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Abstract: Culture filtrates (CF) of two species of the nematophagous fungi,
Arthrobotrys oligospora and Arthrobotrys conoides at three concentrations
(25%, 50% and 100%) of stock, were tested on the mortality of second stage
juveniles (J2) and egg hatching rate of Meloidogyne incognita and Meloidogyne
javanica. Results showed that the percent juvenile mortality was directly
proportional to concentration of the filtrates. Egg hatching rate of these
nematodes was inversely affected by increasing concentrations. Also CFs had
various impacts on the mortality of J2 and egg hatching rate. In case of M.
incognita maximum J2 mortality (28.98%) occurred after 24 hours of exposure
to A. conoides filtrate at concentration of 100%. The minimum toxicity (12.5%
J2 mortality) was recorded for A. oligospora at 25% filtrate concentration. At the
same time, the highest rate of J2 mortality of M. javanica (19.18%) belonged to
the 100% concentration of A. conoides, while minimum toxicity belonged to
25% concentration of A. oligospora causing 9.09% mortality. Maximum egg
hatching rate for M. incognita (30.75%) belonged to control and minimum
hatching rate (1.25%) belonged to 100% concentration of A. conoides. The
highest hatching rate of M. javanica (36.25%) belonged to control and minimum
hatching rate (1.25%) occurred at 100% concentration of A. conoides.
Keywords: Arthrobotrys oligospora; A. conoides; culture filtrate; mortality;
egg hatching rate, Meloidogyne incognita; M. javanica

Moens et al., 2009). These nematodes are
polyphagous, have a highly specialized and
complex feeding relationship with their hosts and
are very difficult to control (Hussey and Janssen,
2002). Several fungi such as nematophagous
fungi directly parasitize nematodes or secrete
nematoxic compounds and enzymes that affect
nematode viability (Nitao et al., 1999). There are
many reports regarding the production of antinematode compounds by these fungi (Cayrol et
al, 1989; Anke et al., 1995; Hallmann and Sikora,
1996; Anke and Sterner, 1997; Chen et al., 2000;
Meyer et al., 2000; 2004). The study of fungal
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Antagonistic fungi are continuously attracting
great attention as potential alternatives to
chemical control of root-knot nematodes (Kalele
et al., 2010) which are the most important group
of plant parasitic nematodes, causing great
economic losses (Sasser and Freckman, 1987;
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This study was performed to estimate the
antagonistic activity of CFs of nematophagous
fungi A. oligospora and A. conoides on second
stage juvenile mortality and egg hatching rate
of M. incognita and M. javanica

culture filtrates as sources of nematicidal
metabolites and antagonistic compounds has
continuously increased worldwide (Ciancio, 1995;
Liu et al., 2008; Lopez-Llorca et al., 2008).
Secondary
metabolites
from
Fusarium
oxysporum, were toxic to M. incognita, and toxins
from various Fusarium spp. have been
demonstrated to reduce nematode viability
(Hallmann and Sikora, 1996; Ciancio, 1995; Anke
and Sterner, 1997; Nitao et al., 2001). The woodrotting basidiomycetes such as Pleurotus species
especially P. ostreatus produce the nematotoxin
trans-2-decenedioic acid (Kwok et al., 1992).
Also extracts of P. ostreatus owing to antinematode compounds could paralyze 90% of
Heterodera schachtii J2 (Palizi et al., 2009).
Acetic acid is an active component of culture
filtrates of Paecilomyces lilacinus and
Trichoderma longibrachiatum and linoleic acid
produced by nematophagous fungi Arthrobotrys
conoides and A. oligospora was identified as a
nematotoxic compound (Djian et al., 1991; Anke
et al., 1995).
Also A. oligospora, when grown in liquid
culture, produced two extracellular proteases that
hydrolyze the chromogenic substrate Azocoll
(Tunlid et al., 1994). Also extracellular serine
protease Ac1 with a molecular mass of 35 kDa,
was purified from A. conoides. Ac1 can degrade a
broad range of substrates including casein, gelatin,
bovine serum albumin, collagen and nematode
cuticle (Yang et al., 2007).
Pochonia
chlamydosporia
secretes
proteases, one of which hydrolyzes proteins in
egg shell of M. incognita (Segers et al., 1994;
1999; Meyer et al., 2004). Nematicidal activity
of P. chlamydosporia culture was primarily
attributed to phomalactone, which acts against
M. incognita J2 and inhibits hatching of eggs
(Khambay et al., 2000). Many soil borne fungi
such as nematode trapping or predacious fungi
inhibit the hatching of eggs and cause
mortality of root-knot nematodes (Hallmann
and Sikora, 1996; Anke and Sterner, 1997;
Khan, 1999; Sharma, 1999; Wang et al., 1999;
Costa et al., 2000; Randhawa et al., 2001;
Nitao et al., 2001).

