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ABSTRACT

Gluconacetobacter diazotrophicus an endophytic diazotroph also encountered as rhizosphere
bacterium is reported to possess different plant growth promoting characteristics. In this study,
we assessed the biocontrol potential of G. diazotrophicus under in vitro conditions with different
soil borne pathogenic fungus. The possible compounds involved in the biocontrol involves 2,4-
diacetylphloroglucinol, pyrrolnitrin and pyoluteorin. Thin layer chromatography analysis
revealed that Gluconacetobacter diazotrophicus revealed antibiotic, pyoluteorin which helped in
the suppression of soil borne pathogenic fungus.
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INTRODUCTION

An important role in disease suppression has been demonstrated for phenazine-1-carboxylic acid, hydrogen
cyanide and 2,4-diacetylphloroglucinol (Keel et al., 1990,1991, 1992; Thomashow and Weller, 1988;
Thomashow et al., 1990; Voisard et al., 1989). Pyrrolnitrin and pyoluteorin are further metabolites of
Pseudomonas strains for which a role in disease suppression has been suggested (Homma and Suzui, 1989;
Howell and Stipanovic, 1979, 1980; Jayaswal et al.,1992; Maurhofer et al., 1992).

Gluconacetobacter diazotrophicus originally isolated from sugarcane (Cavalcante and Ddbereiner, 1988) was
considered to be an endophytic diazotroph. Since then reports on G. diazotrophicus from the rhizosphere soils
of sugarcane, coffee, ragi and rice reveals it as a prominent rhizosphere dwelling organism (Li and Mac Rae,
1991; Jimenez-Salgado et al., 1997; Loganathan et al., 1999; Muthukumarasamy et al., 2002). Moreover, the
detection of Gluconacetobacter azotocaptans, a close relative of G. diazotrophicus only in the rhizosphere
soil of corn strongly suggests its occurrence and survival in soil (Mehnaz et al., in press). The antagonistic
potential of Gluconacetobacter diazotrophicus against Colletotrichum falcatum, the red rot fungal pathogen
in sugarcane was first demonstrated by Muthukumarasamy et al. (2000). F. oxysporum causes wilt in more
than 100 species of crop plants. F. oxysporum causes Panama wilt of sugarcane (Buxton, 2008). F. solani
causes soybean crown and root rot, rot in peas. Ceratocystis fimbriata causes black rot in sweet potato, moldy
rot in rubber and wilt in eucalyptus (Roux et al., 2000). Production of plant growth hormones indole-3-acetic
acid (IAA) and gibberellins (Bastian et al., 1998) and biocontrol of Xanthomonas albilineans — a sugarcane
pathogen (Pinon et al., 2002) by G. diazotrophicus have also been reported. The purpose of this study wass to
determine the anti-fungal potential of G. diazotrophicus and to identify its antifungal compound responsible
for the inhibition of soil pathogenic fungi.

*Corresponding Author: Logeshwaran P., Department of Agricultural Microbiology TamilNadu
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MATERIALS AND METHODS

Microorganisms and culture conditions.

G. diazotrophicus PALS5 was kindly provided by Dobereiner (EMBRAPA, Brazil) and the strain L5 from
Culture Collection of the Centre of Advanced Studies in Agricultural Microbiology, Tamil Nadu Agricultural
University, Coimbatore, India. The G. diazotrophicus strains were cultured in LGI medium (g I composition:
sucrose 100, K,HPO, 0.2, KH,PO, 0.6, MgSO,. 7H,0 0.2, CaCl,. 2H,O 0.02, Na,MoO4. 2H,O 0.002,
FeCl3.6H,0 0.018, bromothymol blue, 0.5% in 0.2 M KOH 5 ml 1", pH 5.5) routinely (Cavalcante and
Dobereiner,1988).  Fusarium oxsporum, Fusarium solani, Tiarosporella phaseolina, and Ceratocystis
fimbriata were obtained from IMTECH, Chandigarh. The fungus was grown in PDA medium (Potato tubers
(Peeled) 250 g, Dextrose 20.0 g, Distilled water 1000 ml, pH 5.5 - 6.5, agar 15 g). The reference strain for
this study was Pseudomonas fluorescens Pfl obtained from the Department of Plant Pathology, TamilNadu
Agricultural University, Coimbatore, India. The P. fluorescens Pfl was grown on King’s B agar.

