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1. INTRODUCTION

Azolla, is a well-known floating pteridophyte which contains the N fixing 

Cyanobacteria, Anabaena azollae as an endosymbiont. This aquatic fern, a genus of 

seven species belonging to the family Salvinaceae, is one which is extremely reduced in 

form and specialized with no similarity to other typical ferns. It resembles more the 

duckweed or home mosses. Considering the immense potential as an aquatic green 

manure this fern has been widely cultivated in the Asian locations to enrich the rice 

fields with organic matter and nitrogen. Moreover, its performance as an aquatic green 

manure has been widely evaluated by many researchers, yielding salient results.

But, obscuring these potentialities reports are on the increase indicating a 

retreating tendency for Azolla with diminishing populations from many of the 

wetlands. It is generally postulated to be due to the very low growth pace of the fern, 

negative environmental factors including incongruous soil and poor water qualities.

The State of Kerala has been appropriated into five agro-ecological zones, based 
primarily on climate, geomorphology, land use and soil variability, taking block 

panchayath as the unit for delineation. Accounting panchayats as the delineating unit, 

23 agro-ecological units have been identified. An agro-ecological unit is characterized 

. by distinct responses to the macro-elements as reflected in the vegetation, soils and use 

of land for agriculture.

The Palakkad Eastern Plain (PEP) constitutes the 23rd in the 

categorization.Palakkad,the most picturesque districts of Kerala often proclaimed as the 

granary, has probably the biggest mountain pass in the world (30-40 km) separating the 

two folds of Western Ghats on the border of Kerala and Tamil Nadu and is the gate way 
to the state of Kerala. Of the district, the PEP region is characterized by typical 

topography, soil, altitude, rainfall and varying vegetation. It incorporates four Block 

panchayaths (Alathur,Chittoor,Kollengode and Nenmara)with six Grama panchayaths 

on an average under the jurisdiction of each block.
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The prevalence of Azolla in wetland ecosystem and water bodies is a unique 
feature as evidenced from literature. Comparable variability observed in the prevalence 

and/or distribution of Azolla in many parts of the PEP and direct field reports on 

farmers engaging labourers to discard and eliminate Azolla from paddy fields ignoring 

its merits ignited interest in gathering solid information on the factors of environment 

and characteristics of soil and water of the locations favouring Azolla growth. The 
awareness that Azolla marvels as a ‘Green gold mine’ because of its nitrogen fixing 

ability mediated through the nitrogenase enzyme complex and that it would naturally be 

dependent on all the factors that are conducive for growth also emphasized the need for 

a detailed analysis, so as to draw a supporting platform to promote appropriate 

utilization of the fern on a scientific basis.

It was in this background that the present study titled Characterization o f soil 

and water o f Palakkad eastern plains in relation to growth and nitrogenase content o f 

Azolla spp. was formulated and conducted.

The main objectives of this study were;

[1] to conduct a survey of Azolla species in the rice growing tracts of Palakkad Eastern 

Plains and [2] to identify the soil and water quality parameters congenial for the 

growth and nitrogenase content of Azolla spp.



o

Review o f Literature
j
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2. REVIEW OF LITERATURE

Nitrogen fixation by microorganisms, symbiotic and non-symbiotic plays an 

important role in enriching the N economy of soil. The review of work was done 

focusing the role of Azolla as a N fixer. It had been reported that A. pinnata fixed 75 kg 
N/g dry weight/day and produced a biomass of 347 ton fresh weight/ha in a year 
(Watanabe et.al., 1982) and the average daily N2 fixing rate was reported to vary 

between 1.0 to 2.6 kgN/ha ( Singh., 1988)

This review is enlisted under the following titles:

• Biological Nitrogen Fixation

• Azolla

• Azolla species and distribution

• Azolla-anabaena relationship

• Chemical composition of Azolla

• Factors influencing growth of Azolla

2.1 BIOLOGICAL NITROGEN FIXATION

Biological nitrogen fixation could be an important source of nitrogen for 

supporting aquatic primary productivity( Affourtit et.al., 2001).Nitrogen is one of the 

most essential elements for all forms of life; a basic material for synthesizing proteins, 

nucleic acids and other organic nitrogenous compounds. Unfortunately no plant species 

is able to reduce atmospheric dinitrogen into ammonia and use it directly for its growth. 

It appears that only a number of prokaryotic microorganisms including bacteria and 

cyanobacteria have been shown to possess the ability to fix nitrogen (Nghia and 

Gyurjan, 1987). They occur in the so- called free- living forms e.g. aerobic azotobacter, 

anaerobic Clostridia or in symbiosis with certain higher plants e.g. Rhizobia with 

legumes or Anabaena Azollae with Azolla. Blue- green algae and Azolla received 

greater attention in developing countries as a N supplement in rice cultivation.
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2.1.1 Azolla

The genus name, Azolla is a conjugation of two greek words, Azo (to dry) and 

Ollyo (to kill), suggesting the fern is killed by drought. The genus Azolla was 

established by Lamarck in 1783 (Stevenson, 1944). Azolla is a genus of small aquatic 
ferns with a world-wide distribution in temperate and tropical locations. Studies on 

Azolla have generated tremendous interest in the scientific community because of the 

nitrogen-fixing ability of this fern. The distribution of different Azolla species had been 

described by Olsen (1970) and Van Hove (1989). Based on the classification proposed 

by Saunders and Fowler (1992) the most commonly found forms of Azolla are A. 
pinnata, A. filiculoides, A. rubra, A. microphylla, A. imbricata and A. caroliniana.

Azolla, an aquatic fern , seen floating on water surface of flooded rice fields, 

small ponds and canals has a size ranging from 1-5 cm generally except for the giant

A. nilotica, found mostly in Japan. Generally it multiplies vegetatively and often 

sexually. The leaf of Azolla consists of two lobes, a thick aerial dorsal lobe and a thin 

ventral lobe occasionally of a slightly larger size. The dorsal lobe is chlorophyllous and 

contains the endophytic blue- green algae (Anabaena azollae) within a basal cavity 

connected to the atmosphere by a pore on the adaxial side (Peters et a i, 1980). The 

surface of the dorsal lobe has an epidermis covered with vertical rows of single celled 
stomata and trichomes of one or more cells (Lumpkin and Plucknett, 1980). The 

trichomes of the leaf are useful for identification of species. The thin ventral lobe of the 

leaf is almost achlorophyllous with few stomata and trichomes and several chambers. 

The ventral lobe probably helps in floating due to its convex surface touching the water 

(Eames, 1936) and in absorption of water and nutrients by the plant which is devoid of 

roots and reported to survive for a small period of time. (Lumpkin, 1987)

Azolla utilization

Anabeana azolla association has many uses. It can be utilized as a bio fertilizer 
for rice and other crops, including taro, wheat and many others, an animal feed, a 
human food, medicine and water purifier. It may also be used for production of 

hydrogen fuel and biogas, control of weeds and mosquitoes and in the reduction of
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ammonia volatilization that accompanies the application of chemical nitrogen fertilizer 

(Wagner, 1997).

Azolla can help to overcome limitations in plant growth due to nutrient 

availability, especially N, by enhancing nutrient acquisition. According to the plant 

species, growing conditions and management practices Azolla provide different 

benefits to the plants and to the environment as enlisted herewith ( Anjuli et.al., 2004)

• Increases yield and crop quality

• Reduces disease incidence

• Enhance flowering and fruiting

• Increase plant establishment and survival at seedling or transplanting

• Improve drought tolerance, allowing water reduction

• Optimize fertilizer use, especially N

• Contribute to maintain soil quality and nutrient cycling

2.1.2 Azolla species and distribution

It is believed that Azolla domestication dates back to the 11th century and was 

first done in Vietnam. The genus Azolla was botanically established by Lamarck in 

1783 (Kannaiyan and Kumar, 2006). The species of Azolla are divided into two 

subgenera: Euazolla and Rhizosperma Strasb based on the sporocarp characters ( Sood 

et al, 2007). Some other authors use the taxonomic “section” level instead of subgenus 

(Saunders and Fowler, 1992). Subgenus (section) Azolla has 5 species, namely A. 

caroliniana Wild, A. filiculoides Lam., A. mexicana Presl, A. microphylla Kaulf and A. 

rubra R.Br. while section Rhizosperma has only 2 species called A. nilotica Decne ex 

Mett. (NI) and A. pinnata R. Br. (Raja et al., 2012). The most commonly found forms 

of Azolla are A. pinnata, A. filiculoides, A. rubra, A. microphylla, A. imbricata and A. 
caroliniana
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According to Kannaiyan and Kumar (2006), Azolla species distribution 

corresponds to fresh water ecosystems of temperate and tropical locations. Azolla 

pinnata is the most widely distributed species in India and throughout the world in both 
tropical and temperate locations. It is generally found to inhabit in paddy fields, canals, 

ditches and rivers. In India A. pinnata has been found to be distributed widely in 

stagnant and shallow waters

2.1.3 Azolla- Anabaena Relationship

The Azolla -  Anabaena system is a symbiotic association between pteridophyta 

and the blue green algae Anabaena azollae. The host Azolla contains chlorophyll a, b 

and carotenoids whereas the symbiont Anabaena azollae contains chlorophyll a, 

phycocyanin, allophycocyanin and phycoerythrocyanin. The Anabaena azollae 

association exhibits Calvin cycle (Tyagi et al, 1980).

In Anabaena azollae symbiosis, N2 is fixed by the symbiont and then 

transported to the host. The nitrogen fixing capacity of the Anabaena azollae system is 

due to the presence of a symbiotic cyanobacterium Anabaena azollae which inhabits 

the dorsal lobe of the leaves. The atmospheric nitrogen is reduced to ammonia by the 
Nitrogenase enzyme in the heterocyst and this newly fixed N is incorporated in to 

glutamine through glutamine synthetase (also present within heterocyst) of Anabaena 

Azollae (Ladha and Watanabe, 1984). The normal route of N assimilation in Anabaena 

is by glutamine synthetase and it has very little of this enzyme and about 90% of the 

activity of this enzyme is in the host. Thus the ammonia that Anabaena cannot use leaks 
into the cavity and is used by the host (Peters et al, 1986).The host Azolla incorporates 

this newly fixed N2 into amino acids. Probably these amino acids, along with reductant 

and photosynthate, are then supplied to the symbiont. A study with 15N (Peters et al 

1980 ) revealed that the isolated symbiont exudes up to 50% of its fixed N2 into 

incubation medium as ammonia and this observation paved way to several studies on 
the enzymes in the Anabaena and Azolla that are involved in ammonia assimilation. It 

was found that both organisms are capable of assimilating ammonia via the enzymes 

glutamate synthetase, glutamate synthase and glutamate dehydrogenase. On the other 

hand, the enzyme nitrogenase which is believed to occur in heterocyst of the Anabaena
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symbiont is capable of reducing N2 and other substrates such as acetylene (Ray et al, 

1978 and Ladha and Watanabe, 1984).

Anabaena azollae has three kinds of cells: vegetative cell, heterocyst and 

akinetes. The heterocyst is the actual site of N2-fixation. A remarkable feature of 

symbiotic Anabaena azollae is the very high heterocyst frequency. The distance 

between two heterocyst is about 3-5 vegetative cells. In free living blue green algae, 
this distance is 15-30 vegetative cells. The blue green algae A. azollae consists of 

unbranched trichomes. In very young leaves, trichomes lack heterocyst. As the leaf 

matures, Anabaena increases its number and heterocyst frequency and equips itself to 

fix atmospheric N symbiotically and supplies the fixed N to the fern. Heterocyst 

gradually increases in frequency until they comprise 30-40% of the algal cells. On an 

average mature trichomes consist of 60.9% vegetative cells, 23.1% heterocyst and 16% 

akinetes (Hill, 1977; Ladha and Watanabe, 1982; Van Hove, 1989 and Maejima et al., 

2002)

Nitrogenase activity

Nitrogen is among the most important macronutrient required for the synthesis 

of nucleic acids, proteins, phospholipids and many secondary metabolites which play 

an important role in the overall growth of the plants. The ability of Azolla to fix 

atmospheric N allows this fern to grow successfully in aquatic habitats lacking or 

having low levels ofN and even to proliferate in polluted waters as well. (Pabby et al. 
2003; Sood et a l  2007).

The symbiotic association between the Azolla and Anabaena azollae resulted in 

the fixation of atmospheric N through a process involving reduction of atmospheric 

dinitrogen mediated by an enzyme nitrogenase (Moore, 1969).Since most of the energy 

is supplied by photosynthates in host Azolla and the presence of a characteristically low 
levels of ammonia assimilating enzymes in the endosymbiont A. azollae, the N fixation 

process is more efficient only in the cells of A. azollae which are in active symbiotic 

state (Ladha and Watanabe, 1987 and Kannaiyan, 1992)
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2.1.4 Chemical composition of Azolla

Chemical composition of Azolla is considered as a selective criterion for its 

growth, adaptation and functioning which varies not only according to species and 

ecotypes but also with the ecological conditions and phase of growth. Various aspects 

of the chemical composition have to be considered depending on the use to which it is 

put to viz; N bio fertilizer, green manure or food. In general Azolla contains 94 to 96 
percent moisture content, 5 to 7 percent dry matter of different Azolla species. Azolla 

requires a minimum concentration of about 0.2-0.3 percent phosphorus on a dry weight 

basis for a normal N concentration of 3.0-4.0 percent and the crude protein content is 

about 19-30 percent of the dry matter during optimum growth conditions. Under natural 

conditions, protein content near 20-22 percent are frequent. The protein content of 
Azolla species is comparable to or higher than that of most other aquatic macrophytes. 

It contains 2-3.5 percent potassium approximately (Van Hove, 1989; Singh and 

Subudhi, 1978; Peters et al., 1978; Becking, 1978; Herzalla et al., 2001)

2.1.5 Factors influencing growth of Azolla 

Environmental factors

Water

The fern cannot survive without water as evidenced from the etymology of 

Azolla, derived from Greek origin- azo and ollyo which means “killed by drought” 

(Carrapi9o et al., 2000). In other words, water is a vital and important factor for the 

survival of Azolla. This small aquatic fern should float on the water surface to stay 

alive. When enough water is available, it can form a layer with a height of around 2-3 

cm. Though it can grow on a wet mud surface or wetted peat litter, this fern prefers to 

grow in free-floating conditions (Serag et al., 2000; Liu et al., 2008) on calm water 
surfaces and may thus be found on the surface of ponds, canals, and lakes as well as on 

some slow-moving rivers (Ghorbanzadeh and Tajer , 2009). Sadeghi et a l , (2012a) 

reported a close relationship between depth of water and the optimal growth and 

biomass production of Azolla in the Anzali wetland. Very low water depths might slow 
down the growth and hence reduce its biomass production (Biswas et al., 2005).
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Peters (1990) reported that the growth of Azolla is promoted by a fairly shallow 

depth of water in which there can be little turbulence. Kushari and Watanabe (1992) 

found that the availability of nutrients to Azolla depends largely on the amount of 

nutrients present in water rather than in the soil. Hechler and Dawson (1995) proved 

from experimets that nitrogenase activity in A. caroliniana was maximum when the 

moisture content of the tissue was 82-95 percent of the fresh mass; but under moisture 

stress, when the moisture content dropped to 80 percent, nitrogenase activity decreased 

to less than 1/5 ^  of its maximum.

Dissolved oxygen

Dissolved oxygen is probably the single most important water quality parameter 

that influences Azolla growth and proliferation. Combination of Azolla and 

cyanobacterial systems recorded a dissolved oxygen content of 7.4 ppm. Azolla that 

grow on the soil surface as a floating mass act as aerators in paddy field ecosystem. The 

oxygen released during the photosynthetic activity gets liberated as minute air bubbles 

thus aerating the water impounded in paddy field resulting in increased dissolved 

oxygen content (Muthukumar et al., 2007)

Temperature

Temperature is one of the most important factors determining growth rates of 

free floating macrophytes in the field. The optimum temperature range for Azolla 

growth has been shown to be between 18 and 28°C. (Tuan and Thuyet, 1979). In fact, 

higher temperatures (35°C) can inhibit or even be harmful for its growth. However, 

different Azolla species, strains or varieties have different temperature sensitivities 

(Uheda et al., 1999). Optimum temperature ranges for A. caroliniana, A. filiculoides 

and A. pinnata are between 25 and 30°C. A. mexicana will not tolerate frost, while A. 

filiculoides will survive it (Talley and Rains, 1980; Ashton and Walmsely, 1984; Van 

Der Heide et al., 2006). Debusk and Reddy (1987) studied growth and nutrient uptake 

of A. caroliniana Wild, and Salvinia rotundifolia under controlled conditions at 

constant temperatures (from 10 to 30°C). Maximum plant density was obtained at a 
temperature range of 15-20°C. Net primary productivity was highest within the 20-
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30°C range. There have been numerous studies about the differences in temperature 

response of Azolla species and their eco-physiological strains indicating that a very 

high (above 30°C) or very low temperature (below -4°C) could play an inhibitory role 

in the growth of Azolla ( Liu et al., 2008; Femandez-Zamudio et al., 2010 Sadeghi et 

ah, 2012a).

Light intensity

Photosynthetic activity, growth and N fixation of Azolla and its symbiont were 

all affected by light intensity. Sporulation was regulated by the interacting effects of 

light intensity, photoperiod, temperature and other factors such as pH, N and P supply 

(Pabby et al., 2003). When light intensity was high and amount of nutrients in water is 

low, Azolla turns red. During hot summer or cold winter also it turned red or brownish- 

red especially under shaded conditions, whereas in nutrient-rich medium, it became 

green. Irradiance interacts with temperature in influencing growth of Azolla species 

(Janes, 1998). Growth rate and N fixation activity of Azolla change with increasing 

light. Pabby et al (2003) demonstrated that growth rate and N fixation activity of 

Azolla changed with increasing light. Tuan and Thuyet (1979) pointed out that at pH 5; 

high light intensity increased Azolla growth whereas at pH 6 and 7 it inhibited growth. 

