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Rapid decline in soil fertility and productivity due to excessive application of
chemical fertilizer particularly nitrogen and its increasing cost has induced to develop
alternate biological sources of nitrogenous fertilizers (Boussiba, 1991). Biological
fertilizers maintain the nitrogen status of the soils and helps in optimum crop production
to meet the demand of increasing human populations while maintaining the agricultural
practices sustainable. With establishment of agronomic potential of cyanobacteria (Singh,
1950), these photosynthetic prokaryotes were applied and studied for enrichment of
different living ecosystems with nitrogenous compounds. Cyanobacteria are endowed
with a specialized structure ‘heterocyst’ with ‘nitrogenase complex’ capable of
converting unavailable sources of molecular nitrogen into nitrogenous compounds (Ernst
et al., 1992). The ability of cyanobacteria to fix atmospheric nitrogen is increasing
concern worldwide to exploit this tiny living system for nitrogenous fertilizers for
sustainable agriculture practices.

Advances in cyanobacteria have revealed their significant contribution in promoting
the fertility of the soil and water including marine by adding nitrogen and phosphorus.
Cyanobacteria contribute phosphorus to the soil by mobilizing the insoluble organic
phosphates present in the soil with enzyme ‘phosphatses’ (Whitton et al., 1991).
Moreover, cyanobacteria enhance the water holding capacity by adding polysaccharidic
material to the soil (Richert et al., 2005) that increases the soil aggregation property.
Cyanobacteria have also been reported to excrete growth promoting substances into the
soil (Karthikeyan et al., 2007). In view of cyanobacterial potential, distribution and
diversity of nitrogen-fixing cyanobacteria in rice fields has been extensively studied
(Khan et al., 1994; Prasanna and Nayak, 2007; Begum et al., 2008; Choudhary, 2009;
Choudhary and Bimal, 2010). The present study has been aimed to enumerate the
nitrogen-fixing cyanobacteria belonging to family Microchaetaeceae, Rivulariaceae and
Scytonemataceae (Nostocales) in rice fields of north Bihar.

Study sites: The study was conducted in certain rice fields of Muzaffarpur district
situated at latitude 26°7'12"N and longitude 85°24'0"E of North Bihar. Documentation of
proposed cyanobacterial diversity was conducted during rice cultivation cycle by
assuming that rice fields witnesses a gradual decrease in temperature and nutrient status
with progress in cultivation cycle.
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Enumeration of cyanobacterial diversity: Heterogeneous biomasses of cyanobacteria
growing on moist soil surfaces, floating on the water bodies and attached to rice plants
were randomly collected from upland and lowland rice fields on 20", 40" and 60" days
of rice seedlings plantation.

Table 1. Distribution of nitrogen-fixing cyanobacteria belonging to family Microchaetaceae,
Rivulariaceae and Scytonemataceae (Nostocales) during different stages of paddy cultivation.
(+ = Presence; — = Absence; R = Rare)

Sl Species Family 20 40 60
No. days days days
1 Calothrix fusca (Kitzing) Bornet & Flahault Rivulariaceae - - R
2. Calothrix javanica De Wildeman Rivulariaceae + + +
3. Calothrix viguieri Frémy Rivulariaceae - - +
4, Fortiea incerta Skuja Microchaetaceae - - +
5. Gloeotrichia echinulata J.E. Smith ex P.G. Richter ~ Rivulariaceae - - +
6. Gloeotrichia indica Schmidle Rivulariaceae - - +
7. Gloeotrichia kurziana Zeller Rivulariaceae + + R
8. Gloeotrichia longicauda Schmidle Rivulariaceae - + +
9. Gloeotrichia natans (Hedwig) Rabenhorst ex Rivulariaceae + + -
Bornet & Flahault
10.  Gloeotrichia pilgeri Schmidle Rivulariaceae - - +
11. Gloeotrichia pisum (C. Agardh) Thuret ex Bornet Rivulariaceae - - +
& Flahault
12.  Gloeotrichia raciborskii var conica Dixit Rivulariaceae - - +
13. Microchaete grisea Thuret Microchaetaceae - - +
14.  Microchaete tenera Thuret ex Bornet Microchaetaceae + + +
15.  Microchaete uberrima N. Carter Microchaetaceae - + +
16. Microchaete violacea Frémy Microchaetaceae - - R
17. Plectonema notatum Schmidle Scytonemataceae - + +
18. Plectonema tomasinianum (Kutzing) Gomont ex Scytonemataceae - - R
Gomont
19. Rivularia aquatica De Wildeman Rivulariaceae - + +
20.  Rivularia beccariana (De Notaris) Bornet & Rivulariaceae - - +
Flahault
21. Rivularia manginii Fremy Rivulariaceae - - R
22.  Scytonema cincinnatum (Kitzing) Thuret Scytonemataceae - - +
23.  Scytonema fritschii S. L. Ghose Scytonemataceae + + +
24.  Scytonema pascheri Bharadwaja Scytonemataceae - - R
25.  Scytonema simplex Bharadwaja Scytonemataceae + + +
26.  Scytonema varium Kitzing Scytonemataceae - + +
27.  Tolypothrix tenuis (Kitzing) Scytonemataceae - + +

The samples were collected in culture tube (50 ml) with 20 ml nutrient medium (Rippka

et al., 1979) and brought to the laboratory. The taxonomic enumeration of cyanobacterial
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species diversity was performed microscopically with collected samples (fresh materials)
in the laboratory. The taxa were identified using morphological features such as cell size,
shape, morphology of the terminal cell, presence or absence of heterocysts and akinetes
(Desikachary, 1959).

Twenty-seven nitrogen-fixing cyanobacterial species belonging to Microchaetaeceae,
Rivulariaceae and Scytonemataceae (Nostocales) were recorded from field samples
collected on 20™, 40™ and 60" day of rice seedling plantation. Out of 27 species, 8 were
represented by Gloeotrichia, 5 by Scytonema, 4 by Microchaete, 3 by Calothrix and
Rivularia each, 2 by Plectonema and 1 by Tolypothrix and Fortiea each. Cyanobacterial
species diversity was represented by 26 species (8 genera) on 60" day, 12 species (7
genera) on 40" day and 6 species (4 genera) on 20" day of rice seedling plantation with
some common forms (Table 1). The gradual increase in diversity of nitrogen-fixing
cyanobacteria with progress in paddy cultivation was assumed to be related with increase
in rice canopy that causes a decrease in light intensity reaching to the surface of the soil
and depletion of nutrients particularly nitrogen. Similar distribution pattern of
cyanobacterial diversity was reported for fertilized and unfertilized rice fields
(Choudhary and Bimal, 2010). Granhall et al. (1987) reported the predominance of
nitrogen fixation and cyanobacterial number under low concentration of nitrogen
fertilizer.  Finally, it might be proposed that documentation on nitrogen-fixing
cyanobacteria and their application in the rice fields can be used for management of
nitrogen fertilizer at different stages of paddy cultivation for sustainable agricultural
practices by making the field environment supportive for nitrogen-fixers.
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