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Abstract

A symbiotically associated cyanobacterium (Anabaena azollae)
was isolated from Azolla pinnata and cultured under a free-living
state. It is characterized by filamentous brown to olive in color
culture, its vegetative cells are cylindrical and their diameters
ranged from 8 to 9um width and from 5 to 6 pm length.
Heterocysts were found to be internal and terminal in the filament,
its shape is spherical and its diameters ranged from 9 to 9.5 pm
width and from 9 to 9.5 um length. Akintes are present with
cylindrical shape, with diameters of 9-10 pm width and 6-8 pm
length. Nitrogenase activity of Anabaena azollae increased
gradually from 0.1786 to 4.7992 p mole CH4 g soil/hr along 4
weeks. The strain showed high efficacy in suppressing the fungal
mycelial growth of either Fusarium oxysporum or Alternaria
alternate by 100 %.

INTRODUCTION

Azolla is a free-floating water fern that floats on the water and fixes
atmospheric nitrogen in association with the nitrogen fixing cyanobacterium Anabaena
azollae. Azolla-Anabaena symbiosis is the only plant-cyanobacterial symbiosis used as
biofertilizer in agriculture. Anabaena azallea is a prokaryotic, filamentous nitrogen
fixing cyanobacterium that is symbiotically associated with the small eukaryotic water
from Azolla pinnata. The endosymbiont is contained within specialized leaf cavities of
the fern under natural conditions.

Cyanobacteria-free Azolla spp. are generally not found in nature, but cultures
have been generated by a variety of methods for use in laboratory studies, one of the
most frequently used methods is antibiotic treatment( Peters and Mayne, 1974).
Cyanobacteria from the symbiosis have also been isolated and cultured independently
of the fern (Subramanian and Malliga, 1988). Researchers have noted that although
the free-living isolates of Anabaena azollae are closely resemble to Anabaena or
Nostoc spp. in their general morphologies (Zimmerman et. a/, 1989). The /n vitro-
cultured filaments are morphologically distinct from filaments freshly removed from
the fern cavity (Newton and Herman, 1979). Cyanobacteria have been identified as a
new and rich source of bioactive compounds (Dahms et. al., 2006), belong to groups

of polyketides, amides, alkaloids, fatty acids, indoles and lipopeptides were isolated
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(Abarzua et. al, 1999 and Burja et. al.,, 2001).Therefore the present study show the
morphological characteristics of Anabaena azolae isolated from Azolla pinnata ,can be
grown successfully free in BG11 medium and used as bioagent suppressor for the

pathogenic fungi of Fusarium oxysporum and Alternaria alternate.
MATERIALS AND METHODS

1. Preparation of Azolla pinnata

Azolla pinnata was kindly provided by Agric. Microbiology Res. Dept., Soils, Water
and Environment. Res. Inst., ARC, Giza, Egypt. Azolla was grown under the
greenhouse conditions up to log phase on Yoshida medium (Yoshida et. a/, 1976).
(Platel).
1.1. Isolation of Anabaena azollae from Azolla pinnata

Ten grams of fresh azolla were ground in crucible to squeeze the cells forming
suspension and 5 cm from it was put in a 100 ml conical flask containing BG11
medium (Rippika ef. a/, 1979) and incubated in a growth chamber under continuous
illumination (2000 lux) and a temperature of 25°Cx 2°C. After 30 days of incubation,
the developed cyanobacterial cells were cultured on Petri dishes (plate2) with BG11
agarized medium. Plates were incubated in an illuminated growth chamber for colony
development. One of the developed cyanobacteria colonies was taken with a sterilized
inoculation needle to be inoculated to conical flask containing liquid BG11 medium and
reincubated in the illuminated growth chamber till the complete development of

Anabaena azollae filaments growth after one month (plate 3).

Plate 1. Azolla pinnata
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Plate 2. Anabaena azollae colonies isolated from Azolla pinnata on Petri dishes with

BG11 agarized medium.

Plate 3. growth of Anabaena azollae free in BG11medium

1.2. Identification of Anabaena isolate

The isolate Anabaena was examined under the light microscope (power of
microscope 1250 x). The shape and color of isolate culture, width and length of
vegetative cells, presence or absence of heterocystes, site of heterocysts in filaments
as well as shape, width and length of heterocystes, p6resence or absence of akinetes,
shape, width and length of akinetes, were described and measured
(Desikachary,1959).
2. Nitrogenase activity

The efficiency of Anabaena azollae to fix atmospheric nitrogen (N,-ase activity)
was assayed. The enzyme activity was estimated using the acetylene reduction
technique (ARA) according to standard procedure described by Hardy et al. (1973).
3. Culture filtrate preparation of Anabaena azollae

