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Abstract

Forty-five isolates of nitrogen-fixing cyanobacteria were obtained from organic soils at
Chachoeng-Sao province. Of these, the most diverse genus belonged to Nostoc (31 isolates),
followed by Tolypothrix (8 isolates), Anabaena (1 isolate), Calothrix (1 isolate), Fischerella
(1 isolate), Scytonema (1 isolate) and 2 isolates were unknown. Five predominant isolates,
including Nostoc sp. TUBTO03, Nostoc sp. TUBT04, Nostoc sp. TUBTO05, Nostoc sp. TUBT06
and Tolypothrix sp. TUBT31, were selected to study for growth in BG-11 liquid medium
without nitrogen source (BG-11,) at 25°C on a 120 rpm rotary shaker and 12: 12 light-dark
cycles. Samples were taken every 5 days for 45 days and packed cell volume (PCV) and dry
cell weight (DCW) were examined. Accoding to DCW, Nostoc sp. TUBTO05 had the highest
specific growth rate of 0.2952 d™, follow by Nostoc sp. TUBTO04 (0.2424 d™), Nostoc sp.
TUBTO06 (0.2184 d™), Nostoc sp. TUBTO03 (0.1968 d™) and Tolypothrix sp. TUBT031 (0.0528
d™), respectively. The highest PCV of 105.79 ml L™ was shown by Nostoc sp. TUBTOS,
followed by Nostoc sp. TUBT03 (75.72 ml L™), Nostoc sp. TUBTO5 (61.56 ml L™), Nostoc
sp. TUBTO4 (28.22 ml L™ and Tolypothrix sp. TUBT031 (21.69 ml L™), respectively.
Tolypothrix sp. TUBT031 showed the highest DCW (2.02 g L™), follow by Nostoc sp.
TUBTO3 (1.02 g L), Nostoc sp. TUBTO06 (0.93g L™), Nostoc sp. TUBT04 (0.74 g L™) and
Nostoc sp. TUBTO5 (0.60g L™), respectively. All these 5 cyanobacterial isolates can grow
well in BG-11,. Therefore, they can be applied as biofertilizers. Further study on
cyanobacterial biochemical substance production is needed.
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1. Introduction

N, fixing cyanobacteria have been
well known as a natural biofertilizer. Their
role is to supply field fertility, especially as
nitrogen supplier via a process of biological
nitrogen fixation, converting dinitrogen from
the atmosphere into plant usable forms [1].

N, fixing cyanobacteria have a potential to
contribute to the productivity of a variety of
agricultural crops. In addition, they have
been reported as a biofertilizer to substitute
part of the use of synthetic fertilizer that can
decrease the quantity and the cost of
synthetic fertilizers. Application of
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cyanobacterial isolates along with 1/3
N+P+K presented statistically comparable
results as compared to an application of a full
dose of chemical fertilizers in terms of wheat
grain yields [2]. The use of cyanobacteria as
biofertilizer allowed a 50% saving in the use
of chemical fertilizer with similar results in
terms of grain yield and quality in rice and
peas [1, 3].

Besides, the N, fixing cyanobacteria
offer an ecologically sound alternative for
increasing productivity especially in organic
agricultural areas. Moreover, inoculation
with cyanobacteria in agricultural soil
improves soil structure and fertility.
Inoculated degraded soils with Nostoc
resulted in soil N and C increase and enhance
soil fertility and structure [4]. However, the
introduction of cyanobacteria species that are
unadapted to the edaphoclimatic condition,
some brand of commercial biofertilizer, have
any effect on crop productivity [1].
Therefore, to obtain the Thai organic
indigenous N,-fixing cyanobacteria applied
in Thai agricultural areas, this work was
aimed to isolate, culture and study the
growth of the N,-fixing cyanobacteria
from organic rice fields in Chachoeng-Sao
province.

2. Materials and Methods

2.1 N, fixing cyanobacteria isolation

Organic soil was randomly sampled
from organic paddies in Sanamchaikate,
Chachoeng-Sao province. N,-fixing
cyanobacteria were isolated by dilution
plating and manual-isolation techniques. The
former technique was done by weight 1 g soil
into 9 ml sterile water, and the 107 dilution
was spread onto BG-11, agar medium. The
latter technique was done by hand-sorting
cyanobacterial cell, washing in sterile water
5 times and culture in 96-well micro plates
containing 150 ul of BG-11, liquid medium.
All were incubated at 25°C under continuous
light. Then, cyanobacteria colonies were
randomly selected and cultured in BG-11,.
An axenic N, fixing cyanobacteria culture
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was obtained by a repeated dilution plating
technique.