High light intensities (above 90 Klux) inhibited N2 fixation whereas low light 
intensities or shading had a good effect on Azolla growth and multiplication.

Growing seasons and day length

The length of the growing season and day length were other climatic factors 

which regulated production of aquatic plants (Serag et al., 2000). Biomass production 
and growth of Azolla were also dependent on the specific growing season. The growing 

seasons in Azolla, however, are linked with other factors such as nutrients, pH, salinity 

and wind. A water body with rich phosphorus and neutral pH is better than one with 

poor phosphorus and acidic conditions. Water temperature has a close relationship with 

air temperature. Therefore, any changes in weather conditions over different seasons 
have an important effect on Azolla growth (Ferdoushi et al., 2008). On the whole 

production in summer is higher than in other seasons (Speelman et al., 2009).
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Physico-Chemical Factors 

pH

Among soil properties, soil reaction or pH was reported to be 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 (Singh, 

1992).As regards the quality of water; it should have a suitable pH for growth and N 

fixation. The effects of pH on Azolla also occured indirectly as its affects the 

availability of nutrients in floodwater. At very low pH, the solubility of Al, Fe and Mn 
may reach toxic levels in acid soils and may interfere with the absorption of Ca, Mg 

and other basic cations, and reduce the solubility of some of the micronutrients like Mo 

(Lumpkin and Plucknett., 1982). In alkaline pH, the availability of Ca, Mg and P 

decreases due to their decreased solubility and most of the micronutrients (except Mo) 

like Fe, Mn, Zn, Cu and B become less available. The availability of P depends on pH. 

Available phosphate ions are more predominant between 4.5 to 7.5. P fixation occurs 

with Fe, Al, Mn and Mg at lower pH while at higher pH it is mostly with calcium 

(Brady, 1984; Kaushik, 1994)

Salinity

Various studies have shown the negative effect of salinity on growth of different 

Azolla species. There are still no in depth studies about variation in salt tolerance of 

different species of Azolla. Overall, however, this genus is considered to be extremely 

sensitive to NaCl (Rai and Rai, 2000; Femandez-Zamudio et al., 2010). Masood el al. 

(2006) stated that salinity inhibits growth of A. pinnata and A. flliculoides leading to a 
significant decrease in dry weight. Therefore, the growth of A. pinnata and A. 

flliculoides plants gradually decreased when NaCl concentration increased. A. 

flliculoides was more sensitive to high salt concentration than A. pinnata. Salt 

concentrations above lOmM NaCl inhibited growth of A. flliculoides, but growth of A. 

pinnata stopped only at 40mM NaCl. The presence of nutrients like nitrate in the saline 
habitat plays a key role in conveying salt tolerance to Azolla (Mishra and Singh, 2006; 

Singh et al., 2008). In other words, high salinity level can inhibit Azolla growth (Arora
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and Singh 2003; Fernandez- Zamudio et a l, 2010) leading to a decrease in removal of 

heavy metals by the species. (Sadeghi et a l, 2012a)

Nitrogen

In contrast to other minerals, availability of N and to some extent dissolved 

oxygen are not considered as limiting factors for Azolla growth, but growth of algae- 

' free plants relies on combined N. An increase in nitrate concentration resulted in a low 

coverage of Azolla in the Anzali wetland study (Sadeghi et al., 2012a), The reason is 

that through its symbiosis with Anabaena, Azolla can have free access to atmospheric 

nitrogen (N2) for fulfilling all of its N2 requirements (Costa et al, 2009), while algae 

free plants are deprived of such opportunities. The upper lobes of Azolla have free 

contact with air, which is important for N fixation. Based on a study by Costa et al. 

(2009), high ammonium concentrations in wastewater had no effect on N fixation 
dynamics. Fang et al. (2007) surveyed nutrient fluxes along the roots of four wetland 

plants (Azolla spp., Vallisneria natans, Bacopa monnieri and Ludwigia repens) in order 

to see the dynamics of nutrient removal from eutrophicated water systems When 

different ions (e.g. NH4+, NO3') were tested, Azolla spp. showed a preference for NO3- 

uptake.

Growth and N fixation was estimated at about 3.1 to 4.6 kg N ha'1 day'1 in A. 

pinnata under field conditions (Kulasooriya and Hirimburegama, 1982). When field 

conditions are optimal for this species, its N2 accumulation rate is estimated to be 5.0-

9.0 mg N g'1 dry weight day'1. This can result in a dry matter increase of 0.135-0.290 g 

g'1 Azolla dry weight day'1. This value is consistent with a doubling time of 2.5-5.5 
days. (Cary and Weerts, 1992; Biswas et al., 2005; Costa et al., 2009)

Phosphorus

Phosphorus (P) is an important nutrient to yield a successful and rapid growth 

of Azolla species ( Katony et al., 1996). The effect of this important nutrient on the 
overgrowth of Azolla has also been confirmed in the Anzali wetland (Sadeghi et al., 

2012a, b). In laboratory experiments, Janes (1998) found that increasing P supply 

and/or plant density led to increased sporulation. If there is enough P in the aquatic
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environment, Azolla will be able to grow without the need to provide combined 

nitrogen such as NH4NO3 (Costa et al., 1999)

Azolla absorbs P from the floodwater and makes it available to the plant. The 

threshold concentration of P in Azolla tissue is probably about 0.2-0.3% on dry weight 

basis. P stressed plants are usually smaller, pink to red, less vigorous and have a low 

concentration of total nitrogen. Under severe stress, the plants become highly compact 

and dark red and often develop very long curled roots. The essentiality of P is 
emphasized from these findings. (Kobayashi et a l, 2008)

For alleviating P deficiency , P loaded Azolla grown with a smaller amount of P 

application into a smaller area of nursery will lead to higher concentration of P in the 

plant and this loaded P continue its multiplication for several times in the field 

conditions. Secondly instead of application of large amount of P at one time, split 
application in smaller dose (2-5 kg/ha) was considered more economical and efficient 

(Watanabe and Espinas, 1985; Watanabe, 1994). Field cultivation of Azolla usually 

requires P application, therefore the amount of P intended for direct application to rice 

can be applied to Azolla for increasing its growth and N2- fixation and the same P will 

become available to rice after Azolla is incorporated into soil (Lumpkin, 1987).The 

ability of different Azolla species to grow under P deficient conditions indicates that 

species like A. pinnata may be used in low P soils (Watanabe, 1994)

Potassium

Apart from N and P, Azolla requires other macro nutrients like K, Ca and Mg 

for its growth. K and organic compound of N and P in the biomass of Azolla can be 

good indicators for its use as a bio fertilizer in domestic wastewaters or natural 

environments (Malavolta et a l, 1981; Watanabe, 1982; Costa et al,, 1999). Azolla is 

able to take up K from the soil and make it available to the rice plants. In K- deficient 
plants, fronds become yellowish brown, roots become dark brown and their growth is 
stunted (Serag et a l, 2000)
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Micronutrients

The importance of some micronutrients such as Fe and Mo has long been 

recognized for a successful and quick growth of Azolla, particularly in relation with its 

N fixation metabolism. It was observed that the threshold levels of the micronutrients 

such as Fe, Mn, Mo and B for Azolla growth were 50, 20, 0.3, and 30 pgL'1, 

respectively (Wagner, 1997; Biswas et al., 2005). Nitrogen fixation by Azolla- 

Anabaena requires Co and Mo (Zahran et al., 2007). Singh et al., 2010 studied the 

effect of micronutrients (Mo6+> Mn2+’ Zn2+’ Cu2+ and Fe2+) on cellular and extracellular 

activities of two Azolla species (A. microphylla and A. flliculoides) exposed to a P- 

deficient, saline (20mL M NaCl) medium. At lower concentrations (0-0.01mLM), the 

micronutrients showed a significant enhancement in the given activity whereas higher 

concentrations (e.g. at 10 mLM) played an inhibitory role. Sadeghi et al. (2012 b) 

reported a moderate effect of Fe on the growth of A. flliculoides in the Anzali wetland. 

The availability of Fe to be accessed by Azolla itself is influenced by pH value. When 

pH value is high, Fe is precipitated as hydroxide so that it becomes less available to 

Azolla. When Azolla has no access to Fe, it turns yellow.

Jain et al. (1992) studied the toxic effect of some elements on Azolla. Their

study showed that iron and manganese did not have any toxic effect on the anaerobic 

fermentation of Azolla while Cu, Co, Pb and Zn showed toxicity.

Heavy metals

Among various water pollutants, heavy metals are of major concern because of 

their persistent and bio-accumulative nature (Lokeshwari and Chandrappa 2007; Chang 

et al. 2009; Yadav et al. 2009). A definite need exists to develop a low cost and eco- 

friendly technology to remove pollutants particularly heavy metals, thereby improving 

water quality. Phytoremediation offers an attractive alternative. Among these, Azolla, a 
free-floating, fast growing, and N fixing pteridophyte seems to be an excellent 

candidate for removal, disposal, and recovery of heavy metals from the polluted aquatic 

ecosystems (Arora et al. 2006; Umali et a l  2006). Rai (2008) reported that A. pinnata 

removed 70-94% of heavy metals (Hg and Cd) from ash slurry and chlor-alkali effluent
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in Singrauli region of U.P. (India) and the concentration of these heavy metals ranged 

between 310 and 740 mg kg'1 (1 g g'1) dry mass in tissues of Azolla. Jafari et al. (2010) 

observed the highest bio concentration potential of Pb, Cu, Mn, and Zn Was 94% in A. 

microphylla, 96% in A. filiculoides, 71% in A. pinnata, and 98% in A. microphylla, 

respectively. Rai (2010) recorded a marked reduction in concentrations of heavy metals 

like Cu, Cr, Fe, Mn, Ni, Pb, Zn, Hg, and Cd. Sarkar and Jana (1986) observed that the 

treatment of A. pinnata with As, Pb, Cu, Cd, and Cr (2 and 5 mg L'1 each), decreased 

Hill- activity, chlorophyll content, protein and dry weight, and increased tissue 

permeability with respect to control. The effects were most pronounced with the highest 

treatment of (5 mg L'1)

Carbon and Nitrogen metabolism

The rate of mineralization is influenced by the C; N ratio. Azolla species with a 

low C: N ratio mineralized in 2 days whiles the species with high C: N ratio 

mineralized in 5 days (Wang et al., 1987).

Some of the ammoniacal (fixed) N is released directly into the water. The N 
fixed by Azolla-Anabaena symbiosis is mainly available only after its decomposition 

and mineralization (Moore, 1969 ;Watanabe et.al., 1981). Azolla biomass, when 

incorporated into soil, decomposes and its N along with other nutrients is released 

during different stages of rice growth (Alejar 1982). The non-incorporated Azolla also 
decomposes after dense mat formation. Overcrowding stimulated its decomposition 

(Singh and Singh 1990). However its decomposition is reported to be faster when 

incorporated into soil than left as cover (Singh, 1992; Talley et.al., 1977 and Watanabe 

et.al, 1981). Lumpkin and Plucknett (1980) determined that Azolla pinnata had a C/N 

ratio of 15:1. Reports indicated an increase in N recovery when Azolla was 
incorporated into soil rather than allowed to decompose in water. N in Azolla was 
released slowly and its availability was only about 2/3 rd of ammonium sulfate. Most of 

the studies had revealed that two thirds of the N in Azolla was released after six weeks. 

Kannaiyan (1992) also reported that Azolla species had a low C/N ratio ranging from 
10.14-13.79:1.
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3. MATERIALS AND METHODS

This investigation on the “Characterisation of soil and water of Palakkad eastern 

plains in relation to growth and Nitrogenase content of Azolla spp.” was carried out 

with the two objectives in view achieved through two different experiments as detailed 

below:

Experiment 1: Survey of areas in Palakkad Eastern Plains (AEU 23)

Experiment 2: Collection and characterisation of soil, water and Azolla samples

3.1 EXPERIMENT-1: SURVEYING OF AREAS IN PALAKKAD EASTERN 

PLAINS (AEU 23)

An initial survey was carried out to identify the areas where Azolla was 

prevailing in Palakkad eastern plains (AEU23) (Plate 1) with the help of GPS

3.1.1 Methodology adopted

Two stages random sampling procedure was adopted for the survey. Two block 

panchayaths namely Chittoor and Kollengode were selected on the basis of Azolla 
prevalence. From Chittoor block panchayath four grama panchayath were identified. 

From Kollengode block panchayath the identification was limited to five grama 

panchayaths.

3.2 COLLECTION AND CHARACTERIZATION OF SOIL, FLOOD WATER AND 

AZOLLA SAMPLES

The collection was done during August- December 2014. Ten samples each of 

■soil, water and Azolla were collected from the growing locations of the identified 

places making a total number of 270. From the non-growing locations the collection 

was restricted to soil and water samples making a total of 180. After the collection, the 
samples were processed and preserved for individual analysis.
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Plate 1: Map showing the experimental site



Plate 2: Collection of soil, floodwater and Azolla samples from different locations of Chittoor block



Plate 3: Collection of soil, flood water and Azolla samples from different locations of Kollengode block
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a) Soil:

The collected soil samples were oven dried and sieved using 2mm sieve and 

subjected to analysis employing standard procedure as shown in Table 1. For organic 

carbon estimation the samples were passed through a 0.5 mm sieve.

Table 1. Methods of soil analysis

Parameter Extraction and Estimation Methods Reference

PH
1: 2.5 soil water suspension -  pH 
Meter.

Electrical

conductivity
Supernatant liquid used for pH 

determination- conductivity meter

• JdCKSon

Organic carbon Wet oxidation method
Walkley and Black 

(1934)

Available N Alkaline permanganate method
Subbiah and Asija 

(1956)

Available P20 5 Olsen’s extractant (0.05 7VaHC03) Olsens et al, 1954

Available K20
Neutral normal ammonium acetate 

method using flame photometer.
Jackson (1958)

Total Heavy 

metals (Fe, Mn, Zn, 

Cu, Cr, Cd, Ni, Pb)

Di acid digestion (HN03:HCL04 in 

9:4) followed by estimation using 

Atomic Absorption 

Spectrophotometry

Hesse (1994)
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b) Water:

Flood water samples were collected from the field in bottles of 500 mL capacity 

.After bringing to the laboratory they were filtered using Whatmann No: 1 filter paper 

and stored in sample bottles of 100 mL capacity. In order to avoid contamination two to 

three drops of toluene were added. Various estimations were done using standard 

methods as shown in Table 2

Table 2: Methods of flood water analysis

Parameter
Methods Reference

PH pH meter 

and

conductivity meter
Wilcox, (1950)

Electrical conductivity 

(EC)

Dissolved oxygen Dissolved Oxygen meter

Temperature (in-situ)) In- situ Thermometer .

Water soluble heavy 

metals (Fe, Mn, Zn, Cu, 

Cr, Cd, Ni, Pb)

Atomic

Absorption

Spectrophotometer

HACH (1997)



Plate 5: In-situ measurement of water temperature using thermometer
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c) Azolla

Before the initiation of the experiment, moisture content of Azolla was 

determined and then Azolla samples were thoroughly washed, put in brown paper 

cover and oven dried at 50 to 70° C. The dried samples were ground, properly mixed 

and used for estimating C, N, P, K and crude protein as per the methods mentioned in 

Table 3

Table 3: Composition of Azolla -  Methodology adopted

Parameter Methods Reference

Moisture Gravimetry Piper, 1942

Total carbon

CHNS analyzer

Model: Elementar’s 

vario EL cube

Total Nitrogen

Total Phosphorus
Diacid Extract; 

Spectrophotometry
Piper, 1942

Total Potassium
Diacid Extract; Flame 

photometry

Crude protein content was calculated by multiplying N with the factor 6.25

C.l identification of species

The species of Azolla collected from different locations were identified using 

the facilities available at NARDeP (National Agricultural and Rural Development 
Policy Center) Kanyakumari.
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d) Nitrogenase activity of Azolla

The Nitrogenase activity of Azolla was quantified using Acetylene reduction 

assay (Hardy et al., (1968).The enzyme Nitrogenase reduces acetylene (C2H2) to 

ethylene (C2H4) and the ethylene formed can be very sensitively detected by gas 

chromatography.

Methodology

The Methodology of Acetylene reduction assay (Plate 6) is detailed below:

1. Five grams of Azolla Samples were placed into 500 ml capacity serum bottle.
2. The bottles were sealed with rubber stoppers

3. The acetylene was injected @ 10% to replace an equal volume of air displaced 

from the bottle

4. Then incubated at 25°C for 24 h.

5. A quantity of 0.5 mL of gas inside the jar was drawn out using a syringe and 

the concentration of ethylene in it was analyzed by GC (gas chromatography) 
equipped with FID . The column used was Porapack N (GL Sciences).

6. The results were expressed as nmol C2H4 produced g-1 h_1

Nitrogenase activity = peak length in mm P x attenuation x range x 0.0006 x vol. of gas

Hour of incubation x vol. of gas sample injected in to Gas 
chromatography x dry weight of the sample

3.3 STATISTICAL ANALYSIS

Data were subjected to analysis of variance (ANOVA) (Panse and Sukhatme, 
1985) using statistical package ‘SPSS’ package. Whenever the t test was significant (at 
5 % level) multiple comparison among the treatments were done with Duncan’s 

Multiple Range test (DMRT).



Plate 6: Schematic representation on acetylene reduction assay

Stages:

1- Serum bottles (500 mL) for containing Azolla
2- Added 20g of Azolla into each bottle
3- Capped the containers with rubber stoppers and then sealed
4- Preparatory evacuation of the containers
5- Injection of acetylene gas replacing an equal volume of air
6- Incubation for 24 h.
7- Analysed using gas chromatography
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4. RESULTS

The results of the investigations conducted on “Characterisation of soil and water of 
Palakkad eastern plains in relation to growth and Nitrogenase content of Azolla spp.” 
are presented in this chapter.

