted to
the desired pH by adding 0.1N NaOH or 0.1N HCI
(Naik et al., 1988). The medium was buffered with
disodium hydrogen phosphate citric acid buffer according
to the schedule of Vogel (1953). Flasks were sterilized at
121°C at 15 psi for 20 min. Each flask was inoculated with
each 1solate using 5 mm diameter mycelial disc in sterile
conditions. Inoculated flasks were incubated at 25°C for

12 days and the diy mycelial weights were obtained. The
cultures were filtered through Whatman No. 42 filter paper
and the dry mycelial weight was measured by subtracting
the initial weight of the filter paper from the weight of the
filter paper along with the mycelial mat.

Effect of temperature: Temperature dependent linear
growth rates for i1solates compared. The fungi were
subjected to different temperature conditions to study the
best suited temperature level for the growth of the fungus.
PDB medium was studied in one experiment to study the
growth in liquid medium. A total of 25 ml. of liquid
medium was poured into a 150 mL conical flask under
aseptic conditions and incubated with 5 mm diameter
identical culture discs of each isolate. The experiment
was done by five replicates. Tnoculated conical flasks
containing PDB medium were incubated at 10, 15, 20, 25
and 30°C. Dry mycelial weight was recorded in the liquid
cultures 12 days after incubation.

Effect of light: The fungi cultures of two isolates on PDB
were exposed to continuous light, dark and 12 h light and
12 h darkness in an environment chamber maintained at
25°C. Mycelial disk of 5 mm of each solate was used to
inoculate conical flask. Five replications were mamntained
for each treatment Inoculated flasks were kept in
environmental chamber and light intensity was adjusted
to required level. The mycelia growth was recorded in
each case 12 days after inoculation.

RESULTS AND DISCUSSION

Effect of pH: The mycelial growth was different among
isolates and different pH levels (Table 1). The interaction
between two selates and pH levels was also sigmificant
(p<0.05). In P. chlamydosporia var. chlamydosporia
recorded maxmmum growth at pH 4-5 while pH 5-6
supported the maximum growth of P. chlamydosporia var.
catenulate.

Effect of temperature: Temperature differences between
two 1solates were sigmficant (p<0.05). Two isolates of
P. chlamydosporia responded differently to various
temperature degrees as shown m the Table 2. Mean

Table 1: Growth of two isolates of P. chlamydosporia in different pH in
PDB media. Mean mycelial weight (mg/25 mL)*

Isolate/pH 4 5 6 7 8
P. chlamydosporiavar.  161.5° 153.10 1483 141.1* 93.4¢
chlamyvdosporia

P. chiamydosporiavar.  166.5° 174.5 1791+ 169.3* 1192
cateniata

Mean 164.0 163.7 163.7 1552 1063

*Values are means of five replicates. Values within a column or row followed
by a same letter are significantly different at p<0.05 according to Tuncan’s
multiple range test
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Table 2: Growth of two isolates of P chlamydosporia in different
temperatures in PDB media. Mean mycelial weight (mg/25 mL)*

Table 3: Growth of two isolates of P.chdamydosporia in different light
intensity in PDB media. Mean mycelial weight (mg/25 mL)*

Isolate/°C 10 15 20 25 30
P. chiemydosporiavar. 68.00 9L20F  129.3 37306 5910
chlamydosporia

P. chiemydosporiavar. 81.00  83.10F 86.3* 124.600 5040
cateridata

Mean 84.5 87.15 107.8 80.95 54.75

*Walues are means of five replicates. Values are significantly different
at p<0.05 according to Duncan’s multiple range tests

colony biomass of solates on liquid medium was
maxiumum at 15-25°C. Growth of P. chlamydosporia
var. chlamydosporia was maximum at 15-20°C but
P. chlamydosporia var. catenulate had better growth on
20-25°C. There were significant interactions between
1solates and temperature levels. Temperature of 10-15°C
found to be not suitable for the growth of those isolates.
Among external factors which influence the growth of
fungi, temperature plays an extremely wnportant role.

Effect of light: Light has profound effect on the mycelial
growth of nematophagous fungi. The exposure of the
fungus to alternate cycles of 12 h light and 12 h darkness
and darkness for 12 days resulted m the maximum mycelial
growth of P. chlamydosporia var. chlamydosporia. The
maximum growth of P. chlamydosporia var. catenulate
was the best in continuous darkness (Table 3).

Growth at different cultural conditions was different
for two isolates of P. chlamydosporia. The mycelial
growth and sporulation of fungus are influenced by
temperature. Kerry et al (1993), Zaki and Magbool
(1993) and Nagesh et al. (2007) reported that the best
temperature for growth of P. chlamydosporia was
23-35°C. The temperatures of 20 and 32°C affected equally
the growth of P. chlamydosporia var. chlamydosporia
whereas for P. chlamydosporia var. catenulate the
temperature of 32°C caused lower growth than at 20°C
(Arevalo et al., 2009). These results are similar to this
study for isolates. For other nematophagous fungi,
Duponnois et af. (1995) and Nagesh ef al. (2005) showed
that optimum growth of Arthrobotrys oligospora
occurred at 25-35°C. However, Morgan et al. (1997)
recorded that peak growth rate was found to occur
between 20 and 25°C for A. chlamydosporia.

Effect of pH on the growth of those isolates was also
different. Nagesh et al. (2005) reported that the optimum
pHranged 6.0-7.5 for 4. oligospora and optimum pH for
P. chlamydosporia was 6.5-7.7. These results are different
from this study pH values. For this study, results are pH
4.0-5.0 for P. chlamydosporia var. chlamydosporia and
pH 5.0-6.0 for P. chlamydosporia var. catenulate. These
differences could have related with culture medium.
Kredics et al. (2003) demonstrated that isolate of
Trichoderma can grown in pH 2.0-6.0 with an optimum

Isolate/Light 12 h alternate
intensity Light Dark light and dark
P. chiamydosporiavar. 127.00° 1584 16830
chiamydosporia

P. chlamydosporiavar. 121.70° 153.1¢0 129.200
caterilata

Mean 124.35 155.75 148.75

*Vahies are means of five replicates. Values within a cohumn or row followed
by a same letter are significantly different at p<0.05 according to Duncan’s
multiple range tests

at 4.0. Jackson et al (1991) have found that optimum
biomass production of three Trichoderma isolates
occurred at pH ranges between 4.6 and 6.8. Seyis and
Aksoz (2005) observed that the actvity of Trichoderma
harziamum was maximum around pH 5.0. Kredics ef al.
(2003) demonstrated that Trichoderma strains are active
under a wider range of pH. 4. oligospora grew better on
an acidic medium pH 5.6 (Duponnois ef al., 1995). For
mycelial growth of P. chlamydosporia the optimal pH
range was 5.0-6.0 with pH 6.0 giving the greatest biomass
(Mo et al., 2005).

CONCLUSION

One important aspect of nematophagous fungi is
the possibility of using them for biological control of
plant- and ammal-parasitic nematodes. Plant parasitic
nematodes, e.g., root knot (Meloidogyne sp.) and cyst
nematodes (Heterodera sp.) are global pests m agriculture
and horticulture, causing severe yield losses. Owing to
the ban of many nematicides, e.g., methyl bromide
because of health and environmental concerns, new
alternatives for nematode control are therefore needed.
Biological control may be such an alternative.
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