2.2 Growth of N fixing cyanobacteria

The 5 predominant isolates including
Nostoc sp. TUBTO3, Nostoc sp. TUBTO04,
Nostoc sp. TUBTO5, Nostoc sp. TUBTO06 and
Tolypothrix sp. TUBT31 were selected for
growth study. Each isolation stock was
prepared Dby homogenizing 1 ml of
cyanobacteria cell using a tissue grinder then
resuspending the cell in 50 ml BG-11,.
Then, 1 ml of cyanobacteria stock was added
into a 125 ml Erlenmeyer flask containing 25
ml BG-11,. All were incubated at 25°C on a
120 rpm rotary shaker and 12:12 light-dark
cycles. Samples were taken every 5 days for
45 days and the packed cell volume (PCV)
and dry cell weight (DCW) were examined
[5]. There were 2 replications for each
isolate. Then, the specific growth rate (u) of
5 isolates was calculated using a Sigma plot
program.

3. Results and Discussion

3.1 N, -fixing cyanobacteria
Isolation

Forty-five isolates of nitrogen-fixing
cyanobacteria were obtained from organic
soils at Chachoeng-Sao province. Of these,
the most diverse genus belonged to Nostoc
(31 isolates) (Fig. 1a and 1b), followed by
Tolypothrix (8 isolates), Anabaena (1
isolate), Calothrix (1 isolate), Fischerella
(1 isolate) (Fig. 1c), Scytonema (1 isolate)
(Fig. 1d). Two isolates were unknown. Most

of them are filamentous heterocytous
cyanobacteria. Heterocyst is a special cell
providing anaerobic  condition for

nitrogenase enzyme [e.g. 6,7]. These special
cells play a crucial role in nitrogen fixing,
which bring cyanobacteria become a good
candidate for a natural biofertilizer.

From this study, the most diverse genus of N,
fixing cyanobacteria was Nostoc and
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followed by Tolypothix. All of genera we
report here have been recorded from many
parts of Thailand [8]. The two genera, Nostoc
and Tolypothix have been well documented
that they are well known use as biofertilizers
[9]. In particular, Nostoc spp. has been used
as a biofertilizer for a variety of crops such
asrice [1, 10], pea [3] and wheat [2].
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Fig.1. Some N,-fixing cyanobacteria isolated
from soil collected from organic agricultural
areas in Chachoeng-Sao Province (a: Nostoc
sp. TUBTO4, b: Nostoc sp. TUBTO5, c:
Fischellara sp. TUBT043 and d: Scytonema
sp. TUBTO044).

3.2 No-fixing cyanobacteria growth

The five predominant isolates
including Nostoc sp. TUBTO03, Nostoc sp.
TUBTO04, Nostoc sp. TUBTO5, Nostoc sp.
TUBTO06 and Tolypothrix sp. TUBT31 were
selected to study for growth in BG-11,
medium. Their growth curves were shown in
Fig. 2. With respect to DCW, Nostoc sp.
TUBTO5 had the highest specific growth rate
of 0.2952 d*, followed by Nostoc sp.
TUBTO04 (0.2424 d*), Nostoc sp. TUBT06
(0.2184 d™), Nostoc sp. TUBT03 (0.1968 d™)
and Tolypothrix sp. TUBT031 (0.0528 d),
respectively. The highest PCV of 105.79 ml
L* was shown by Nostoc sp. TUBTOG,
followed by Nostoc sp. TUBTO03 (75.72 ml L
), Nostoc sp. TUBTO05 (61.56 ml L),
Nostoc sp. TUBT04 (28.22 ml L™ and
Tolypothrix sp. TUBT031 (21.69 ml L),
respectively. Tolypothrix sp. TUBTO031
showed the highest DCW (2.02 g L™,
followed by Nostoc sp. TUBT03 (1.02 g L™),
Nostoc sp. TUBTO06 (0.93g L™), Nostoc sp.
TUBT04 (0.74 g L% and Nostoc sp.
TUBTO5 (0.60g L™), respectively.

From the result, PCV in Nostoc spp.
was higher than Tolypothrix sp. while DCW
in Tolypothrix sp. was greater than Nostoc
spp.. Thick capsular polysaccharides
enveloped Nostoc spp. while only a small
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amount was found for Tolypotrhix sp.. Genus
Nostoc, moreover, has been reported to
produce a large amount of extracellular
polysaccharides [11], which may cause a
large pack cell volume in Nostoc sp..
Exocellular polysaccharides are well known
as a soil conditioner that improves aggregate
stability in soil [4, 12]. Therefore, Nostoc is
not only a good candidate species for
biofertilizer production but also a good
applicant for a soil conditioner. Additionally,
some of N, fixing cyanobacteria can produce
indole-3-acetic acid (IAA), which promotes
plant growth [13, 14]. According to
previously reports, their ability in nitrogen
fixation and exopolysaccharide and
phytohormone production make
cyanobacteria as a good source for
biofertilizer.
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Fig.2. Growth curve of five N,-fixing
cyanobacteria grown in BG-11N, for 45 days
(a: Nostoc sp. TUBTO03, b: Nostoc sp.
TUBTO4, c: Nostoc sp. TUBTO5, d: Nostoc
sp. TUBTO06 and e: Tolypothrix sp.
TUBTO031; transparent symbols represented
DCW and opaque symbols represented
PCV).
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4. Conclusion

Among these 5 cyanobacterial
isolates, Nostoc spp. and Tolypothrix sp. can
grow well in the experimental condition used
with no nitrogen sources. Therefore, they
show potential for biological nitrogen
fixation, thus allowing them to be used as
biofertilizers in agricultural areas. For a
practical application of cyanobacteria
fertilizer in the field, however, further studies
mass culture, metabolite production and the
effect of metabolic compounds on plant
growth will be needed.

