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Abstract 
 

 Discovery of anticancer drugs that must kill or disable tumor cells in the presence of normal cells without undue 
toxicity is an extraordinary challenge. In the past 50 years, number of highly successful drugs based upon fungal metabolites 
was discovered. Beside producing antibiotics, fungi have a much greater potential for producing other medicinally useful 
compounds including antitumor agents and immunoregulators.  Toxicity of plant or microbial material is considered as the 
presence of antitumor compounds. In this study culture filtrates of 51 fungal isolates, belonging to 15 genera viz., Alternaria, 
Aspergillus, Cephalosporium, Chaetomium, Cladosporium, Drechslera, Fusarium, Macrophomina, Memnoniella, 
Myrothecium, Paecilomyces, Penicillium, Rhizoctonia, Trichoderma and Verticillium (Pochonia)  isolated   from rhizosphere 
and rhizoplane of cultivated and wild plants  showed significant toxicity on brine shrimp (LC50 3.3-116 μl/ml). Aspergillus 
niger (LC50 3.7μl/ml), Penicillium citrinum (LC50 3.7μl/ml), P. purpurescens (LC50 3.3μl/ml) P. rugulosum (LC50 6.3 μl/ml) 
and Penicillium sp., (LC50 4.3 μl/ml) showing highest mortality of brine shrimp.  Fungi associated with rhizosphere and 
rhizoplane of wild and cultivated plants offer a unexhousted source of antitumour agent. 

 
Introduction 
 

Rhizosphere is the soil   surrounding the rhizoplane (root 
surface) and the term was firstly introduced by Hiltner in 1904 
(Brimecombe et al., 2001; Lynch, 1990). The loss of organic  
materials from roots  provide the  driving force  for the 
development of active  microbial populations around the root 
(Whipps, 2001, Morgan & Whipps, 2001) support  higher  
microbial  biomass and  microbial activity than in the bulk soil 
(Nannipieri  et al., 2007). Another area recognized as intense 
microbial activity is rhizoplane, the root surface, which also 
include strongly adhering soil particles (Barea et al., 2005). 
Antagonistic activities of numerous microbial populations in 
the rhizosphere influence plant growth and health (Berg et al., 
2005; Weller, 1988; Weller et al., 2002). Among the 
rhizosphere microorganisms, fungi play an important role in 
the rhizosphere, they mediate many ecological processes and 
are responsible for plant growth and health (Hawksworth & 
Rossmann, 1997). Competition between the saprophytic fungi 
with soilborne plant pathogens for space or nutrients has been 
known to exist as biocontrol mechanisms (Whipps, 1997, 
2001). Production of antibiotics, toxins, biosurfactants and cell 
wall degrading enzymes are the weapons used by the fungi 
against competitors in the rhizosphere and rhizoplane (Whipps, 
2001; Berg et al., 2005).   

Toxicity of plant or microbial material is considered 
as the presence of antitumor compounds. Brine shrimp 
bioassay has successfully been used as prescreening of 
bioactive compounds having antitumor activity 
(McLaughlin et al., 1993). This test has been established 
as a safe, practical and economic method for the 
determination of the bioactivity of synthetic compound 
(Almeida et al., 2002), mycotoxins of fungal pathogens 
(Schmidt et al., 1995; Favilla et al., 2006), marine 
products (Ara et al., 1999, Manilal et al., 2009; Ayesha et 
al., 2010) as well as higher plant products (Stefanello et 
al., 2006; Nino et al., 2006). National Cancer Institute 
(NCI, USA) has found a significant correlation between 
the brine shrimp assay and in vitro growth inhibition of 
human solid tumor cell lines (Silva et al., 2007). 

Considering the importance of fungal metabolites as an 
inexhaustible source of new antimicrobial, antiviral and 
antitumor agents, the present study was undertaken to 
evaluate the cytotoxic activity of culture filtrates of fungi 
isolated from rhizoplane and rhizosphere of some wild 
and cultivated plant species, using brine shrimp bioassay.  
 
