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Abstract- Cyanobacteria offer an economically and ecologically sound alternative to chemical fertilizers for
realizing the ultimate goal of increased productivity, especially in rice cultivation. There is however, a
growing concern about the adverse effects of indiscriminate use of chemical fertilizers on soil productivity
and environmental quality. A comparative study between the NR activity and biomass of six Anabaena
strains isolated from paddy field soils of Ganjam district in presence of pH, temperature, copper&
molybdenum, NaNOs;, NH4Cl, and Urea is being conducted to present a situation where NR activity and
biomass may be affected under varied concentration. Maximum NR activity was observed in Anabaena sp.
at pH 8.5 and 35°C temperature while Anabaena circinalis showed minimum activity in same concentration.
Biomass content was maximum in Anabaena variabilis at pH 8.5 where as at temperature 35°C in Anabaena
flos-aquae and minimum biomass observed in Anabaena iyengarii at same concentration. NR activity in
relation to copper was maximum in Anabaena sp. at 2 [1g/l while minimum in Anabaena circinalis at same
concentration. At 0.5ug/l molybdenum content in the culture medium showed maximum NR activity in
Anabaena sp and reduced in all strains with increase of concentration. Anabaena flos-aquae showed
minimum NR activity at 0.1mM concentration of NaNO3z while Anabaena circinalis showed minimum NR
activity at same concentration of NH4Cl. The NR activity was observed minimum at 3mM concentration of
Urea in A. cylindrica. The activity of NR and biomass in all the strains was influenced by external NHsand

NOs*and Urea concentration.

Key Words: pH, temperature, copper, molybdenum, NaNOs, NH4Cl, Urea

Introduction

Cyanobacteria are gram-negative prokaryotes
which flourish in rice paddy field and play a major
role in sustaining the fertility of this ecosystem.
Many cyanobacteria are their ability to fix
atmospheric nitrogen both under free-living and
symbiotic conditions, can used as biofertilizer in
paddy fields of Ganjam District [25, 12]. The
increasing use of synthetic nitrogen fertilizers in
the agriculture created confusion regarding their
on the nitrogen fixing activity of microorganisms.
The effect of nitrogen fertilizers on alga
Anabaena cylindrica was studied and concluded
that (i) the addition of such fertilizers to the
natural population of blue-green algae will affect
the nitrogen fixation, and (ii) among the two types
of fertilizers the depressive effect of ammonium
nitrogen is likely to be more than the nitrate
nitrogen [26]. Nitrate and ammonium are both
potential sources of inorganic combined nitrogen
for cyanobacteria under natural condition. Nitrate
is currently one of the most hazardous pollutants
[2, 4, 11, 28]. NR is an enzyme that is being used
to help cleanup the environment, by conversion
of nitrate to nitrite and has great potential to be
part of the solution to the global problem of
excess nitrate and related nitrogen nutrients in
water sources [5]. NR protein is responsible not
only for nitrate reduction, but also for nitrate
uptake in Chlamydomonas, Chlorella sorokiniana
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[15, 19]. Assimilatory N reduction, performed by a
variety of bacteria and eukaryotic organisms [30,
27] includes the reduction of nitrate and nitrite
compounds, often mediated by nitrate or nitrite
reductase enzymes, for synthesis of amino acids.
Nitrate reductase (NR) activity is the limiting
factor when considering the growth and protein
production of algae [17]. Nitrate reductase
assays may prove to be important in algal
ecology as the enzyme is suggested as an
indicator of biomass [3, 7, 8]. However, the
assays are more important in determining if the
cells are assimilating NOsor NH4* [7] or perhaps
as a tool of measuring their rates of NO3
assimilation [3]. The interpretation of NO3
reductase activity in phytoplankton population
should depend on a complete understanding of
the factors which control the enzyme’s synthesis,
stability, inhibition or latency [20]. The effect of
the nitrogen source on the cellular activity level of
assimilatory nitrate  reductase in  the
cyanobacteria Anabaena variabilis (ATCC29413)
and Synechocystis sp. (PCC6714) has been
examined [9]. Among soil properties of paddy
field, pH is a very important factor in growth,
establishment and diversity of cyanobacteria
which have generally been reported to prefer
neutral to slightly alkaline pH for optimum growth
[14]. Soil pH is also known to have a selective
effect on the indigenous algal flora, especially
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cyanobacteria and their succession and
abundance in soil. Species of Anabaena are wide
spread in Indian rice field soils and are known to
contribute significantly to their fertility [29, 13, and
18]. There are few reports on the existence of
cyanobacteria at low pH (acidic range) as they
are in general, intolerant to low pH conditions [1,
10, 6].