4.1 Experiment 1: Surveying the Azolla growing areas in Palakkad Eastern Plains 
(AEU 23)

4.2 Experiment 2: Collection and characterization of soil, water and Azolla samples

4.1 SURVEYING THE AZOLLA GROWING AREAS IN PALAKKAD EASTERN 
PLAINS (AEU 23)

An initial survey was carried out with the help of GPS to identify the areas 

where Azolla is prevalent in Palakkad eastern plains (AEU23). After the comprehensive 

survey conducted in four blocks viz. Alathur,.Chittoor, Kollengode and Nenmara, the 

prevalence of Azolla could be seen only in two blocks namely Chitoor and Kollengode. 

The GPS reading of the selected sites are given in Table 4

Table 4: GPS readings of Azolla prevalent areas in Palakkad eastern plains

Areas GPS readings
Kollengode

Spot 1 76° 43’ 31.15” E (longitude) 
10° 36’ 57.48” N (latitude)

Spot 2 76° 43’ 31.12” E 
10° 36’ 57.46” N

Spot 3 75° 43’42.02” E 
10° 36’44.15” N

Spot 4 76° 45’ 58.37” E 
10° 36’ 11.23” N

Spot 5 76° 45’ 58.39” E 
10° 36’ 11.20” N
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Vadavannur

Spot 1 76° 42’ 01.17” E 
10° 39’ 25.94” N

Spot 2 76° 42’ 01.95” E 
10° 39’ 25.96” N

Spot 3 76® 41’ 58.89” E 
10° 39’ 26.51” N

Spot 4 76° 40’ 00.29” E 
10° 39’26.54” N

Spot 5 76° 40’ 00.27” E 
10° 39’26.52” N

Muthalamada

Spot 1 76° 45’ 58.37” E (longitude) 
10°36’ 11.53” N (latitude)

Spot 2 76° 45’ 58.39” E 
10° 36’ 11.20” N

Spot 3 (pond) 75° 43’42.02” E 
10° 36’ 44.15” N

Spot 4 75°43’ 41.04” E 
10° 36’ 43.17” N

Spot 5 76° 45’ 58.36” E 
10° 36’ 11.15” N

Nallennilv

Spot 1 76° 48’ 08.69” E 
10° 43’ 11.60” N

Spot 2 76° 46’ 59.72” E 
10° 43’41.57” N

Spot 3 76° 47’ 54.6” E 
10° 43’ 30.02” N

Spot 4 76° 47’ 36.86” E 
10° 43’ 46.65” N

Spot 5 76° 46’ 59.72” E 
10° 43’ 41.57” N

Kozhin iamnar a

Spot 1 76° 49’45.70” E 
10° 42’ 52.83” N

Spot 2 76° 49’45.56” E 
10° 42’ 54.04” N
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Spot 3 76° 49’ 45.75” E 
10° 42’ 52.88” N

Spot 4 76° 49’45.65” E 
10° 42’ 52.76” N

Spot 5 76° 49’45.71” E 
10° 42’ 52.80” N

ElaoDullv

Spot 1 76° 45’ 10.57” E (longitude) 
10° 45’ 37.54” N (latitude)

Spot 2 76° 45’ 09.9” E 
10° 45’ 37.0” N

Spot 3 76° 45’ 08.2” E 
10° 45’ 36.0” N

Spot 4 76° 45’ 38.1” E 
10°45’ 53.5” N

Spot 5 76° 45’35.8” E 
10° 45’ 51.2” N

Perumattv

Spot 1 76° 44’ 48.27” E 
10° 40’ 50.98” N

Spot 2 76° 44’45.0” E 
10°40’ 50.3” N

Spot 3 76° 44’49.8’E 
10° 40’48.8” N

Spot 4 76° 44’39.3” E 
10° 40’45.4” N

Spot 5 76° 44’ 39.7” E 
10° 40’49.0” N

Pattencheri

Spot 1 76° 43’42.90” E 
10° 38’46.30” N

Spot 2 76° 43’ 53.6” E 
10° 38’45.7” N

Spot 3 76° 43’ 54.6” E 
10° 38’ 03.6” N

Spot 4 76° 43’ 51.8” E 
10°38’40.6” N ■

Spot 5 76° 43’ 53.8” E 
10° 38’45.8” N
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Pudunagaram

Spot 1 76° 40’ 57.7” E 
10° 40’41.6” N

Spot 2 76° 41’ 13.8” E 
10° 38’48.7” N

Spot 3 76° 41’ 09.8” E 
10° 38’44.4” N

Spot 4 76°41’ 07.1” E
10°38’45.0” N

Spot 5 76° 40’ 59.3” E 
10° 38’47.4” N

4.2 COLLECTION AND CHARACTERIZATION OF SOIL, FLOOD WATER AND 
AZOLLA SAMPLES

Samples of soil, water and Azolla were collected from the selected sites and 
characterized based on electro-chemical properties (for soil and flood water). In case of 

Azolla the composition was analyzed. These results are presented under different 

headings

A. SOIL SAMPLE

4.2.1 pH

pH is considered to be one of the important factor deciding the growth and 

functioning of Azolla. The mean values on soil pH of soil samples collected both from 

growing as well as non- growing locations are given in Table 5
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Table 5: Soil pH of samples collected from different places of Azolla growing and 
non-growing locations

Growing Non-growing
Places of 
collection

Vadavannur cd
7.12

ab
7.42

Muthalamada aEc
7.23

ab
7.48

Nalleppilli abc
7.34

ab
7.55

Kollengode a
7.47

a
7.59

Pudunagaram abc
7.4

ab
7.45

Pattencheri abc
7.42

ab
7.50

Elappully b
7.44

a
7.61

Perumatty d
6.S4 7.17C

Kozhinjampara bed
7.13

b
7.39

CD (0.01) 0.425 0.266
____CMS______________ 0.317 0.198
t-value 3.779**

** significance at 1% level

The data on soil pH revealed a significant difference between places under 

each category. The mean pH value of Azolla growing areas ranged from 6.84 

(Perumatty) to. 7.47 (Kollengode) whereas the range was 7.17 (Perumatty) to 7.61 

(Elappully) in the non- growing locations. In general a significant difference was 
noticed between growing and non-growing locations.
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Electrical conductivity which is the measure of the soluble salts present in soil 

was determined in order to understand the tolerance of Azolla to salinity. Mean values 
of soil Electrical Conductivity obtained in growing and non-growing locations are 

shown in Table 6.

4.2.2 Electrical Conductivity

Table 6: Soil Electrical Conductivity (dS m*1) of samples collected from different 
places of Azolla growing and non-growing locations

EC
Growing Non-growing

Places o f ^ ^  
collection

Vadavannur 0.17C 0.29'
Muthalamada ab

0.27
cd

0.37
Nalleppilli 0.30"

be
0.40

Kollengode ab
0.29 0.40C

Pudunagaram 0.303
be

0.39
Pattencheri 0.308

b
0.42

Elappully ab
0.29 0.473

Perumatty b
0.25

-------------------a-------------
0.34

Kozhinjampara ab
0.27 0.39C

CD (0.01) 0.064 0.045
(0.05) 0.048 0.034

t- value 9.927**

** significance at 1% level

In general the EC values of Azolla growing and non- growing locations differed 

significantly. The mean value showed considerable variation in the growing and non­
growing sites. Significant difference was there within places under each category. The 

EC values in the growing locations ranged from 0.17 dS m'1 (Vadavannur) to 0.30 dS 

m'1 (Pattencheri) as against from 0.29 dS m' 1 (Vadavannur) to 0.47 dS m'1 (Elappully) 

recorded in the non-growing sites.
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Carbon content of the soil as an index of soil fertility was determined and Table 

7 shows the values obtained in the Azolla growing and non-growing locations.

Table 7: Soil Organic carbon content (%) of samples collected from different 
places of Azolla growing and non-growing locations.

4.2.3 Organic carbon

Places of ~
collection ^ —•

Growing Non-growing

Vadavannur 1.643
a

1.4

Muthalamada a
1.56

b
1.24

Nalleppilli a
1.56

b
1.23

Kollengode b
1.41

bed
1.14

Pudunagaram be
1.36

cd
1.11

Pattencheri be
1.32

be
1.32

Elappully be
1.3

-------------------a-------------
1.06

Perumatty be
1.28

be
1.20

Kozhinjampara c
1.23

cd
1.11

CD (0.01) 0.187 0.132
(0.05) 0.139 0.099

t- value 7.19**

** significance at 1% level

Organic carbon content was significantly different in the Azolla growing and 

non- growing locations, also among the places significant difference was noticed under 

each category. The content range from 1.23 (Kozhinjampara) to 1.64% (Vadavannur) in 
the growing sites whereas it was between 1.06 (Elappully) and 1.40% (Vadavannur). 

The mean soil organic carbon of Azolla growing locations was more in Azolla growing 
locations.
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The data on available N is furnished in Table 8.In general a significant 

difference was noticed between growing and non-growing locations and within each 

category. It is clear from the values that irrespective of the growth of Azolla, N content 

was in the low category . The available N status in all the places under the Azolla 

growing category was higher than in the non-growing category. The highest value of 

161.8 kg ha'1 was obtained in Elappully panchayath under the growing areas whereas it 

was only 142.4 kg ha-1 in the non-growing tracts of the same location; In the non­

growing locations maximum value (142.4 kg ha-1) was recorded in Nalleppilly 

panchayath and minimum (105.8 kg ha'1) in Kozhinjampara panchayath.

Table 8: Available N (kg ha’1) of soil samples collected from different places of 
Azolla growing and non-growing locations.

4.2.4 Available nitrogen

^ ^ ^ ^ S o i l N  
Places o f ^ ^ ^ ^ ^ ^  
collection ^ ^

Growing Non-growing

Vadavannur 129.18d 115.93
Muthalamada 144.2° 108.4*
Nalleppilli b

153.6 149.9°
Kollengode ab

154.3 142.4*
Pudunagaram b

153.0
be

112.1
Pattencheri be

152.0
be

114.7
Elappully 161.8* 141.1*
Perumatty ab

157.1
be

112.1
Kozhinjampara ab

159.1 105.8°
CD (0.01) 

(0.05)
10.759
8.024

12.819
9.561

t- value 9.474**

** significance at 1% level
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Phosphorus is considered to be the most limiting nutrient for the growth of 

Azolla. The available soil P status of the Azolla growing and non-growing locations are 

given in Table 9

Table 9: Available P content (kg ha"1) of soil samples collected from different 
places of Azolla growing and non-growing locations.

4.2.5 Available Phosphorus

Soil P

Places o f ^ ^  
collection

Growing Non-growing

Vadavannur ab
61.2

ab
80.7

Muthalamada 57.3C
b

79.1 '

Nalleppilli a
63.3 84.23

Kollengode ab
61.4 . 83.6**

Pudunagaram d
52.4

b
77.7

Pattencheri d
' 52.4

b
78.1

Elappully ab
61.3

ab
80.1

Perumatty be
58.6

b
79.2

Kozhinjampara d
50.2 71.7C

CD (0.01) 5.195 5.583
(0.05) 3.875 4.164

t- value 20.9**

** significance at 1% level

There was significant difference in the available P status among the Azolla 

growing and non-growing locations. In general the P status was under high category as 

per soil fertility rating. Soil samples from Azolla growing locations of Nalleppilli 

panchayath recorded a value of 63.32 kg ha"1 available P whereas the non-growing 
locations of the same location recorded 84.2 kg ha"1 of available P.
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The data on available K is furnished in Table 10. In general a significant 

difference was noticed between growing and non-growing locations. Available K status 

ranges from 140 to 194 kg ha'1 in growing areas and it ranged from 136 to 186 kg ha'1 

in non-growing areas. The Maximum reading of 194.3 kg ha'1 was noticed in 

Vadavannur panchayath under growing and among non-growing locations the highest 

value of 186.3 kg ha'1 was reported to be at Pattencheri panchayath.

Table 10: Available K readings (kg ha1) of soil samples collected from different 

places of Azolla growing and non-growing locations.

4.2.6 Available Potassium

Soil K

Growing Non- growing

Places of 
collection

Vadavannur 1943
ab

182.4

Muthalamada de
148.1 136.0°

Nalleppilli 191.2*
abc

179.4

Kollengode 193.3a
aBc

181.7

Pudunagaram ab
188.9

be
176.6

Pattencheri be
178.7 186.3a

Elappully 158.9d 173.6°

Perumatty 173.2° 150.8d

Kozhinjampara 140.3° 138.9°

CD (0.01) 15.481 11.557

(0.05) 11.547 8.620

t- value 1.577
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Soil samples collected from selected sites were characterized for heavy metals 

viz. Fe, Mn, Zn, Cu, Cr, Cd, Ni and Pb. The results of individual element are presented 

in the Tables 11, 12, 13 and 14.

a) Iron

Table 11: Iron content (mg kg'1) of soil samples collected from different places of 
Azolla growing and non-growing locations.

4.2.7 Total Heavy metals

Soil Fe

Growing Non-growing

Places of 
collection

Vadavannur 1506.1* 1678.9

Muthalamada be
1625.6 1660.0

Nalleppilli be
1646.2 1680.0

Kollengode be
1631.6 1659.0

Pudunagaram be
1646.2 1657.0

Pattencheri be
1648.0 1652.7

Elappully 1622.4b 1641.9

Perumatty 1653.9° 1688.4

Kozhinjampara 1623.26 1665.6

CD (0.01) 35.77

(0.05) 26.68 NS

t- value 5.268**

** significance at 1% level

Fe is considered to be important for the functioning of Nitrogenase enzyme. 
Significant difference was noticed between places under Azolla growing category. In 

growing areas the highest value of 1653.9 mg kg'1 was observed at Perumatty
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panchayath and in the non-growing areas, the maximum value of 1688.4 mg kg'1 was 

reported at the same location.

b) Manganese

The data for total Mn content in soil is furnished in Table 12. A difference of

99.2 mg kg*1 was noticed in the mean values between growing and non-growing 

locations. The highest value of 309.6 mg kg' 1 was recorded at Kollengode panchayath 

among the growing location and it was 461.7 mg kg*1 at Kozhinjampara among non­

growing locations. Significant difference was noticed within and between growing and 
non-growing locations.

Table 12: Manganese content (mg kg*1) of soil samples collected from different 
places of Azolla growing and non-growing locations.

Element - Mn

Growing Non-growing

Places of 
collection •

Vadavannur d
228.1 332.4°

Muthalamada b
267.4 304.5°

Nalleppilli cd
234.0 330.2°

Kollengode 309.63 394.9b

Pudunagaram 301.7* 369.5'

Pattencheri 241.9 402.9b
Elappully cd

231.8 266.3d

Perumatty 278.6b
--------------------6-------------

377.7

Kozhinjampara 248.5° 461.7*
CD (0.01) 23.20 47.05

(0.05) 17.30 35.09
t- value 9.700**

** significance at 1% level
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c) Zinc

Zinc content of the collected soil samples are given in Table 13. Zn also 
revealed a similar trend, like Fe and Mn, with respect to mean values which was the 

highest at non-growing locations as against in growing locations. Among the non­

growing category highest value of 27.9 mg kg'1 was reported at Vadavannur 

panchayath and samples from Kollengode panchayath recorded the highest value of

24.3 mg kg*1 among the Azolla growing locations. Zn content among the locations 

shows significant difference only in growing areas.

Table 13: Zinc content (mg kg*1) of soil samples collected from different places of 
Azolla growing and non-growing locations.

Element-Zn

Places of 
collection

Growing Non-growing

Vadavannur be
21.7 27.9

Muthalamada ab
23.1 26.3

Nalleppilli ab
23.3 26.1

Kollengode a
24.3 26.9

Pudunagaram abc
22.4 24.2

Pattencheri be
21.5 24.4

Elappully 20.8° 27.7

Perumatty d
16.6 26.8

Kozhinjampara abc
22.4 27.5

CD (0.01) 
(0.05)

2.733
2.038 NS

t- value 15.04**

** significance at 1% level



34

d) Copper

The results in Table 14 revealed a significant difference among the locations 

with respect to Cu. The values ranged from 16.9 mg kg_1(Muthalamada) to 36.22 mg 

kg’1 (Kozhinjampara) in the growing locations whereas it varied between 22.44 mg kg’1 

(Kollengode) and 29.1 mg kg’1 (Kozhinjampara) in the non-growing locations.

Table 14: Copper content (mg kg’1) soil samples collected from different places of 
Azolla growing and non-growing locations

e) Cd, Cr, Ni & Pb

In both growing and non-growing locations and among different locations under each 

category the content of the heavy metals viz. Cd, Cr, Ni and Pb were below the 

detectable limits hence it is not presented in tabular form
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B. FLOOD WATER SAMPLE

Flood water samples were collected in plastic containers from rice fields and 

other water bodies based on the presence or absence of Azolla. These samples were 

analyzed in the laboratory for various parameters and the results are presented in the 

following tables.

4.2.8 p H

Results of flood water pH are given in Table 15.In general the pH of water 

sample was in neutral to alkaline range. The non-growing locations recorded a higher 

mean pH value as against the growing locations. The location wise value on soil pH 

was also higher in the non-growing locations. The pH value ranged from 6.5 

(Perumatty) to 6.9 (Vadavannur, Elappully, Nalleppilli) in the growing locations 

compared to values between 6.9(Vadavannur) and 7.3 (Pudunagaram) in the non­

growing locations. Effect of pH was significantly different between the categories but 

not among places under growing and non-growing categories.

Table 15: Flood water pH of samples collected from different places of Azolla 

growing and non-growing locations.

