
African Journal of Microbiology Research Vol. 5(18), pp. 2715-2719, 16 September, 2011  
Available online http://www.academicjournals.org/ajmr 
DOI: 10.5897/AJMR11.496 
ISSN 1996-0808 ©2011 Academic Journals 
 
 
 
 

Full Length Research Paper 
 

Nematicidal activity of Gymnoascus reesii against 
Meloidogyne incognita 

 

Jian-Hua Liu1,2, Li Wang3, Ji-Yan Qiu2, Li-li Jiang2, Ji-Ye Yan2, Ting Liu2*, Wei-Cheng Liu2* 

and Yu-Xi Duan1* 
 

1
Nematology Lab., Plant Protection College, Shenyang Agricultural University, Shenyang，110866, China. 

2
Institute of Plant and Environmental Protection, Beijing Academy of Agricultural and Forestry Science, Beijing, 10009, 

China. 
3
Patent Examination Cooperation of State Intellctual Property Offic of the People's Republic of China, Beijing, 100190, 

China. 
 

Accepted 22 August, 2011 
 

In the present investigation, antagonistic effect of culture filtrates of Gymnoascus reesii at different 
concentrations were tested on eggs and juveniles of root knot nematode (Meloidogyne incoginta), in 
vitro. The percentage mortality and inhibition of hatching of root-knot nematode were directly 
proportional to the concentration of culture filtrates of G. reesii. Compared with the nematicides 
treatments of Cadusafos and Avermectins, the effects of higher concentration of culture filtrates of G. 
reesii were in some cases not statistically different. To our knowledge, this is the first report of culture 
filtrates of G. reesii observed to have nematicidal activity toward root-knot nematode and a  nematicidal 
metabolite (3E,5E)-2,5-dihydroxy-2,7-dihydrooxepine-3-carboxylic anhydride was isolated based on 
bioassay-guided fractionation from the extracts of the fungus G. reessii.  
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INTRODUCTION 
 
Root-knot nematodes (Meloidogyne spp.) cause high 
levels of economic loss in a multitude of agricultural crops 
worldwide. They are capable of severely damaging a 
wide range of crops, in particular vegetables, causing 
dramatic yield losses mainly in tropical and sub-tropical 
agriculture (Sikora and Fernandez, 2005). For several 
decades the use of chemical nematicides is one of the 
primary means of control for root-knot nematodes. How-
ever, the potential negative impact on environment and 
ineffectiveness after prolonged use have led to a total 
ban or restricted use of most nematicides and an urgent 
need for safe and more effective options (Zuckerman and 
Esnard, 1994).  

Biological control promises to be such an option. 
Application      of      microorganisms      antagonistic     to  
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Meloidogyne spp. or compounds produced by these 
microbes could provide additional opportunity for 
managing the damage caused by root-knot nematodes. 
Research in this area has resulted in commercial 
biocontrol preparations reported to act against root-knot 
nematodes (Stirling, 1991; Fravel, 2000).  

Over the last decades, research on root-knot nematode 
control was focused on proposing strategies for inhibition 
of egg hatch (Westcott and Kluepfel, 1993), degradation 
of hatching factor (Oostendrop and Sikora, 1989) or 
production of metabolites (Meadows et al., 1989). In 
particular, the search for nematode-antagonistic 
compounds from culture filtrates of fungi has greatly 
intensified in recent years because of the large number of 
toxins and potential new drugs among fungal metabolites. 
Number of fungi isolates from nematodes, soil and plants 
were proved to produce substances that inhibit nematode 
egg hatch or kill nematodes (Nitao et al., 1999). Some of 
these fungi produce toxic metabolites in culture filtrates 
(Khan and Saxena, 1997).  
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For years, our group has been seeking nematode- 
antagonistic compounds from fungal metabolites. These 
studies have included screening the culture broths of 
1,248 fungi isolated from soil for activity against 
Meloidogyne hapla (Liu et al., 2004). One fungal isolate 
that exhibited high nematicidal activity in these 
experiments was identified as Gymnoascus reesii Baran. 
Nematicidal potential of G. reesii Baran has remained 
unexplored except for few reports, which suggest that the 
culture filtrate of G. reesii displayed significant activity 
against the nematode Haemonchus contortus. However, 
there are no reports of nematicidal activity against 
Meloidogyne spp. in G. reesii.  

