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ABSTRACT

Azolla is very known biofertilizer for rice cultivation it can enrich soil N2 content and for the soil fertility. In
view of this, an invitro study was carried out on morphometric studies on Anabaena azollae present in two species
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of Azolla fern (A.microphylla, and A. fulicolides). The selected Azolla species were grown in standard medium prepared with garden soil,
cow dung, super phosphate and its combinations in separate containers. The matured Azolla cultures were observed for its growth profile
viz. number of leaflets per plant and fresh & dry weight of whole plant on 15d and 21d. Followed by, the morphometric study on symbiotic
cyanobacteria present in the leaf cavities of two species of Azolla was determined through observing average number of cyanobaterial fila-
ment in the leaf cavity of azolla, length of each cyanobacterial filament, number of vegetative cells and number & position of heterocyst

in each cyanobacterial filament.

Introduction

The ever increasing world population and shrinking agri-
culture land call for boosting agriculture productivity. Two
broad options to satisfy this demand are use of high yield-
ing crop varieties (HYVs), and judicious use of agrochemi-
cals. Modern agriculture practices are resorting to increas-
ing use of agrochemicals for augmenting productivity but
compelling to compromise with their hazardous impacts
on environment and non-target organisms. In view of this,
deploying nitrogen fixing microorganisms as biofertilizers
has emerged as eco-friendly option to increase crop yield
(Brouers M et al., 1987, Mahalingam et.al.,2014).

Azolla (Salviniaceae) is a genus of heterosporous water
ferns which contain an endophytic cyanobacterium, Ana-
baena azollae belongs to the family of Nostocaceae (Moore,
1969). In This photosynthetic associations Azolla fix CO2
by the Calvin cycle (Ray et al., 1979) and the Anabaena can
supply their total N requirement by the fixation of atmos-
pheric N2 (Peters and Mayne, 1974a,b; Ray et al., 1978; Pe-
ters, Ray et al., 1980; Peters, Toia et al., 1980). The potential
of these symbiotic associations as an alternative nitrogen
source in rice culture was documented (Watanabe et al.,
1977; Talley and Rains, 1980)

The sporophyte of Azolla is 10-40 mm in diameter (10-25
mm in the case of Azolla filiculoides) and multi branched.
Each branch includes a stem with bilobed leaves and ad-
ventious roots. Abscission of a branch or root allows frag-
mentation of plants and facilitates vegetative propagation
(Rao 1935; Konar and Kapoor 1972; Addicott 1982; Peters
and Calvert 1983).

The leaves of Azolla are sessile, alternate, often imbricate,
in two ranks along upper side of the stem, 0.6-2 mm
wide. Each leaf has an emerged, thick, greenish or red-
dish, and photosynthetic dorsal lobe and a very thin, im-
mersed hyaline ventral lobe. The dorsal lobe has an el-
lipsoid cavity, measuring approximately 0.15 x 0.30 mm,
that opens to the external environment through a pore,
surrounded by two cell layers, located in the adaxial epi-
dermis of the leaf cavity (Braun-Howland and Nierzwicki-
Bauer, 1990).

The leaf cavity, an extracellular compartment formed by an
in folding of the adaxial epidermis during development,
contains an endosymbiotic community composed of a het-
erocyst-forming and N2-fixing filamentous cyanobacterium
— Anabaena azollae Strasburger — (first described by Stras-
burger (Peters and Meeks, 1989; Adams, 2000).

The agronomic importance of Azolla is related to its abil-
ity to grow very successfully in habitats where little or no
combined nitrogen is available (Macale & Vlek 2004). Azolla
is an excellent biofertilizer and green manure having global
distribution. Ability of Azolla-Anabaena system to fix at-
mospheric nitrogen at faster rates makes it an outstanding
agronomic choice for the cultivation of rice under tropical
conditions. Nitrogen fixation potential of the Azolla-Anabae-
na system has been estimated to be 1.1 kg N ha-1 day-1
and one crop of Azolla provided 20-40 kg N ha-1 to the rice
crop in about 20- 25 days ( Watanabe et al., 1977; Peter
and meeks, 1989).

Therefore, the present study was aimed of morphometric
identification of symbiotic cyanobionts in two species of
Azolla cultures.