^ ^ F lo o d  water pH 

Places o f ^ ^ ^ ^  

collection
Growing Non-growing

Vadavannur 6.9 6.9

Muthalamada 6.6 7.0

Nalleppilli 6.9 7.1

Kollengode 6.7 7.2

Pudunagaram 6.8 7.3
Pattencheri 6.7 7.2

Elappully 6.9 7.2

Perumatty 6.5 7.2

Kozhinjampara 6.8 7.1
CD (0.05) NS NS

t- value 5.769**

** significance at 1% level
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The electrical conductivity, which indicated the degree of salinity, was recorded 

in Azolla growing and non-growing sites. The results presented in Table 16 revealed 

that the mean EC value was exactly the similar in both the sites. In general it ranged 

from O^ldSm'1 (growing region) to 0.26 dS m'1 (non-growing region). Places had a 

significant effect on EC value among growing and non-growing locations, but in 

general there is no significant difference between growing and non-growing locations.

4.2.9 Electrical conductivity

Table 16: Electrical conductivity (dS m_I) of flood water samples collected from 

different places of Azolla growing and non-growing locations

\  Flood water

EC Growing Non-growing

Places of
collection
Vadavannur 0.25 b

0.13

Muthalamada 0.22 0.253

Nalleppilli 0.22 0.213

Kollengode 0.21 0.223

Pudunagaram 0.22 0.263

Pattencheri 0.21 0.263

Elappully 0.25 0.263

Perumatty 0.22 0.233

Kozhinjampara 0.26 0.243

CD (0.01) NS 0.074

(0.05) 0.055

t- value o.c 00
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Results for flood water temperature are given in Table 17.Water temperature 

measured ranged from 29.94°C (Muthalamada) to 31.35°C (Pudunagaram) in the 

growing locations and from 32.19 °C (Kozhinjampara) to 33.48°C (Pattencheri) in the 

non-growing locations. In general a significant difference was not there between 

growing and non-growing locations but the places was significantly different with 

respect to temperature recorded in both the sites. However in the non-growing locations 

there was an increase of 2°C in water temperature was noticed.

4.2.10 Flood water temperature

Table 17: Flood'water temperature (°C) of samples collected from different places 
of Azolla growing and non-growing locations

\  Flood water

Temperature

Places of 
collection

Growing Non-growing

Vadavannur 30.71 33.03

Muthalamada 29.94 33.12

Nalleppilli 30.45 32.98

Kollengode 31.08 32.93

Pudunagaram 31.35 32.30

Pattencheri 31.27 33.48

Elappully 30.90 32.35

Perumatty 31.28 33.01

Kozhinjampara . 31.10 32.19

CD (0.01) 

(0.05)
NS NS

t- value 9.002**

** significance at 1% level
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Dissolved oxygen refers to the level of free non-compounds of oxygen present 

in water or other liquids. It is an important parameter in assessing water quality because 

of its influence on the organisms living within a body of water. Results of dissolved 

oxygen content in water are given in Tablel8. In general a significant difference was 

noticed between the two categories. In the growing locations the highest value recorded 

was 7.84 mg L"1 (Kollengode) whereas it was 7.52 mg L'1 (Pudunagaram) in the non­

growing region.

Table 18: Dissolved oxygen content (mg L"1) of flood water samples collected from 

different places of Azolla growing and non-growing locations

4.2.11 Dissolved oxygen content

Sss. Flood water 

DOC

Places of 
collection

Growing Non-growing

Vadavannur 7.80 7.36

Muthalamada 7.82 7.44

Nalleppilli 7.74 7.44

Kollengode 7.84 7.44

Pudunagaram 7.74 7.52

Pattencheri 7.78 7.46

Elappully 7.76 7.48
Perumatty 7.72 7.50
Kozhinjampara 7.78 7.48

CD (0.01) NS NS

(0.05)

t- value 15.8 so**
** significance at 1% level
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The content of soluble form of heavy metals detected in the flood water samples 

of Azolla growing and non-growing locations are presented in the Tables 19 to 22

a) Flood water soluble iron

Fe content in the flood water sample is shown in Table 19. The average value 

varied from 10.2 mg L' 1 (Vadavannur) to 13.7 mg L'1 (Perumatty) ppm in the growing 

locations, whereas it was between 13.7 mg L' 1 (Kozhinjampara) and 15.8 mg L'1 
(Elappully) in the non-growing locations. Places had a significant effect at both the 

levels on Fe present in the flood water sample collected from Azolla growing 

locations. In the Azolla non-growing locations the Fe content did not show any 

significant effect due to places of collection. A comparison between Azolla growing 

and non-growing locations revealed a significant effect of Azolla in deciding the 

amount of iron present in flood water.

b) Flood water soluble manganese

The data on Mn content of flood water samples collected from Azolla growing 

and non-growing locations are presented in Table 20. Much similar to iron the level of 

Mn was significantly influenced by the places only in the presence of Azolla. The 

highest value of Mn (14.7 mg L’1) was recorded in Perumatty and the lowest value 

(11.1 mg L'1) was recorded in Pudunagaram. In the non-growing locations at Elappully 

recorded the maximum content (16.3 mg L'1) of Mn while it was only 12.9 mg L'1 in 

the samples collected from Pudunagaram. In case of Mn significant difference was 

noticed between Azolla growing and non-growing locations at both the levels of 

significance.

4.2.12 Heavy-metals
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Table 19:Flood water soluble iron content (mg L"1) of samples collected from 

different places of Azolla growing and non-growing locations

Flood water

Soluble Fe Growing Non-growing

Places of 
collection

Vadavannur 10.2C 15.5

Muthalamada bed
12.1 15.4

Nalleppilli aBc
13.1 15.1

Kollengode abed
12.6 14.7

Pudunagaram aEc
13.0 14.6

Pattencheri ab
13.2 15.2

Elappully d
11.6 15.8

Perumatty a
13.7 14.4

Kozhinjampara cd
11.9 13.7

CD (0.01) 1.702 NS

(0.05) 1.270

t- value 7.919**

** significance at 1% level
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Table 20: Flood water soluble Mn content (mg L '1) of samples collected from 

different places of Azolla growing and non-growing locations

\  Flood

^'Water soluble Mn Growing Non- growing

Places of x. 
collection

Vadavannur ^ cd
12.3 15.3

Muthalamada b
13.4 14.7

Nalleppilli cd
12.5 13.9

Kollengode d
12.0 13.5

Pudunagaram c
11.1 12.9

Pattencheri be
13.0 15.4

Elappully cd
12.2 16.3

Perumatty a
14.7 16.2

Kozhinjampara b
13.7 14.3

CD (0.01) 1.319 NS
(0.05) 0.984

t- value 3.626**

** significance at 1% level
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c) Flood water soluble Zinc

The results on Zn content of water samples collected from Azolla growing and 

non-growing locations are given in Table 21. As against Fe and Mn the amount of Zn 

was low in both the locations, though the places played a significant effect on Zn 

content in the Azolla non-growing locations. The average value of Zn varied between

0.02 mg L'1 and 0.09 mg L'1 in the growing locations while the non-growing locations 

recorded a value between 0.04 mg L'1 and 0.26 mg L'1.Significant effect was noticed at 

both 5% and 1% levels of significance in the Zn content of water present in Azolla 

growing and non-growing category

Table 21: Flood water soluble Zn content (mg L'1) of samples collected from 

different places of Azolla growing and non-growing locations

** significance at 1% level
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d) Flood water soluble copper

Copper content of flood water samples collected from Azolla growing and non­

growing locations is given in table 22. Locational effect was significant in both the 

locations with respect to content of Cu. The highest value of 3.03 mg L'1 was obtained 

in the samples collected from Kozhinjampara. Whereas that from Muthalamada 

panchayath recorded the minimum quantity (1.20 mg L'1). In the non-growing locations 

the very same place (Kozhinjampara) shows the highest value of 3.198 mg L'1 and the 

lowest value of 1.87 mg L'1 was recorded at Kollengode. The Cu content was 

significantly different at both 5% and 1% levels of significance in the Azolla growing 

and non-growing locations.

Table 22: Flood water soluble Cu content (mg L '1) of samples collected from 

different places of Azolla growing and non-growing locations

** significance at 1% level
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e) Cd, Cr, Ni & Pb

In both growing and non-growing locations and among different locations under 

each category the content of the heavy metals viz. Cd, Cr, Ni and Pb were below the 

detectable limits hence it is not presented in tabular form

C) AZOLLA SAMPLES

4.2.13 Moisture

Moisture content of Azolla is given in Table 23. The average value ranged 
from 93.47 to 94.45 percent. However significant difference was not noticed between 
places with respect to moisture content.

Table 23: Moisture (%) of samples of Azolla collected from different locations

Locations Moisture (%)

Vadavannur 94.60

Muthalamada 94.56

Nalleppilli 93.81

Kollengode 94.23

Pudunagaram 94.45

Pattencheri 94.03

Elappully 94.15

Perumatty 93.47

Kozhinjampara 93.67

CD (0.01) NS
(0.05)
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Dry matter refers to material remaining after removal of water. The dry matter 

of plant and animal materials would be its solids i.e. all its constituents excluding water.

Table 24: Dry matter (%)of samples of Azolla collected from different locations

4.2.14 Dry matter

Locations Dry matter (%)

Vadavannur 5.94

Muthalamada 5.46

Nalleppilli 6.18

Kollengode 5.81

Pudunagaram 5.60

Pattencheri 5.94

Elappully 5.62

Perumatty 5.88

Kozhinjampara 6.36

CD (0.05) NS

Dry matter content of Azolla is given in Table 24. Places did not exert any 

significant effect on dry matter. The values ranged from 5.6 to 6.36 percent.
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The carbon content of Azolla samples are shown in Table 25. The values 

ranged from 22.9 (Perumatty) to 39.5 percent (Pattencheri). Locations had a significant 

effect on carbon content.

Table 25: Carbon (%) of samples of Azolla collected from different locations

4.2.15 Carbon

Locations Carbon (%)

Vadavannur 27.6'

Muthalamada c
34.1

Nalleppilli 38.6a

Kollengode c
34.5

Pudunagaram 38.6a

Pattencheri a
39.5

Elappully b
37.2

Perumatty --------------------------- 1----------------------
22.9

Kozhinjampara --------------------------- a----------------------
32.5

• CD (0.01) 1.539
(0.05) 1.148
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Nitrogen content of Azolla is given in Table 26. On an average values ranged 
from 2.6 (Kozhinjampara) to 3.6 percent (Nalleppilli). In addition the location effect 

was also significant with respect to N content.

Table 26: Nitrogen (%)of samples of Azolla collected from different locations

4.2.16 Nitrogen

Locations Nitrogen (%)

Vadavannur b
2.9

Muthalamada be
2.7

Nalleppilli a
3.6

Kollengode a
3.4

Pudunagaram be
3.0

Pattencheri b
3.0

Elappully a
3.3

Perumatty be
2.7

Kozhinjampara c
2.6

CD (0.01) 0.332

(0.05) 0.248
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The ratio between carbon and nitrogen of Azolla samples given in Table 27 

showed that the maximum C/N ratio of 14.09 was recorded in the samples from 

Pattencheri and the lowest value of 8.55 was recorded in the samples collected from 

Perumatty. Locations had a significant role in the C/N ratio of Azolla.

4.2.17 C/N ratio

Table 27: C/N ratio of samples of Azolla collected from different locations

Locations C/N ratio

Vadavannur 9.62C

Muthalamada b
12.58

Nalleppilli cd
10.80

Kollengode de
10.27

Pudunagaram 14.083

Pattencheri 14.09*

Elappully 11.30°

Perumatty 8.55*

Kozhinjampara b
12.79

CD (0.01) 1.266

(0.05) 0.944
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Crude protein, which indicates nitrogenous substances along with protein was 

estimated in the Azolla samples collected from different places (Table 28). The 

contents ranged from 15.92 (Kozhinjampara) to 22.31 percent (Nalleppilli). Locational 

effect was significant at both the levels.

Table 28: Crude protein (%) of samples of Azolla collected from different 

locations

4.2.18 Crude protein

Locations Crude protein (%)

Vadavannur b
17.94

Muthalamada be
16.95

Nalleppilli 22.313

Kollengode 21.02°

Pudunagaram be
17.11

Pattencheri b
17.50

Elappully 20.783

Perumatty be
17.00

Kozhinjampara 15.92°

CD (0.01) 2.063
(0.05) 1.539
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Phosphorus content of Azolla samples given in Table 29.Locational effect was 

significant at both levels. The average value ranged from 0.156 (Kozhinjampara) to 

0.224 percent ( Nalleppilli)

Table 29: Phosphorus (%) of samples of Azolla collected from different locations

4.2.19 Phosphorus

Locations Phosphorus (%)

Vadavannur 0.2 10b '

Muthalamada 0.174c

Nalleppilli 0.2243

Kollengode 0.218c

Pudunagaram 0.180c

Pattencheri 0.184c

Elappully 0.216ab

Perumatty 0.172c

Kozhinjampara 0.156d

CD (0.01) 0.018
(0.05) 0.013



51

Compared to phosphorus, Azolla contained more of K which was 

significantly influenced by locations. The highest value (1.55 percent) recorded for the 

samples collected from Nalleppilli whereas the lowest (1.32 percent) was in those 

samples collected from Kozhinjampara.

Table 30: Potassium (%) of samples of Azolla collected from different locations

4.2.20 Potassium

Locations Potassium (%)

Vadavannur abc
1.48

Muthalamada de
1.39

Nalleppilli a
1.55

Kollengode a
1.54

Pudunagaram ab
1.51

Pattencheri cd
1.41

Elappully cd
1.41

Perumatty bed
1.42

Kozhinjampara e
1.32

CD (0.01) 0.108

(0.05) 0.081

1 7 3 5 7 5 "
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Nitrogenase activity was measured by Acetylene Reduction Assay (ARA) and 

the results are given in Table 31. Through this assay the reducing power of the enzyme 
from acetylene to ethylene was determined and results were represented in nmoles of 

ethylene g'1 h'1 and the values were ranged between 192.5 (Pattencheri) to 235.9 

(Vadavannur) nmoles ethylene g'1 h '1.

Table 31: Nitrogenase activity (nmoles ethylene g'1 h '1) of samples of Azolla 

collected from different locations

4.2.21 Nitrogenase activity

Locations Nitrogenase activity

Elappully 208.2C

Nalleppilli 226.3°

Pattencheri 192.5d

Perumatty 227.9°

Vadavannur 235.9a

CD (0.01) 4.150
(0.05) 3.043
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The morphological features of Azolla samples collected from the experimental 

sites are furnished in Table 32 ; Plate 7

4.2.22 Species identification

Table 32: Species identification of samples of Azolla collected from different 

locations

Characters Features

Size and shape Small 1.5-2.5cm long, with straight main'axis with 

pinnately arranged side branches, progressively longer 

towards the base, thus roughly triangular in shape.

Roots Fine lateral rootlets giving a feathery appearance in the 

water.

Leaves: Minute 1 -2mm long

Lobe features Upper lobe green, brownish green or reddish, lower lobe 

translucent brown. Minute, short pillae +/- cylindrical 

unicellular hairs often present on the upper lobes.



Fine lateral roots Fronds of size 2 cm

Plate 7: Species identification
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4.2.23 Total effect of soil and water quality parameters on composition of Azolla 

and Nitrogenase enzyme content

The soil and water quality parameters studied was correlated with the 

composition of Azolla, collected from all the locations and with nitrogenase activity of 

Azolla collected from five locations. The results are presented in Tables 33 and 34

Table 33: Correlation between Nitrogenase activity and soil parameters

Nitrogenase activity showed a negative but significant correlation with pH and 

EC of soil at an optimum range. Though all other parameters were also considered, 

neither positive nor negative correlation could be obtained with nitrogenase activity.
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Table 34: Correlation between composition of Azolla and soil parameters

Soil/water

^ ^ \m r a m e te r s

Azolla composition

pH EC P K

Moisture - - - -

Dry matter - - - -

Carbon .903** .747* - -

Nitrogen - - .990* -

Crude protein .790*

C/N ratio - - -.746* -

Phosphorus - - .842** -

Potassium - - - .897**

*Significance at 5% level 

** Significance at 1% level

On correlating the soil and water parameters with the composition of Azolla, it 

was seen that a significant and positive correlation existed between the carbon content 

of Azolla and the electro chemical soil properties like pH and EC. The content of 

nitrogen, crude protein and phosphorus of Azolla revealed a significant positive 

correlation with soil phosphorus status. But the C/N ratio exhibited a significant 

negative correlation with soil P. The potassium content in Azolla showed a significant 

positive correlation with the potassium content of soil.
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In order to find an ideal location, the quality parameters of Azolla has obtained 

from different locations was made and the results are presented in table 35

Table 35: Quality of Azolla'in relation to different locations.

