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Abstract 
Actinomycetes are diverse taxon with diverse abilities in prokaryotes. They are of the most attractive sources of 
antibiotics and other biologically active substances of high commercial value. Their metabolic diversity is due to their 
extremely large genome which has hundreds of transcription factors that control gene expression and allows them to 
respond to specific needs. In modern era of Iran biotechnology, they have not received enough attention in genetic 
engineering, biotechnology and genetic studies. Preliminary steps in our research goals included accumulation of 
information about isolation and identification of active strains that express valuable characteristics. At the present 
research vast isolates were obtained from agricultural soils of Kerman province and screened for antifungal properties 
against five important phytopathogens. From 170 tested isolates, four showed strong antagonistic activity against: 
(Rhizoctonia solani), (Fusarium oxysporum f. sp. melonis), (Phytophthora drechsleri), (Pythium aphanidermatum) 
and (Geotrichum candidum). Active strains were identified as: (Streptomyces sindenesis strain 34), (S. plicatus strain 
101), (S. olivaceous strain 115) and (Frankia sp. strain 103). The active metabolites had polar nature. Minimum 
inhibitory concentration was 5 mg/ml in crude extracts of all active strains. Greenhouse studies demonstrated their in 
vivo performance and desirability. Our ongoing goals include preparation of biofertilizers, biofungicides, isolation of 
the active metabolites and use in development of recombinant DNAs in plants bearing elevated resistance to 
phytopathogens. 
Keywords: Biofertilizers, Biofungicides, Rhizoctonia solani, Fusarium oxysporum f. sp. melonis, Phytophthora 
drechsleri, Pythium aphanidermatum, Geotrichum candidum, Streptomyces plicatus, Streptomyces olivaceous, 
Streptomyces sindenesis, Frankia sp.     
 
Introduction 
In modern management of plant diseases, there is an urgent need for novel plant disease 
management different from the currently used fungicides regarding mode of action and strategy 
of use. The most important reason for these goals includes problems of deleterious effects on 
the environment and fungicidal resistance resulting from high application rates of many 
synthetic fungicides (Cohen et al., 1986; Fruh et al., 1996 and Knight et al., 1997). 
Actinomycetes having in common DNA with an unusually high Guanine and Cytosine content 
in excess of 55 mol%. They are used in development of bacterial mutants, permeable to high 
molecular weight agents which in conjunction with a series of DNA repair mutants, were used 
to select natural products of different activity profiles (Nolan and Cross, 1988). Actinomycetes 
have been widely used in genetic studies in the recent decade. To demonstrate role for 
antibiotics in biocontrol, mutants lacking production of antibiotics or over-producing mutants 
have been used (Bonsall et al., 1997; Chin-A-Woeng et al., 1998; Nowak-Thompson et al., 
1999; Vetrivel and Dharmalingam, 2000). Use of reporter genes or probes to demonstrate their 
role in production of antibiotics in the rhizosphere is becoming more commonplace (Kraus and 
Loper, 1995; Raaijmakers et al., 1997 and Chin-A-Woeng et al., 1998). Biocontrol of soil-borne 
fungal or bacterial pathogens will be of increasing importance for a more sustainable agriculture 
however that the transgenic plants and the crops derived from them gain acceptance in the 
marketplace remains to be seen (Selitrennikoff, 2001). The definition of biological control 
includes the plant induced or genetically modified to defend itself which would be the most 
significant approach to plant health management in modern biotechnology in the 21st century. 

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir


 

 