5. References

[1] Pereira, 1., Ortega, R, Barrientos, L.,
Moya, M., Reyes, G. and Kramm,
V., Development of a Biofertilizer
Based on Filamentous Nitrogen-
Fixing Cyanobacteria for Rice Crops
in Chile, J. Appl. Phycol., Vol.21,
pp.135-144, 20009.

Karthikeyan, N., Prasanna, R., Nain,
L. and Kaushik, B.D., Evaluating the
Potential of Plant Growth Promoting
Cyanobacteria as Inoculants for
Wheat,.23-30, 2007.

Osman, M.E.H., El-Sheekh, M.M.,
El-Naggar, A.H., and European
Journal of Soil Biology, Vol.43, pp
Gheda, S.F., Effect of Two Species
of Cyanobacteria as Biofertilizers on
Some Metabolic Activities, Growth,
and Yield of Pea Plant, Biol. Fertil.
Soils, Vol .46, pp.861-875, 2010.
Maqubela, M.P., Mnkeni, P.N.S.,
Malam Issa,0., Pardo, M.T. and
D’Acqui, L.P, Nostoc
Cyanobacterial Inoculation in South
African Agricultural Soils Enhances
Soil Structure, Fertility, and Maize
Growth, Plant Soil, Vol.315, pp.79-
92, 2009.

[2]

3]

[4]

31

[5]

[6]

[7]

[8]

9]

[10]

[11]

Sangprapai, K., Ketruangrong, P.,
Chittapun, S., Kunyalung, W. and
Charoenrat, T., Selection of Blue
Green Algae Oscillatoria spp. for C-
phycocyanin ~ Production,  Thai
Science and Technology Journal,
Vol.19, No.3, pp. 1-12, 2011. (in
Thai)

Adam, D.G., Heterocyst Formation
in Cyanobacteria, Current Opinion in

Microbiology, Vol.3, pp.618-624,
2000.

Sah, P., Understanding the
Physiology of Heterocyst and

Nitrogen Fixation in Cyanobacteria
or Blue-Green Algae, Nature and
Science, Vol.6, No.l, pp. 28-33,
2008.

Chunleuchanon, S., Sooksawang, A.,
Teaumroong, N. and Boonkerd, N.,
Diversity of Nitrogen-Fixing
Cyanobacteria under Various
Ecosystem of Thailand: Population
Dynamics as  Affected by
Environmental Factors, World
Journal  of  Microbiology &
Biotechnology, Vol.19, pp.167-173,
2003.

Silva, P.G. and Silva, H.J., Biomass
Production of Tolypothrix tenuis as a
Basic Component of a Cyanobacteria
Biofertilizer, J. Appl. Phycol,,
Vol.25, pp.1729-1736, 2013.

Iriarri, P., Gonnet, S. and Monza, J.,
Cyanobacteria in Uruguayan Rice
Fields: Diversity, Nitrogen Fixing
Ability and Tolerance to Herbicides
and Combined Nitrogen, Journal of
Biotechnology, Vol.91, pp.95-103,
2001.

Otero, A. and Vincenzini, M., Nostoc
(Cyanophyceae) goes Nude:



Thammasat International Journal of Science and Technology

Vol.20, No.2, April-June 2015

[12]

[13]

[14]

Extracellular Polysaccharides Serve
as a Sink for Reducing Power under
Unbalanced C/N Metabolism, J.
Phycol., Vol.40, pp.74-81, 2004.
Maqubela, M.P., Muchaonyerwa, P
and Mnkeni, P.N.S., Inoculation
Effects of Two South African
Cyanobacteria Strains on Aggregate
Stability of a Silt Loam Soil, African
Journal of Biotechnology, Vol.11,
No.47, pp.10726-10735, 2012.
Prasanna, R., Joshi, M., Rana, A.,
and Nain, L., Modulation of IAA
Production in Cyanobacteria by
Tryptophan and Light, Polish Journal
of Microbiology, Vol.59, No.2, pp.
99-105, 2010.

Kumar, C.P., Yashoda, P., Dinesh, P.
and Shashwat, N., Study of Soil
Cyanobacteria to Evaluate
Metabolite ~ Production  during
Various Incubations in their Culture
Filtrate, Scholars Academic journal

of Biosciences, Vol.1, No.5, pp.154-
158, 2013.

32