4.2.23 Quality of Azolla in relation to different locations.

Locations Carbon Nitrogen C/N Crude Phosphorus Potassium

(% ) (%) ratio protein (%) (%) ’

(%)
Vadavannur 27.6C ,

b
2.9 9.62°

b
17.94 0.210

abc
1.48

Muthalamada 34.12°
be

2.7
b

12.58
be

16.95 0.174°
de

1.39

H l l E S II n i n m u
I S s s M l

Kollengode c
34.5

a
3.4

de
10.27 21.023

ab
0.218

a
1.54

Pudunagaram 3 8 .6 * be
3.0 14.08*

be
17.11 0.180°

ab
1.51

Pattencheri a
39.5

b
3.0 1 4 .0 9 3 b

17.50 0.184°
cd

1.41

Elappully b
37.2

a
3.3 11.30° 20.783

ab
0.216

cd
1.41

Perumatty 22.9
be

2.7 8 .5 5 be
17.00 0.172°

bed
1.42

Kozhinjampara d
32.5 2 .6 ° b

12.79 1 5 .9 2 ° 0 .1 5 6 d C1 .3 2
CD (0.01) 1 .5 3 9 0 .3 3 2 1 .2 6 6 2 .0 6 3 0 .1 8 7 1 0 .7 5 9

(0.05) 1 .1 4 8 0 .2 4 8 0 .9 4 4 1 .5 3 9 0 .1 3 9 8 .0 2 4
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Based on the results given in table 35, ranking was done for the factors which proved 

significant.For this a scoring methodology was adopted. Individual scoring was done 

for all the parameters under a particular location. Values with same superscript under 

each parameter was clubbed and allotted with a score. This was applied for all the 

parameters under consideration. The sum total of all the scores for all the parameters in 

a given location was taken as the overall score for further ranking. The location with 

least score value was considered superior. The details are furnished in table 36

Table 36: Scoring methodology to select ideal location in terms of Azolla quality

Locations Carbon

(% )

Nitrogen

(%)

C/N

ratio

Crude

protein

(%)

Phosphorus

(%)

Potassium

(%)

Sum

total

of

ranks

Vadavannur 5 2 5 2 3 3 20

Muthalamada 3 3 2 3 3 6 20

mm mm EBB mm m m KJHliii
Kollengode 3 i 5 i 2 i 13

Pudunagaram 1 3 1 3 3 2 13

Pattencheri 1 2 1 2 3 5 14

Elappully 2 1 3 1 2 5 14

Perumatty 5 3 6 3 3 4 27

Kozhinjampara 4 4 2 4 4 7 25

From the results it could be inferred that Nalleppilli panchayath was most preffered to 

produce a good quality Azolla .
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4.2.24 Location wise details on soil and floodwater quality parameters in relation to Azolla growth.

The results are provided in table 37

Table 37: Location wise details on soil and floodwater quality parameters in relation to Azolla growth.

SO IL F L O O D  W A T E R

Locations

pH E C Organic
carbon

Avail.
nitrogen

Available
phosphor
us

available
potassium

total Fe 
content

total Mn 
content

total
Zn
content

total Cu 
content

Solub 
le Fe

Soluble
Mn

Soluble
Cu

Vadavannur ca
7 .1 2 0 .1 7 ° 1.64* 1 2 9 .1 8 °

ab
6 1 .2 1 9 4 .3 a 1 5 0 6 .1 “ 2 2 8 .1 °

be
2 1 .7

‘g
18 .3 10 .2 °

cd
12 .3

e
1.25

Muthalamada abc
7 .2 3

ab
0 .2 7

a
1.56 I4 4 .2 C

C

5 7 .3
de

148.1
be

1 6 2 5 .6 2 6 7 .4 °
ab

23 .1
e

1 6 .9
be

12.1
d

b
13 .4 1 .20°

m H E E l EU S P M m s E H l l l i W B ESIM m
Kollengode

7 .4 7
ab

0 .2 9
b

1.41
ab

154 .3
ab

6 1 .4 1 9 3 .3 s
be

1 6 3 1 .6 3 0 9 .6 *
a

2 4 .3
el

2 0 .8
ab

1 2 .6
cd

d
12 .0

de
1 .5 4

Pudunagaram abc
7 .4 0 .3 0 °

be
1 .36 153 .0 °

d
5 2 .4

ab .
1 8 8 .9

be
1 6 4 6 .2 301 .7*

abc
2 2 .4

b
2 9 .7

ab
13 .0
c

n .i*
b

2 .5 5

Pattencheri abc
7 .4 2 0 .30*

be
1.32

be
1 5 2 .0

d
5 2 .4

be
1 7 8 .7 1 648 .0°° 2 4 7 .9 °

be
2 1 .5

de
2 1 .8

ab
13 .2

be
13 .0

d
1 .7 2

Elappully b
7 .4 4

ab
0 .2 9

be
1.3 1 6 1 .8 a

ab
6 1 .3 15 8 .9 ° 1 6 2 2 .4 °

cd
2 3 1 .8 2 0 .8 °

cd
2 4 .3

d
11 .6

cd
12 .2

be
2 .3 6

Perumatty d
6 .8 4

b
0 .2 5

be
1.28

ab
157.1

be
5 8 .6 173 .2° 1 6 5 3 .9 ° 2 7 8 .6 °

d
1 6 .6

cd
2 4 .2

a
1 3 .7

a
1 4 .7

be
2 .3 7

Kozhinjampara bed
7 .1 3

ab
0 .2 7

C

1 .2 3
ab

159.1
d

5 0 .2 14 0 .3 ° 1 6 2 3 .2 ° 2 4 8 .5 °
abc

2 2 .4 3 6 .2 *
cd

11 .9
b

13 .7 3 .0 3 *

C D  (0 .0 5 ) 0 .3 1 7 0 .0 4 8 0 .1 3 9 8 .0 2 4 3 .8 7 5 1 1 .5 4 7 2 6 .6 8 1 7 .3 0 2 .0 3 8 2 .8 8 9 1 .2 7 0 0 .9 8 4 0 .3 8 0
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The soil and floodwater parameters of the locations covered under Azolla growth was non-uniform or the locations 

differed with respect to composition of soil and floodwater attributes (Table 38). In order to arrive at the ideal location in 

terms of soil and water quality congenial for Azolla growth, significant values for each parameter under soil and 

floodwater were considered. Ranking of values was done in accordance with the preference.Values with same superscript 

under each parameter was clubbed and allotted with a score. This was followed for all the parameters under soil and 

floodwater quality. The sum total of all the scores for all the parameters in a given location was taken as the overall score 

for further ranking. From the overall total value the location with least total value was considered excellent.

Table 38: Scoring methodology to select ideal location in terms of soil and flood water characteristics.

L o c a tio n s S o il

p H

S o il E C S o il

O rg a n ic

c a rb o n

S o il

a v a ila b le

n itro g e n

S o il

a v a ila b le

p h o s p h o r

u s

S o il

a v a ila b le

p o ta s s iu m

S o il to ta l 

F e  c o n te n t

S o il to ta l 

M n

c o n te n t

S o il

to ta l

Z n

c o n te n t

S o il to ta l 

C u  c o n te n t

S o lu b

Ie F e

S o lu b le

M n

S o lu b le

C u

S u m  

to ta l  o f  

ra n k s

V a d a v a n n u r 2 1 1 6 2 1 1 5 4 7 6 4 7 4 7

M u th a la m a d a 4 3 1 4 4 6 3 2 2 8 3 2 7 4 9

I g a l l e p p i l l i ' : ^
r . „ -  

Arf » kvTCi. --t. r -ffin'iitiLz;--*

X ' " ........... '"’I ........ 1 3 ....... ; “4  " " 2 ~ " ......... . 3 ~ "2 4 4 3 6

K o lle n g o d e 6 4 2 3 2 1 3 i 1 6 2 5 6 4 2

P u d u n a g a ra m 4 5 3 2 5 2 3 i 3 2 2 6 2 4 0

P a tte n c h e r i 4 5 3 5 5 3 3 3 4 5 2 3 5 4 8

E la p p u l ly 5 4 3 1 2 5 2 4 5 4 5 4 3 4 7

P e ru m a tty 1 2 3 3 3 4 4 2 6 4 1 1 3 3 7

K o z h in ja m p a ra 3 3 4 3 5 7 2 3 3 1 4 2 1 41
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5. DISCUSSION

The results of the present study are discussed in the light of related and 

supporting findings on similar line. It is categorized under the following two headings:

5.1 Surveying of areas in Palakkad eastern plains (AEU 23)

5.2 Collection and characterization of soil, flood water and Azolla samples

5.1 SURVEYING OF AREAS IN PALAKKAD EASTERN PLAINS (AEU 23)

The areas surveyed for prevalence of Azolla is represented in the map (Figl) 

provided based on GPS data which is represented in map .The typical features of 

Palakkad eastern plains (AEU 23) are as follows:

The Palakkad Eastern Plain Agro-Ecological Unit is delineated to represent the 

drier parts of Palakkad plain in the gap region of Western Ghats, having low rainfall, 

long dry period and fertile soils. The unit comprises 11 panchayats in eastern Palakkad. 

The climate is tropical dry sub humid monsoon type (mean annual temperature 27.6 °C; 

rainfall 1340 mm) and dry period around six months.

Probability of moderate annual drought is thrice in ten years. The same probability 

holds for moderate drought during NE monsoon period as well. In addition, severe 
drought during NE monsoon period might also occur for two years in a block of ten 

years. Probability of two consecutive weeks receiving more than 20 mm rainfall is high 

from 2nd week of June to 2nd week of November. Soil moisture is adequate for crops 

from 1st week of June to 3rd week of 'December (Fig. 142). The length of growing 

period for annual crop is almost 29 weeks while the length of dry period (duration of 

soil moisture deficit) extends to almost five and half months. There is a high degree of 
probability of soil moisture deficit from 34th to 40th std. weeks (mid-August to first 

week of October).

The uplands of the unit have slightly acid or neutral red clay soils well supplied with 

bases and plant nutrients. Lower parts of the uplands and lowlands have alkaline, swell- 
shrink clay soils. The fertile soils are rich in bases and plant nutrients. Lowlands have
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impeded drainage. Coconut, arecanut and mango are the major plantation crops. Annual 

crops include rice, groundnut, cotton, banana, maize, jowar and sugarcane. The unit 

covers 47,049 ha (1.21 %) geographical area of the state.

AEU 23 consists of 4 blocks viz Alathur, Chitoor, Kollengode and Nenmara with 8, 7,6 
and 7 number of panchayaths respectively under each block. Survey was conducted 

following the procedure mentioned under section 3 and the important observations are 

furnished herewith.

1. Among the 28 panchayaths surveyed dominance of Azolla was noticed mostly 

in rice fields followed by open water bodies, mainly ponds. The microclimate of 
rice fields provides a suitable environment for cyanobacteria both free living 

and living symbiotically with the water fern Azolla ( Krock., 1988 ; Watanabe 

and Liu. 1992) .The association of Azolla with other aquatic plants like 

eichomia, pistia, lemna etc. appear to protect it from turbulence, drifting and 

high solar radiation as reported by Fiore and Gutbord (1987). Another reason 
for the presence of Azolla in the stagnant waters of small ponds, rice fields 

indicated that relatively calm and quite water favours its growth (Douglas et al., 

2002, Martin, 2008)

2. The growth and multiplication of Azolla was found to be influenced by solar 

radiation which was more pronounced in the open water bodies where 

characteristic browning was noticed towards the center of the water body 

receiving maximum sunlight. Toward the sides of the pond bordered by coconut 

palms, Azolla maintained the green sheen. The lower amounts of chlorophyll 

produced during severe summer and winter may be the reason for the typical 

browning which is in conformity with the findings of Satapathy and 
Singh(1992)

3. In all locations of the experimental area the species identified was Azolla 

pinnata. The suitability of tropical conditions, especially temperature, on the 

growth and multiplication of Azolla pinnata and Azolla rubra, has been 

observed by Pereira et al. (2001), Evrard and Van Hove (2004) However in the 
present study only the A.pinnata species could be located.
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5.2 COLLECTION AND CHARACTERIZATION OF SOIL, FLOOD WATER 
AND AZOLLA SAMPLES

A. Soil sample

5.2.1 pH

The pH of the experimental sites ranged from 6.84 (Perumatty) to 7.47 (Kollengode) 

whereas the range was 7.17 (Perumatty) to 7.61 (Elappully) in the non- growing 

locations as shown in Table 5 (Fig. 2). Usually, Azolla prefers a medium near to 
neutrality or to some extent, acidic conditions. The optimal pH varies from 4.5 to 7.5 

(Cary and Weerts, 1992), but Azolla can survive even at pH values ranging from 3.5 to 

10, provided all important elements are available (Serag et al, 2000). A. flliculoides and 

A. pinnata can, however, grow well at pH values between 5 and 7, while A. pinnata can 

grow relatively well in a pH range between 5 and 8. Results obtained in the present 

study are in agreement with earlier findings as referred above. The effect of pH on 

Azolla growth may be due to increased nutrient availability towards neutrality. In 

general the pH of most acid and alkaline soils changes toward a range of 6-7, a few 

weeks after flooding (Ponnamperuma, 1972) and this may be the reason for the neutral 

pH recorded in the present study in rice fields.

5.2.2 Electrical conductivity

Though the EC values were significantly different in the Azolla growing and non­

growing locations, it was in the safe limit (Table 6, Fig. 3). The water for Azolla 

cultivation should not contain more than 0.3 percent salt since higher salt concentrations 

decreased plant N (Mishra and Singh, 2006; Singh et al., 2008). The maximum value 

obtained for EC was within the permissible limit especially in the growing locations. 

The reduced salt content observed in the present study might have helped in overcoming 

osmotic problems leading to increased chlorophyll content, photosynthesis, respiration 
and N fixation.
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L O C A T I O N S  - P H  growing
j  pH non growing

Fig. 2: Soil pH of Azolla growing and non-growing locations

L O C A T I O N S  - E C  growing
■  EC non growing

F ig . 3 : S o il  e le c tr ic a l c o n d u c t iv it y  ( d S  m '1) o f  A z o lla  g r o w in g  a n d  n o n ­g r o w in g  locations
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5.2.3 Organic carbon

The benefit of Azolla in paddy fields as an organic green manure is harnessed 

only if it is incorporated in to the field. In the present study such an effect was not 

considered hence the increased organic carbon status in the Azolla growing locations 

(Table7, Fig. 4) may be ascribed to the sloughing -off roots during stress condition 

and also due to excessive growth (Uheda et al., 1999). Continued application of 

organic manures in rice fields may be yet another reason for their increased amounts 

of soil carbon pool (Liu et al.> 2005)

5.2.4 Available nitrogen

Available N status was more in the Azolla growing region (Table 8, Fig.5). 

Research findings (Singh, 2000; Macale and Vlek, 2004; Biswas et al., 2005) state 

the beneficial effect of Azolla in curbing ammonia volatilization thereby decreasing 

N losses. Azolla can act in a number of ways to curb ammonia volatilization loss 

from rice fields. Azolla may 1) Form a physical barrier for the escape of ammonia 2) 
Intercept the incoming light which is necessary for prolific algal growth 3) Absorb a 

high amount of NH3 or NFLj+ temporarily store it for future release 4) Exude protons 

while absorbing NH3 etc. These may be the probable reasons for increased N content 

in soils under Azolla growing locations. Available N in soil has not been reported as 

a limiting factor for Azolla growth under normal conditions. The ability of Azolla to 
fix atmospheric N allows this fern to grow successfully in aquatic habitats lacking or 

having low levels of N. Inorganic N fertilizer along with P and K fertilizers were 

effective in promoting Azolla growth during summer months (Pabby et al., 2003; 

Sood et al. 2007)
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Fig. 4: Soil organic carbon (%) of Azolla growing and non-growing locations
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Fig. 5: Soil available N (kg ha-1) of Azolla growing and non-growing
locations
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5.2.5 Available phosphorus

The data (Table 9, Fig.6) on available P of soil samples collected from Azolla 

growing and non-growing locations revealed significant difference. P is one of the 

most important and often limiting nutrients for Azolla growth (Kobayashi et al.,

2008) . The near neutral pH of the experimental site (Table 5) would have helped in 

the release of P and better growth of Azolla which is evident from the lower values of 
phosphorus in the growing locations.

5.2.6 Available potassium

The significant difference (TablelO, Fig. 7) in available K in Azolla growing 

locations, both paddy fields and water body, can be due to the release of K from 

inorganic and organic fertilizers applied to rice fields. The soil status of K is not a 

crucial one for growth and multiplication of Azolla. However in general K has been 

reported to be important for enzyme activation and osmotic regulations (Cema et al.,

2009)

5.2.7 Heavy metals

Heavy metals studied included Fe, Mn, Zn, Cu, Cr, Cd, Ni and Pb (Tables 11 

to 14; Fig. 8 to 11). Among these significant difference was noticed with respect to 

Fe, Mn, Zn and Cu.

Nitrogen fixing ability of Azolla is dependent to a greater extent on soluble Fe 
followed by Mn. The Fe content in the Azolla growing locations was less as against 

the non-growing locations which may be due to its uptake by Azolla for N fixation. 

This finding is well supported by that of (Newton and Herman, 1979; Watanabe and 

Roger, 1984 and Weisany et al., 2013). The lower values of Mn, Zn and Cu in the 

Azolla growing locations may be due to its absorption by Azolla. Like any other plant 
Azolla also requires all micronutrients in the required quantity. The results are in 

agreement with the findings of Biswas et al (2005); and Zahran et al. (2007)
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LO C A T IO N S Fe g ro w in g

Fig. 9: Soil total Fe content (mg kg'1) of Azolla growing and non-growing
locations

Fig. 9: Soil total Mn content (mg kg'1) of Azolla growing and non-growing
locations
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Fig. 10: Soil total Zn content (mg kg'1) of Azolla growing and non-growing
locations
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Cu  n o n -g ro w in g

Fig. 11: S o il total C u  content (m g k g '1) o f  A z o lla  gro w in g an d  n on -grow in glocations
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The presence of other heavy metals like Cd, Cr, Ni and Pb could not be located 
either in the Azolla growing locations or in the non-growing locations revealing the 

pollution free nature of the study area. Azolla, a free-floating, fast growing, and N 

fixing pteridophyte seems to be an excellent candidate for removal, disposal, and 

recovery of heavy metals from the polluted aquatic ecosystems (Arora et al. 2006; 

Umali et al. 2006)

B. Flood water sample

5.2.8 pH

Azolla growing and non-growing locations recorded a significant difference 

with respect to pH of flood water sample though the latter recorded comparatively 

higher values (Table 15, Fig. 12). The lower soil- water interface and floodwater pH 

of Azolla covered water may be due to respiration of Azolla roots and excretion of 

hydrogen ions for ion- exchange (Brady 1984)

The Azolla canopy prevents light penetration into the flood water which 

inhibits the growth of other phototrophs and depresses photo dependent carbon 

dioxide uptake. Thus, under Azolla canopy the floodwater pH remains lower than in 

Azolla free conditions (Roger, 1996).Vlek et a l, 2002 also justified the lower 

floodwater pH in the presence of an Azolla cover. The reduction in pH values due to 

the presence of Azolla cover was to the tune of 0.1 -0.3 units.

