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Abstract: Ability of biocontrol agent Streptomyces griseus to control the F. oxysporum f. sp. lycopersici. (FOL)
induced fusarium wilt disease in tomato was studied. Talc-based formulation of Streptomyces griseus either
single or with or without chitin were developed and tested under greenhouse conditions. Self life of S. griseus
in  talk  based  formulation  showed  stable up to 105 day with 122 x 10 , 118 x 10  cfu/g after storage at 30°Cth 7 7

and 4°C correspondingly. The various formulations of S. griseus were assessed for their efficiency in
controlling F. oxysporum incidence in greenhouse conditions. The treatments were imposed as seed treatment
and seedlings dip. A significant lowest disease severity on treatment of self fusant (SFSg 5) S. griseus
suspension (root dipping) and chitin amended S. griseus (root dipping) was recorded compared with chitinase
enzyme preparation of the same. For effective disease control, S. griseus introduced to root system before
Fusarium oxysporum infestation than that of seed treatment.
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INTRODUCTION alternative treatments for control of plant diseases are

The production of tomato and pepper fruit is of pathogens, known as biological control is now in practice
worldwide agricultural importance. Tomato (Lycopersicon [2]. It is accepted as a suitable and environmentally
esculentum) is one of the most popular and important friendly alternative or a supplemental way of reducing the
commercial vegetable crops grown throughout the world. use of chemicals in agriculture against plant disease
It is rich in vitamins A, B and C. In India, it occupies an management [3]. Biocontrol preparation of both fungi and
area of 0.54 million ha with a production of 7.60 million bacteria have been applied to seeds, seedlings and
tonnes. Many diseases and disorders can affect tomatoes planting media to reduced tomato wilt disease in the green
during the growing season. Fusarium oxysporum f. sp. house and field condition with various degrees of
lycopersici (FOL) is a highly destructive pathogen of success. The purpose of the present work was designed
both greenhouse and field grown tomatoes in warm to evaluate the effect of Streptomyces griseus on the
vegetable production areas. The disease caused by this growth of tomato wilt pathogens as well as their effect on
fungus is characterized by wilted plants, yellowed leaves tomato wilt disease incidence under greenhouse
and minimal or absent crop yield. There may be a 30 to condition.
40% yield [1].

Agricultural production in over the past few decades, MATERIALS AND MATHODS
producers became more and more dependent on
agrochemicals, as a reliable method of crop protection Microbial Culture: Antagonistic bacteria of S. griseus
with economic stability of their operations. However, used in this study was isolated from Prawn cultivated
increasing use of chemical inputs causes several negative pond soil collected from Peddapuram village; East
effects, i.e., development of pathogen resistance to the Godavari district. A survey was conducted to assess the
applied agents and their environmental impact. Therefore, intensity of Fusarium wilt disease Coimbatore District of

needed. The use of microorganisms to control plant
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Tamil Nadu. The infected plant material collected and broth medium. The culture of S. griseus was inoculated in
plated in a PDA and incubated at RT for 5 days. The the nutrient broth and incubated for seven days at 30°C
pathogenic colonies raised were subcultured in a PDA and at 125 shakes/min (Remi - C24) respectively [8]. Broth
slant and it was identified. The micro conidia and macro containing 9 x 10 cfu/ml was formulated in talc powder.
conidial  structures  showed  that  it  was  belonging   to The talc-based formulations of S. griseus amended with
F. oxysporum f. sp. lycopersici. The pathogenicy was chitin were prepared as mentioned previously.
proved as per standard method.

Preparation of Pathogenic Fungi: The respective isolates For seed treatment, the seeds were initially surface
of F. oxysporum f. sp. lycopersici, were multiplied on sterilized with 1% sodium hypochlorite and soaked in
sand maize medium [4]. Sand and ground maize seeds double  volume  of  sterile  distilled  water   containing
were mixed in the ratio of 20:1, moistened to 50% moisture talc-based formulation (S. griseus - 10 g/kg of seeds).
content.  Then  it   was   filled   in   500ml   conical   flask After 12 h, the bacterial suspension was drained off and
and  autoclaved   for   two   hours.   Cell   suspensions   of the seeds were dried under shade for 30 min and sown [9].
F. oxysporum f. sp. lycopersici was prepared by culturing Another  set of seed were treated with chitin amended
the fungus in Czapek broth medium on a rotary shaker at talc-based formulations following the same procedure
25°C for 5 days [5]. The resulting culture was filtered stated above [10].
through cheesecloth to remove mycelial fragments,
washed by centrifugation (10,000 rpm for 15 min) and Preparation of Antagonist Suspension of S. griseus for
resuspended in sterile distilled water. microconidial
suspension of F. oxysporum f. sp. lycopersici, final
density of 10 microconidia/ml was inoculated in to sand5