Materials and Methods 
 
Fungal cultures: For the isolation of fungi from 
rhizosphere and rhizoplane, plant samples were collected 
from different locations like Darsano Chano, Gharo, 
Karachi University Campus, Kathor, Memon Goth, and 
Thatta from Sindh and Hub from Baluchistan. Healthy 
cultivated plants and some wild plants were dug out 
carefully and root samples with adhering soil were 
collected in polyethylene bags, brought to laboratory and 
stored in refrigerator. Isolation of fungi were made within 
24 hours of collection. 
 
Isolation of fungi from rhizosphere: For the isolation of 
fungi from rhizosphere, Volume Displacement Technique 
as suggested by Reyes & Mitchell (1962) was used, where 
root pieces with adhering soil were placed in graduated 
cylinder containing 18 ml of sterilized distilled water and 
was shaken vigorously. The remaining roots were added 
and shaken until the total volume of soil and water 
become 20 ml and assumed it as 1:10 dilution. The 
amount of rhizosphere soil sample was thus determined 
by volume displacement. A dilution of soil (v/v) was 
prepared from 1:10 to 1:10,000. One ml aliquot of the two 
highest soil dilutions were poured in sterilized Petri dishes 
containing Potato Dextrose Agar supplemented with 
penicillin (100,000 units/litres), streptomycin (0.2 g/litres) 
to prevent bacterial growth. Plates were incubated for 5 
days at 28oC. Fungi grown on plates were identified after 
reference to Barnett & Hunter (1998); Booth (1971); 
Domsch  et al., (1980); Dugan (2006), Ellis (1971); 
Gilman (1957); Nelson et al., (1983); Raper & Fennel 
(1965); Raper & Thom (1949) and Thom & Raper (1945). 
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Isolation of fungi from rhizoplane: Roots were washed in 
running tap water and 1 cm long root pieces from tap and 
lateral roots were cut and then washed in sterilized distilled 
water. Root pieces were transferred on PDA plates 
containing penicillin (100,000 units/litre) and streptomycin 
(0.2 g/litre). Dishes were incubated for 5 days at 28oC. 
Grown fungi were identified as mentioned above. 
 
Preparation of culture filtrates of fungi: Test fungi 
were grown in conical flasks (500 ml) containing 200 ml 
Czapek’s Dox Broth, plugged with cotton wool and 
autoclaved at 121°C for 20 minutes. After cooling the 
medium, each flask was inoculated with 5 mm disc, cut 
from the margin of vigorously growing culture of test 
fungi. Each test fungus had 5 flasks. These flasks were 
incubated for 15 days at room temperature (25-30°C). 
After 15 days, test fungi were filtered through Whattman 
No.1 filter paper. The culture filtrates were separated 
whereas mycelium were dried under Laminar flow hood 
and weighed. 
 
In vitro cytotoxicity of culture filtrates on brine shrimp 
(Artemia salina): Brine shrimp lethality test for larvae 
nauplii was used to determine the toxicity of culture 
filtrates (Mclaughlin et al., 1993). Brine shrimp eggs 
(Carolina Biological Supply Company Burlington, NC. 
USA) were hatched in shallow rectangular container 
(60x30 cm) filled one fourth with artificial seawater 
(prepared with commercial sea salt and distilled water). A 
plastic divider hole was placed in the container to make 
two unequal compartments. The eggs were sprinkled into 
the large compartment, which was darkened, while the 
smaller compartment was illuminated. After 48 hours, the 
phototropic nauplii were collected from the lighted side.  

The brine shrimp bioassay was performed according 
to the procedure described by McLaughlin et al., (1993). 
Culture filtrate was used undiluted and diluted to 1:10 by 
transferring 1 ml culture filtrate with sterile pipette into 9 
ml artificial seawater. Further dilution (v/v) of culture 
filtrate was prepared from 1:10 to 1:1000. Five ml of each 
dilution (freshly prepared) was transferred into glass vials. 
Three replicates were used for each dose level. Ten 
shrimps were transferred to each glass vial containing 5 
ml undiluted and diluted culture filtrates. Control glass 
vial was prepared using 5 ml artificial seawater. A drop of 
yeast suspension (3mg/5ml) was added as food 
supplement. The vials were maintained under 
illumination. Survivors were counted with the aid of a 
stereomicroscope after 24 hours and the percent death at 
each dose level and control was determined. LC50 was 
determined from the 24 hours count using the probit 
analysis method (Finney, 1971).        
 