The objective of this study was to evaluate the toxic 
activity of culture filtrate of our isolate of G. reesii against 
M. incognita eggs and second-stage juveniles (J2) in 
vitro. 
 
 

MATERIALS AND METHODS 
 
Fungal culture filtrates  
 
The fungus was isolated using a soil dilution plate method directly 
from soil collected from the suburb of Beijing city, China and the 
isolate was identified to species as G. reesii Baran. A culture is 
maintained in the Institute of Microbiology, Chinese Academy of 
Sciences, China as isolate Za-130 (CGMCC No.2632). One-week-
old G. reesii cultures on CMA plates (60 × 15 mm) were 
homogenized into Czapek-Dox broth medium (1 CMA plate/500 ml 
flask containing 125 ml Czapek-Dox broth) and incubated at 28°C 
on a shaker (180 rpm) for 5 days. After incubation, the culture broth 
was centrifuged at 13,700 g for 20 min, and the supernatant was 
sequentially passed through syringe filters designed for viscous 
samples containing particulates (GD/X series 1.0 μm GF/B and 
0.45 μm GMF filters, Whatman, Clifton, NJ) and then sterile-filtered 
(GD/X sterile 0.2 μm PES filter, Whatman). The filtrates were used 
at concentrations of 1× solution (the original filtrate preparation) and 
diluted to -5× (1 part filtrate to 4 parts water), -10× (1 part filtrate to 
9 parts water) by sterile water and condensed to +5× solution (a 
solution 5 times as concentrated as the 1x solution and +10× (a 
solution 10 times as concentrated as the 1 × solution) in vacuum at 
40°C using a rotary evaporator. 
 
 
Eggs and J2 
 
Meloidogyne incognita was cultured in the greenhouse on tomato 
plants (New L-402, nematode susceptible) inoculated with a single 
nematode egg mass (Khan et al., 2005). After 55 days, egg masses 
were handpicked from galls of tomato roots and surface sterilized in 
0.5% sodium hypochlorite for 3 min and washed with sterile water 3 
times. J2 were hatched from the egg masses, collected daily and 
stored at 4°C. Eggs were extracted by the NaOCl technique 
(Coolen and D’ Herde, 1972). Eggs were poured on a 75 μm-pore 
sieve and collected on 5 μm-pore sieve. The extracted eggs were 
gently washed with tap water to remove sodium hypochlorite (Oka 
and Yermiyahu, 2002; Nico et al., 2004).  
 
 
Effect on egg mass hatch 

 
Two sterilized healthy egg masses of nearly uniform size were 
transferred to a 6 cm-diameter autoclaved Petri dishes containing 3 
ml  filtrate  of  different  dilutions.  Egg  masses  placed  in  sterilized  

 
 
 
 
distilled water and 10 μl/ml Avermectins (1.8% avermectins 
emulsifiable manufactured by Hebei Veyong Bio-chemical Co. LTD, 
China) and 10 μg/ml Cadusafos (10% cadusafos granular 
manufactured by FMC Corporation, USA) served as three controls; 
three replicates of each treatment and control were included. Plate 
lids were sealed with parafilm and the plates were kept at 25°C. 
After 7 days hatched J2 were counted with the use of an inverted 
microscope and percentages of cumulative hatch and relative 
suppression of hatch rate were calculated. 
 
 
Effect on individual egg hatch 
 
One milliliter of egg suspension (containing about 250 eggs/ml) was 
combined with 2 ml of filtrate of different concentraions in 6 cm-
diameter autoclaved Petri dishes. Eggs in sterilized distilled water 
and 10 μl/ml Avermectins and 10 μg/ml Cadusafos served as three 
controls. Treatments and controls were 3 replicates. Plate lids were 
sealed with Parafilm and the plates were kept at 25°C. After 7 days 
hatched J2 were counted with the use of an inverted microscope 
and percentages of cumulative hatch and relative suppression 
hatch rate were calculated. 
 