maize medium and it was incubated at room temperature
for 14 days. For green house experiment, the substrate at
5 percent (w/w) was mixed with sterilized soil and infested
into the pot ten days prior to transplanting the 60-day-old
seedling transplantation. The population of F. oxysporum
f. sp. lycopersici in the substrate was estimated as
number of colony forming units (CFU) per gram of
substrate, as previously described [6]. Approximately 2 x
10 cfu/g of innoculum of F. oxysporum f. sp. lycopersici8

was used for pot experiments.

Preparation of Talk Based Formulation of Biocontrol
Agent: A loop full of S. griseus was inoculated in to the
nutrient  broth  medium  and  incubated  for  seven  days
at 30°C and at 125 shakes/min. (Remi - C 24). After
incubation the broth containing 9 x 10 cfu/ml was used8

for the preparation of talc based formulation. To 400 ml of
mycelial or spore suspension 1 kg of talc powder, calcium
carbonate 15 g (to adjust the pH to neutral and carboxy
methyl cellulose 10 g (as additive) were mixed  under
sterile condition following the method described by
Vidhyasekaran and Muthamilan [7]. The product was
shade dried to reduce the moisture content to 20% and
then packed in polypropylene bags and sealed [8].

Chitin Amendment with Talc-based Formulations:
Colloidal chitin was prepared by the procedure stated in
3.2.1.1. Colloidal chitin was incorporated into and nutrient

8

Preparation  of  Seeds Using Talk Based Formulation:

Root Application: The isolated S. griseus was grown on
MS with 1 g colloidal chitin. 1ml of the bacterial spore
suspension was inoculated into flasks containing the
production medium and incubated for seven days at 30°C
and at 125 shakes/min. (Remi - C24) At the end of
incubation the culture was the culture was harvested,
filtered and it was centrifuged at 10,000 rpm for 10 min at
4°C  and  used  as crude enzyme. The cell suspension of
S. griseus were re suspended in sterile distilled water at
the rate of 9 x 10 cfu/ml was used to control the fusarium8

wilts of tomato [11, 12].

Preparation  of  Purified  Chitinase  Enzyme:  Purification
of chitinase enzyme from S. griseus was described
previously. The crude enzyme and partially purified
enzyme of S. griseus was used to control the fusarium
wilts of tomato [13].

Preparation of Suspension of Self Fusants S. Griseus:
Higher percent inhibition showed self fusant (SFSg 5) of
S. griseus was inoculated in to MS medium and incubated
for 7 days at 30°C and at 125 shakes/min (Remi - C 24).
After incubation cells of S. griseus were re suspended in
sterile distilled water. The suspension containing the rate
of 9 x 10 cfu/ml was used to control the fusarium wilts of8

tomato.

Study of Self Life Stability of S. Griseus in Talk
Formulation: The prepared formulation was stored under
different temperature viz., 30°C and 4°C. Two 1 g samples
were taken from three randomly selected flasks and serial
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dilutions were made and plated in actinomyces agar (9 x 10 cfu/ml) formulation, T - dipped in crude chitinase
medium to determine the average concentration of viable enzyme prepared from S. griseus with enzyme activity of
cells of strain in the delivery medium. For monitoring of 113.3 IU/ml, T - dipped in partially purified endo chitinase
the shelf life of the formulation, samples were taken enzyme of S. griseus with enzyme activity of 1000 IU/ml,
periodically and subjected to the same plate count T  -  the  plants  raised  from  carbendazim-treated seeds
procedure. (2  g/  kg   of   seeds),   served   as   chemical   check   and

Efficacy of Formulations on Fusarium Wilt under After treatment, all the treated seeding were
Greenhouse Conditions transplanted in to the pathogen infested (substrate at 5
Plant Material: Tomato variety Co-4 was used for in vitro percent (w/w) was mixed with sterilized soil) pots at the
and the greenhouse experiments in the entire period of rate single seedlings per pot. Three replications were
investigation. All seeds were surface-disinfected with 1% maintained in each treatment and the experiment was
sodium hypochlorite  for  5  min  and  rinsed three times conducted in CRD. Plants in the greenhouse were watered
in  sterile  distilled water prior to sowing. Tomato seeds daily.. Beginning a week after inoculation, external
for   glasshouse   experiments   were   sown    in     trays symptoms of Fusarium wilt (wilting and yellowing leaves)
(27 x 42 x 7 cm ) containing an autoclaved mixture of were assessed. And the disease severity was assessed as3