MATERIALS AND METHODS

Collection and maintenance of Azolla culture:

Two Azolla cultures used for the study ie., Azolla mi-
crophylla and A. filiculoides were collected from the
Tamilnadu Agricultural University, Coimbatore, and
maintained as pre culture in the Department of Biology,
Gandhigram Rural Institute-Deemed University, Gandhi-
gram, Tamil Nadu, India.

Mass cultivation of Azolla culture (Thangam and Mahal-
ingam.; Mahalingam.et al.,2014)

The A. microphylla and A.filiculoides were mass cultured
individually in the large plastic containers containing 1
Kg of fine red soil had been filled and slurry was made
by mixing 2kg of cow dung, and of super phosphate
in 5 liters of water. Then, Azolla of %2 kg spreaded over
the prepared bed. The culture is allowed to grow for 21
days. The optimum temperature of about 25° C and pH
of 5.0 to 5.7 was maintained for 21 days.
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Study on growth parameters of two species of Azolla

Two species of Azolla cultures grown in various treatments
were separately collected and analysed for various growth
parameters such as number of leaf lets per plant and fresh
& dry weight of whole plant using standard procedures.

Number of leaflets

The leaf lets in each plant of A. microphylla and A.fuliculoides
grown various treatments were physically counted at 15 &
21 days and the results were recorded.

Total fresh weight and dry weight of plants;

The fresh weight of two different species of Azolla, A. micro-
phylla and A.filiculoides grown in various treatments were esti-
mated using physical balance and record the value at 15 & 21
days. Followed by, the two Azolla cultures were collected and
dried under oven at 500C by gradually increasing the temperature
up to 1200 C for every two hrs for 24hrs with dry biomass was
weight using physical balance and record the dry biomass at 15
& 21 days.

Morphometric Evalution of symbiotic cyanobionts Ana-
baena azollae in the leaf cavity of two species Azolla fern
A leaf let portion of two different Azolla plant species of
was carefully dissected from the main stem, and trans-
ferred to clean slide. The leaf let sample was crushed and
observed under light microscope. The symbiotic cyano-
bacteria present in the leaf cavity of Azolla were studied
through various morphometric characteristics viz, number
of cyanobacterial filament, the length of each filament and
heterocyst characteristics (both number & position).

Statistical Analysis of Selected Parameters

All the experimental data were statistically analysed using
MS Excel Software (2007) and Mean & Standard Deviation
(SD).

Results and Discussion

Recent anatomical investigations have revealed that mul-
ticellular branched or unbranched secretory or glandu-
lar hairs are present in the leaf cavities of Azolla when-
ever Anabaena occurs (Konar and kapoor, 1972; Peters and
mayne, 1974a).

The ubiquitous occurrence of A.azollae Strasburger, in cavi-
ties, in dorsal lobes of the leaves of the heterosporous wa-
ter fern Azolla, appears to be the only well documented
example of a symbiotic relationship between a fern and a
blue-green alga. Physiological studies, have shown that
the Anabaena fixes atmospheric nitrogen which is probably
transferred to the fern ( Fogg et al 1973; Peters and Mayne,
1974 a).

The present study was focused on morphometric analysis
of Anabaena strain present in two species of Azolla i.e., the
A.microphylla and A.filiculoides. The two Azolla culture used
for the study grown in various treatments were separately
collected and analysed for various growth parameters such
as number of leaf lets, and fresh & dry weight of whole
plant and the results are recorded in Table 1.Between the
two azolla culture, the growth characteristic was found in-
significance.

The various morphometric characteristic of symbiotic cy-
anobacteria, anabaena azollae present in two species of Azolla
cultures were analysed through observing average number
of Anabaena filament in each leaf cavity of Azolla, length of
each cyanobaterial filament, number of Vegetative and het-
erocyst cells present in each cyanobiant filament and the
results and recorded in (Table 2 and 3; Plate 1 & 2). Be-
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tween the strains of Anabaena, the morphometric character-
istic were found as insignificant.