 
Effect on J2 
 
To determine the effects of culture filtrates on J2 of M. incognita 1 
ml filtrates of different concentrations were transferred to wells of 
24-well tissue culture plates to which about 100 J2 was added. 
Sterilized distilled water and 10 μl/ml Avermectins and 10 μg/ml 
Cadusafos again served as three controls. Three replicates were 
used per treatment. After 24 h at 25°C, the dead J2 were counted 
under an inverted microscope and the corrected mortality was 
calculated. Nematode mortality was confirmed after lack of 
movement to distilled water and observation after an additional 72 h 
(San Martin and Magnunacelaya, 2005). Mortality data was 
corrected for corrected mortality mortality following Abbot (1925). 
The experiment was repeated, and the results of the repeated trial 
were combined for analysis. 
 
 
Extraction, isolation and identification of secondary 
metabolites of G. reesii 
 
After incubation, the cultures were centrifuged, and the broth was 
filtered through a glass-filter funnel. The broth filtrate was extracted 
by mixing for 2 h with Amberlite XAD-16 resin equilibrated in H2O (1 
volume gel-6 volumes broth). In latter study, bioassay-guide was 
used throughout the isolation process. The resin was removed from 
the broth, washed with 3 bed volumes H2O, and eluted with 3 bed 
volumes methanol (MeOH).  

The MeOH eluate was evaporated under vacuum, and the 
residue was partitioned in 30% MeOH in H2O and chloroform 
(CHCl3).The chloroform fraction was evaporated to dryness and 
fractionated by Silica gel CC using chloroform-MeOH gradient 
elution to yield fraction A1-A5 according to thin layer 
chromatography (TLC) analysis. The active fraction A2, obtained on 
elution with chloroform/ MeOH 90%, was further purified by 
recycling preparative high-performance liquid chromatography 
(HPLC) (Japan Analytical Industry Co., Ltd) eluted with MeOH/ H2O 
(3:7,v/v) to furnish compound.  

The structure of compound isolated from the cultures of G. reesii 
was determined by spectroscopic analysis. Infrared (IR) spectra 
was obtained in KBr pellets with a ATR, TENSOR27 
spectrophotometer (ATR, Bruker, Karlsruhe, German). MS was 
performed on a Bruker APEX IV FTMS mass spectrometer (APEX, 
Bruker, Karlsruhe, German) spectrometers. The nuclear magnetic 
resonance   (NMR)  spectra   were   recorded   on   DRX-600   NMR  



 
 
 
 
(Bruker, Karlsruhe, Germany) with TMS as an internal standard and 
coupling constants were represented in Hertz. 
 
 
Statistical analyses 
 
The experiment was repeated. A completely randomized design 
was used. Stat.10 for Windows (SPSS Inc. 2000: SPSS Base 10.1 
User’s Guide: SPSS Inc., Chicago, Illinois, USA) was used for 
statistical analysis. Duncan’s New multiple range test was 
employed to test for significant difference between treatments at P 
= 0.05 and means were compared with the Least Significant 
Differences (LSD) test (P =0.05). 
 
 
RESULTS 
 
Effect on egg mass hatch 
 
The hatchability test (Table 1) indicated that culture 
filtrates of G. reesii strongly suppressed hatching of M. 
incognita egg masses. The percentage reduction ranged 
from 22.19 to 99.45%. The different concentrations of the 
culture filtrate exhibited significant differences compared 
to the water control; the culture filtrates at the original, 
+5× and +10× concentrations had no significant 
difference when compared to the Cadusafos and 
Avermectins controls (Table 1). 
 
 
Effect on individual egg hatch 
 

The culture filtrate of G. reesii also strongly decreased 
individual egg hatching of M. incognita (Table 1); 
hatching was suppressed by 8.02 to 97.18%. The 
difference between all filtrate concentrations except the -
10× solution and the water control was significant; the 
relative suppression rate of the Cadusafos and 
Avemectins controls significantly differed from those of 
the filtrate treatments except at the +5× and +10× 
concentrations. 
 
 

Effect on J2 
 

All G. reesii filtrate concentrations exhibited nematicidal 
effects of various degrees on J2 of M. incognita (Table 1). 
The percentage mortality was directly proportional to the 
filtrate concentration. The corrected mortality of all 
treatments showed significance compared with the water 
control. The effect of culture filtrates at +10× concen-
tration on percentage mortality significantly differed from 
the effects of the Cadusafos and Avermectins. 
 