Results 
 

Most of the test fungi showed significant cytotoxic 
effect on brine shrimp by killing them at varying degrees 
(Table 1). Of the species of Chaetomium tested, C. 
globosum (S-1, S-2 & S-4) showed significant mortalities 
(LC50 < 19.5-30.6 μl/ml), while C. indicum showed 
mortality only in its undiluted filtrate @ 90% with LC50 < 
131μl /ml. Alternaria alternata showed 36, 50 and 100% 
death of brime shrimp @ 10, 100, and 1000 μl/ml 
dilutions respectively with LC50 < 30 μl/ml whereas 
species of Cephalosporium, Cladosporium, Curvularia, 
Rhizoctonia, Stachybotrys and Talaromyces showed LC50 

< 13-74 μl/ml. On the other hand, LC50 < 100 μl/ml was 
observed by Macrophomina phaseolina, Memnoniella 
echinata and Scopulariopsis brumptii towards brine 
shrimp (Table 1). 
 

Of the Aspergilli tested, maximum activity was 
shown by A. niger (LC50< 3.7 μl/ml), followed by A. 
fumigatus, A. flavus, A. ustus, A. sulphureus, and A. 
nidulans (LC50< 20-88 μl/ml). Significant cytotoxicity 
was also shown by species of Drechslera in their 
undiluted and diluted culture filtrates. All the three species 
of Drechslera tested demonstrated LC50 <15-30.6 μl/ml. 
Maximum mortality was observed by Myrothecium 
cinctum (LC50 <75 μl/ml) as compared to M. roridum 
(LC50 <116 μl/ml). Variable cytotoxic activity was shown 
by three strains of Paecilomyces lilacinus (LC50 <40-74 
μl/ml). Among the Fusarium species, F. oxysporum 
showed greater cytotoxic activity (LC50 <25.2 μl/ml) 
followed by F. solani (S-1) (LC50 <37.8 μl/ml) (Table 1). 

Of the genus Penicillium tested, highly significant 
cytotoxic activity was observed by P. citrinum, P. 
purpurescens, P. rugulosum and Penicillium sp., (LC50 < 
5.4, 3.3, 6.3, and 4.3 μl/ml respectively), while other 
Penicillium species viz., P. aspermum, P. brefeldianum and 
P. purpurogenum demonstrated LC50 < 42-86 μl/ml. 
Among the species of Trichoderma tested, T. harzianum 
and T. viride (S-1) showed maximum mortalities of brine 
shrimp (LC50 <21-29 μl/ml). Verticillium chlamydosporium 
(Pochonia chlamydosporia) also showed cytotoxic effect 
on brine shrimp (LC50 <100 μl /ml) (Table 1).  
 
Discussion 

 
Discovery of anticancer drugs that must kill or disable 

tumor cells in the presence of normal cells without undue 
toxicity is an extraordinary challenge (Hameed et al., 
2009). In this study fungi isolated from rhizosphere and 
rhizoplane of different cultivated and wild plants have 
shown significant cytotoxic activity on brine shrimp. 
Natural products especially of higher plants and microbial 
origins have served as rich source of novel drugs. In the 
past 50 years, number of highly successful drugs based 
upon fungal metabolites was discovered. Beside producing 
antibiotics fungi have a much greater potential for 
producing other medicinally useful compounds including 
ergots alkaloids, steroid derivatives, antitumor agents and 
immunoregulators (Wainwright, 1992). In this study some 
species of Penicillium have shown significant activity by 
causing death of brine shrimp at very low concentration. 
There is report that the antitumor antibiotic GKK1032 
(GKK1032A1, A2, A3 and B) are manufactured with 
Penicillium species (Koizumi et al., 2001). Similarly, a 
novel antitumor antibiotic, methylenolactocin isolated from 
culture filtrate of Penicillium sp., was also found active 
against Gram-positive bacteria (Park et al., 1988). In this 
study besides, Penicillium spp., Aspergillus niger also 
showed significant activity at low concentration. Many 
antimicrobial and antitumor quionones have been reported 
from Aspergillus species (Remers, 1979; Thomson, 1971). 
In this study Myrothecium  cinctum  and M. roridum also 
caused brine shrimp  death (LC50 75.2 and 116 μl/ml 
respectively). Two new roridins, having cytotoxic activity 
against HCT-116 human colon tumor cell line, have been 
reported from Myrothecium sp., (Wagenaar & Clardy, 
2001). Fusarium solani produced fusarubin showed to have 
antitumor activity (Issaq et al., 1977).  In this study 