The ability to fix atmospheric nitrogen at substantially
higher rates has led to the exploitation of the organism
as bio-fertilizer. Azolla in rice paddy fields has a positive
role in improving the soil fertility index (Peter and Meeks,
1989). Azolla has been used extensively and effectively in
Asia for green manure in rice fields instead of chemical fer-
tilizer

Plate 1: Light Microscopic view of Anabaena azollae
strain 1 from leaf cavity of Azolla microphylla

Anabaena azollae from Azolla MICROPHYLLA

Plate 2: Light Microscopic view of Anabaena azollae
strain 2 from leaf cavity of Azolla filiculoides

Anabaena azollae From Azolla filiculoides

Table 1: Growth characteristics on two species of Azolla
fern grown on 15" d and 21st d. Values are mean of three
replicates + Standard deviation.

Num-
ber of Ig}uirelbf_ T };23} Total fresh
branches ca ;1. o |weight in
Growth G |letsin |weightin | T
S.No in dif diff diff different
" |parameters  |ferent ifferent - \different \p o o1
Intervals Intervals |Intervals
15d |21d |15d |21d |15d [21d |15d |21d
2.36 (4.16 |5.36 |6.30 [2.65 |3.37 [0.53 [0.67
1 Amicrophylla |+ |+ [+ |+ £ |+ [+ +
0.20 (0.05 |0.2 [0.03 {0.29 |0.27 [0.01 {0.01
1.26 3.23 |24 |1.45(2.33(0.81 |0.24

2 A filiculoides |+ YoalE EL IR R | +
0.15 |~ 7|0.14 |0.34 [0.03 |0.41 [0.005 [0.01
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Table 3: Micrometry analysis of Anabaena Strains in two
species of Azolla on 15th d and 21st d. Values are mean
of three replicates + Standard deviation

Micrometry analysis of Azolla species

Sﬁr&engf Azolla |(in pm)
baena source 15t 4 21t d

Azolla
Anabaena, v |45+ 1.0 55+ 0.57

a phylla

Azolla
étrl};‘;;ega ilicu- |35+ 0.57 48+ 0.57

loides

Table 4: Micrometry analysis of Anabaena Strains in two
species of Azolla on 15th d and 21st d. Values are mean
of six replicates + Standard deviation.

Name |No. of fila- |No. of Vegeta- |No. of het-
S.No. |of ment tive cells erocyst
77" |cyano-
biant 154 |21d |15d [21d  [15d |21d
L e 1799 o714 14638 |a616 251 (3.4
@ gy (086 [+0.83 (077 |+0.44 |+0.43
strain 1 |0.91
o |pnae 1666 1gagsla1on |3994 |271 [271
@IS = |0.81 |+0.83 |+0.68 |+0.44 |+0.57
strain 2 |0.65

References :

1.

14.

Brouers, M., de Jong, H., Shi, DJ., Rao, KK. & Hall, DO. 1987. Sustained
ammonia production by immobilized cyanobacteria. Progr Photosynth
Res Cambridge, 3-28; 2:645-7.

Thangam.P and Mahalingam.P.U. 2010. Whey water as a low cost media
for Azolla cultivation. J.Bionano Froniter, 3 (2).

Peters and Meeks. 1989. The Azolla symbiosis; basic biology. Ann. Rev.
Plant Physiol. Plant Mol. Bio 1 40;-193-210.

Braun-Howland, E.B. and Nierzwicki-Bauer, S.A. 1990. Azolla-Anabae-
symbiosis: biochemistry,physiology, ultrastructure, and molecular biol-
ogy, In: ANN. Rai ed.CRC Handbook of Symbiotic Cyanobacteria. CRC
Press, Boca Raton, FL.65-117.

Adams, D.G.2000. Symbiotic interactions, In: B.A. Whitton and M. Potts
(eds.) The Ecology of Cyanobacteria. Their Diversity in Time and Space.
Kluwer Academic Press, London, pp. 523-561.

Singh, and Sing.1989. Biofertilizers for flooded rice ecosystem In; Fertiliz-
ers, Organic Manures,

Macale MAR & Vlek PLG.2004. The role of Azolla cover in improving
the nitrogen use efficiency of lowland rice. Plant and Soil 263: 311-321.
Watanabe I, Espianas C R, Berja N S and Alimagno B V 1977. Utilization
of the Azolla-Anabaena complex as a nitrogen fertilizer for rice IRRI Res
Paper Ser 11 1-15.