 

Extraction, isolation and identification of secondary 
metabolites of G. reesii 
 

Based on bioassay-guided isolation, an active compound 
was obtained from the extracts of the fungus G. reesii. 
The EIMS of compound showed a molecular ion  peak  at 
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m/z (100) 349.05248 [M+Na]

+
, and the molecular formula 

was determined to be C14H14O9 by MS and elemental 
analysis. The IR spectrum showed the absorption for 
carboxyl and hydroxyl (3360 cm

-1
), unsaturation 

hydrocarbon (3124, 3096, 3067 cm
-1

), saturation 
hydrocarbon (3956, 2910, 2868 cm

-1
), carboxyl (1743 cm

-

1
), C=C double bond (1674, 1627 cm

-1
), saturation 

hydrogen carbonide (1449, 1424, 1366 cm
-1

). The NMR 
spectral data of the compound are presented in Tables 2 
and the assignation was based in correlation 
experiments. Thus, the compound was identified as 
(3E,5E)-2,5-dihydroxy-2,7-dihydrooxepine-3-carboxylic 
anhydride.  
 
 

DISCUSSION 
 

Fungal natural products are very promising potential 
sources of new chemicals to manage plant-parasitic 
nematodes (Anke and Sterner, 1997). Culture filtrates of 
many fungi possess activity against nematodes, and the 
nematicidal action of these culture filtrates may involve 
the production of toxic metabolites by the fungi (Caroppo 
et al., 1990; Singh et al., 1991; Hallmann, 1996; Nitao et 
al., 1999; Miyako et al., 2000, 2003; Satoshi et al., 2004; 
Yoshinori et al., 2004; Dong et al., 2005, Heydari et al., 
2006; Guohong et al., 2007; Asami et al., 2007; Ting et 
al., 2008; Lin et al., 2009).  

Species of Aspergillus, Penicillium, Trichoderma, 
Fusarium, Paecilomyces and Alternaria are known to 
produce toxins and antibiotics like aflatoxin, penicillin 
virdin, fusaric acid, lilacin, and phyto-alternarin (Nafe-
Roth, 1972; Arai et al., 1973; Wheeler, 1975; Ghewande 
et al., 1984). Adverse effect of the culture filtrates of 
several fungi on hatching and mortality of root-knot 
nematodes has been reported by others also (Mankau, 
1969; Shukla and Swarup, 1971; Khan et al., 1984; Mani 
and Sethi, 1984; James et al., 1999, 2001; Meyer et al., 
2004; Man-Hong et al., 2006; Sahebani, 2008). 

In vitro results indicated that exposure to the culture 
filtrate of G. reesii reduced the ability of M. incognita eggs 
to hatch and induce mortality in J2 to a varying degree 
depending on the culture filtrate concentration. Our 
results indicated that nematicidal potential of the culture 
filtrate of G. reesii at higher concentrations than lower. 
The filtrate inhibited egg mass hatching greater than 
individual eggs; for example, the inhibition of egg masses 
and individual egg hatching of the 1× concentration were 
97.74 and 73.94%, respectively. Therefore, this concen-
tration could provide good control at the egg mass stage. 
Our results also indicated that the +5× and +10× 
concentrations showed great antagonistic activity towards 
J2 of M. incognita and that the relativity mortality rate of 
the +5× concentration (85.6%) and +10× concentration 
(98.2%) were both higher than those of the Cadusafos 
and Avermectins controls’, indicating the possible 
implication of this biocontrol fungus as a new tool for an 
management    program    for   the   root-knot   nematode.
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Table 1. Effect of culture filtrate of G. reessii at different concentrations on hatching of eggs in egg masses, individual eggs and juveniles of of 
M. incognita. 
 