CYTOTOXIC POTENTIAL OF RHIZOSPHERE AND RHIZOPLANE FUNGI  3027

Fusarium oxysporum and F.solani also showed potent 
cytotoxic effect on brine shrimp. Hameed et al., (2009) has 
been reported the cytotoxicity of strains of seedborne 
Fusarium solani.  

The microbial interactions in the rhizosphere are 
mostly viewed from the perspective of how beneficial 
microorganisms inhibit the growth or activity of pathogenic 
microorganisms (Raaijmakers et al., 2009).  Some of the 
species present in rhizosphere or rhizoplane exhibit a range 

of antagonistic activities including production of 
nematotoxic compounds (Kerry, 2000; Lopez- Llorca & 
Jansson, 2006; Berg et al., 2005). However, investigation 
on the rhizosphere and rhizoplane fungi as a source of 
antitumor agent is generally neglected. The warfare 
between the fungi and pathogenic microorganisms in 
rhizosphere and on rhizoplane for occupancy of space and 
nutrients is unexhausted source of valuable metabolites for 
agricultural and pharmaceutical uses. 

  
Table 1. Percent death of Artemia salina at different concentrations of culture filtrates of fungi, isolated from rhizosphere and 

rhizoplane of some wild and cultivated plant species. 
S. No.    Isolated fungi          Host Region Locality (10µl) (100µl) (1000µl) LC50 

1. Alternaria alternata Luffa aegyptiaca Rhizosphere Malir 36 50 100 <30.0 
2. Aspergillus candidus Leucaena leucocephala " Hub 0 16 100 <116 
3. A. flavus (S-3) Cynodon dactylon " " 46.6 63.3 86 <19.5 
4. A. fumigatus Phaseolus vulgaris " Gharo 10 50 80 <18.1 
5. A. glaucus Citrullus lanatus " Hub 10 10 100 <100 
6. A. nidulans (S-1) Solanum melongena " " 0 50 100 <88.2 
7. A. niger (S-1) Cyperus rotundus " " 73 100 100 <3.7 
8. A. ochraceus Solanum surranttence " " 0 0 100 <116 
9. A. restrictus S. melongena " Malir 0 0 100 <116 