1:1(v:v) ratio of vermiculite and sand. Trays were
maintained on benches in a glasshouse without artificial
light for 4-5 weeks before transplanting. After some days,
when the seedlings had 2-4 leaves, they were carefully
transplanted into the pots. Statistical Analysis: All the experiments were analyzed

Effect of S. Griseus on Disease Severity: The various Duncan’s Multiple Range Test (DMRT) [14].
formulations were assessed for their efficiency in
controlling F. oxysporum f. sp. lycopersici induced wilt
incidence in greenhouse conditions. A pot culture study
was undertaken with the following treatments by using
completely randomized design (CRD) with three Formulation: Self life is important phenomenon of bio
replications. Pathogen-inoculated and non inoculated control agents for long term storage of formulations. In
seedlings were maintained as healthy controls. The order to find out the self life of S. griseus the present
treatments  were  imposed as seed treatment and study was taken at different temperature up to 120 days
seedlings dip. was tested. Population level of S. griseus showed stable

Seed treated with formulation was sowed in the trays up to 105 day with 122 x 10 , 118 x 10  cfu/g after storage
and 60 days old seedings were transferred to the pot and at 30°C and 4°C. These results show that S. griseus is
marked as T , T Tomato seeds for glasshouse potentially a potent bio control agent for use in1 2.

experiments were sown in trays (27 x 42 x 7 cm ) controlling fusarium wilt.3

containing an autoclaved mixture of 1:1(v: v) ratio of Hence, in the present study, talc based formulations
vermiculite and sand. After 60 days, the seedlings were containing S. griseus with or without chitin amendments
pulled out from the trays and roots were immersed in were tested against F. oxysporum f. sp. lycopersici
various formulation. Various methods of treatment details induced wilt diesease under greenhouse and field
includes, were T - the plants raised from seeds treated conditions. The various formulations of S. griseus were1

with  talk  formulation  of  S.  griseus (10 g/kg of seeds), assessed for their efficiency in controlling F. oxysporum
T - the plants raised from seeds treated with chitin incidence in greenhouse conditions.2

amended talk formulation of S. griseus (10 g/kg of seeds), A significant lowest disease severity of 19.07 was
T - dipped  in  water containing talc formulation (20 g/l) observed on treatment of self fusant (SFSg 5) S. griseus3

for 2 h.  The  roots  alone were immersed in the chitin suspension (root dipping) and disease severity of 21.10 in
amended suspension of S. griseus (9 x 10 cfu/ml) chitin  amended  S.  griseus  (root  dipping)   treatment8

formulation, T  - dipped in water containing talc was  recorded.  This  provided preliminary evidence that4

formulation (20 g/l) for 2 h. The roots alone were immersed S. griseus has the ability to interfere with wilt disease
in  the  suspension  of  self  fusant  (SFSg  5)  S.  griseus cycle and may be a potential biocontrol agent.

8
5

6

7

T  - Healthy control.8

independently. The treatment means were compared by

RESULTS

Self Life Stability of Antagonist S. Griseus in Talc Based

th 7 7
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Table 1: Efficacy of formulations on wilt disease of tomato under green house condition

Treatments Disease severity (%) Yield (g/plant)

T - S. griseus (Seed treatment - 10 g / kg) 26.00 485.01
a

T - Chitin amended S. griseus (Seed treatment - 10 g/ kg) 23.07 455.02
a

T - S. griseus suspension (root dipping - 9 x 10 cfu/ml) 21.10 470.03
8 a

T - Self fusant (SFSg 5) S. griseus suspension (root dipping - 9 x 10 cfu / ml) 19.07 550.04
8 a

T - Crude chitinase enzyme of S. griseus suspension (root dipping - 113.3 IU / ml) 31.50 416.05
ab

T - Partially purified chitinase enzyme of S. griseus suspension (root dipping - 1000 IU / ml) 28.85 425.06
ab

T - Carbendazim (seed treatment - 2 g/ kg ) 49.30 425.07
de

T - Inoculated control 61.10 120.08
h

Values are the mean of three replications. In a column, means followed by a common letter are not significantly different at 5% level by DMRT

Tomato seeding treated with crude and purified without chitin amendment in rice against sheath blight
chitinase enzyme of S. griseus showed higher wilt infection. The application of Pf1+chitin and FP7+chitin
incidence  than  suspension  of  S.   griseus  treatment. recorded low PDI of 22 and 23, respectively, compared to
The whole cell of S. griseus were more effective than untreated control (75 PDI) in field conditions.
crude and purified chitinase enzyme in the control of
fusarium wilt disease, possibaly it is because of the Self Life Stability of Antagonist S. Griseus in Talc Based
involvement of other antibiotics produced by S. griseus
and also the better multiplication of S. griseus on the soil.