Materials and Methods
Nematode inoculum preparation
Egg masses of Meloidogyne incognita and M.
javanica, collected from Mazandaran Province,
were separately cultured and maintained on
tomato seedling in pots in greenhouse condition
for six weeks. Infected tomato roots were washed
with tap water to remove adhering soil then roots
bearing egg masses were surface sterilized in 200
ml of 0.5 percent sodium hypochlorite for four
minutes. They were then poured onto 350 and 500
mesh sieves and washed with sterile distilled
water for 15 minutes. The collected suspension of
larvae and egg masses were poured on a paper
tissue spread on the bottom of a plastic sieve
placed in a tray containing water. The second
stage larvae were collected every 24 hours and
kept in refrigerator (Hussy and Barker, 1973). The
larvae were surface sterilized by streptomycin
solution 4000 ppm before inoculation (Pourjam et
al., 1999).
Antagonistic fungi
Fungal species used in this study were
Arthrobotrys oligospora (IRAN678C), isolated
from Noor area of Mazandaran Province
provided by Iranian Research Institute of Plant
Protection, Tehran. A. conoides (CBS575.91)
provided by CBS-KNAW Fungal Biodiversity
Centre. These isolates were grown and
maintained on Corn Meal Agar medium
(CMA).
Fungal filtrates preparation
The fungi were cultured in autoclaved 250 ml
Erlenmeyer flasks containing 100 ml potato
dextrose broth. Cultures were shaken at 100 rpm
for 14 days. Distilled water was used as control.
Filtrates were sterilized using filter membrane
(0.2µm) and were used at 25, 50 and 100%.

668

Nourani et al. __________________________________________ J. Crop Prot. (2015) Vol. 4 (Supplementary)

mortality in the filtrates of fungus was found to
be directly proportional to concentration of
filtrates and the duration of exposure. After 24
hours exposure to culture filtrates, the maximum
mortality rate of J2 (28.98%) occurred at 100%
concentration of A. conoides. The minimum
death rate (12.50%) belonged to A. oligospora
with a concentration of 25% (Table 1).

Effect of filtrates on nematode mortality
The experiment was carried out in 1.5 ml tubes
filled with 1 ml of fungal filtrate and then
nematode suspension was added (ca.100
nematodes/tube). After 24 hours, 200 µl of
suspension was transferred into new 1.5 ml tube
and then the nematodes were washed three times
with tap water, followed by centrifugation for
three minutes at 1000 rpm, and then incubated in
1 ml water for 24 hours at 22 °C. The mortality
rate was calculated by counting the numbers of
nematodes that were inactive.

Effect of filtrates on mortality of J2 of M.
javanica
The findings indicated that there were significant
differences at the 1 percent (p≤ 0.01) level
between the filtrates as well as their
concentrations. A progressive increase in the
concentrations of the filtrates resulted in an
increase in the mortality of juveniles. Maximum
mortality (19.18%) occurred after 24 hours
exposure to highest concentration (100%) of A.
conoides filtrate. The minimum mortality
(9.09%) belonged to A. oligospora with a
concentration of 25% (Table 1). Results
indicated that CF from A. conoides caused
greater mortality than that from A. oligospora.
The results also showed that second stage
juveniles of M. incognita compared with M.
javanica were more sensitive to secondary
metabolites of these fungi.