5.2.9 Electrical conductivity

The efficacy of Azolla mat in absorbing various kinds of salts from water than 

other phytoplankton is a proven fact. Covering open water bodies with Azolla in a 

way to ensure 25, 50 and 75% shade revealed that the 75% shading helps to decrease 
electrical conductivity from 1.51 to 0.93 mS cm'*(Tawwab, 2008). In the present 
study, EC values of the soil samples was within the safe range which in turn would 

have reduced the salt concentration of floodwater (Tablel6, Fig. 13)
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Fig. 12: Floodwater pH of Azolla growing and non-growing locations
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Fig. 13: Floodwater electrical conductivity (dS m'1) of Azolla growing and
non-growing locations
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5.2.10 Flood water temperature

The floodwater temperatures of the Azolla-covered plots were significantly 

lower (P < 0.05) than that in the Azolla-free plots (Tablel7, Fig. 14). On an average 

the difference in temperature was to the extent of 1 to 2 °C. In the presence of an 
Azolla cover, the rapid heating of the floodwater from morning until midday was 

prevented. An Azolla cover resulted in a mean floodwater temperature reduction of 

0.6 to 2.6 °C and the maximum floodwater temperature difference between Azolla- 

covered and Azolla-free plots was 5°C as disclosed by Macale and Paul (2004) from a 

work undertaken to study the role of Azolla cover in improving the nitrogen use 
efficiency of lowland rice. The optimum temperature required for Azolla growth was 

reported as 20- 35°C (Vitousek et al., 2002; Douglas, 2002) which matches very well 

with that of present experiment. Temperature is probably the most important limiting 

environmental factor in Azolla cultivation which is also very difficult to manipulate. 

Its direct effects are not as serious as its indirect influences. The most serious 
problem with temperature is its stimulating effect on Azolla pests, e.g., insects, 

pathogenic fungi and free-living algae. At higher temperatures, the generation time 

for insects and the growth rate of fungi greatly increase; also it will adversely affect 

the Nitrogenase activity (Sadeghi et a l , 2013).

5.2.11 Dissolved oxygen

The data on dissolved oxygen (Table 18, Fig. 15) revealed that Azolla 

growing locations had a positive effect in increasing dissolved oxygen content. 

Dissolved oxygen is probably the single most important water quality factor. The leaf 
cavity in the dorsal lobe of Azolla is surrounded by photosynthetic mesophyll that 

evolves O2 in the presence of light, thereby increasing the O2 concentration in the
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environment (Mutuskin and Kolesnikov 1991). Therefore, Azolla plants may play an 

important role in regulating the levels of dissolved O2 of freshwater environment.

Combination of Azolla and cyanobacterial systems recorded a dissolved 

oxygen content of 7.4 ppm. The floating masses of Azolla act as aerators in paddy 

field ecosystem. The oxygen released during the photosynthetic activity got liberated 

as minute air bubbles thereby aerating the water impounded in paddy field resulting 

in increased dissolved oxygen content (Selvi and Sivakumar, 2011).

5.2.12 Heavy metals

The content of Fe, Mn, Zn and Cu in the water sample of Azolla growing 

locations was slightly less (Tables 19 to 22; Fig. 16 to 19). The nutrition of Azolla is 

mainly from the dissolved- nutrients in the impounded water. The soil status of Fe, 
Mn, Zn and Cu was lower in the Azolla growing locations thus reducing the quantity 

of respective water soluble nutrients. Another reason for the decreased levels of Fe, 

Mn and Cu may be the near neutral pH recorded in the Azolla growing tracts which 

agreed fully with the findings of Lumpkin & Plucknett, 1980; Watanabe, 1982. The 

increase of H ion concentration affects the mobilization intensity of heavy metals. In 
highly acidic soils, the mobility of metallic elements is much higher than in soils with 

neutral and alkaline reaction (Matos et ah, 2001)

Other heavy metals like Cd, Cr, Ni and Pb was below detectable limits in the 

water sample much similar to that of soil. The rhizo-filtration effect of Azolla would 

have alleviated the chances of heavy metal pollution (Jafari et ah, 2010; Rai, 2010)
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Fig. 14: Floodwater temperature (°C) from Azolla growing and non-growing locations
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Fig. 16: Floodwater soluble Fe (mg L'1) of Azolla growing and non-growing locations

Fig. 17: Floodwater soluble Mn (mg L*1) of Azolla growing and non-growing locations
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Fig. 18: Floodwater soluble Zn (mg L'1) of Azolla growing and non-growing locations
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C. Azolla

5.2.13 Moisture

Moisture content in Azolla depends mostly on factors like water availability, 

temperature and relative humidity (Biswas et al., 2005). In this study, the moisture 

content of Azolla ranged from 92 to 95 percent which is in agreement with the 

findings of Huggins (2007), Bocchi and Malgioglio, (2010). Although the 

temperature recorded for the growth of Azolla was in the optimum range (25- 30 °C) 

in all the locations, the moisture content was found to be the highest for the samples 

collected from Muthalamada panchayath where the water temperature was relatively 

lower (Table 23), this may be due to the reduced rate of evaporation from paddy 

fields in the maximum tillering stage.

5.2.14 Dry matter

The results of dry matter of Azolla (Table 24) registered the values between 5 

to 6%. Since a major share of the composition is occupied by moisture the values on 
dry matter agrees with that of similar reports on Azolla (Singh and Subidhi, 1978;
Herzalla et al., 2001)

5.2.15 Carbon

Azolla, inherently being rich in carbon add to the soil carbon pool immensely. 

The sample analysis revealed that contains 20-40 percent carbon (Table 25). The 

carbon richness of Azolla has also been reported by Herzalla et al. (2001); Bocchi 

and Malgioglis (2010). The locational effect also was significant in deciding the 

carbon content which can be attributed to the soil and environmental factors.
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5.2.16 Nitrogen

Total N content of Azolla varied between 2 to 4 % (Table 26). The high N 
content is due to its ability to fix N in the form of ammonium (Costa et al., 2009; 

Sadeghi et a l, 2012). The amount of nitrogen was higher than that of P and K.

Kimball et al.(2012), assigned the two probable sources of nitrogen in Azolla 

to the mineral nitrogen absorbed from the flooding water which reaches originally 

from soil mineralization and to the atmospheric N fixed by the symbiotic 

cyanobacteria Anabaena

5.2.17 C/N ratio

The C/N ratio is adjudged as one of the most important factor that controls the 

rate of mineralization. The suitability of Azolla to rice crop is purely due to its quick 

decomposition in soil, once incorporated, and efficient release of nitrogen for crop 

use. Researchers have arrived at differential rates of mineralization based on C/N 

ratio which varied from two days in Azolla species with low C/N ratio to five days in 
those with high C/N ratio (Wang et a l, 1987, Kannaiyan 1993)

In the present study C/N ratio of Azolla species collected from diverse 

locations varied from 9- 14 (Table 27) thereby emphasizing locational impact. 

Similar ratios were also reported by Lumpkin and Plucknett (1982)

5.2.18 Crude protein

The crude protein content of Azolla collected from various locations ranged 

from 15 to 22 percent (Table 28). Many experiments with Azolla have yielded a 

crude protein content of 19-30 percent (Singh and Subidhi, 1978) which is higher 
than green forage crops, so Azolla is supposed to be a protein rich source among
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aquatic macrophytes. Complementing to this, crude protein status is favourable for 

animal nutrition. These merits have given an alternate role to Azolla as a feed for 

livestock, poultry and fish farmers (Herzella et al., 2001)

5.2.19 Phosphorus

Phosphorus is one of the most essential element for the growth of Azolla and 

its nitrogen fixing ability. Soil P status was low in Azolla growing compared to that 

of non-growing (Table 9) which indicates the better uptake of P by Azolla The tissue 

content of P ranged between 0.2 to 0.3 percent (Table 29) which is comparable with a 

concentration of 0.4-0.5 percent P on dry weight basis (Diara et al., 1987) which was 

arrived at after preloading Azolla with phosphorus up to its maximum luxury uptake 

level and thus attaining 1.0-1.6 percent P on fresh weight basis

5.2.20 Potassium

The role of K has paramount importance in deciding growth of Azolla 

whenever the temperature is low (Costa et. al., 1999) .The tissue content of K in 

Azolla ranges from 1.3 to 1.6 percent (Table 30) which agrees with the findings of 

Herzalla et al., 2001

The available status of K in the Azolla growing locations was lower than that 

of the non-growing sites which may be due to the higher accumulation of K during 
their effective growing period. Potassium is important for photosynthesis and in the 

formation of amino, acid and proteins from ammonium ions, its deficiency lead to 

premature death of leaves and an increased sensitivity to stress condition (Costa et 

al., 1999). The availability of K was found to be in the sufficient range among the 

Azolla growing tracts thereby overruling the chances of it getting deficient.
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Fig. 20: General composition of Azolla

5.2.21 Nitrogenase activity

Nitrogenase enzyme activity was measured by Acetylene Reduction Assay 

(ARA) and the results are given in Table 31.The values ranged between 180 to 240 

nmoles ethylene g'1 h*1 which is in conformity with the results of Arora and Singh 

(2003). The Nitrogenase activity and N fixation of the Azolla- Anabaena symbiosis 

was found to be influenced to a large extent by species and various environmental 

factors such as temperature, light, pH, salinity and the nutrients like Fe and P ( 
Belnap, 2000; Kathiresan 2007)

Arora and Singh (2003) analyzed biomass accumulation and N fixing 

potential of six different Azolla species namely A. fiUiculoides, A. Mexicana, A. 

microphylla, A. pinnata, A.rubra and A. caroliana of these low biomass production , 

relative growth rate and lower Nitrogenase activity were reported in A.pinnata
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Hechler and Dawson (1995) proved that nitrogenase activity was strongly 

dependent on temperature. Less activity was observed at 0°C and only a very little 

amount could be detected at 5°C. Activity rose sharply above 15°C and reached its 

maximum at 25°C. Nitrogenase activity declined precipitously from 35°C to 40 °C 

and could not be detected at 45 °C. In the present study the temperature was in the 

range of 30-32°C (Table 17) thereby favouring the growth of Azolla and the 
efficiency of nitrogenase enzyme.

High salinity was reported adverse for the nitrogenase activity. Alexander et 

a l , 1978 substantiated that low salinity favoured the presence of heterocystous 

cyanobacteria while very high salinity mainly supported the growth of non- 

heterocystous genera. In the present study salinity was congenial (Table 6, 16) for 
growth of Azolla.

Effect of pH on nitrogenase activity was explained by many researchers 

(Herrero et al, 2001, Choudhury and Kennedy, 2004) mainly based on availability of 

nutrients especially P and Fe. A near neutral pH was observed to be optimum for the 

growth of Azolla (Table 5, 15) since the availability of P availability was more in the 
near neutral pH.

The general reaction for Nitrogen fixation with the help of Nitrogenase 

enzyme is as follows:

Nitrogenase

N2 + 12 ATP ) 2NH3 + 12 ADP + 12 Pi

This reaction requires 12 ATPs to provide sufficient energy to break the 

strong triple bond between the two N atoms of N2 gas. This energy is obtained 

through photosynthesis and the nitrogen fixing process proceeds only if P is available 

in the sufficient range, it being essential for the activity of ATPase enzymes.

Nitrogenase (the enzyme complex) consists of a dimeric Fe- protein (the de 
nitrogenase reductase) functioning as an electron carrier to the tetrameric Mo Fe- 

protein (the de nitrogenase). Presence of Fe2+ in the soil is a good index for the
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degree of reduction which normally changes in accordance with pH and Eh; the data 

furnished in Tables 5, 9, 15 and 19 suggested that the degree of sequential reduction 

in the soil was one of the most important controlling factors for the N fixing activity.

Effort was made to relate the N content of Azolla with its Nitrogenase enzyme 

activity. It was noticed that it was difficult to arrive at such a relation since the 

quantity of acetylene getting reduced to ethylene which was only momentarily 

influenced by the N content of Azolla or rather the N 2 -fixing activity of Azolla 

determined at any point of a day could not be referred to as Nitrogenase activity for 

the whole day, nor could the actual amount of N 2 fixation calculated from the N 2 - 

fixing activity during the time of analysis.

Though the efficacy of acetylene reduction technique for measuring N fixing 
activity has been reported by many scientists (Ashton and Walmsky, 1976; Bai and 

Shi, 1979; Hill, 1977; Peters and Mayne, 1977; Peters et al., 1978; Wang and Tang, 

1978) its inadequacy towards precision has always been a part and parcel of all the 

works. For example, the value of N2 -fixing activity of Azolla obtained from 

destructive measurement or from a one-time measurement differed greatly from the 

actual value in the natural environment. Reports are also available that throw light on 

regular variations of N2-fixing activity of Azolla and the actual amount of N2 fixation 

in the natural environment(Mao et al., 1982). The conclusion is that the Azolla 

growing in a natural environment fixed atmospheric nitrogen throughout the day and 
its Nitrogenase activity varied with environment.

5.2.22 Species identification

Identification of the species (Table 32), according to the standard keys 

outlined by Lumpkin and Plucknett, 1982; Watanabe et al., 1992, revealed that the 

species prevalent in the experimental region was A. pinnata
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SUMMARY

In order to achieve the objectives of identifying soil and water quality 

parameters congenial for the growth and Nitrogenase content of Azolla spp. in the 

rice growing tracts of Palakkad eastern plains, a comprehensive survey was 

conducted. Out of the four blocks viz Alathur, Chitoor, Kollengode and Nenmara the 

prevalence of Azolla could be located only in two blocks namely Chitoor and 

Kollengode. Soil, water and Azolla samples were collected from Azolla growing 

locations under different panchayaths of the selected blocks whereas from non­

growing tracts the collection was confined to soil and water samples.

The salient findings on properties of soil and water of the Azolla growing and 

non-growing locations and on the composition of Azolla are detailed below:

A. Soil

• Significant difference between growing and non-growing locations 

was noted w.r.t. pH, EC, organic carbon, available N , available P , 

total F e , Mn and Zn

• A neutral pH (6.8- 7.5) and low electrical conductivity (0.2-0.3 dSm1) 

was preffered by Azolla for its growth

• Organic carbon and available N increased with the growth of Azolla

• P, Fe, Mn, Zn and Cu were less in Azolla growing locations

• The heavy metals viz., Cr, Cd, Ni and Pb were below detectable limits 

in both Azolla growing and non-growing locations.

B. Water

Significant difference existed between Azolla growing and non­

growing locations w.r.t. pH, temperature, dissolved oxygen, Fe, Mn, 
Zn and Cu
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• pH and temperature was low under Azolla growing locations whereas 

dissolved oxygen was more

• Heavy metals like Fe, Mn, Zn and Cu was low in Azolla growing 

locations.

• In both the locations heavy metals like Cr, Cd, Ni and Pb were below 

detectable limits.

C. Azolla

• The moisture content varied from 94 to 95 per cent

• Carbon content was between 22.9 and 39.45 per cent.

• The N content ranged between 2 to 4 per cent and the C/N ratio was in 

the range 9 to 14

• Crude protein content of Azolla registered values between 16 and 22 

per cent

• The P content varied from 0.20 to 0.23 per cent.

• K content recorded values from 1.2 to 1.5 per cent.

• The amount of ethylene produced extended from 192 to 236 nmole 

ethylene g’1 h-1

• Locational effect was significant effect on the quantity of ethylene 

produced.

• A significant positive correlation was obtained between soil P and the 

content of nitrogen, crude protein and P of Azolla

• The C/N ratio showed a negative correlation with soil P.

• Soil pH and EC showed a positive correlation with carbon content of 

Azolla.

• Nitrogenase activity recorded a significant negative correlation with 

pH and EC.
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Conclusion

Among the nine locations studied Nalleppilli panchayath with soil characters ( pH 

7.34; EC 0.3 dS m'1; OC 1.56%; Available N,P,K- 153.6, 63.3 and 191.2 Kg ha'1 
respectively; Total Fe 1646.2 mg kg'1; Mn 234 mg kg'*;Zn 23.3 mg kg"1 and Cu 24.8 

mg kg'1) . Flood water parameters (13.1, 12.5 and 2.12 mg L '1 of soluble Fe, Mn and 

Cu). Quality parameters of Azolla from the same location were (C 38.6%; N 2.7%; 

C/N ratio 12.58; Crude protein 16.95%; P 0.174 % and K 1.39%) was identified to be 

the suitable for the growth and multiplication of Azolla





Affourtit, J., Zehr, J. P., and Paerl, H. W. 2001. Distribution of nitrogen-fixing 

microorganisms along the neuse river estuary. N. Carol. Microbiol. Ecol. 41: 114- 

123.

Alejar, A. A. 1982. The growth of Azolla pinnata as nitrogen source for rice in the 

Philippines. Paper presented at the International Seminar on the Productivity of the 

Soil Ecosystem; Nov. 8-15, 1982, Tokyo University, Japan.

Alexander, V., Billington, M., Schell, D. M. 1978. Nitrogen fixation in arctic and 
alpine tundra. In: Tieszen, L. L. (ed.) Vegetation and production ecology o f an 

Alaskan arctic tundra. New York, pp. 539-558.

Ali, S. and Watanabe, I. 1986. Response of Azolla to P, K, and Zn in different wetland 

rice soils in relation to chemistry of floodwater. Soil Sci. Plant Nutr. 32: 239- 
253.