Treatments 
Mortality of 
juveniles 

(%) 

Corrected 
mortality 

(%) 

The number of 
hatched juveniles 
of individual eggs 

Relative 
suppression 

rate (%) 

The number of 
hatched juveniles of 
eggs in egg masses 

Relative 
suppression 

rate (%) 

-10× 38.6fF 35.6 65.3aA 8.02 182.3bB 22.19 

-5× 60.4eE 58.5 47bB 33.80 154.7bB 33.97 

Original filtrate 74.3dD 73.1 18.7cC 73.94 5.3cC 97.74 

+5× 85.6bB 84.9 5dD 92.96 2.0cC 99.15 

+10× 98.2aA 98.1 2dD 97.18 1.3cC 99.45 

Water (ck1)  4.6gG —— 71aA —— 234.3aA —— 

Cadusafos (ck2)  82.3bcBC 81.4 3.5dD 95.07 2.3cC 99.02 

Avermectins (ck3)  77.4cdCD 76.3 3.3dD 95.35 2.7cC 98.85 

LSD(p=0.05) 7.28  3.00  33.66  
 
 
 

Table 2. The 13C, 1H and HMBC spectrometry number of compound isolated from G. 
reessii. 
 

Position δC δH HMBC 

1 59.06(s) 4.29,d,4.55,d (5.96) 

2 88.58(s) 5.88,d 4.29, 4.55, 5.96 

3 108.58(d) 5.95,s (4.29), 4.55 

4 109.78(d) 5.96,s (5.88) 

5 146.45(d)  4.29, 4.55, 5.88, 5.96 

6 152.08(d)  5.96 

7 169.64(s)  5.95 
 
 
 

Fungal antibiotics and other toxic compound present in 
metabolites might be responsible for the inhibition of egg 
hatch and J2 mortality. As G. reesii produces secondary 
metabolites such as Polyenylpyrroles and Polyenylfurans 
(Benjamin et al., 2006), aromatic butenolides (Ben et al., 
2005) and Roquefortine E (Ben et al., 2005).  

According to Benjamin et al. (2005, 2009), G. reesii 
displayed significant growth inhibitory activity against the 
bacterium Bacillus subtilis, the nematode Haemoncs 
contortus, the plant fungal pathogen Septoria nodorum, 
and a tumor cell line (murine NS-1). However, there is no 
report of nematicidal activity against the plant-parasitic 
nematode by G. reesii. 

In summary, this is the first study of the nematicidal 
activity of culture filtrate of G. reesii on M. incognita and a 
compound was also isolated according to its nematicidal 
activity. We believe G. reesii is a new biological control 
factor that may be a potentially good source of a 
microbial nematicide that can be harnessed for 
successful nematode control. 
 
 

ACKNOWLEDGEMENTS 
 

This work was partially supported by the National 
Science Foundation of China (30900940) and the Natural 
Science Foundation of Beijing (610200). 

REFERENCES 

 
Mani A, CL Sethi (1984). Effect of culture filtrate of Fusarium oxysporum 

f. sp. ciceri and Fusarium solani on hatching and juvenile mobility of 
Meloidogyne incognita. Nematropica, 14(2): 139-144.  

Abbott WS (1925). A method of computing the effectiveness of an 
insecticide. J. Econ. Entomol., 18: 265-267. 

Anke H, Sterner O (1997). Nematicidal metabolites from higher fungi. 
Curr. Org. Chem., 1:361-374. 

Arai T, Mikamy Y, Fukushima K, Utsumi T, Kazawa K (1973). A new 
antibiotic, leucostatin, derived from Pencillium lilacinum. J. Anitibiol. 
Tokyo, 26: 157–61 

Asami H, Shozo F, Manabu N (2007). Fumiquinones A and B, 
Nematicidal quinines produced by Aspergillus fumigatus. Biosci. 
Biotechnol. Biochem., 71(7): 1697-1702. 

Ben C, Robert JC, Ernest L, Shaun T, Jennifer HG, Benjamin B, 
Gerhard B (2005). Gymnoascolides A−C: romatic Butenolides from 
an Australian Isolate of the Soil scomycete Gymnoascus reessii. J. 
Nat. Prod., 68(8): 1226-1230. 

Benjamin RC, Robert JC, Ernest L, Shaun T, Jennifer HG (2006). 
Polyenylpyrroles and Polyenylfurans from an Australian Isolate of the 
Soil Ascomycete Gymnoascus reessii. Organic Lett., 8(4): 701-704.. 

Caroppo S, Perito B, Pelagatti O (1990). In vitro evaluation of 
nematicide activity by several fungi against Meloidogyne incognita 
eggs. Redia 73:451-462. 