Effect of filtrates on egg hatching
10 μl of egg suspension were placed into sterile
1.5 ml tubes (ca.50 eggs/tube) to which 1 ml
fungal culture filtrates was added. The tubes were
incubated at 25 °C. The numbers of J2 at the end
of two weeks of incubation time were counted
using a stereo microscope, and the percentages of
hatched eggs were calculated as follows: number
of hatched eggs/number of eggs originally placed
in the tubes × 100.
Data analysis
All analyses were done using SPSS (Statistical
Package for Social Science) statistical program
version 18. The factorial experiment was
conducted in Completely Randomized Design with
four replications. Data was analyzed statistically by
analysis of variance, the comparison of means was
done at 1% (p ≤ 0.01) and 5% (p ≤ 0.05) levels of
significance according to the Duncan's multiple
range test (DMRT).

Effect of culture filtrates on egg hatch rate
Results showed that there were significant
differences in ovicidal activities of A.
oligospora and A. conoides filtrates and their
concentrations.
Effect of filtrates on M. incognita egg hatch
The results indicated that there were significant
differences (p ≤ 0.05) between different culture
filtrates and their concentrations. Also egg hatch
rate of M. incognita was correlated inversely with
concentrations of filtrates i.e. the hatching rate
decreased with increasing concentrations. After
two weeks maximum egg hatch rate belonged to
control (30.75%) and minimum (1.25%) to eggs
treated with a 100% concentration of A. conoides
culture filtrate. Meanwhile, the lowest hatching
rate (6.25%) occurred in presence of 100% CF of
A. oligospora (Table 2).

Results
Effect of culture filtrates on J2 mortality
Results showed that there were significant
differences in nematicidal activity of A.
oligospora and A. conoides filtrates and at
different concentrations.
Effect of filtrates on mortality of J2 of M.
incognita
Results indicated that there were significant
differences at 1 percent (p ≤ 0.01) level between
filtrates of different concentrations. Juvenile
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Table 1 Mean percent mortality (± SE) of M. incognita and M. javanica J2, in stock dilutions of fungal culture
filtrates after 24 hours.
Fungal species

J2 mortality (%)1

Concentration (%)
M. incognita

Arthrobotrs conoides

Arthrobotrys oligospora

0 (Control)

M. javanica

0 ± 0.00h

0 ± 0.00h

25

16.83 ± 0.24cd

15.50 ± 0.28de

50

19.42 ± 1.31b

17.48 ± 0.40c

100

28.98 ± 1.13a

19.18 ± 0.28a

0 (Control)

0 ± 0.00h

0 ± 0.00h

25

12.50 ± 0.28f

9.09 ± 0.33g

50

15.25 ± 0.25de

14.93 ± 0.38e

100

19.62 ± 0.97b

16.14 ± 0.45cde

1 Means followed by different letters in each column are significantly different from each other (DMRT, P ≤ 0.01).

Table 2 Mean percentage of eggs hatching rate (± SE) of M. incognita and M. javanica in fungal culture filtrates
after two weeks.
Fungal species

Eggs hatching (%)1

Concentration (%)
M. incognita

Arthrobotrs conoides

0 (Control)

30.75 ± 0.75b

36.25 ± 1.25a

25

14.00 ± 0.00ef

20.00 ± 0.00d

50

10.00 ± 0.00g

12.00 ± 0.00fg

100
Arthrobotrys oligospora

M. javanica

1.25 ± 1.25i

1.25 ± 1.25i

0 (Control)

30.75 ± 0.75b

36.25 ± 1.25a

25

16.00 ± 0.00e

26.00 ± 0.00c

50

12.00 ± 0.00fg

15.00 ± 0.00e

100

6.25 ± 1.25h

2.50 ± 2.50i

1 Means with different letters in a column differ significantly from each other (DMRT, P ≤ 0.05).

Effect of filtrates on M. javanica egg hatch
Incubation of the surface sterilized eggs for
two weeks in water (control) resulted in a
36.25% hatching rate. The findings indicated
that there were significant differences (p ≤
0.05) between culture filtrates and their
different concentrations. Also egg hatch rate
of M. javanica was inversely correlated with
concentrations of filtrates i.e. the hatch rate
decreased with increasing concentration.
Minimum hatch rate for 100% concentration
of A. conoides culture filtrate was the same
as that for M. incognita. Meanwhile, the
lowest hatching rate caused by A. oligospora
was 2.5% at 100% concentration of filtrate
(Table 2).