The cultures were incubated in growth chamber under continuous illumination
(2000 lux) at a temperature of 25°C+ 2°C. After 30 days of incubation, cultures were

homogenized and filtered through Wathman No.1 paper and the filtrate was filter-
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sterilized through 0.45 pm filter membrane and antibiotic treatment (Peters and
Mayne, 1974).
3.1 Fungus preparation
The tested fungi (Fusarium oxyspora and Alternaria alternate ) were obtained

from the Dept. of Survey and Identification of Fungal, Plant Pathol. Res. Inst., ARC,
Giza, Egypt. The fungal strains were sub-cultured using fresh potato dextrose agar
(PDA) (Difco, 1984) and stored in an incubator at 25 °C +1°C.
3.2 jn vitro bioassay test of antifungal activity

The prepared Anabaena Azollae culture filtrate was tested against pathogenic
fungi of Fusarium oxysporum and Alternaria alternate previously grown in Petri
dishes containing PDA and incubated for 10 days. The algal culture filtrate was used
for evaluating the efficacy of algal antifungal activity.

Algal culture filtrate was prepared in flask containing PDA medium then poured
into Petri dishes at the rate of 20 ml/dish. Plates containing PDA media without algal
culture filtrate were used as a control. Disks (5 mm diameter) were taken individually
from the developed fungal growth cultures; each was placed in the centre of each
Petri dish. Five Petri dishes were used as replicates for each particular treatment as
well as a control. Inoculated Petri dishes were incubated at 25 °C +£1°C for 10 days
then the average diameter of linear fungus growth was calculated. The inhibitory
effect of algal culture filtrates on the radial mycelial growth of both Fusarium

oxysporum and Alternaria alternata was evaluated.
RESULTS AND DISCUSSION

Table 1. Morphological characteristics of the cyanobacteria strain Anabaena azollae

Color Vegetative Cel | Heterocyst Akinetes
General Site of
of
shape Width | Length Width Length Heterocyst Width | Length
Culture Shape Shape Shape
(pm) (pm) (m) (m) (pm) (pm)
Brown
Inter.&
to Filamentous | Cylindrical 8-9 5-6 Spherical 9-9.5 9-9.5 Cylindrical 9-10 6-8
Ter.*
Olive

Table 1 showed that Anabaena azollae isolated from Azolla pinnata is
characterized by filamentous brown to olive in color culture (plates 4 and 5) the shape
of its vegetative cells is cylindrical and their diameters ranged from 8 to 9 ym width

and from 5 to 6 um length. Heterocysts are present and their sites are found to be
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internal and terminal in the filament, shape is spherical with diameters of 9 to 9.5 um
width and 9 to 9.5 um length. Akintes are present and their shapes are cylindrical,
their diameters ranged from 9 to 10 ym width and 6 to 8 ym length. Taxonomically,
the Azolla cyanobiont is placed in phylum- Cyanophyta, Order-Nostocales, Family-
Nostocaceae. It was first described as Nostoc and later renamed Anabaena azollae .

Plate. 5. Cells in Anabaena azollae grown in BG11 medium

Nitrogenase activity

~. .
\ .

Fourth week Third week Second week First week
Time / week

pmole C,Hy/hr/100 ml

Figurel. Nitrogenase activity of Anabaena azollae during 4 weeks.
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Figure 1 showed that nitrogenase activity of Anabaena azollae increased
gradually from 0.1786 to 4.7992 p mole C,H; /g /soil /hr with increasing the
incubation period from 1 to 4 weeks in BG11 medium. Pabby et a/ (2000) observed
that in Azolla microphylla, ammonia assimilatory enzymes achieved highest activity at
24 hours after incubation in a medium containing urea and decreased thereafter.
However, prolonged incubation for more than 14 days, in a medium containing
different levels of nitrate, led to suppression of nitrogenase activity in Anabaena
microphylla and Anabaena pinnata (Pabby et a/2001).

Antifungal Activity of Anabaena Azollae

A B C

Plate 6. Antibiosis among Anabaena Azollae and  Fusarium oxysporum A-
Anabaena Azollae + Fusarium oxysporum, B- (control) Fusarium
oxysporum C- (Control) Anabaena Azolla

Plate 7. Antagonistic activity of Anabaena azollae towards A- Anabaena Azollae +
Alternaria alternat , B- (Control) Alternaria alternat, C- (Control) Anabaena
azollae
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Anabaena azollae inhibited the mycelial growth of both Fusarium oxysporum
and Alternaria alternate and showed the highest efficacy in suppressing the fungal
mycelial growth diameter by 100 % as shown in plates 6 and 7. In this context,
various strains of cyanobacteria are known to produce intracellular and extracellular
metabolites with diverse biological activities such as antibacterial and antifungal
effects. (Ghasemi et. al, 2007 ). Several attempts to recombine isolated anabaena
azollae with cyanobacterium-free Azolla were reported to be unsuccessful (Liu et. al.,
1984).

In conclusion, this study indicated the morphological charctaristices of Anabaena
azollae isolated from Azolla pinnata and it can be free cultured in BG11 medium, as
well as, it can be used, as a bioagent suppressor for the pathogenic fungal members

Fusarium oxysporum and Alternaria alternate.
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