Anjuli, P., Prasanna, R., Singh, P.K. 2004. Biological significance of and its utilization 

in agriculture, Proc. Indian Natl. Sci. Acad, 70 :299-333.

Arora, A. and Singh, P.K. 2003. Comparison of biomass productivity and nitrogen 

fixing potential of Azolla spp. Biomass and Bioenergy 24:175-178.

Arora, A., Saxena, S., and Sharma, D.K. 2006. Tolerance and phytoaccumulation of 

chromium by three Azolla species. World J. Microbiol. Biotechnol. 22: 97-100.

Arora, A., Sood, A., and Singh, P. K. 2004. Hyperaccumulation of cadmium and 
nickel by Azolla species. Indian J.Plant Physiol. 3: 302-304.

Ashton, P. H., and Walmsky, R. D. 1976. The aquatic fern Azolla and its Anabaena 

symbiont. Endeavour 35 :39-43.

A s h to n , P . J . ,  an d  W a lm s le y , R .D .  1984. T h e  ta x o n o m y  an d  d istrib u tio n  o f  A z o llasp e cies  in  southern  A fr ic a . B o t .  J .  t h e  L i n n e a n  S o c .  89: 2 3 9 -2 4 7 .



Bai, K., S. Yu., and Shi, D. 1979. A simple method for the in situ nitrogen fixation 

measurement of Azolla imbricata [in Chinese]. Acta Bot. Sin. 21: 197-198.

Becking, J. H. 1978. Ecology and physiological adaptations of Anabanea in the Azolla 

-  Anabaena azollae symbiosis. In: Granhall, U. Ecol. Bull, (ed.), Environmental 

role o f nitrogen fixing blue green algae and a symbiotic bacteria . Stockholm,pp. 

266-281.

Belnap, J., 2000. Structure and function of biological soil crusts. In : Entwistle, P. G., 

DeBolt, A. M., Kaltenecker, J. H., and Steenhof, K., (eds.) Proceedings: 

Sagebrush Steppe Ecosystems Symposium, June 23-25, 1999, Boise State 

University, Boise, Idaho, Bureau of Land Management, pp. 55-62.

Biswas, M., Parveen, S., Shimozawa, H. and Nakagoshi, N. 2005. Effects of Azolla 

species on weed emergence in a rice paddy ecosystem. Weed Biol Manag. 5: 

176-183.

Bocchi, S., and Malgioglio, A. 2010. Azolla- Anabaena as a Biofertilizer for Rice 

Paddy Fields in the Po Valley, a Temperate Rice Area in Northern Italy. Int. J. 

Agron. 55: 152-158

Brady, N. C. 1984. The Nature and Properties of Soils. New York /Collier Mac Millan 

Publishers, London. 750p.

Carrapipo, F., Teixeira, G., and Diniz, M.A. 2000. “Azolla as Biofertiliser in Africa. A 

Challenge for the Future”, Riv. de Cienc. Agrarias. 23: 120-138.

Cary, P.R. and Weerts, P. G. J. 1992. Growth and nutrient composition of A. pinnata R. 

Brown and A. filiculoides Lam. as affected by water temperature, nitrogen and 
phosphorus supply, light intensity and pH. Aquat. Botany 43: 163-180.



in

Cema, B., Rejraa nkova, E., Snyder, J. M., and Antruc kova, H. S. 2009. 
Heterotrophic nitrogen fixation in oligotrophic tropical marshes: changes after 

phosphorus addition. Hydrobiologia 627: 55-65.

Chang, J.S., Yoon, I. H. and Kim, K. W. 2009. Heavy metal and arsenic accumulating 

fern species as potential ecological indicators in As-contaminated abandoned 

mines. Ecol. Indicators 9: 1275-1279.

Choudhury, A. T. M. A. and Kennedy, L. R. 2004. Prospects and potentials for 

systems of biological nitrogen fixation in sustainable rice production. Soil Biol 

Biochem. 39: 219- 227.

Costa, M. L., Santos, M. C. R., Carrapico, F., and Pereirac, A. L. 2009. Azolla- 

Anabaena’s behaviour in urban wastewater and artificial media-influence of 

combined nitrogen. Water Resour. 43: 3743-3750.

Costa, M. L., Santos, M.C.R. and Carrapico, F. 1999. Biomass characterization of A. 

filiculoides grown in natural ecosystems and wastewater. Hydrobiologia. 415: 

323-327

Debusk, W. F., and Reddy, K. R. 1987. Growth and Nutrient Uptake Potential of 

A.Caroliniana Willd. and Salvinia- Rotundifolia Willd. as a function of 

temperature. Environ, and Exp. Bot. 27: 215-22.

Diara, H. F., Van Brandt, H., Diop, A. M., and Van Hove, C. 1987. Azolla and its use 

in rice culture in West Africa. In: Azolla utilisation. Proceedings o f Workshop 

on Azolla use, Fuzhou,Fujian, China, International Rice Research Institute, Los 

Banos, Philippines. IRRI, Manila, pp 147-152

Diara, H. F., Van Brandt, H., Diop, A. M., and Van Hove, C. 1987. Azolla and its use 

in rice culture in West Africa. In: Douglas, G.W.(ed.) 2004. Azolla utilisation. 

Preliminary draft (incomplete) recovery strategy for the Mexican mosquito fern



IV

(Azolla mexicana). B.C. Min. Sustainable Resource Manage., Victoria, BC, pp. 

179-200

Douglas, G.W., D. Meidinger, and J. Penny. 2002. Rare native vascular plants o f 

British Columbia. Conservation Data Centre, Victoria, BC. 223p.

Eames, A. J. 1936. Morphology o f Vascular Plants (Lower Groups). McGraw-Hill, 

New York, 433p.

Evrard, C. and Van Hove, C. 2004. Taxonomy of the American Azolla species 

(Azollaceae): a critical review. Syst. Geogr. Plants 74:301-318.

Fang, Y., Babourina, O., Rengel, Z., Yang, X. E., and Pu, P. M. 2007. Spatial 

distribution of ammonium and nitrate fluxes along roots of wetland plants. 

Plant Sci. 173:240- 246.

Ferdoushi, Z., Haque, F., Khan, S., and Haque, M. 2008. The Effects of two Aquatic 

Floating Macrophytes (Lemna and Azolla) as Biofilters of Nitrogen and 

Phosphate in Fish Ponds. Turkish J. Fish. andAquat. Sci. 8: 253-258.

Femandez-Zamudio, Garcia-Murilloa, R., P. and Cirujano, S. 2010. Germination 

characteristics and sporeling success of A. filiculoides Lam., an aquatic invasive 

fern, in a Mediterranean temporary wetland. Aquat. Bot. 93, 89-92.

Fiore, M.F and Gutbrod, K.G. 1987. Azolla Utilization. IRRI. Phillipines. 293p

Ghorbanzadeh Mashkani, S., and Tajer Mohammad Ghazvini, P. 2009. 

Biotechnological potential of Azolla filiculoides for biosorption of Cs and Sr: 
Application of micro-PIXE for measurement of biosorption. Bioresour. 

Technol. 100, 1915-1921

HACH. 1997. Water Analysis Handbook, HACH company, Colorado, USA. 125p.



V

Hardy, R. W. F., Holsten, R. D., Jackson, E. K. and Bums, R. C. 1968. The acetylene- 

ethylene assay for N2 fixation: Laboratory and field evaluation. PL Physiol. 

43:1185-1207.

Hechler, D.W., and Dawson, J. 0 . 1995. Factors affecting nitrogen fixation in Azolla 

caroliniana. Trans illinois State. Acad Sci. 88: 97-107.

Herrero, A., Muro-Pastor, A. M., and Flores, E. 2001. Nitrogen fixation in 

cyanobacteria. J. Bacteriol. 183: 411-425

Herzalla, A., Nagat ; Tantawy, S. A., and Morkos, M. M. 2003. The growth pattern 

and nitrogen fixation capacity of cyanobacteria in response to phosphorus 

application. Egypt. J. Biotech. 13: 218-227.

Herzalla, A., Nagat; Amer, A. A.; Mahmoud, H. M., and El-Banna, A. A. M. 2001. 

Azolla carbohydrate contents and/or its photosynthesis activity under 

senescence conditions due to Azollza fronds crowding. Al-Azhar J. Agric. Res. 

34: 349-361.

Hesse, P. R. 1994. A textbook o f Soil Chemical Analysis, CBS publishers and 

distributors, New Delhi, 200p.

Hill, D. J. 1977. The role of Anabaena in the Azolla-Anabaena symbiosis. New Phytol. 

78:611-616

Huggins, D. 2007. Evaluation of Azolla plant as an alternative stock feed source. J. 

Anim. Hus. Diary Sci.3: 18-22

Jackson, M.L. 1958. Soil chemical analysis. Prentice Hall of India Pvt. Ltd., New 
Delhi, 498p.



VI

Jafari, N., Z. Senobari, and R. K. Pathak.. 2010. Biotechnological potential of Azolla 

filiculoides, Azolla microphylla and Azolla pinnata for biosorption of Pb(II), 

Mn(II), Cu (II) and Zn(II). Ecol, Environ, and Conserv. 16: 443-449.

Jain, S. K., Gujral, G. S., Jha, N. K. and Vasudevan, P. 1992. Production of biogas 

from Azolla pinnata R.Br and Lemna minor L.: Effect of heavy metal 

contamination. Bioresour. Technol .41: 273-277.

Janes, R. 1998. Growth and survival of A. filiculoides in Britain.l. Vegetative 

reproduction. New Phytologist. 138: 367-376.

Kannaiyan, S. 1993. Nitrogen contribution by Azolla to rice crop .Proc. Ind. Natl. Sci. 

Acad. Part B Biol. Sci. 59: 309-314

Kannaiyan, S. 1992. Studies on the factors influencing growth and nitrogen fixation in 

Azolla. In: Gangawane, L.V., (ed.), Biofertilizer Technology Transfer, 

Associated Publishing Company, New Delhi, pp. 239-253. .

Kannaiyan, S. and Kumar, K. 2006. Biodiversity o f  Azolla and its algal symbiont,
✓

Anabaena azollae. NBA Scientific Bulletin Number-2, National Biodiversity 
Authority, Chennai, Tamil Nadu, pp 1-31

Kathiresan, R. M. 2007. Integration of elements of a farming system for sustainable 

weed and pest management in the tropics. Crop Prot. 26: 424-429

Katony, E.L., Serao, T. M., Badway, M. S., and Mousa, M. A. 1996. Effect of 

phosphorus on growth and uptake of nutrients by A. filiculoides Lam. J. 
Environ. Sci.. 12: 69-88.

Kaushik, B.D. 1994. Algalization of rice in salt-affected soils. Annales o f Agric. Res. 

14: 105-106.



Kimball, B. A., K. Kobayashi and M. Bindi, 2002. Responses of agricultural crops to 

free-air CO2 enrichment. Advances in Agron. 77: 293-368.

Kobayashi, J. T., S. M. Thomaz and Pelicice, F. M. 2008. Phosphorus as a limiting 

factor for Eichhomia crassipes growth in the upper Parana river floodplain. 

Wetlands 28:905-913.

Krock, T., Alkamper, J., and Watanabe, I. 1988. Effect of an Azolla cover on the 

conditions in floodwater. JAgron.and Crop Sci. 161: 185-189.

Kulasooriya, S. A. and Hirimburegama, W. K. 1982. Growth and Nitrogen Fixation in 

A. pinnata under Field Conditions. J. Natl. Sci. Council o f Sri LankaAO: 205- 

212.

Kushari, D. P. and Watanabe, I. 1992. Differential responses of Azolla to phosphorus 

deficiency. Part II. Screening method under concentration controlled condition. 

Soil Sci. and Plant Nutr. 38: 65-79.

Ladha, J. K. and Watanabe, I. 1987. Biochemical basis of Azolla-Anaebana azollae 

symbiosis In: Azolla Utilization. IRRI, PO Box 933 Manila, Philippines, pp 47- 

58.

Ladha, J. K. and Watanabe, I. 1984. Antigenic analysis of Anabaena -  azollae and the 

role of lectin in the Azolla-Anabaena symbiosis. NewPhytol. 98: 295-300

Ladha, J. K., and Watanabe, I. 1982. Antigenic Similarity among Anabaena -  azollae 

separated from different species of Azolla. Biochem. Biophys. Res. Commun. 

109:675-682

Lamarck, J. B. P.A. M. 1783. Azolla filiculoides In: Encyclopedia Methodique : 
Botanique. (Ist Ed.): 343p.



viii

Liu, X., Min, C., Xia-shi, L., and Chungchu, L. 2008. Research on some functions of 

Azolla in CELSS system. Acta Astronautica. 63: 1061-1066.

Liu, Y., Yu, Z., Zhang, F., Song, C., and Liu, Y. 2005.Dynamic change of soil organic 

matter and its affecting factors at country level. Plant Nutr.. Fertil. Res. 11: 

294-301

Lokeshwari, H., and Chandrappa, G.T. 2007. Effects of heavy metal contamination 

from anthropogenic sources on Dasarahalli tank, India. Lakes and Reservoirs: 

Res. andManag. 12: 121-128.

Lumpkin, T. A. and Plucknett, D. L. 1980. Azolla : Botany, physiology and use as a 

green manure. Econ. Bot. 34: 111-153.

Lumpkin, T. A. and Plucknett, D. L. 1982. Azolla as a green manure: Use and 

management in crop production. Westview Press, Boulder Colorado, U.S.A, 

330p.

Lumpkin, T.A. 1987. Environmental requirements for successful Azolla growth. In: 

"Azolla utilization": Proceedings o f Workshop on Azolla Use. Int. Rice Res. 

Inst., Los Banos, Philippines, pp. 89-97

Macale de, M. A. R. and Vlek , P. L. G. 2004. The role of Azolla cover in improving 

the nitrogen use efficiency of lowland rice. Plant Soil 263: 3 07-317

Maejima, K., Uheda, E., Shiomi, N., and Kitoh, S. 2002. Relationship between 

nitrogen fixation and numbers of cyanobionts and heterocysts in fifteen Azolla 

strains. Soil. Sci. and Plant Nutr.. 48: 447-449.

Malavolta, E., Acorsi, W.R., Ruschel, A. P., Krug, F. J., Nakayama, L. I., and 
Eimori, I. 1981. Mineral nutrition and N2 fixation in Azolla. In : Vose, P.B.



IX

and Ruschel, A. P. (eds.), Associative N2 fixation. CRC. Press, Boca, Raton, 

Florida, pp. 205-211.

Mao, M., Li, Z., Zu, S., Wang, F., and Zhao, B. 1982. Study on some technical 

problems of measuring N 2 -ase activity of Azolla by acetylene reduction 

method [in Chinese]. J  Zhe-jiang Agric. Sci. 2: 99-103.

Maria Andrea, R., de Macale and Pul, and Vlek. 2004. The role of Azolla cover in 

improving the nitrogen use efficiency of lowland rice. Plant and Soil 263: 311 - 

321

Martin, M. 2008. Update status report on Mexican mosquito fern (Azolla mexicana) 

In: Canada. Committee on the Status of Endangered Wildlife in Canada, 
Ottawa, ON. In press

Masood, A., Shah, N.A., Zeeshan, M., and Abraham, G. 2006. Differential response of 

antioxidant enzymes to salinity stress in two varieties of Azolla (A. pinnata 

and A. filiculoides). Environ, and Exp. Bot. 58: 216-222.

Matos, A. T., Fontes, M. P. F., Costa, L. M., and Martinez, M. A. 2001. Mobility of 

heavy metals as related to soil chemical and mineralogical characteristics of 

Brazilian soils. Environ. Pollut. I l l :  429-435

Mishra, A. K., and Singh, S .S. 2006. Protection against salt toxicity in Azolla pinnata- 

Anabaena azollae symbiotic association by using combined N-sources. Acta 

Biol. Hungarica. 57: 355-365.

Mohsen Abdel-Tawwab, 2008. Effect of Free-Floating Macrophyte, Azolla pinnata on 

Water Physico-Chemistry, Primary Productivity, and the Production of Nile 

Tilapia, Oreochromis niloticus (L.), and Common Carp, Cyprinus carpio L., in 
Fertilized Earthen Ponds. J. Appl Aquae. 18: 21-41



X

Moore A. W., 1969. Azolla: Biology and agronomic significance. Bot. Rev. 35:17-34

Muthukumar, C., Muralitharan, G., and Vijayakumar, R. 2007. Cyanobacterail 

biodiversity from different freshwater ponds of Thanjavur, Tamilnadu (India). 

Acta Botanica Malcitana32: 17-25

Mutuskin, A. A. and Kolesnikov, P. A. 1991. Symbiotic Azolla-Anabaena 
association: some photosynthetic characteristics, nitrogenase activity and 

oxidative systems. Photosynthetica 25: ‘639-644.

Newton, J. W., and Herman, A. I. 1979. Isolation of Cyanobacteria from the Aquatic 

Fern, Azolla. Arch. Microbiol. 120: 161-165.

Nghia, N. H. and Gyurjan, 1987. Problems and perspectives in establishment of 

nitrogen- fixing symbioses and endo-symbioses. Endocyt. C. Res. 4: 131-141

Olsen C . 1970. On biological nitrogen fixation in nature particularly in blue green

algae . Compt. Rend Trav Lab Carisberg 37: 269-283

Olsen, S. R., Cole, C. V., Watnahe, F.S. and Dean, L. A. 1954. Estimation of available 

phosphorus in soils by extraction with sodium bicarbonate U.S. Dept. Agri. 

Circ. 939

Pabby, A., Prasanna, R., and Singh, P. K. 2003. Azolla-Anabaena symbiosis- from 

traditional agriculture to biotechnology, Indian J. Biotechnol.. 2: 26-37

Panse, V. G. and Sukhatme, P. V. 1985. Statistical Methods for Agricultural Workers ( 

4th ed.), ICAR, New Delhi, 347p.