Discussion
Wide range of activities has been attributed to the
culture filtrates of fungal isolates. Many fungi are
known to produce nematicidal or nemastatic
compounds (Anke et al., 1995; Hallmann and
Sikora, 1996; Anke and Sterner, 1997; Chen et
al., 2000; Meyer et al., 2000; Kopcke et al.,
2001). Adverse effects of culture filtrates of
several fungi on hatching and mortality of rootknot nematodes have been reported (Cayrol et al.,
1989; Saifullah, 1996; Zaki, 1999). In this study,
culture filtrate of two fungal species Arthrobotrys
conoides and A. oligospora showed significant
nematicidal activity by killing second stage
juveniles and inhibition of egg hatch in
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Meloidogyne incognita and M. javanica. This
study confirmed the lethal effect of Arthrobotrys
exudates on J2. Results showed that CF from A.
conoides compared with that of A. oligospora was
more lethal to J2 and also egg hatching rate was
less in presence of A. conoides filtrate compared
with A. oligospora. This can be assigned to Ac1
protein produced in A. conoides, compared with
serine protease produced by A. oligospora, of
which the former can destroy broad spectrum of
substrates (Yang et al., 2007). It was also
observed that J2 and eggs of M. incognita
compared with M. javanica were more sensitive
to CF of both fungi. Different concentrations of
filtrates illustrated that mortality rates are directly
proportional to concentration and that exposure
time is also important in mortality rates. Other
studies have showed similar results; for instance
the culture filtrates of Verticillium leptobactrum
inhibited egg hatching and were lethal to M.
incognita J2 (Hajer et al., 2010). Also the
antagonistic effect of V. chlamydosporium against
M. javanica may be attributed to the production of
certain enzymes (Webb et al., 1972; Segers et al.,
1994). There is an increasing willingness to use
nematophagous fungi or their products as
biological agents for control of plant and animal
parasitic nematodes. There are some data
indicating that hydrolytic enzymes including
proteases can be used to control plant parasitic
nematodes (Kerry, 1990; Miller and Sands, 1977).
Among the nematophagous fungi, Arthrobotrys
spp. are outstanding nematode predators, but little
research has been conducted on the effects of
these fungi against nematodes.
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ﺗﺄﺛﻴﺮ ﻋﺼﺎرهﻫﺎي  Arthrobotrys oligosporaو  Arthrobotrys conoidesروي ﻣﻴﺰان ﻣﺮگوﻣﻴﺮ
ﻻروﻫﺎي ﺳﻦ دو و ﻧﺮخ ﺗﻔﺮﻳﺦ ﺗﺨﻢ ﻧﻤﺎﺗﺪﻫﺎي  Meloidogyne incognitaو Meloidogyne javanica
ﺳﻴﺪه ﻻوﻳﻦ ﻧﻮراﻧﻲ ،1اﺑﺮاﻫﻴﻢ ﻣﺤﻤﺪي ﮔﻞﺗﭙﻪ ، 1ﻧﺎﺻﺮ ﺻﻔﺎﻳﻲ ،*1ﻣﺨﺘﺎر ﺟﻼﻟﻲ ﺟﻮاران ،2اﺑﺮاﻫﻴﻢ ﭘﻮرﺟﻢ ،1ﻣﺴﻌﻮد ﺷﻤﺲﺑﺨـﺶ 1و
3