In vitro inhibition of soil borne pathogenic fungus in PDA media.

Antifungal efficacies of Gluconacetobacter diazotrophicus strains were tested by dual culture technique
(Dennis and Webster, 1971) using PDA medium. A mycelial disc of the fungal pathogen (Smm dia.) was
placed at one end of the Petri plate. The bacterial antagonists were streaked 1 cm away from the periphery of
the Petri plate just opposite to the mycelial disc of the pathogen. Visual observation on the inhibition of
pathogenic fungal growth was recorded after 96 hours of incubation in comparison with the PDA plate
simultaneously inoculated with fungal pathogen only as control. (Table 1)

Tablel./nvitro screening on antagonistic potential of G. diazotrophicus cultures on mycelial growth of plant
pathogenic fungi in dual culture method on solid media

Fungi Control P. fluorescens Pfl G. diazotrophicus
PALS L5
Mycelial Inhibition Inhibition Mycelial Inhibition inhibition Mycelial Inhibition Inhibition
growth zone over growth zone over control growth zone over control
(cm) (cm) control (cm)* (cm)* (%) (cm)* (cm)* (%)
(%)

Fusarium 8.0 4.0 3.0 75.00 4.6 2.0 43.48 4.3 23 53.49
oxysporum
Fusarium solani 9.0 3.9 32 82.10 4.5 2.1 46.66 4.1 2.5 60.00
Ceratocystis 9.0 4.1 2.7 65.85 5.0 1.9 38.00 4.8 2.0 41.00
fimbriata
Colletotrichum 9.2 4.1 2.6 63.41 5.0 2.0 40.00 4.6 2.6 56.52
falcatum

Above values presented are the mean of three replications.

In vitro inhibition of soil borne pathogenic fungus in PDA broth.

The PDA broth was prepared and two strains of Gluconacetobacter diazotrophicus were inoculated at 1%
level. A mycelial disc of the fungal pathogen (Smm dia.) was inoculated at the same time and incubated for 5-
7 days after that mycelial weight was measured. (Table 2)

Table 2./nvitro screening on antagonistic potential of G. diazotrophicus cultures on mycelial growth of plant
pathogenic fungi in PDA broth

Fungi Control P. fluorescens Pfl G. diazotrophicus
PALS LS
Mycelial Reduction of mycelial Mycelial Reduction of mycelial Mycelial weight Reduction of mycelial
weight weight over control weight weight over control (gm) weight over control
(gm) (%) (®) (%) (%)

Fusarium 8.833 1.895 3.0 2.890 67.29 2.331 73.62
oxysporum
Fusarium solani 8.632 1.198 3.2 2.312 72.02 2415 73.20
Ceratocystis 8.623 1.341 2.7 1.620 81.22 1.490 82.73
fimbriata
Colletotrichum 8.453 1.167 2.6 1.418 83.23 1.298 84.66
falcatum

Above values presented are the mean of three replications.
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Percent inhibition (PI).

Percent inhibition of test pathogen by the antagonistic strains was evaluated by dual culture technique (Dennis
and Webster, 1971). The radial growth of mycelium in mm was measured and percent inhibition (PI) was
calculated.

PI = e x 100

Where, C is the growth of test pathogen (mm) in the absence of the antagonist strain; T is the growth of test
pathogen (mm) in the presence of the antagonist strain.

Antibiotics extraction (Cui, 2004).