Pereira, A.L., Teixeira, G., Sevinate-Pinto, L., Antunes, T., and Carrapico, P. 2001. 
Taxonomic re-evaluation of the Azolla genus in Portugal. Plant Biosyst. 
135:285-294.



XI

Perkin- Elmer Corp. 1971. Analytical Methods for Atomic Absorption 

Spectrophotometry. Norwalk, Connecticut, U.S.A

Peters, G. A. , Ray, T. B., Mayne , B. C. and Toia, R.E. 1980. Azolla- Anabena 

association: Morphological and physiological studies. In: Newton, W. E. and 

Johnson, W.H.O. (eds.), Nitrogen fixation. Univ. Park. Press, Baltimore, 

Maryland, U.S.A, pp. 293-309.

Peters, G. A. 1990. The Azolla-Anabaena symbiosis. In : Jacek, P. (ed.), Molecular 

Biology o f symbiotic Nitrogen Fixation. CRC Press, Inc. Boca Raton, Florida, 

pp 51-75.

Peters, G. A., and Mayne, B. C. 1977. The Azolla, Anabaena Azolla relationship. II. 

Localization of nitrogen activity as assayed by acetylene reduction. Plant 

Physiol 53: 820-824

Peters, G. A., Mayne, B. C., Ray, T. B., and Toia, R. E. 1978. Physiology and 

biochemistry of the Azolla-Anabaena symbiosis. In: Nitrogen and rice. 

International Rice Research Institute, P.O. Box 933, Manila, Philippines, pp. 

325-344

Peters, G. A., Toia, R. E., Evans, W. R. E., Mayne, B. C., and Poole, R. E. 1986. 
Characterization and comparisons of five N2 _ fixing Azolla-Anabaena 

associations. I. Optimization of growth conditions for biomass increase and N- 

content in a controlled environment. Plant cell and Environ.. 3: 261-269

Piper, C. S. 1942. Soil and Plant Analysis. Hans Publishers, Mumbai, 450p.

Ponnamperuma, F. N. 1972. The chemistry of submerged soils. Advan. Agron. 24:29- 
96.



XII

Rai, A. K. and Rai, V. 2000. Response of NaCl adapted and unadapted A. Pinnata- 

Anabaena azollae complex to salt-stress: partial photosynthetic processes and 

respiration. Symbiosis. 29: 249-261.

Rai, P. K. 2008. Phytoremediation of Hg and Cd from industrial effluent using an 
aquatic free floating macrophyte Azolla pinnata. Int. J  .Phytoremediation 10: 

430—439

Rai, P. K. 2010. Microcosom investigation of phytoremediation of Cr using Azolla 

pinnata. Int. J. Phytoremediation 12: 96-104.

Raja, W., Rathaur, P., John, S. A. and Ramteke, P. W. 2012. Azolla-anabaena 

association and its significance in supportable agriculture. Hacettepe J. Biol, 

and Chem. 40: 1-6.

Ray, T. B., G. A. Peters, R. E. Toia, Jr. & B. C. Mayne. 1978. Azolla-Anabaena 

relationship.VII. Distribution of ammonia-assimilating enzymes, protein, and 

chlorophyll between host and symbiont. PI. Physiol. 62: 463-467

Roger, P. A. 1996. Biology and management o f the floodwater ecosystem in rice fields. 

International Rice Research Institute, Los Banos, Phillippines, 250p.

Sadeghi, R., Zarkami, R., Sabetraftar, K. Van Damme, P. 2012. A review of some 

ecological factors affecting the growth of Azolla spp. Caspian J. Environ. Sci. 

2013, 11:65-76.

Sadeghi, R., Zarkami, R., Sabetraftar, K. and Van Damme, P. 2012. Application of 

classification trees to model the distribution pattern of a new exotic species 
Azolla filiculoides (Lam.) at Selkeh Wildlife Refuge, Anzali wetland, Iran. Ecol. 

Modelling. 243: 8-17.

Sarkar, A., and Jana, S. 1986. Heavy metal pollutant tolerance of Azolla pinnata. 

Water, Air, and Soil pollut. 27: 15-18

i



xiii

Satapathy, K. B. and P. K. Singh. 1992. Studies on the seasonal fluctuations in the 

growth and N2 fixation of Azolla isolates at Cuttack agroclimatic conditions. In: 

Gangawane, L. V. (ed.), Biofertilizer technology . Marathwada Univ., 

Aurangabad, Assoc. Pub. Co., New Delhi, pp. 267-274.

Saunders, R. M. K. and Fowler, K., 1992. A morphological taxonomic revision of 

Azolla. Section Rhizosperma (Mey.). Mett. (Azollaceae). Bot. J. Linn. Soc., 109: 

329-357

Serag, M.S., El-Hakeem, A., Badway, M., and Mousa, M. A. 2000. On the ecology of 
A. filiculoides Lam. in Damietta District. Egypt. Limnologica. 30: 73-81.

Singh, P. K. 2000. Biology of Azolla and blue green algae In: Singh, P. K., Dhar, D. 

W., Pabby, S., Prasanna, R., Arora, A. (eds.), Biofertilizer-Blue Green Algae 

and Azolla .Venus Printers and Publishers, New Delhi, pp. 1-23.

Singh, P. K . 1992. Biofertilizers for flooded rice ecosystem. In: Tandon ,H. L. S. 

(ed.), Fertilizers, Organic Manures, Recyclable Wastes and Biofertilizers. 

Fertilizer Development and Consultation Organization, New Delhi. India, pp. 

113-131.

Singh, P. K. and Singh, D. P. 1990. Azolla and rice cultivation. In: Somani (ed.), 

Biofertilizers. Scientific Publishers, Jodhpur, India, pp. 39-65.

Singh, P. K and Subudhi, B. P. R. 1978. Utilization of Azolla in poultry feed. Ind 

Farming 27 : 37-39

Singh, P. K. 1988. Biofertilization of rice crop. In Sen, S. P. and Palit, P. (eds.), 

Biofertilizers: Potentials and problems, Plant Physiology Forum, Calcutta, India, 

109p.



X I V

Singh, S. S., Singh, S. K., and Mishra, A. K. 2008. Regulation of Na+ ion by 

combined-N sources in Azolla pinnata-Anabaena azollae symbiotic association 

during salt toxicity. Ecotoxicol. and Environ. Saf. 69: 32-38.

Singh, S. S., Mishra, A. K., and Upadhyay, R. S. 2010. Potentiality ofAzolla as a 

suitable biofertilizer under salinity through acid phosphatase activity .Ecol 

Engg. 36:1076-1082

Sood, A., Prasanna, R., and Singh, P. K. 2007. Utilization of SDS-PAGE of whole cell 

proteins for characterization of Azolla species. Annales Botanici Fennici. 44: 

283-286

Speelman, E. N., Van Kempen, M. L., Barke, J., Brinkhuis, H., Reichart, G .J., 

Smolders, A. J. P., Roelofs, J. G. M., Sangiorgi, F., De Leeuw, J. W., Lotter, A. 
F. and Sinninghe Damste, J. S. 2009. The Eocene Arctic Azolla bloom: 

environmental conditions, productivity and carbon drawdown. Geobiol. 7: 155— 

170.

Stevenson, H. K. 1944. The new world species of Azolla. Tam .Fern. J. 28: 34-69.

Subbiah, K. V. and Asija G. 1. 1958. Estimation of soil available nitrogen by alkaline 

permagnometry method. Soil Sci. 31: 29- 38

Talley, S.N., Talley, B. J. and Rains, D. W. 1977. N2 fixation by Azolla in rice fields. 

In: Hollaender, A., Burris, R. H., Day, P. R., Hardy, R. W. F., Helinski, D. R., 

Lamburg, M. R., Owens, L., Valutine, R. E. (eds.), Genetic Engineering for 

Nitrogen Fixation, Plenum Press, New York and London, pp. 259-281.

Talley, S. N. and Rains, D. W. 1980. A. filiculoides Lam. as a fallow-season manure 

for rice in a temperate climate. Agron. Journal. 72: 11-18.



X V

Thamizh Selvi, K. and Sivakumar, K. 2011. Cyanobacterial diversity and related 

physico-chemical parameters in paddy fields of Cuddalore district, Tamil nadu. 

Int. J. Res. in Environ.Sci. and Technol. 2: 7-15

Tuan, D.T. and Thuyet, R. Q. 1979. Use o f Azolla in rice production in Vietnam. 

International Rice. Research Inst., Los. Banos, Philippines, 405p.

Tyagi, V. V. S., Mayne, B. C. and Peters, G.A. 1980. Purification and initial 

characterization of phycolobiliproteins from the endophytic cyanobacterirum of 

Azolla. Arch Microbiol, 128: 41-44

Uheda, E., Kitoh, S., and Shiomi, N. 1999. Response of six Azolla species to transient 

high temperature stress. Aquat.Bot. 64: 87-92.

Umali, L. J., J. R. Duncan, and J. E. Burgess. 2006. Performance of dead Azolla 

filiculoides biomass in biosorption of Au from wastewater. Biotechnol Letters 

28: 45-49.

Van Der Heide, T., Roijackers, R. M. M., Peeters, E. T. H. M. and Van Nes, E. H. 

2006. Experiments with duckweed-moth systems suggest that global warming 

may reduce rather than promote herbivory. Freshw. Biol. 51: 110-116.

Van Hove, C. 1989. Azolla: and Its Multiple Uses with Emphasis on Africa. Rome,

61p.

Vitousek, P.M., K. Cassman, C. Cleveland, T. Crews, C.B. Field, N.B. Grimm, R.W. 

Howarth, R. Marino, L. Martinelli, E.B. Rastetter, and J.I. Sprent. 2002. 

Towards an ecological understanding of biological nitrogen fixation. 

Biogeochem. 57-58:1-45.

Vlek, P. L. G., Eberhardt, U., and Aung, M. 2002 The role of Azolla in lowering the 

pH of simulated floodwater. J. Appl. Bot. 76: 1-7.



X V I

Wagner, G.M. 1997. Azolla: a review of its biology and utilization. Bot. Rev. 6 : 1-25.

Walkley, A.J. and Black, I.A. 1934. Estimation of soil organic carbon by chromic acid 

Titration method. Soil Sci. 31: 29-38

Wang De-Xian, Zhao Miao-Zheng and Chen-De-Fu 1987. Studies on the of the 

mineralization rate and nutrient releasing dynamics, In: Azolla utilization, 

Proceedings o f Workshop on Azolla use, Fuzhou,Fujian, China, International 

Rice Research Institute, Los Banos, Philippines, pp 275.

Wang, P. and Tang, Z. 1987 Study of utilization of Azolla in paddy fields in 

Beijing [China], In: Azolla Utilization. IRRI PO Box 933 Manila 

Philippines, pp 271-272.

Watanabe I (1994) Genetic enhancement arid Azolla collections -problems in applying 

Azolla-Anabaena symbiosis. In: Hegazi, N. A., Fayez, M., Monib, M., (eds), 

Nitrogen Fixation in Non-legumes. The American University in Cairo Press, 
Cairo, pp. 437-450.

Watanabe I, Bai Ke-Zhi, Berja, N. S., and Espinas, C. R. 1981. The Azolla-Anabaena 

complex and its use in rice culture.. IRRI PO Box 933 Manila, Philippines, 69p.

Watanabe I. and Roger P. A. 1984. Nitrogen fixation in wetland rice fields, pp 237-276 
In: Subba Rao N. S. (ed.), Current developments in biological nitrogen fixation, 

Oxford and IBH Pub. Co, New Delhi, 351pp

Watanabe, I. 1982. Azolla-Anabaena symbiosis. Its physiology and use in tropical 

agriculture. In: Dammergues, Y. and Diem, H.G. (eds.), Microbiology o f  
tropical soils and plant productivity. Martinus Nijhoff publishers, Hague, pp. 
169-185.



X V I I

Watanabe, I. and Espinas, C. 1985. Relationship between soil phosphorus availability 

and Azolla growth. Soil. Sci. Plant Nutr. 31: 24-26

Watanabe, I. and Liu, C. C. 1992. Improving nitrogen-fixing systems and integrating 

them into sustainable rice fanning. PI and Soil 141: 57-67.

Watanabe, I., Espinas, C. R., Berja, N.S., and Alimango, B.V. 1982.Utilization of the 
Azolla-Anabaena complex as a nitrogen fertilizer for rice. IRRI Research Paper 

Series 11 :147-152

Watanabe, I., Roger, P. A., Ladha, J. X., and Van Hove, C. 1992. Biofertilizer 

Germplasm Collections at IRRI. IRRI PO Box 933, Manila, Philippines,

66p.

Watanabe, I., Roger, P.A. and Ladha, J. K. 1986. Problems in application of biological 

dinitrogen fixation in wetland rice. Paper presented at the INSFFER planning 

meeting -  workshop in Hngzhou, China, September 22-24, pp. 1-22.

Wen, Y., and Tang, J. 1978. A measure of nitrogen fixation activity of Azolla imbricata 

by acetylene reduction [in Chinese, English summary]. Acta. Bot. Sin. 20: 273- 

275.

Weria Weisany, Yaghoub Raei, Kaveh Haji Allah verdipoor. 2013. Role of Some of 

Mineral Nutrients in Biological Nitrogen Fixation. Bull Env. Pharmacol. Life Sci. 

12:77-84

Wilcox, L. V. 1950. Electrical conductivity. Amer. Water Works Assoc. J. 42: 775-776

Yadav, S.K., Juwarkar, A.A., Kumar, G.P., Thawale, P.R., Singh, S.K., and 
Chakrabarti, T. 2009. Bioaccumulation and phyto-translocation of arsenic, 

chromium and zinc by Jatropha curcas L.: Impact of dairy sludge and 

biofertilizer. Bioresour. Technol. 100:4616—4622.





xix

Appendix I

CHARACTERISATION OF SOIL AND WATER OF 
PALAKKAD EASTERN PLAINS IN RELATION TO 

GROWTH AND NITROGENASE CONTENT OF AZOLLA
SPP.

By
BHAVYASREE K.T.

(2013-11-142)

ABSTRACT OF THE THESIS

Submitted in partial fulfillment of the 
requirement for the degree of

Master of Science in flgricuCture
(SOIL SCIENCE AND AGRICULTURAL CHEMISTRY) 

. Faculty of Agriculture 

Kerala Agricultural University 

Department of Soil Science and Agricultural Chemistry 

COLLEGE OF HORTICULTURE
VELLANIKKARA, THRISSUR - 680 656 

KERALA, INDIA 

2015



X X

Abstract

A study intended for “Characterization of soil and water of Palakkad eastern 

plains in relation to growth and nitrogenase content of Azolla spp.” was undertaken in 

the Department of Soil Science &Agricultural Chemistry, College of Horticulture, 

KAU, Vellanikkara during 2013-2015. The objectives of the study were to conduct a 

survey of Azolla spp. in the rice growing tracts of Palakkad eastern plains and to 

identify soil and water quality parameters congenial for the growth and nitrogenase 

content of Azolla spp.

The preliminary survey conducted in the four block panchayaths of Palakkad 

eastern plains to identify the prevalence of Azolla revealed two blocks viz. Chittoor 

and Kollengode to be positive with respect to Azolla and hence, further study was 

restricted to the grama panchayaths of these blocks.

Characterization of soil and water was done in both Azolla growing and non­

growing regions. Composition of Azolla collected from different locations was also 

determined. In order to ascertain the nitrogenase enzyme activity, samples of Azolla 

collected from five different locations were subjected to Acetylene Reduction Assay 
(ARA).

Among the soil parameters, significant difference was noticed between Azolla 

growing and non-growing locations with respect to pH , EC, organic carbon, 

available N, P , total Fe, Mn and Zn in contrast to potassium and copper which did 

not show any pronounced variation. Soil pH, EC, available P, total Fe, Mn and Zn 
were comparatively lower in Azolla growing regions. However, available nitrogen in 

soil was more in Azolla growing locations. Heavy metals like Cd, Cr, Ni and Pb were 

below the detectable limits in soil.

Analysis on flood water quality showed significant effect in the Azolla 

growing regions on parameters like pH, temperature and dissolved oxygen, Fe, Mn,
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Zn and Cu. Soil analysis data revealed the pH, EC, soluble Fe, Mn, Zn and Cu to be 

lower under Azolla growing conditions. Heavy metals like Cd, Cr, Ni and Pb were 

below the detectable limits. Presence of Azolla decreased the flood water temperature 

but increased the dissolved oxygen content.

On comparison, the composition of Azolla revealed a prominent and 

significant correlation with location on its content of carbon, nitrogen, phosphorus, 

potassium and also the C/N ratio. Moisture content varied from 94 to 95 per cent, 

variation in carbon and nitrogen content was from 22.9 to 39.5 per cent and 2 to 4 per 

cent respectively among the locations studied. The C/N ratio ranged from 9 to 14. 

Crude protein content of Azolla registered values between 16 and 22 per cent. The 

content of phosphorus ranged between 0.20 and 0.23 per cent whereas that of 

potassium was in the range of 1.2 to 1.5 per cent. Correlation worked out between 

soil parameters and composition of Azolla disclosed a significant positive effect of 

soil P on the nitrogen, crude protein and phosphorus content of Azolla. However, soil 

P was negatively correlated with the C/N ratio of Azolla.

Nitrogenase enzyme activity quantified was profoundly affected by the 

locations. The amount of ethylene produced extended from 192 to 236 nmole 

ethylene g ]1 h '1. It showed a significant negative correlation with soil pH and EC.

The study has given valuable information on the influence of soil and flood 

water quality parameters and locations on Azolla which could be used for further 

investigations on its nutrient dynamics.