10. A. sulphureus (S-1) Lagenaria siceraria " Hub 0 60 100 <72.4 
11. A. sulphureus (S-2) Gossypium arboreum " KU 0 50 100 <73.9 
12. A. terreus L. aegyptiaca " Malir 0 0 100 <116 
13. A. ustus S. surranttence " " 30 36 100 <31.8 
14. Cephalosporium sp. L. siceraria Rhizoplane " 50 56 100 <20.7 
15. C.haetomium globosum (S-1) Vigna radiata Rhizoplane KU 43 53 100 <30.6 
16. C. globosum (S-2) Chenopodium album " Gharo 50 53 100 <20.0 
17. C. globosum (S-3) Cyamopsis tetragonoloba Rhizoplane Kathor 0 3.3 100 <116 
18. C. globosum (S-4) Melilotus alba Rhizosphere Malir 45 62 85 <19.5 
19. C. indicum Solanum surranttense " Hub 0 0 90 <131 
20. Cladosporium sp. Digera muricata Rhizoplane KU 46 50 100 <13.2 
21. Curvularia clavata Cenchrno setigerus Rhizosphere Hub 13 46 100 <73.2 
22. Drechslera australiensis (S-1) Citrullus lanatus Rhizoplane " 40 56 100 <30.6 
23. D. australiensis (S-2) Launea nudicaulis Rhizosphere KU 50 70 100 <15.0 
24. D. hawaiiensis Medicago sativa Rhizoplane Malir 53 76 100 <23.5 
25. Fusarium oxysporum Arachis hypogaea " KU 43 43 100 <25.2 
26. F. solani (S-1) Luffa aegyptiaca " " 10 10 100 <100 
27. F. solani (S-2) A. hypogaea " " 26 56 100 <37.8 
28. Macrophomina phaseolina Abutilon indicum Rhizosphere Malir 10 10 100 <100 
29. Memnoniella echinata Sorghum bicolor Rhizosphere Kathor 0 26 100 <86.5 
30. Myrothecium cinctum Citrullus lanatus " Hub 40 50 100 <75.2 
31. M. roridum Vigna mungo Rhizoplane KU 0 0 100 <116 
32. Paecilomyces lilacinus (S-1) C. lanatus Rhizosphere Hub 3.3 50 100 <73.9 
33. P. lilacinus (S-2) Cynodon  dactylon " " 0 70 100 <47.7 
34. P. lilacinus (S-4) Luffa aegyptiaca " Malir 16 46 100 <39.9 
35. Penicillium asperum Daucus carota " KU 23 43 100 <41.5 
36. P. brefeldianum C. dactylon " Malir 3.3 6.6 100 <85.8 
37. P. citrinum Cyamopsis tetragonoloba " Kathor 96 100 100 <5.4 
38. P. luteum Gossypium arboreum  " KU 0 40 100 <100 
39. P. purpurrescens Raphanus sativus " Malir 26 100 100 <3.3 
40. P. purpurogenum Vigna mungo " KU 0.06 26 100 <85.8 
41. P. raistrickii Pennisetum americanum " Malir 0 20 100 <116 
42. P. rugulosum P. americanum " KU 63 80 100 <6.3 
43. Penicillium sp. Cyperus rotundus Rhizosphere Hub 100 100 100 <4.3 
44. Rhizoctonia solani Convolvulus arvensis Rhizoplane Gharo 40 70 100 <20.4 
45. Scopulariopsis brumptti C. lanatus Rhizosphere Hub 0.06 36 100 <100 
46. T. harzianum Glycine max " KU 53 56 100 <20.7 
47. T. koningii Phaseolus vulgaris " Kathor 0 43 100 <100 
49. T. viride (S-1) Gossypium arboreum " KU 36 60 100 <28.3 
50. T. viride (S-2) Cyperus rotundus " Hub 40 40 100 <100 
51. Verticillium chlamydosporium S. melongena Rhizoplane KU 3.3 13.3 100 <100 

KU = Karachi University 
 



SHAMIM A. QURESHI ET AL.,  

 

3028 

References 
 

Almeida, P.A., T.M.S. Silva and A. Echevarria. 2002. Mesoionic 
5-alkyl-1,3-dithiolium-4-thiolates: Synthesis and brine 
shrimp toxicity. Heterocycle Comm., 8: 593-600.  

Ara, J., V. Sultana, S. Ehteshamul-Haque, R. Qasim and V.U. 
Ahmad. 1999. Cytotoxic activity of marine macro-algae on 
Artemia salina (Brine shrimp). Phytother. Res., 13: 304-307. 

Ayesha, Hira, V. Sultana, J. Ara and S. Ehteshamul-Haque. 
2010. In vitro cytotoxicity of seaweeds from Karachi coast 
on brine shrimp. Pak. J. Bot., 42:  3555-3560 

Barea, J.M., M.J. Pozo, R. Azcon and C. Azcon-Aguilar. 2005. 
Microbial co-operation in the rhizosphere. J. Expt. Bot., 56: 
1761-1778. 

Barnett, H.L. and B.B. Hunter. 1998. Illustrated Genera of 
Imperfect Fungi. 4th ed. APS Press. St. Paul.  Minnesota, 
pp. 218. 

Berg, G., C. Zachow, J. Lottmann, M. Gotz, R. Costa and K. 
Smalla. 2005.  Impact of plant species and site on 
rhizosphere associated fungi antagonistic to Verticillium 
dahlia Kleb. Appl. Environ. Microbiol., 71: 4203-4213. 

Booth, C. 1971. The Genus Fusarium. Common Wealth Mycol. 
Inst., Kew, Surrey, England, pp. 237. 