The Gluconacetobacter diazotrophicus strains were grown 96 hours in 1 L of PDA broth. The bacterial
suspensions were centrifuged at 5000 rpm for 20 min in order to precipitate the cells. The supernatant was
extracted twice with dichloromethane (10:7/supernatant: solvent) and the organic and aqueous phases were
mixed gently. The emulsified mixtures were extracted for more than 2h until the complete separation of
organic and aqueous phase. The combined dichloromethane organic phases were dried over approximately 5g
of anhydrous magnesium sulphate to remove any remaining aqueous residue. The solvent was filtered
(Whatman filter paper, 180mm) to discard the magnesium sulphate before being rotary evaporated to dryness.
The organic solvent was evaporated by rotary vacuum evaporation at 37 °C. The residue was resuspended in
1.5 ml of methanol, transferred to a vial and centrifuged at 10000 rpm for 10 min, the supernatant was
removed to a clean vial and air dried in a clean cabinet. The residue was redissolved in 1 ml of methanol (at a
concentration of 1000 higher than that in the original culture) and sterilized with a 0.22pl filter.

Spotting and developing the TLC plates.

Ten pL of the antibiotic extract from G. diazotrophicus PALS and LS were spotted on the plate. The samples
were transferred slowly using a micro pipette on the origin as a spot not larger than 5 mm diameter. The spot
was allowed to dry each time before applying another. Extra care was taken not to disturb the coating of the
adsorbent. The ready made TLC plates were placed in the developing chamber without touching the ‘side’ of
the chamber. The chamber was covered with a watch glass and the TLC was allowed to run undisturbed.
When the solvent front touched the ‘finishing’ line, the plates were removed from the chamber to end the
development. For one-way TLC (used for colour reactions and Rf determination), toluene: acetone (4:1; v/v)
was used as developing solvent.

RESULTS
In vitro inhibition of soil borne pathogenic fungus in PDA media.

Against F. oxysporum, F. solani, C. fimbriata, and C. falcatum, the native isolate L5 of G. diazotrophicus
reduced the mycelial growth to an extent of 53.49, 60.0, 41.00 and 56.52 % over control, respectively, under in
vitro conditions. It was followed by PALS recording percent inhibition of 43.48, 46.66, 38.00, 50.00 and 40.00
%, respectively. The reference strain P. fluorescens Pfl recorded 75.00, 82.10, 65.85, 71.80 and 63.41 %
inhibition over control, respectively (Table 1).

In vitro inhibition of soil borne pathogenic fungus in PDA broth.

Against F. oxysporum, F. solani, C. fimbriata, and C. falcatum, the native isolate L5 of G. diazotrophicus
reduced the mycelial weight to an extent of 2.331g, 2.415¢g, 1.490g and 1.298 compared to control recording
8.833g, 8.632¢, 8.632g and 8.453 of mycelial weight which was 73.62, 73.20, 82.73, 84.66 % less than
control, respectively. It was followed by PALS (2.890g, 2.312¢g, 1.620g and 1.418g) with the reduction of
67.29, 72.02, 81.22 and 83.23 % over control, respectively. The reference strain P. fluorescens Pfl recorded
79.68, 86.01, 84.45 and 86.20 % reduction of mycelial weight over control, respectively. (Table 2).
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Detection of antimicrobial compound using TLC.

The presence of antibiotics was detected through TLC. The plates were developed in Toluene: Acetone (4:1).
Distinct spots corresponding to an Ry value of 0.82, 0.31, 0.13 was visualized under short-wave UV light
which could not be visualized under long-wave UV light (Plate 6?? There is no plate in this manuscript). The
antibiotics 2, 4-diacetyl phloroglucinol, pyrrolnitrin and pyoluteorin having the R values 0.41, 0.53 and 0.31,
respectively, were used as standards. The two cultures of G. diazotrophicus PALS and L5 showed a distinct
spot corresponding to an Ry value of 0.31 which was visualized under short-wave UV light corresponds to the
antibiotic called pyoluteorin. This confirms the presence of the antibiotic called pyoluteorin in G.
diazotrophicus PALS and LS. (Figure 1).