Having especial environmental characteristics, and being rich in Actinomycete population, the 
microbiology of the Iranian soils has to be further explored for new active strains of 
Actinomycetes. In this study, we attempted to isolate and study a preliminary screening of 
Actinomycetes in restricted area of southeast of Iran. From over 170 isolates of Actinomycetes, 
five showed high anti-phytopathogenic activity. Greenhouse studies demonstrated their in vivo 
performance and desirability. Our ongoing goals include preparation of biofertilizers, 
biofungicides, isolation of the active metabolites and use in development of recombinant DNAs 
in plant resistant to phytopathogens. 
Materials and Methods 
Culture Media: Casein glycerol (or starch) agar (CGA), was prepared from basic ingredients as 
described by Kuster and Williams (1964). In production of active crude extracts, agar and 
glycerol were excluded and soluble starch was replaced (CG medium). All fungal isolates were 
maintained on potato dextrose agar (PDA) (Difco), 39 gr PDA/lit of distilled H2O (pH 7.2). 
Isolation, Culturing and Screening of Actinomycetes: The procedures were performed as 
used by Aghighi (2004). 
Classification of Active Strains: Identification of active Actinomycetes was performed by 
Saadoun et al., Dept. of Biological sciences, University of Science and Technology, Irbid, 
Jordan. 
Antifungal Bioassays and In Vitro Mode of Actions: Antifungal activity of the active strains 
against tested phytopathogenic fungi and demonstration of mode of actions were performed as 
used by Aghighi (2004) and Shahidi and Aghighi (2005). According to the diameter of 
inhibitory zone, activity was rated as weak, moderate and strong in each case. 
Polarity and Heat Sensitivity: Polarity and heat sensitivity of the active principles were 
detected in H2O, methanol, dimethyl sulfoxide, chloroform, dichloromethane, and hexane as 
described by Shahidi and Aghighi (2005) and bioassayed in Agar diffusion-methods.  
Enzymatic Activity: Clear inhibitory zones in each antagonist-fungal interaction were 
monitored for enzyme involvement in each bioassay reaction. Chloroform sensitivity and heat 
liability were considered for preliminary evaluation of enzymatic nature as described by Shahidi 
and Aghighi (2005). 
Determination of Minimum Inhibitory Concentrations (MIC): To measure the MIC values, 
two-fold serial dilutions of 20, 10, 5, 2.5, 1.25, 0.625 and 0.312 mg/ml of each crude extract 
was prepared in DMSO: MeOH solvent and assayed by well diffusion-method as described by 
Shahidi and Aghighi (2005). The MIC was defined as the lowest concentration able to inhibit 
any visible fungal growth. All data represent average of three replicated experiments. 
In Vivo Greenhouse Studies: Greenhouse studies included use of proper hosts (potato, 
cucurbits and pistachio) in isolated plastic containers filled with bed mixes of sterilized wind 
sands and leaf humus (1: 3 w/w) with use of ten plants in each treatment as follows: a) control 
(no pathogen, no Actinomycete), b) Actinomycete only, c)  pathogen only, d) Actinomycete 
plus pathogen. Underground parts of the plants received slight cuts using sterile razor blades 
and the microorganisms were mixed in the bed soils prior to planting. All seedlings incubated 
under similar greenhouse conditions and irrigated as needed. Periodically, plants were examined 
for the development of symptoms and final readings for analysis of the results were taken at the 
end of each experiment. 
Results 
Classification of Actinomycete: The active isolates were determined as: (Streptomyces 
sindenesis , strain 34), (S. plicatus, strain 101), (S. olivaceous, strain 115) and (Frankia sp., 
strain 103). 
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Antifungal Bioassays: From 170 tested isolates, four showed antagonistic activity against: 
(Rhizoctonia solani, Fusarium oxysporum f. sp. melonis, Phytophthora drechsleri, Pythium 
aphanidermatum and Geotrichum candidum) in disk, well and dual culture methods. 
Solubility in Organic Solvents: The results show that the active principles had polar nature 
since activity was recoverable only in H2O and methanol but not in chloroform, 
dichloromethane and hexane. 
Effect of Heat on Bioactivity: Thermal inactivation point of active crude extracts ranged 70- 
90°C. This criterion will be used for physical characterization of the active principles after 
isolation in purified stage. 
Enzymatic Activity: From tested isolates, strain 101 was able to growth on chitin minimal 
medium agar and utilized chitin as sole source of carbon and nitrogen. Apparently the antifungal 
activity of this strain is correlated to its chitinolytic activity against fungal mycelia.  
Discussion 
Our findings represent the presence of potential antifungal metabolite (s) in three Actinomycete 
strains against four important plant pathogens. Antifungal activity of the isolates found in this 
study highlights their importance as candidates for further investigation in biological control of 
tested pathogens. However, it is accepted that all laboratory screenings, such as the present one, 
can only provide a preselection of promising candidates. The future success of the biocontrol 
industry will depend on innovative agro-business management, product marketing, extension 
education, and research (Mathre et al., 1999). This area of research will contribute substantially 
to making the 21st century the age of biotechnology by the development of innovative biocontrol 
strategies (McSpadden Gardener and Fravel, 2002). The future holds promise for greater 
emphasis on biocontrol to limit damage from diseases using also genetic engineering. 
Techniques are available to design microorganisms that produce the metabolites needed to 
effectively control pathogens. Successful application of biological controls requires more 
knowledge and intensive management. Understanding when and where biocontrol can be 
profitable requires an appreciation of its place within IPM systems (Jacobsen, 1997). We 
believe that the results of these findings form the avenue for production of resistant transgenic-
plants with recombinant DNAs having antifungal genes cloned from biologically active 
(Streptomyces spp). 
Acknowledgements: This research is dedicated to Mr. A. Afzalipour and Mrs. Fakhereh Saba 
the founders of Universities in Kerman. 
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