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Abstract 
Anabaena azollae possesses several characteristic features advantageous for ap­ 
plication as a nitrogen biofertilizer: fast growth rate (µ-0.0675 h - l; doubling 
time of 10.2 h); tolerance to a wide range of temperatures (20-40°C); ability 
to grow and to fix nitrogen at optimal values (nitrogenase activity-32 µmol 
C2H4 mg-1chl h-1) over a broad range of pH (6 to 9); growth rate and 
nitrogenase activity not effected by the presence of 1 % NaCl in the growth 
medium. Its production outdoors in 2.5 m2 ponds was also tested over several 
months. Maximum yield of 17.9 g m-2d-l was obtained during the month 
of August in which the morning and noon temperatures fluctuated between 
21-24°C and 31-34°C, respectively the ponds being partially (30%) shaded 
to decrease light intensity. 

Keywords: A nabaena azollae, nitrogen fixation, biofertilizer, biomass production, 
rice paddies 

1. Introduction 
The use of nitrogen-fixing cyanobacteria as nitrogen biofertilizer in rice 

fields is of great significance in many countries in the far east, where rice is 
the major staple diet. Indeed since the first report by De (1939) testing the 
potential application of these algae as a biofertilizer, many studies have been 
devoted to introducing this biofertilization technique, in various countries 
(Venkataraman, 1977, 1986; Roger and Kulasooriya, 1980; Martinez, 1984; 
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Ley and Qianlin, 1985; Grant et al., 1986; Roger and Watanabe, 1986). To 
date, however, the use of these algae as N-fertilizer still suffers from some ma­ 
jor problems: The inability to produce good quality inocula at an economical 
price (Watanabe, 1984); the lack of understanding the environmental condi­ 
tions prevailing in the rice ecosystem which in some cases affect the bloom­ 
ing of the algae, either endogenous species or inoculated ones (Roger and 
Kulasooriya, 1980); the low efficiency of the utilization of the fixed nitrogen 
by the rice plants (Watanabe et al., 1987). 
This study describes the performance of Anabaena azollae, isolated from 

Azolla filiculoides, in relation to its application as N-fertilizer. Data con­ 
cerning the effect of p H, temperature and salinity ( environmental conditions 
which regulate the abundance of cyanobacteria in rice fields) on the growth 
rate and nitrogenase activity are presented. The possibility of cultivating this 
strain outdoors under N 2 fixing conditions during a relatively long period of 
time was also tested. 

2. Materials and Methods 
Organism 
Anabaena azollae isolated from Azolla filiculoides, was donated by E. Tel­ 

Or, Faculty of Agriculture of the Hebrew University at Rehovot, Israel. 

Growth conditions 
1. Laboratory cultures: The algae were cultivated in 500 ml sterilized 

glass columns inside a transparent plexiglass circulating water bath. 
Water temperature was controlled at 30°C. A constant photon flux of 
175 µE m-2s-1at the surface of the growth vessel was supplied laterally 
by a battery of 8 cool-white fluorescent lamps. Continuous aeration 

, was provided by bubbling filtered air containing 1.5% CO2• Under 
these conditions, the pH was maintained at 6.8-7.0. The standard 
growth medium was BG-110 (Stanier et al., 1971). Unless otherwise 
stated, cultures were sampled during the logarithmic growth phase for 
use in the different experiments. 

2. Outdoor cultures: 2.5 m2 oval-shaped ponds with two channels forming 
a single loop were used. The culture, 250 liters in volume (medium 
was BG-110) and 10 cm in depth, was stirred by a paddle wheel. 
CO2 was supplied to maintain the pH at a range of 6.5-7.5. Pond 
maintenance: Temperature, dissolved oxygen, and pH in the outdoor 
cultures were monitored daily. Light intensity ranged from 900 to 
1250 µE m-2s-1between March to August, respectively. 
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To maintain steady state growth, the culture was bled as required. In all 
outdoor experiments the biomass concentration was kept between 6-8 mg-chl 
liter-1• 

Enzyme assays 
Nitrogenase activity was estimated by the acetylene reduction method 