DISCUSSION

Tomato   cultivation  was   affected   by   a   number
of diseases.  Among  them,  the  wilt   disease   caused
by F.   oxysporum   is   a   serious   disease   in   major
tomato-growing areas. A new approach in crop protection
to reduce the disease damage level and several PGPR
strains and microorganisms were reported in many crops
for the control of fungal pathogens [8]. The talc-based
formulation has been reported for the management of
several crop diseases in India [15]. Similarly the
incorporation of chitin amendment in talc formulation and
the efficacy in fungal disease management have been
reported by many workers.

Talc-based  formulations  of   plant  growth
promoting rhizobacteria Pseudomonas fluorescens (Pf1)
and Bacillus subtilis either single or mixed along with or
without chitin and neem amendments were developed and
tested under greenhouse and field conditions was studied
by Bharathi et al., [8]. The PGPR mixed bioformulation
Pf1+B.  subtilis+neem+chitin  was found to be the best
for  reducing  the  fruit  rot incidence besides increasing
the plant growth  and yield parameters under both
greenhouse and field conditions. Talk based formulation
of P. fluorescens was found to be effective as seed
treatment and foliar application in the control of rust and
leaf spots of groundnut was reported by Meena et al., [9].
Radja et al., [16] tested the efficacy of P. fluorescens (Pf1)
and P. fluorescens (FP7) talc-based formulation with and

Formulation: In talc formulation, S. griseus showed stable
up to 105 day at 30°C. Vidhyasekaran et al., [9] reportedth

that talc powder formulation of P. fluorescens with a
longer self life would be beneficial. Like wise the initial
density of S. lydicus WYEC108 spores in the well-mixed
formulation was 109 cfu/g. After 2.5 months of storage at
room temperature (28°C), the density of WYEC108 in the
formulation had declined to 108 CFU/g. Over an additional
3 months, this level of viability was maintained. This
study was showed by Walter and Don [17]. S. griseus
formulation was prepared using a mixture of soil:sago
hampas (5%, w/ w).

In  the  present  study,  talc  based  formulations  of
S. griseus were assessed for their efficiency in controlling
F. oxysporum incidence in greenhouse conditions. A
significant lowest disease severity was observed on
treatment of self fusant (SFSg 5) S. griseus suspension
(root dipping) and chitin amended S. griseus (root
dipping) treatment was recorded. This provided
preliminary evidence that S. griseus has the ability to
interfere with wilt disease cycle and may be a potential
biocontrol agent. Similarly in previous works, tomato
seedlings were dipped in non-pathogenic Fusarium
oxysporum and Tricoderma harzianum [11], non-
pathogenic Fusarium oxysporum [18], Streptomyces sp.
strain  g10  [19],  nonpathogenic  Fusarium oxysporum
Fo-B2 [12] and Fusarium oxysporum Fo47 and
Pseudomonas putida WCS358 [20] against wilt pathogens
was studies and reported in detailed. Like wise both of
soil inoculation and seed coat treatment with T. hamatum
completely prevent the infection of tomato with F.
oxysporum f. sp. lycopersici [21].
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Sabuquillo et al., [5] reported the eight formulations well in advance of Fusarium oxysporum infestation was
of Penicillium oxalicum (FOR1 to FOR8) obtained by the found to be effective one.
addition of various ingredients. These formulations were Numerous fungi and bacteria, including existing
significantly reduced tomato wilt caused by Fusarium sp. biocontrol strains with known activity against soilborne
under greenhouse conditions and, in a preliminary  trial, fungal pathogens as well as isolates collected from the
by Verticillium spp. in a field assay. roots and rhizosphere of tomato plants growing in the