A - Gluconacetobacter diazotrophicus LS
B - Gluconacetobacter diazotrophicus PALS

1-R, value (0.13)
2 - R, value (0.31) - Pyoluteorin
3 - R, value (0.85)

Figure 1. Detection of antifungal compounds from G.diazotrophicus by Thin Layer Chromatography.

DISCUSSION

The phyllosphere microbial community is an open system. Biocontrol specifically in the phyllosphere has been
extensively reviewed since 1980 (Andrews, 1990). Blakeman and Fokkema (1982) discussed the potential for
biological control of plant diseases in the phylloplane. Cheng et al. (1993) reported that a Pseudomonas strain
P420-4, a Bacillus strain B526-7 and a mixture of these were antagonistic to Alternaria mali in dual culture
studies.
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In vitro inhibition studies done both in solid and broth of PDA showed that G. diazotrophicus native isolate
L5 was effective against the soil pathogenic fungi when compared with the reference strain PALS in all the
cases. In the case of Fusarium oxysporum, F. solani, C. fimbriata, and C. Falcatum, the mycelial growth and
mycelial weight was inhibited and reduced effectively by G. diazotrophicus native isolate L5 when compared
with PALS. In all the cases, P. fluorescens Pfl showed its full antagonistic capability (Tables 1 and 2).

In present study, the secondary metabolite responsible for antifungal activity was isolated and the metabolites
were detected through thin layer chromatography. A fluorescent spot was visualized under UV at Ry value
0.82, 0.32, 0.13. But Cui (2004) reported that antibiotics extracted using Toluene: Acetone (4:1).

In this analysis, G. diazotrophicus type strain PALS and native isolate L5 produced an R value of 0.31. From
the standard identity on TLC it was found that the R; values corresponds to the antibiotic called pyoluteorin
and hence it is confirmed that the type strain PAL5 and native isolate L5 produces the antibiotic, Pyoluteorin
(P1t). PIt production appeared to be responsible, in part, for the inhibition of F. oxysporum, F. solani, C.
fimbriata and C. falcatum. In addition two more R values were detected in this study, which may correspond
to two more new antimicrobial compounds. Purification and identification of the novel compound requires
further research.

In conclusion, apart from its biological nitrogen fixation, production of growth regulators, solubilization of
heavy metals likes zinc, production of bacteriocins G. diazotrophicus strains have the additional property of
biocontrol potential against soil borne pathogenic fungus and the biocontrol potential should be explored in-
depth to exploit the complete potential of G. diazotrophicus as one of the biocontrol agents.

REFERENCES

Andrews JH (1990) Biological control in the phyllosphere: Realistic goal or false hope? Can. J. Plant Pathol.,
12: 300-307

Anthoni Raj S (2002) Biofertilizers for Micronutrients. Biofert. News Lett., 10: 8-10

Atzorn R, Crozier A, Wheeler CT and Sandberg G (1988) Production of gibberellins and indole-3-acetic acid
by Rhizobium phaseoli in relation to nodulation of Phaseolus vulgaris roots. Planta. 175: 532-538

Azcon R. and Barea JM (1975) Synthesis of auxins, gibberellins and cytokinins by Azotobacter vinelandii and
Azotobacter beijerinckii related to the effects produced on tomato plants. Plant Soil. 43: 609-619

Barea, JM and Brown ME (1974) Effects on plant produced by Azotobacter paspali related to synthesis of
plant growth-regulating substances. J. Appl. Bacteriol. 37: 583-593

Bastian F, Cohern A, Piccoli P, Luna V, Baraldi R and Bottini R (1998) Production of indole-3-acetic acid
and gibberellins A; and A; by Acetobacter diazotrophicus and Herbaspirillum seropedicae in
chemically defined culture media. Plant Growth Regul. 24: 7-11

Blakeman JP and Fokkema NJ (1982) Potential for biological control of plant diseases on the phylloplane.
Annu. Rev. Phytopathol., 20: 167-192