Coolen WA, D’Herde CJ (1972). A method for the quantitative extraction
 of nematodes from p1ant tissue. Ghent, Belgium:Minist Agric Res Ad
mins State Agrics Res Centre, pp. 77.  
Dong JY, Ru  L, He HP, Zhang KQ (2005). Nematicidal  sphingolipids 
from the freshwater fungus Paraniesslia sp. YMF1.01400. Eur. J. 
Lipid Sci. Technol., 107(11): 779-785. 

Fravel D (2000). Commercial biocontrol products use against soilborne 
crop diseases.  USDA ARS  Biocontrol  of  Plant  Disease Laboratory: 

http://broker10.fcla.edu/DLData/SN/SN00995444/0014_002/00P03162.pdf


 
 
 
 
Commercial Biocontrol Product List [online] 

http://www.barc.usda.gov/psi/bpdl/bpdl/prod/bioprod.heml, updated 
19 May, 2000. 

Ghewande MP, Pandey RN, Shukla AK, Mishra DP (1984).Toxicity of 
culture filtrates of Aspergillus flavus on germination of seeds and 
seedlings growth of groundnut. Ind. Bot. Rep., 3: 107–11. 

Guohong Li, Keqin Z, Jianping X ( 2007). Nematicidal Substances from 
Fungi. Recent Patents Biotechnol., 1(2): 1-22. 

Hallmann J (1996). Toxicity of fungal endophyte secondary metabolites 
to plant parasitic nematodes and soil-borne plant pathogenic fungi. 
Eur. J. Plant Pathol., 102: 155-162. 

Heydari R, Pourjam E, Goltapeh EM (2006). Antagonistic Effect of 
Some Species of Pleurotus on the Root-knot Nematode, 
Meloidogyne javanica in vitro. Plant Pathol. J., 5(2): 173-177. 

James K, Nitao, Susan LFM, David JC (1999). In-vitro Assays of 
Meloidogyne incognita and Heterodera glycines for Detection of 
Nematode-antagonistic Fungal Compounds. J. Nematol., 31(2): 172-
183. 

James KN, Susan LFM, Walter FS (2001).
 

Nematode-antagonistic 
trichothecenes from Fusarium equiseti. J. Chem. Ecol., 27(5): 1573-
1561. 

Khan TA, Saxena SK (1997). Effect of root-dip treatment with fungal 
filtrates on root penetration, development and reproduction of 
Meloidogyne javanica on tomato, Int. J. Nematol., 7: 85–88. 

Khan TA, Azam MF, Hussain SI (1984). Effect of fungal filtrates of A. 
niger and Rhizoctonia solani on penetration and development of root-
knot nematode and plant growth of tomato var. Marglobe. Ind. J. 
Nematol., 14: 106-109. 

Khan Z, Park SD, Shin SY, Bae SG, Yeon IK, Seo YJ (2005). 
Management of Meloidogyne incognita on tomato by root-dip 
treatment in culture filtrate of the blue-green alga, Microcoleus 
vaginatus. Bioresour. Technol., 96: 1338-1341. 

Lin D, Dehai L, Tianjiao Z (2009). New alkaloids and diterpenes from a 
deep ocean sediment derived fungus Penicillium sp. Tetrahedron, 
65(5): 1033-1039.  

Liu T, Duan YX, Chen LJ (2004). Studies on the selective toxin of 
fungus metabolites to nematode. The XVth international plant 
protection congress, Beijing, China. Foreign Languages Press. p. 
420. 

Man-Hong S, Li Gao, Yan-Xia Shi (2006). Fungi and actinomycetes 
associated with Meloidogyne spp. eggs and females in China and 
their biocontrol potential. J. Invertebr. Pathol., 93(1): 22-28.  

Mankau R (1969). Nematicidal activity of Aspergitlus niger culture 
filtrates. Phytophathol., 59: 1170. 

Meadows J, Gill SS, Bone LW (1989). Factors enfluencing lethality of 
Bacillus thuringiensis kurstaki toxin for eggs and larvae of 
Trichostrongylus colubriformus (Nematoda). J. Parasitol., 75: 191-
194. 