ﻓﺮﺣﻨﺎز ﺟﻬﺎﻧﺸﺎﻫﻲ اﻓﺸﺎر

 -1ﮔﺮوه ﺑﻴﻤﺎريﺷﻨﺎﺳﻲ ﮔﻴﺎﻫﻲ ،داﻧﺸﻜﺪه ﻛﺸﺎورزي ،داﻧﺸﮕﺎه ﺗﺮﺑﻴﺖ ﻣﺪرس ،ﺗﻬﺮان ،اﻳﺮان.
 -2ﮔﺮوه اﺻﻼح ﻧﺒﺎﺗﺎت و ﺑﻴﻮﺗﻜﻨﻮﻟﻮژي ،داﻧﺸﻜﺪه ﻛﺸﺎورزي ،داﻧﺸﮕﺎه ﺗﺮﺑﻴﺖ ﻣﺪرس ،ﺗﻬﺮان ،اﻳﺮان.
 -3ﺑﺨﺶ ﻧﻤﺎﺗﺪﺷﻨﺎﺳﻲ ،ﻣﺆﺳﺴﻪ ﺗﺤﻘﻴﻘﺎت ﮔﻴﺎﻫﭙﺰﺷﻜﻲ ﻛﺸﻮر ،ﺗﻬﺮان ،اﻳﺮان.
* ﭘﺴﺖ اﻟﻜﺘﺮوﻧﻴﻜﻲ ﻧﻮﻳﺴﻨﺪه ﻣﺴﺌﻮل ﻣﻜﺎﺗﺒﻪnsafaie@modares.ac.ir :
درﻳﺎﻓﺖ 21 :ﺗﻴﺮ 1393؛ ﭘﺬﻳﺮش 17 :آذر 1393
ﭼﻜﻴﺪه :ﻋﺼﺎرهﻫﺎي دو ﮔﻮﻧﻪ ﻗـﺎرچ ﻧﻤﺎﺗـﺪﺧﻮار  Arthrobotrys oligosporaو  Arthrobotrys conoidesدر
ﺳﻪ رﻗﺖ )×  (0/50 ×) ،(1و )×  (0/25از ﻋﺼﺎره ﭘﺎﻳﻪ روي ﻣﻴﺰان ﻣﺮگوﻣﻴﺮ ﻻروﻫﺎي ﺳﻦ دو و ﻧﺮخ ﺗﻔـﺮﻳﺦ
ﺗﺨﻢ ﻧﻤﺎﺗﺪﻫﺎي  Meloidogyne incognitaو  Meloidogyne javanicaﻣﻮرد ارزﻳـﺎﺑﻲ ﻗـﺮار ﮔﺮﻓﺘﻨـﺪ .ﻧﺘـﺎﻳﺞ
ﻧﺸﺎن داد ﻛﻪ درﺻﺪ ﻣﺮگوﻣﻴﺮ ﻻروﻫﺎ ﺑﺎ ﻏﻠﻈﺖ ﻋﺼﺎرهﻫﺎ ﻧﺴﺒﺖ ﻣﺴﺘﻘﻴﻢ داﺷﺖ .اﻣـﺎ ﻧـﺮخ ﺗﻔـﺮﻳﺦ ﺗﺨـﻢ ﺑـﺎ
اﻓﺰاﻳﺶ ﻏﻠﻈﺖ ﻧﺴﺒﺖ ﻣﻌﻜﻮس داﺷﺖ ،ﻫﻢﭼﻨﻴﻦ ﻧﺘـﺎﻳﺞ ﻧﺸـﺎن داد ﻛـﻪ ﻋﺼـﺎرهﻫـﺎي اﻳـﻦ دو ﻗـﺎرچ اﺛـﺮات
ﻣﺨﺘﻠﻔﻲ روي ﻣﻴﺰان ﻣﺮگوﻣﻴﺮ ﻻروﻫﺎي ﺳﻦ دو و ﻧﻴﺰ ﻧﺮخ ﺗﻔﺮﻳﺦ ﺗﺨﻢ ﻧﻤﺎﺗﺪﻫﺎي ﻓﻮق داﺷﺘﻨﺪ .درﺧﺼـﻮص