De et al., [22] illustrated tomato plants of ‘Lorena’ field, were tested for their efficacy in controlling Fusarium
were induced with a conidial suspension (107 conidia per oxysporum f. sp. lycopersici (Fol) of tomato (Fusarium
ml) of Penicillium oxalicum at different growth stages to wilt), but no more effective than other previously
seedlings just before transplanting with Fusarium identified biocontrol strains. From this investigation it is
oxysporum f. sp. lycopersici, the wilt pathogen. the A clear that self fused S. griseus and S. griseus used with
significant reduction of the wilt was recorded only in chitin amendment in the bioformulation performed well in
antagonist applied 7 days before transplanting antagonist the management of Fusarium oxysporum pathogen in
applied just before transplanting. tomato plant compared with chitinase enzyme preparation

Tomato seeding treated with crude and purified of the same. For effective disease control, S. griseus
chitinase enzyme of S. griseus showed lowest wilt introduced to root system before Fusarium oxysporum
incidence than suspension of S. griseus treatment. This infestation than that of seed treatment.
result was supported by Manjula et al., [14]. They tested
the fresh cells, alginate formulated partially Bacillus REFERENCES
subtilis AF 1, purified N acetylglucosamidase of Bacillus
subtilis AF 1 as biocontrol of rust in groundnut caused 1. Kirankumar, R., K.S. Jagadeesh, P.U. Krishnaraj and
by Puccinia arachidis and soft lemon caused by M.S. Patil, 2008. Enhanced growth promotion of
Aspergillus niger. In that former two were showed more tomato and nutrient uptake by plant growth
effective that NAG against pathogen. promoting rhizobacterial isolates in presence of

Fusarium oxysporum is a soil-borne pathogen and tobacco mosaic virus pathogen. Karnataka J. Agric.
can spread through irrigation water and infected planting Sci., 21(2): 309-311.
stocks, once the infection of plant roots has taken place, 2. Fravel, D.R., K.L. Deahl and J.R. Stomme, 2005.
the fungus invades the vascular system internally and Compatibility of the biocontrol fungus Fusarium
escapes from external pressures. It would be better to oxysporum strain CS-20 with selected fungicides.
protect the infection sites rather than alter the entire soil Biological Control., 34: 165-169.
microbial community. The host plant provides the habitat 3. Stephane Compant, Brion Duffy, Jerzy Nowak,
and nutrients necessary for the control agent to become Christophe Clement and Essa d Ait Barka1, 2005.
established at the infection site. Mini review - Use of plant growth-promoting bacteria

Many researchers have shown that actinomycetes for biocontrol of plant diseases: principles,
found in the rhizosphere population [23] and endophytic mechanisms of action and future prospects. Appl.
streptomycetes found inside root tissues [24] having and Envt. Microbiol., 71(9): 4951-4959.
antagonistic potential and play an important role in plant 4. Riker, A.J. and R.S. Riker, 1936. Introduction to
health. All these reports pointed out the fact that research on plant diseases. John Swift Co., St. Louis,
actinomycetes are quantitatively and qualitatively Chicago, pp: 117.
important in the rhizosphere, where they influence plant 5. Sabuquillo, P., A. De Cal and P. Melgarejo, 2006.
growth and protect plant roots against invasion by root Biocontrol of tomato wilt by Penicillium oxalicum
pathogenic fungi. formulations in different crop conditions. Biological

S. griseus isolated from prawn cultivated soil was Control., 37: 256-265.
known to be rich in organic matter and leaf litter and high 6. Larena, I., P. Sabuquillo, P. Melgarejo and A. De Cal,
in biological decomposition activities. When S. griseus 2003. Biocontrol of fusarium and verticillium wilt of
was added as amendments, growth-stimulating effects tomato by Penicillium oxalicum under greenhouse
were observed in tomato plantlets. Since S. griseus and field conditions. J. Phytopathol., 151: 507-512.
colonizes soil/rhizosphere externally to plant tissues, the 7. Vidhyasekaran, P. and M. Muthuamalin, 1999.
critical step in achieving active disease control would be Evaluation  of powder formulation of P. fluorescens
to target the pathogen before it gains entry into the Pf 1 for control of rice sheath blight. Biocontrol Sci.
tissues. Therefore, S. griseus introduced to root systems Techn., 9: 67-74.