The present study deals with comparative
account of the effect of different cultural
conditions on biomass and nitrate reductase
activity in six strains of Anabaena isolated from
paddy field soils of Ganjam (Orissa). It also deals
with the effect of excess addition of N-source on
the fertility of the paddy field.

Material and Methods

Anabaena Cultures

Six strains of Anabaena were isolated from the
water logged and dry paddy fields and made
bacteria free. The bacteria free pure cultures of
Anabaena employed in this investigation were
Anabaena sp, Anabaena iyengarii, Anabaena
cylindrica, Anabaena variabilis, Anabaena flos-
aquae, and Anabaena circinalis. They were
grown in Kratz and Myer’s medium with the trace
elements, free from combined nitrogen and were
maintained in sterilized cotton stopper conical
flasks at temperature of 24+2°C in a culture room
and illuminate with day light fluorescent tubes at
an intensity of 2,200 lux [16]. The experiments
were conducted by inoculation of algae (log
phase filaments) into 25.0 ml. of culture medium
in 100.0 ml. conical flasks. Triplicates were set up
and the cultures were harvested at 4 days of
intervals up to 20 days of incubation in presence
of different concentration of pH, temperature,
nitrogen sources (NH4Cl, NaNOs;, Urea),
Molybdenum and Copper.

Growth
Growth was measured in terms of optical density
at 760 nm with a Bausch and Lomb Spectronic-
20 spectrocolorimeter and converted into the
corresponding dry weights as followed
conventionally in this laboratory [24]. Specific
growth rate constant was calculated with the dry
weight results from the equation [16]:

Log (N/No)
K= ;

T
Where K = Specific growth rate constant; T=
days; No= Initial growth rate; N= Final growth
rate.

Estimation of Nitrate reductase

Estimation of nitrate reductase activity in different
strains of Anabaena at pH, temperature and
concentration of nitrogen source was determined
by the colorimetric method of [30]. This depends
upon the diazotization of an aromatic amino

compound by nitrite in acid solution and coupling
with a suitable reagent to give an intense purple
colour. The cyanobacteria culture collected on a
Millipore filter and washed with distilled water.
The known amount of centrifuge algal material
was suspended in 2.0 ml. of growth medium
containing 0.02 m KNOj3 and incubated in light for
period 24 hours .At the end of the incubation the
following reagents were added.

Sulphanilamide ................ 2.0ml

gm in 100.0 ml of 1:4 HCI)
N-(1-Napthine)-Ethylene diamine

Hydrochloride 0.2%------------- 2.0ml

(0.2gm in 100ml.of water)

The above solutions were mixed well. After 30
minutes, the solution was centrifuged and
observance was measured 520nm in a VSU 2P
Carizeiss Jena spectrophotometer. The amount
of nitrite formed was calculated from the
calibration curve of nitrite Vs Optical density, here
NaNO. was taken as the standard. The nitrate
reductase activity was expressed pg nitrite / mg
protein.