ﻻروﻫﺎي ﺳﻦ دو  M. incognitaﭘﺲ از  24ﺳﺎﻋﺖ ﺑﻴﺶﺗﺮﻳﻦ ﻣﻴﺰان ﻣﺮگوﻣﻴﺮ ﻣﺮﺑﻮط ﺑﻪ ﻋﺼﺎره ﭘﺎﻳـﻪ )× (1
ﮔﻮﻧﻪ  A. conoidesﺑﻮد ﻛﻪ ﺑﺎﻋﺚ ﻧﺎﺑﻮدي  28/98درﺻﺪ ﻻروﻫﺎ ﮔﺮدﻳﺪ .ﻫﻢﭼﻨﻴﻦ ﻛﻢﺗﺮﻳﻦ ﻣﻴﺰان ﻣﺮگوﻣﻴـﺮ
ﻣﺮﺑﻮط ﺑﻪ رﻗﺖ )×  (0/25ﮔﻮﻧﻪ  A. oligosporaﺑﺎ  12/5درﺻﺪ ﺑﻮد .اﻳﻦ در ﺣﺎﻟﻲاﺳﺖ ﻛﻪ ﺑﻴﺶﺗﺮﻳﻦ ﻣﻴﺰان
ﻣﺮگوﻣﻴﺮ ﻻروﻫﺎي  M. javanicaﻣﺮﺑﻮط ﺑﻪ ﻋﺼﺎره )×  (1ﮔﻮﻧﻪ  A. conoidesﺑﺎ  19/18درﺻﺪ و ﻛـﻢﺗـﺮﻳﻦ
ﻣﻴﺰان ﻣﺮگ وﻣﻴﺮ ﻣﺮﺑﻮط ﺑﻪ رﻗﺖ )×  (0/25ﮔﻮﻧﻪ  A. oligosporaﺑﺎ  9/09درﺻﺪ ﺑﻮد .ﭘـﺲ از ﮔﺬﺷـﺖ دو
ﻫﻔﺘﻪ ﺑﻴﺶﺗﺮﻳﻦ ﻧﺮخ ﺗﻔﺮﻳﺦ ﺗﺨﻢﻫﺎي ﮔﻮﻧﻪ  M. incognitaﻣﺮﺑﻮط ﺑﻪ ﺷﺎﻫﺪ ﺑﻪﻣﻴﺰان  30/75درﺻـﺪ و ﻛـﻢ-
ﺗﺮﻳﻦ ﻧﺮخ ﺗﻔﺮﻳﺦ ﻣﺮﺑﻮط ﺑﻪ ﻋﺼﺎره ﭘﺎﻳﻪ )×  (1ﮔﻮﻧﻪ  A. conoidesﺑﻪﻣﻴـﺰان  1/25درﺻـﺪ ﺑـﻮد .درﺧﺼـﻮص
ﮔﻮﻧﻪ  ،M. javanicaﺑﻴﺶﺗﺮﻳﻦ ﻧﺮخ ﺗﻔﺮﻳﺦ ﺗﺨﻢ ﻣﺮﺑﻮط ﺑﻪ ﺷﺎﻫﺪ ﺑﻪﻣﻴﺰان  36/25و ﻛـﻢﺗـﺮﻳﻦ ﻧـﺮخ ﺗﻔـﺮﻳﺦ
ﻣﺮﺑﻮط ﺑﻪ ﻋﺼﺎره ﭘﺎﻳﻪ )×  (1ﮔﻮﻧﻪ  A. conoidesﺑﻪﻣﻴﺰان  1/25درﺻﺪ ﺑﻮد.
واژﮔﺎن ﻛﻠﻴﺪي ،A. conoides ،Arthrobotrys oligospora :ﻋﺼﺎره ﻗﺎرﭼﻲ ،ﻣﺮگوﻣﻴﺮ ،ﻧﺮخ ﺗﻔـﺮﻳﺦ ﺗﺨـﻢ،
 Meloidogyne incognitaو

M. javanica
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