African J. of Basic & Appl. Sci., 1 (1-2): 9-14, 2009

14

8. Bharathi,     R.,     R.     Vivekananthan,     S.    Harish, 17. Walter, M. Yuan and I. Don Crawford, 1995.
A. Ramanathan  and R. Samiyappan, 2004. Characterization of Streptomyces lydicus WYEC 108
Rhizobacteria-based bio-formulations for the as a potential biocontrol agent against fungal root
management of fruit rot infection in chillies. Crop. and   seed   rots.   Appl.  and   Envt.   Microbiol.,
Protection., 23: 835-843. 61(8): 3119-3128.

9. Vidhyasekaran,  P.,  K.  Sethuraman,  K.  Rajappan 18. Julianom C. da Silva and Wagner Bettio, 2005.
and K.  Vasumathi,  1997c.  Powder  formulation   of Potential of non-pathogenic fusarium oxysporum
P. fluorescens  to  control  pigeon pea wilt. Biol. isolate for control of fusarium wilt of tomato.
Cont., 8: 166-171. Fitopatol. Bras., 30(4): 409-412.

10. Meena,  B.,  R.  Radhajeyalakshimi,  T.   Marimuthu, 19. Getha,  K.,  S.  Vikineswary,  W.H.  Wong,  T.  Seki,
P. Vidyasekaran and R. Velazhahan, 2002. Biological A. Ward and M. Goodfellow, 2005. Evaluation of
control of groundnut late leaf spot and rust by seed Streptomyces sp. for suppression of Fusarium wilt
and foliar applications of powder formulation of and rhizosphere colonization in pot-grown banana
Pseudomonas  fluorescens.  Biocontrol  Sci. Tech., plantlets. J. Ind. Microbiol. Biotech., 32: 24-32.
12: 195-204. 20. Ben,   J.    Duijff,    Ghislaine    Recorbet,   Peter

11. Fahri Yigit and Murat Dikillitas, 2007. Control of A.H.M. Bakker, E. Joyce Loper and Philippe
fusarium wilt of tomato by combination of Lemanceau, 1999. Microbial antagonism at the root
fluorescent Pseudomonas, non pathogen Fusarium level is involved in the suppression of fusarium wilt
and Trichoderma harzianum T - 22 in green house by the combination of nonpathogenic Fusarium
conditions. Plant Pathol. J., 4(2): 91-95. oxysporum Fo47 and Pseudomonas putida WCS358.

12. Masahiro Shishido, Chika Miwa, Toshiyuki Usami, Crop Protection., 89(11): 1073-1079.
Yoshimiki Amemiya and B. Kenneth Johnson, 2005. 21. Ilham,   M. El-Rafai,   M.W.   Susan,   Asswah   and
Biological control efficiency of fusarium wilt of A. Omaima Awdalla, 2003. Biocontrol of some tomato
tomato  by  nonpathogenic  Fusarium  oxysporum disease using some antagonistic microorganism.
Fo-B2  in  different  environments. Phytopathol., Pakistan J. Biological Sci., 6(4): 399-406.
95(9): 1074-1080. 22. De Cal, A., R. Garcýa-Lepe and P. Melgarejo, 2000.

13. Gomez, K.A. and A.A. Gomez, 1984. Statistical Induced  resistance  by  Penicillium  oxalicum
procedures for agricultural research. John Wiley and against of Fusarium oxysporum f. sp. lycopersici:
Sons, New York. USA. histological studies of infected and induced tomato

14. Manjula, K., G. Krishna Kishore and A.R. Podile, stems. Phytopathology., 90: 260-268.
2004. Whole cells of Bacillus subtilis proved more 23. Kortemaa, H., H. Rita, K. Haahtela and A. Smolander,
effective that cell free and chitinase based 1994. Root colonization ability of antagonistic
formulations in biological control of citrus fruit rot Streptomyces griseoviridis. Plant Soil., 163: 77-83.
and groundnut rust. Can. J. Microbiol., 50: 737-744. 24. Sardi,  P.,  M.  Saracchi,  S.  Quaroni,  B.  Petrolini,

15. Samiyappan, R., K. Jayashree, T. Raghuchander and G.E. Borgonivi and S. Merli, 1992. Isolation of
V. Narasimhan, 1998. Fluorescent pseudomonads for endophytic Streptomyces strains from surface-
the management of sheath blight in rice. Indian sterilized    roots.    Appl.     Environ.      Microbiol.,
Farmers Digest., 31: 28-29. 58: 2691- 2693.

16. Radja Commare, R., 2000. Pseudomonas fluorescens
mediated systemic resistance in rice against sheath
blight disease and leaf folder insect. M.Sc. (Ag.)
Thesis, Tamil Nadu Agricultural University,
Coimbatore, India.