Brimecombe, M.J., F.A. De Lelj and J.M. Lynch. 2001. The 
Rhizosphere. The effect of root exudates on rhizosphere 
microbial populations, pp. 95-140. In: The Rhizosphere; 
Biochemistry and Organic Substances at the Soil-Plant 
Interface. (Eds.): R. Pinton, Z. Varanini and P. Nannipieri. 
Marcel Dekker. New York. 

Domsch, K.H., W. Gams and T. Anderson. 1980. Compendium 
of Soil Fungi. Academic Press, London, pp. 858. 

Dugan, F.M. 2006.  The Identification of Fungi: An Illustrated 
Introduction with key, Glossary and Guide to Literature. 
The American Phytopathological Socirty, St. Paul. 
Minnesota, pp. 184.  

Ellis, M.B. 1971. Dematiaceous Hphomycetes. CMI. Kew, 
Surrey, England, pp. 608. 

Favilla, M., L. Macchia, A. Gallo and C. Altomare. 2006. 
Toxicity assessment of metabolites of fungal biocontrol 
agents using two different (Artemia salina and Daphnia 
magna) invertebrate bioassays. Food Chem. Toxicol., 44: 
1922-1931. 

Finney, D.J. 1971. Probit Analysis. 3rd ed., Cambridge 
University press, Cambridge, London. 

Gilman, J.C. 1957. Manual of Soil Fungi. The Iowa State Univ. 
Press. Ames, Iowa, USA, pp. 450. 

Hameed, S., V. Sultana, J. Ara, S. Ehteshamul-Haque and M. 
Athar. 2009. Toxicity of Fusarium solani strains on Brine 
shrimp (Artemia salina). Zool. Res., 30: 468-472.  

Hawksworth, D.L. and A.Y.  Rossmann. 1997. A study on 
microbial diversity in different cultivars of Brassica napus 
in relation to its wilt pathogen, Verticillium longisporum 
FEMS Micriobiol. Lett., 29: 269-276. 

Issaq, H.J., E.W. Barr, T. Wer, C. Meyers and A. Aszalos. 1977. 
Thin layer chromatographic classification of antibiotics 
exhibiting antitumor properties. J. Chromatogr., 133: 291-301. 

Kerry, B.R. 2000. Rhizopshere interactions and exploitation of 
microbial agents for the biological control of plant parasitic 
nematodes.  Annu. Rev. Phytopathol., 38: 423-441. 

Koizumi, F., K. Hasegawa, K. Ando, T. Ogawa and A. Hara. 
2001. Antibiotic antitumor GKK1032 manufacture with 
Penicillium. Jpn. Kokai Tokyo JP, 2001 247, 574 (Cl. 
CO7D491/08). 

Lopez-Llorca, L.V. and H.B. Jansson. 2006. Fungal parasites of 
invertebrates: Multimodal biocontrol agents. pp. 310-355. 
In: Exploitation of Fungi, (Eds.): G.D. Robson, P. van West 
and G.M. Gadd. Cambridge University Press, Cambridge. 

Lynch, J.M. 1990. The Rhizosphere.  John Wiley & Sons. pp. 458. 
Manilal, A., S. Sujith, G.S. Kiran, J. Selvin and C. Shikar. 2009. 

Cytotoxic potentials of red alga, Laurencia brandenii collected 
from the Indian Coast. Global J. Pharmacol., 3: 90-94. 

McLaughlin, J.L., C. Chang and D.L. Smith. 1993. Simple 
bench-top bioassays (brine-shrimp and potato discs) for the 
discovery of plant antitumour compounds, pp. 112-137. In: 
(Eds.): A.D. Kinghorn & M.E. Balandrin. Human 
Medicinal Agents from Plants, Washington DC: American 
Chemical Society, pp. 112-137. 

Morgan, J.A.W. and J.M. Whipps. 2001. Methodological 
approaches to the study of rhizosphere carbon flow and 
microbial population dynamics, pp. 373-409. In: The 
Rhizosphere; Biochemistry and Organic Substances at the 
Soil-Plant Interface. (Eds.): R. Pinton, Z. Varanini and P. 
Nannipieri. Marcel Dekker. New York. 