Meyer SLF, Huettel RN, Liu XZ (2004). Activity of fungal culture filtrates 
against soybean cyst nematode and root-knot nematode egg hatch 
and juvenile motility. Nematology, 6(1): 23-32. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Liu et al.         2719 
 
 
 
Miyako K, Hiroyuki K, Jun U (2000). Nematicidal Alkaloids and Related 

Compounds Produced by the Fungus Penicillium cf. simplicissimum. 
Bioscience, Biotechnology, and Biochemistry.  64(12): 2559-2568. 

Miyako K, Kazumi N, Shozo F (2003). βγ-Dehydrocurvularin and 
Related Compounds as Nematicides of Pratylenchus penetrans from 
the Fungus Aspergillus sp. Bioscience, Biotechnology, and 
Biochemistry. 67(6): 1413-1416. 

Nafe-Roth S (1972). Production and bioassay of phytotoxins. In: 
Phytotoxins in Plant Diseases. Wood, R.S.K., A. Ballio and A.Granite 
(eds.). Academic Press, New York. 

Nico AI, Jimenez-Diaz RM, Castillo P (2004). Control of root-knot 
nematodes by composed agro-industrial wastes in potting mixtures. 
Crop Prot., 23: 581-587. 

Nitao JK, Meyer SLF, Chitwood DJ (1999). In-vitro assays of 
Meloidogyne incognita and Heterodera glycines for detection of 
nematode-antagonistic fungal compounds. J. Nematol., 31: 172-183. 

Oka Y, Yermiyahu U (2002). Suppressive effect of composts against the 
root-knot nematode Meloidogyne javanica on tomato. Nematology, 4: 
891-898. 

Oostendrop M, Sikora RA (1989). Seed treatment with antagonist 
Rhizobacteria for the suppression of Heterodera schachtii early root 
infection of sugar beet. Revue de Nematologie, 12: 77-83. 

Satoshi N, Miyako K, Shozo F (2004). Penipratynolene, a novel 
nematicide from Penicillium bilaiae Chalabuda. Biosci. Biotechnol. 
Biochem., 68(1): 257-259. 

Shukla VN, Swarup G (1971). Studies on root knot of vegetables.IV. 
Effects of Sclerotium rolfsii filtrate on Meloidogyne incognita. Indian J. 
Nematol., 1: 52-58. 

Sikora RA, Fernandez E ( 2005). Nematode parasites of vegetables. In: 
Luc, M., Sikora, R.A., Bridge, J. (Eds.), Plant-Parasitic Nematodes in 
Subtropical and Tropical Agriculture, second ed. CABI Publishing, 
Wallingford, UK, pp. 319-392. 

Singh SB, Smith JL, Sabnis GS, Dombrowski AW, Schaeffer JM, Goetz 
MA, Bills GF (1991). Structure and congormation of ophiobolin K and 
6-epiphiobolin K from Aspergillus ustus as a nematicidal agent. 
Tetrahedron, 47:6931–6938. 

Stirling GR (1991). Biological control of plant parasitic nematode:progre
ss, problems and prospects. Wallingford, Oxon, UK, CAB Internation
al, x+282. pp. 282. 

Ting L, Li W, Yu-Xi D (2008). Nematicidal activity of culture filtrate of 
Beauveria bassiana against Meloidogyne hapla. World J. Microbiol. 
Biotechnol., 24: 113-118.  

Westcott III SW, Kluepfel DA (1993). Inhibition of Criconemella xenoplax 
egg hatch by Pseudomonas aureofaciens. Phytopathology, 83: 1245-
1249. 

Wheeler H (1975). Plant Pathogens. Springer-Verlag Berlin. Heidleberg, 
New York. p. 106 

Yoshinori K, Tsukasa F, Shin-Ichiro K, Hiroshi K, Susumu K, Seiji T 
(2004). Paeciloxazine, a novel nematicidal antibiotic from 
Paecilomyces sp. J. Antibiot., 57: 24-28. 

Zuckerman BM, Esnard J (1994). Biological control of plant nematodes-

current status and hypothesis. Japanese J. Nematol., 24: 1-13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.sciencedirect.com/science/journal/00404020
http://www.ingentaconnect.com/content/brill/nemy