Result

Effects of various factors on Biomass and NR
activity on six strains of Anabaena isolated from
rice field were studied on 16" days of incubation.
Different species of Anabaena had shown
differential responses to the different parameters.
The figure from 1-12 shows the effect of nitrogen
sources NaNOs, NH4Cl and Urea in the culture
medium on the biomass and NR activity of
different species of Anabaena. The significant
increase of NR activity from 0.1 to 2 Mm
concentration of NaNOs; was observed in all
employed strains of Anabaena. The increase in
biomass at same concentration found in all
strains of Anabaena except A. iyengarii. At 3 mM
concentration of NaNOs, the decreased of NR
activity found in all strains but at same
concentration decreased in biomass also found in
A. sp., A. iyengarii, A. variabilis. From 0.1 to 2
mM concentration of NH4Cl, the NR activity
increase in A. sp., A. variabilis, and A. circinalis.
At all concentration of NH4ClI, both biomass and
NR activity decreased in A. cylindrica where as
inhibition started from 1 mM onwards. The
biomass decreased with increase of NH4CI
concentration from 0.1 to 2mM in A. sp., A.
variabilis. In Anabaena flos-aquae & A. circinalis,
reduction of biomass observed from 1 mM
concentration onwards. Sudden decreased in
biomass was observed at 2 mM concentration in
A. iyengarii but it again rise at 3 mM
concentration. The effect of Urea on biomass and
NR activity shows significant growth from 0.1 to
2mM in A. sp, A. variabilis, A. flos-aquae and A.
circinalis. The reduction of NR activity and
biomass was observed at all concentration of
Urea in A. cylindrica. In A. iyengarii, the reduction
of NR activity and biomass was found from 1mM
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onwards. The NR activity in relation to copper &
molybdenum content of the culture medium in
different strains of Anabaena on 16™ days of
observation was illustrated in Fig (13) & (14). The
fig. (13) shows that the NR activity increased with
increase in concentration of copper from 0.5 to 2
0g/l. In A. circinalis, at 1.501g/l concentration, the
NR activity was observed with increase of
molybdenum concentration from 0.5 to 2 (Ig/l in
all species of Anabaena. The effect of pH on
biomass and NR activity of different species of
Anabaena on 16" days of incubation is analysed
in Fig (15) & (16). The increase in NR activity
with increase in pH was observed in A. sp., A.
cylindrica, A. variabilis. The NR activity
decreased at pH 9.5 in Anabaena iyengarii and in
Anabaena circinalis it was at pH 8.5. From pH 5.5
to 8.5, the biomass of all strains of Anabaena
increased. The biomass decreased from pH 8.5
onwards where as in A. flos-aquae, it is at pH
8.5. Fig (17) & (18) depicted the effect of
temperature on biomass and NR activity. The
result shows significant increase of biomass &
NR activity at 30°C in all strains of Anabaena. At
35°C in Anabaena sp, Anabaena flos-aquae and
A. circinalis, both NR activity & biomass
decreased. The reduction NR activity observed at
35°C in Anabaena iyengarii, Anabaena variabilis
and Anabaena cylindrica. The result of the
experiment showed that higher concentration of
cultural condition and nitrogen source affects the
biomass and NR activity of six strains of
Anabaena.

Discussion and Conclusion

In this investigation, the activity of NOs  reductase
enzyme was influenced by external NOgz, NH4"*
and Urea concentration. It is of interest that
nitrate reductase in all the studied organisms is
constitutive, since it is formed with NH4Cl and
Urea in absence of nitrate, as the substrate.
Ammonia and Urea do not depress the formation
of nitrate reductase activity in all the species.
However, the activity of nitrate reductase differs
in different species. Similar results were obtained
with different nitrogen sources on growth rate
(biomass) of the studied organisms. Different
species of Anabaena shows differential response
to different concentration of molybdenum and
copper. The decrease in enzyme activity may be
due to a cessation of protein synthesis in the
cells with the concomitant decay of the unstable
nitrate reductase enzyme. The range of condition
under which NR activity can be used to measure
in situ growth rate of algal organism is severely
restricted. Some of the N source that the cells are
in vigorous growth stage, enzyme assayed
represents the only NR activity pathway of the
cell, and that are known the efficiency of enzyme.
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A salient inverse correlation between NR activity
and the division rate of Thalassiosira pseudonans
(Hustedt) in an N-limited chemostats was
reported [7]. Growth rate and enzyme activity
paralleled each other which agree with the
concept that both the processes are related. The
enzyme is present and stable in the presence of
NH; * and Urea. Nitrate reductase and growth
rate of all the species of Anabaena were
inextricably linked.
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Fig. 1- Biomass of Anabaena sp. in relation to the nitrogen source in the culture medium (KNOs, NH4CI,