(Stewart, 1967). Samples of 4.6 ml of algal culture, washed in fresh BG-110 
medium, were placed in a 25 ml Wheaton bottle sealed with a flanged rubber 
septum. The Wheaton bottles were subjected to rotary shaking and illumi­ 
nated with a quantum flux of 75 µE m-2s-1, during the assay. Cell suspen­ 
sions were allowed 10 min of acclimation before injection of C2H2• Ethylene 
was analyzed on an HP 5890 gas chromatograph using a stainless steel column 
packed with Poropack-N (0.2 cm i.d., 265 cm length). Nitrogenase activity 
was expressed as µ mol C2H4 produced per mg chlorophyll per hour. 

Other methods 
Ash free dry weight (AFDW) and chlorophyll-a were determined as previ­ 

ously described (Boussiba et al., 1987). Protein was determined according to 
Lowry et al. (1951). Frequency of heterocysts was calculated by microscopic 
countings and is expressed as % of the total number of cells in the culture. 

The effect of temperature on growth was studied in a temperature block 
maintaining a temperature gradient from 20 to 45°C with 1.5 degree incre­ 
ments between adjacent test tubes. The light intensity at the bottom surface 
of the tubes was 110 µE m-2s-1• 

3. Results 
Effects of environmental factors 
The effect of different growth conditions on the specific growth rate and 

nitrogenase activity of A. azollae were tested in the laboratory. This isolate 
grew relatively fast and fixed nitrogen over wide ranges of pH's (Fig. 1). The 
specific growth rate and the maximum nitrogenase activity being 0.065 h-1, 
and 32 µmol C2H4 mg" chl h-1, respectively, at PH 7.0. The same effects, 
high growth rate and nitrogenase activity, could be achieved in cultures grow­ 
ing in air, but in which the pH is controlled to 6.8-7.0. A. azollae can tolerate 
a wide range of temperatures from 20 to 40°C, without its growth rate being 
adversely affected (Fig. 2). This strain exhibits tolerance to NaCl up to 1 % 
without its growth rate or its nitrogenase activity being affected (Fig. 3). 
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Figure 1. Effect of pH on the growth rate and nitrogenase activity of Anabaena azollae. 
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Figure 2. Effect of temperature on the growth of Anabaena azollae. 



N2-FIXING CYANOBACTERIA AS NITROGEN BIOFERTILIZER 133 

100 ,------------ 

-0- 0 

-+- 0.fl"/n 

2'1 48 72 96 120 144 
TIME (h) 

Figure 3. Effect of NaCl on the growth of Anabaena azollae. NaCl was added to final 
concentrations (w /v) as indicated. 

Table 1. Outdoor production of Anabaena azollae in 2.5 m2 ponds 

Month Temperature Output rate Nitrogenase* Heterocysts 
(1987) (OC) (g m-2d-l) activity (% of total cells) 

March 12-151 23-262 5.6 4.7 4-5 

June 18-21 28-31 12.3 5.2 5-6 

August 21-24 31-34 17.9 5.8 5-6 

lmorning; 2 noon 
*nitrogenase activity - µmol C2H4 mg-1 chl h-1 

Outdoor mass production of Anabaena azollae 
Data accumulated at Sede-Boker concerning the mass production of 

A. azollae during several seasons of the year are presented in Table 1. A 
major effect which controlled the mass production of this nitrogen fixing 
strain was the temperature fluctuation during the months of production. 
Maximum yield of 17.9 g m-2d-1 was obtained during the month of August 
during which the morning and noon temperatures were close to optimum. 
No difference between C/N ratios were observed in the material grown in the 
lab or outdoors (data not shown). 
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Some characteristic features of outdoor cultivation of this strain were ob­ 
served: (1) Relatively small amounts of ammonia were present in the medium 
during growth (between 0.1 and 0.3 mM). This phenomenon was not ob­ 
served in the laboratory; (2) significant reduction in frequency of hetero­ 
cysts (5-7%) and nitrogenase activity (4-7 µmol C2H4mg-1chl h-1) during 
growth, compared with laboratory cultures; (3) sensitivity to solar irradiance 
(1250 µE m-2s-1) which necessitated continuous shading of the pond in the 
summer (August), reducing light intensity by 30%. 