Bottini R, Fulcheiri M, Pearce DW and Pharis RP (1989) Identification of gibberellins A;, A; and iso-Aj in
cultures of Azospirillum lipoferum. Plant Physiol. 90: 45-47

Buxton EW (2008) Root exudates from banana and their relationship to strains of the Fusarium causing
Panama wilt. Ann Appl Biol. 50(2): 269-282

Cavalcante VA and Dobereiner J (1988) A new acid-tolerant nitrogen-fixing bacterium associated with
sugarcane. Plant Soil, 108: 23-31

Cheng GY, Zheng TM and Mow QY (1993) Experiments on the control of apple leaf and fruit diseases with
fluorescent Pseudomonas sp. Chinese J. Biol. Control., 9: 163-166

*Dennis C and Webster J (1971) Antagonistic properties of species groups of Trichoderma and production of
non-volatile antibiotics. Trans. Br. Mycol. Soc., 57: 25-39

Homma Y and Suzui T (1989) Role of antibiotic production in suppression of radish

154



Logeshwaran P. et al., 2011

Damping-off by seed bacterization with Pseudomonas cepacia. Ann Phytopath Soc Japan 55:643-652

Howell CR and Stipanovic RD (1979) Control of Rhizoctonia solani on cotton seedlings with Pseudomonas
Sfluorescens and with an antibiotic produced by the bacterium. Phytopathology 69:480-482

Howell CR and Stipanovic RD (1980) Suppression of Pythium ultimum-induced damping-off of cotton
seedlings by Pseudomonas fluorescens and its antibiotic, pyoluteorin. Phytopathology 70:712-715

Janzen R, Rood S, Dormar J and McGill W (1992) Azospirillum brasilense produces gibberellins in pure
culture and chemically medium and in co-culture on straw. Soil Biol. Biochem. 24: 1061-1064

Jayakumar P (1996) Isolation, characterization and assessment of nitrogen fixation by Acetobacter
diazotrophicus in sugarcane. M.Sc. (Ag.) Thesis, Tamil Nadu Agricultural University, Coimbatore, p. 105.

Jayaswal RK, Fernandez MA, Visintin L and Upadhyay RS (1992) Transposson 7r5-259 mutagenesis of
Pseudomonas cepacia to isolate mutants deficient in antifungal activity. Can J Microbiol 38:309-312

Jimenez-Salgado T, Fuentes-Ramirez LE, Tapia-Hernandez A, Mascarua MA,
Martinez-Romero E and Caballero-Mellado J (1997) Coffea arabica L., a new host plant for
Acetobacter diazotrophicus and isolation of other nitrogen fixing acetobacteria. Appl. Environ.
Microbiol., 63 : 3676-3683

Keel C, Maurhofer M, Oberhidinsli Th, Voisard C, Haas D and Défago G. (1991) Role of 2,4-
diacetylphloroglucinol in the suppression of take-all of wheat by a strain of Pseudomonas
Sfluorescens..~In: Beemster ABR, Bollen GJ, Gerlagh M, Ruissen MA, Schippers B and Tempel A
(eds.) Biotic Interactions and Soil-Borne Diseases. pp. 335-338 Elsevier,Amsterdam, Oxford, New
York, Tokyo

Keel C, Wirthner Ph, Oberhétnsli Th, Voisard C, Burger U, Haas D and Défago G (1990) Pseudomonads as
antagonists of plant pathogens in the rhizosphere: role of the antibiotic 2,4-diacetylphloroglucinol in
the suppression of black root rot of tobacco. Symbiosis 9: 327-341

Keel C, Schnider U, Maurhofer M, Voisard C, Laville J, Burger U, Wirthner P, Haas D and Défago G (1992)
Suppression of root diseases by Pseudomonas fluorescens CHAQ:Thomashow LS and Weller DM
(1988) Role of a phenazine antibiotic from' Pseudomonas fluorescens in biological control of
Gaeumannomyces graminis var. tritici. J Bacteriol.170:3499-3508