KONARR . N. & KAPOORR . K. 1972. Anatomical studies on Azolla
pinnata. Phytomorphology,22, 2I I. LANG, N. J. 1965. Electron micro-
scopic study of heterocyst development in Anabaena azollae Strasburger.
J. Phycol,, I, 127.

PETERS, G. A. & MAYNE, B. C. 1974a. The Azolla, Anabaena azollae re-
lationship. I. Initial characterization of the association. Pl. Physiol., Lan-
caster, 53, 8I3.

MOORE, A. W. (1969). Azolla: Biology and agronomic significance. Bo-
tanical Review,3 5, 17-34.

RAY, T. B.,, MAYNE, B. C, TolA, R. E. JR & PETERS, G. A.1979. Azolla-
Anabaena relationship. VIII. Photosynthetic characterization of the asso-
partners. Plant Physiology,64 , 791-795.
RAY, T. B, PETERS, G. A, MAYNE, B. C. & TolA, R. E. JR 1978. Azolla-

Anabaena azollae relationship. VII. Distribution of ammonia-assimilating

ciation and individual

enzymes, protein and chlorophyll between host and symbiont. Plant
Physiology6 2, 463-467.

PETERS, G. A, RAY, T. B, MAYNE, B. C. & ToIA, R. E. Jr 1980. Azolla-
Anabaena association: Morphological and physiological studies. I n: Ni-
trogen Fixation ( Ed. byW . E. Newton& W. H. Orme-Johnson), Vol. 2,
pp- 293-309, University Park Press, Baltimore.

Volume: 5 | Issue : 8 | August 2016 * ISSN No

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

08 | IC Value : 69.48

PETERS, G. A, TolA, R. E. Jr, EVANS, W. R,, CRIST, D. K., MAYNE, B.
C. & POOLE, R. E. 1980. Characterization and comparisons of five N2-
fixing Azolla-Anabaena associations. I . Optimization of growth condi-
tions for biomass increase and N content in a controlled environment.
Plant, Cell and Environment,3, 261-269.

TALLEY, S. N. & RAINS, D. W. 1980. Azolla filiculoidesL. am. as a fal-
low-seasong reen manure for rice in a temperatec limate.A gronomy]Jo
urnal,72 , 11-18.

WATANABE,I ., ESPINAS, C. R, BERJAN . S. & ALIMAGNO, B. V.
1977. Utilization of the Azolla-Anabaena complex as a nitrogen fertilizer
for rice. International Rice Research Institute Research Paper Series,1 1,
1-15.

Rao HS. 1935 The structure and life-history of Azolla pinnata R. Brown
with remarks on the fossil history of the hydro pterideae. Pro ¢ Indian
Acad Sci SectB 2:175-200.

Konar RN, RK Kapoor. 1972. Anatomical studies on Azolla pinnata.
Phyto morphology 22:2 11-223.

Addicott FT 1982 Abscission. University of California Press, Berkeley
and Los Angeles

Peters GA, HE Calvert 1983 Azolla-Anabaena azollae symbiosis. Pages
109-145 in LJG off, ed . Algal symbiosis. Cambridge University Press,
Cambridge.

FOGG, G. E., STEWART, W. D. P, FAY, P. & WALSBY, A. E. 1973. The
Blue Green Algae. Academic Press, London and New York.

PETERS, G. A. & MAYNE, B. C. 1974b. The Azolla, Anabaena azollae re-
lationship. II. Localization of nitrogenase activity as assayed by acetylene
Lancaster, 53, 820.
Mahalingam,P.U.,Muniappan,K.,Arumugam,N&Senthil
Murugam.G.2004. Use of Azolla Biofertilizer in Pot Culture Studies With
Paddy Crop Oryza Sativa. Innovare Journal Of Agri. Sci, Vol 2 Issue 3,
2014, 1-6.

Mahalingam, PU.,Muniappan, K., Senthilmurugan,G., 2014. A Study on

reduction. Pl. Physiol.,

Biochemical analysis in aquatic fern Azolla microphylla.,4:11.53-54.

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 81