Nannipieri, P., J. Ascher, M.T. Ceccherini, L. Landi, G. 
Pietramellara, G. Renella and F. Valori. 2007. Microbial 
diversity and microbial activity in the rhizosphere. Suelo 
(Argentina), 25: 89-97. 

Nelson, P.E., T.A. Toussoun and W.F.O. Marasas. 1983. 
Fusarium sp., An Illustrated Manual for Identification. The 
Pennsylvania State University Press, pp. 203. 

Nino, J., D.M. Narvaez, O.M. Mosquera and Y.M. Correa. 2006. 
Antibacterial, antifungal and cytotoxic activities of eight 
Asteraceae and two Rubiaceae plants from Colombian 
biodiversity. Brazil J. Microbiol., 37: 566-570. 

Park, B.K., M. Nakagawa, A. Hirota and M. Nakagama. 1988. 
Methylenolactocin, a novel antitumor antibiotic from 
Penicillium sp. J. Antibiot., 41: 751-758. 

Raaijmakers, J.M. T.C. Paulitz, C. Steinberg, C. Alabouvette 
and Y.Moenne-Loccoz. 2009. The rhizosphere: A 
playground and battlefield for soilborne pathogens and 
beneficial microorganisms.  Plant Soil, 321: 341-361.  

Raper, K.B. and C. Thom. 1949. A Manual of the Penicillia. The 
Williams & Wilkins Company, Baltimore, pp. 875. 

Raper, K.B. and D.I. Fennel. 1965. The genus Aspergillus. 
Williams & Wilkins Co., Baltimore, Pp. 686.  

Remers, W.A. 1979. The Chemistry of Antitumour Antibiotics. 
John Wiley & Sons, pp. 153.    

Reyes, A.A. and J.E. Mitchell. 1962. Growth response of several 
isolates of Fusarium in rhizosphere of host and non-host 
plants. Phytopathol., 52: 1196-1200. 

Schmidt, R., P. Zajkowski and J. Wink. 1995. Toxicity of 
Fusarium sambucinum Fuckel sensu lato to brine shrimp. 
Mycopathologia, 129: 173-175. 

Silva, T.M.S., R.J.B. Nascimento, M.M. Batista, M.F. Agra and 
C.A. Camara. 2007. Brine shrimp bioassay of some species 
of Solanum from Northestern Brazil. Brazil J. Pharmacol., 
17: 35-38. 

Stefanello, M.E.A., M.J. Salvador, I.Y. Ito and P.A.T. Macari. 
2006. Avaliacao da atividade antimicrobiana e citotoxica de 
extratos de Gochnatia polymorpha ssp. Floccose. Brazil 
Pharmacol., 16: 525-530.  

Thom, C. and K.B. Raper. 1945. A Manual of the Aspergilli. 
William & Wilkins Co., Baltimore, USA, pp. 373. 

Thomson, R.H. 1971. Naturally Occurring Quinones. Academic 
Press, London, pp. 221. 

Wagenaar, M.M. and J. Clardy. 2001. Tow new rosidins isolated 
from Myrothecium sp. J. Antibiot., 54: 517-20. 

Wainwright, M. 1992. An Introduction to Fungal Biotechnology, 
John Wiley & Sons, pp. 202. 

Weller, D.M. 1988. Biological control of soilborne plant 
pathogens in the rhizosphere with bacteria.  Ann. Rev. 
Phytopathol., 26: 379-407. 

Weller, D.M., J.M. Raaijimakers, B.B.M. Gardener and L.S. 
Thomashow. 2002. Microbial population responsible for 
specific soil suppressiveness to plant pathogens. Annu. Rev. 
Phytopathol., 40: 309-348. 

Whipps, J.M. 2001. Microbial interactions and biocontrol in the 
rhizosphere. J. Expt. Bot. 52: 487-511. 

Whipps. J.M. 1997.  Interactions between fungi and plant 
pathogens in soil and rhizosphere, pp. 47-63. In: 
Multitrophic Interactions in Terrestrial Systems. (Eds.): 
A.C. Gange and V.K. Brown. Blackwell Science, Oxford.   

 

(Received for publication 15 July 2010)  