Kovenlenko NK, Nemirovskaia LN and Kasumova SA (1999) The bacteriogenic and lysozyme-synthesizing
activity of lactobacilli. Mikrobiol. 61: 42-50

Li RP and Mac Rae IC (1991) Specific association of diazotrophic acetobacters with sugarcane. Soil Biol.
Biochem., 23: 999-1002

Loganathan P, Sunitha R, Parida AK and Nair S (1999) Isolation and characterization of two genetically
distant groups of Acetobacter diazotrophicus from a new host Eleusine coracana L. J. Appl.
Microbiol., 87: 167-172

Maurhofer M, Keel C, Schnider U, Voisard C, Haas D and Défago G (1992) Influence of enhanced antibiotic
production in Pseudomonas fluorescens strain CHAO on its disease suppressive capacity.
Phytopathology 82:190-195

Muthukumarasamy R, Revathi G and Vadivelu G (2000) antagonistic potential of N, fixing Acetobacter

diazotrophicus against Colletotrichum falcatum went, a causal organism of red rot of sugarcane. Curr.
Sci., 78: 1063-1065

Muthukumarasamy R, Revathi G, Seshadri S and Lakshminarasimhan C (2002) Gluconacetobacter
diazotrophicus (syn. Acetobacter diazotrophicus), a promising diazotrophic endophyte in tropics.
Curr. Sci., 83: 137-145

Oliveira ALM, Urquiaga S, Dobereiner J and Baldani JI (2002) The effect of inoculating endophytic N, fixing
bacteria on micropopagated sugarcane plants. Plant Soil, 242: 205-215

Panneerselvam P. (1997) Studies on Acetobacter diazotrophicus and its interaction with VA-Mycorrhizal fungi
in sugarcane. M.Sc. (Ag.), Thesis, Tamil Nadu Agricultural University, Coimbatore, p. 140

155



J. Basic Appl. Sci. Res., 1(3): 150-156, 2011

Pinon D, Mario C, Blanch M, Fontaniella B, Blanco Y, Vincente C, Solas MT and Legaz ME (2002)
Gluconacetobacter diazotrophicus, a sugarcane endosymbiont produces a bacteriocin against
Xanthomonas albilineans, a sugarcane pathogen. Res. Microbiol. 153: 345-351

Piccoli P and Bottini R (1994) Effect of C/N ration, N content, pH and incubation time on growth and
gibberellin production by Azospirillum lipoferum. Symbiosis. 17: 229-236

Piccoli P, Masciarelli O and Bottini R (1999) Metabolism of 17,17-[*H,]-gibberellins A4, Ay and A,y by
Azospirillum lipoferum in chemically-defined culture medium. Symbiosis 21: 263-274

Roux J, Wingfield MJ, Bouillet JP, Wingfield BD, Alfenas AC (2000) A serious new wilt disease of
Eucalyptus caused by Ceratocystis fimbriata in Central Africa. Forest Pathology 30(3): 175-184

Saravanan VS (1999) Studies on the biodissolution of zinc in soybean. M.Sc. (Ag.), Thesis, Tamil Nadu
Agricultural University, Coimbatore. p.111.

Tang YW, Bonner J (1947) The enzymatic inactivation of indole acetic acid. I. some characteristics of the enzyme
contained in pea seedlings. Arch. Biochem. 13: 11-25

Thomashow LS, Weller DM, Bonsall RF and Pierson III LS (1990) Production of the antibiotic phenazine-I-
carboxylic acid by fluorescent Pseudomonas species in the rhizosphere of wheat. Appl Environ
Microbiol 56:908-912

Voisard C, Keel C, Haas D and Défago G (1989) Cyanide production by Pseudomonasfluorescens helps
suppress black root rot of tobacco under gnotobiotic conditions. EMBO J 8:361-358

Cui X (2004) Regulation of Biosurfactant Production by Quorum Sensing in Pseudomonas fluorescens
5064, the Cause of Broccoli Head Rot Disease. Ph.D.Thesis, The University of Edinburgh.

156