Urea) on 16th days of observation (mg dry wt. /25ml. of culture)
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Fig. 2-Biomass of Anabaena iyengariiin relation to the nitrogen source in the culture medium (KNO3s, NH4Cl,

Urea) on 16th days of observation (mg dry wt. /25ml. of culture)
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Fig. 3-Biomass of Anabaena cylindrica in relation to the nitrogen source in the culture medium (KNOs,
NH4CI, Urea) on 16th days of observation (mg dry wt. /25ml. of culture)
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Fig. 4-Biomass of Anabaena variabilis in relation to the nitrogen source in the culture medium (KNOs, NH4Cl,
Urea) on 16th days of observation (mg dry wt. /25ml. of culture)
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Fig. 5-Biomass of Anabaena flos-aquae in relation to the nitrogen source in the culture medium (KNOs,
NH4CI, Urea) on 16th days of observation (mg dry wt. /25ml. of culture)
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Fig. 6-Biomass of Anabaena variabilis in relation to the nitrogen source in the culture medium (KNO3s, NH4Cl,
Urea) on 16th days of observation (mg dry wt. /25ml. of culture)
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Fig. 7-Nitrate reductase activity of Anabaena sp. in relation to the nitrogen source in the culture medium
(KNO3, NH4Cl, Urea) on 16th days of observation (g nitrate / mg protein)
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Fig. 8-Nitrate reductase activity of Anabaena iyengarii in relation to the nitrogen source in the culture
medium (KNOs, NH4ClI, Urea) on 16th days of observation (g nitrate / mg protein)
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Fig. 9-Nitrate reductase activity of Anabaena cylindrica in relation to the nitrogen source in the culture
medium (KNOs, NH4ClI, Urea) on 16th days of observation (g nitrate / mg protein)
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Fig. 10-Nitrate reductase activity of Anabaena variabilis in relation to the nitrogen source in the culture
medium (KNOs, NH4ClI, Urea) on 16th days of observation (/g nitrate / mg protein)
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Fig. 11-Nitrate reductase activity of Anabaena flos-aquae in relation to the nitrogen source in the culture
medium (KNOs, NH4ClI, Urea) on 16th days of observation (g nitrate / mg protein)
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Fig. 12-Nitrate reductase activity of Anabaena circinalis in relation to the nitrogen source in the culture
medium (KNOs, NH4ClI, Urea) on 16th days of observation (g nitrate / mg protein)
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Fig. 13-Nitrate reductase activity in relations to copper content of the culture medium in different strains of
Anabaena on 16th days of observation (g nitrate / mg protein)
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Fig. 14-Nitrate reductase activity in relations to molybdenum content of the culture medium in different
strains of Anabaena on 16th days of observation ([Ig nitrate / mg protein)
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Fig. 15-Effect of pH on Biomass in different strains of Anabaena on 16th days of observation (mg dry wt.
/25ml. of culture)
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Fig. 16-Effect of pH on Nitrate reductase activity in different strains of Anabaena on 16th days of observation
(Cg nitrate / mg protein)
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Fig. 17-Effect of Temperature on Biomass in different strains of Anabaena on 16th days of observation (mg
dry wt. /25ml. of culture)
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Fig. 18-Effect of Temperature on Nitrate reductase activity in different strains of Anabaena on 16th days of
observation (g nitrate / mg protein)
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