The release of ammonia to the surrounding environment 
In one event during the course of growth in outdoor ponds, a sudden drastic 

drop in temperature occurred (below 10°C). This caused rapid decomposition 
of the Anabaena cells and an increase of ammonia in the growing medium 
(Fig. 4). 

The released ammonia was consumed and promoted the establishment of 
new species of algae (green) as revealed by microscopic observation and by the 
total loss of nitrogenase activity (Fig. 4). This situation is comparable to the 
decomposition of cyanobacteria in rice fields, when the nitrogen compounds 
are utilized by the rice plants. 

4. Discµssion 
Rice fields continuously undergo environmental changes during maturation 

of the rice plants (Roger and Kulasooriya, 1980). During the growth cycle 
of the rice plants, light becomes limiting due to tillering development, and 
there is an increase of pH from 6 to 7 in the inoculation stages, to 8-9.5 
towards the end of growth. Also, due to evaporation, there is a constant 
increase in salt concentration, while temperature may also fluctuate over a 
wide range (Venkataraman, 1986). Clearly, these environmental factors may 
directly affect the growth and development of cyanobacteria in rice fields. In 
particular, these factors may control nitrogenase activity and therefore af­ 
fect the performance of these microorganisms as nitrogen biofertilizers. The 
search for suitable strains which can perform well under the different envi­ 
ronmental conditions prevailing in rice fields, should therefore by considered, 
as the first stage in the development of biotechnology using cyanobacteria as 
biofertilizer. 

The results obtained in this investigation and previously (Zimmerman and 
Boussiba, 1987), regarding the effect of environmental factors on the growth 
rate and nitrogenase activity of A. azollae give support to the possibility of 
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Figure 4. Growth and ammonia release of Anabaena asollae cultivated outdoors in 2.5 m2 

pond. 

using this isolate as a nitrogen biofertilizer. This strain grows relatively fast 
( dt of 10.2 hr), but slower than A nabaena siamensis another potential biofer­ 
tilizer strain which grows much faster (dt of about 4.0 hr) (Antarikanonda, 
1985). A. azollae, however, possesses several other characteristic features 
which may be considered advantageous; it fixes nitrogen at almost optimal 
rates over a broad range of p H; tolerates a wide range of temperatures; and 
can withstand up to 1% NaCl in the growth medium without its growth or 
its nitrogenase activity being significantly affected. Indeed, these features 
of A. azollae have been described previously (Antarikanonda and Lorenzen, 
1983) as the desirable ones, when considering natural isolates of N rfixing 
cyanobacteria to serve as nitrogen biofertilizer. 



136 S. BOUSSIBA 

The next important stage when considering application of N 2-fixing 
cyanobacteria as nitrogen biofertilizer is mass production of high quality 
inoculum of the desirable strains (Watanabe, 1984). Data concerning mass 
production of nitrogen-fixing cyanobacteria are still limited, and the rate 
of reported production 6-8 g m-2day-1 is relatively low (Watanabe, 1959). 
Recently Fontes et al. (1987) obtained higher rates of production 8 to 13 g 
(dry weight) m-2day-1 using Anabaena variabilis. It is imperative to con­ 
sider these data with great caution since they were obtained in a small scale 
(0.25 m2) and over a relatively very short period of time. The highest rate 
of production in a bigger reactor 2.5 m2 obtained in this work was 17.9 g 
(A.F.D.W.) m-2day-1• The rate of production was calculated from a culture 
being at steady state of at least 25 days. 
The third stage, which should perhaps be considered the critical one in the 

selection of the desirable strain, to be used as a nitrogen biofertilizer, is its 
performance under field conditions. Important factors which should be taken 
into consideration are: competition with endogenous strains, resistance to 
pesticides and grazers and, finally, the effectiveness of fixed nitrogen transfer, 
to the benefit of the rice plants (an example of such a flow of nitrogen during 
the decomposition of A. azollae is documented in Fig. 4). The performance 
of A. azollae in rice fields is now being investigated. 
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