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Abstract 

 

 Azolla had, high multiplication rate, excellent source of protein for mono-gastric animals, high 

biomass production and increasing demand as organic food. Azolla is one of the aquatic Pteridophyte that 

may be used as animal food, as green manure, biofertilizer, for increasing soil fertility, bioremediation of 

waste water and reclamation of saline soils. Due to its high nutritional values and protein content Azolla is 

suitable for human consumption and as feed supplement for variety of animals like fish, ducks, cattle, 

poultry etc. to reduce feed cost. It also finds use in biogas and hydrogen production, as space food, in 

controlling weeds and mosquitoes. The present paper gives an overview of some important ecological 

factors affecting Azolla’s growth over the past few decades. Moreover, for the most ecological variables 

discussed in this study, the authors refer to their recent publications for the habitat requirements of Azolla 

in Anzali wetland. Water availability is the key factor for its growth. Growth is further promoted by 

optimal light intensity (15-18 Klux), temperature (18°- 28°C) and relative humidity (55-83%). Wind and 

turbulent water can fragment and kill Azolla. The importance of both macro (e.g. phosphorus, nitrogen, 

potassium, calcium and magnesium) and micronutrients (e.g. molybdenum, cobalt and etc.) has also been 

confirmed from literature. Various types of insects (e.g. caterpillars), bacteria, fungi and viruses can affect 

Azolla growth. As a conclusion,  

understanding the habitat requirements of Azolla is very helpful for managing this aquatic fern, also for 

decision making in the context of wetland restoration and conservation management.  
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Introduction 

 The name Azolla is derived from Greek word azo (to dry) and allyo (to kill) meaning that 

plant dies when it dries. The genus Azolla established by J. B. Lamark as early as 17831 was placed 

in the family Salvinaceae of the order Salviniales. However taxonomists have placed it now in 

monotypic  

family Azollaceae2. There are seven or eight extant and more than forty fossil species of Azolla 

known3,4. The genus is further categorized into two sub-genera Euazolla and Rhizosperma1. 

Euazolla is characterized by the presence of three megaspore floats and consists of five new world 

species namely A. caroliniana, A. filiculoides, A. mexicana, A. microphylla and A. rubra. The sub 

genus Rhizosperma consists of two old world species namely A. pinnata and A.  
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nilotica possessing floats in the megaspore apparatus. Azolla imbricata nakai has been reported as 

an independent species instead of a sub-species of Azolla pinnata5. The three Neotropical host 

species A. microphylla, A. caroliniana and A. mexicana are similar in vegetative morphology and 

eco physiology6. Azolla is a dichotomously branched free floating aquatic fern naturally available 

on moist soils, ditches and marshy ponds. The shape of Indian species is typically triangular 

measuring about 1.5 to 3.0 cm in length, 1 to 2 cm in breadth. Fronds has tiny roots usually 

associated with rich microphylla7, short branched stem called rhizome covered with small alternate 

overlapping leaves the sporophyte has dorsiventral organization8.  Each leaf is divided into dorsal 

and ventral lobe. The ventral lobe is thin almost colourless and distal half is only one celled thick. 

The aerial dorsal leaf lobe has multilayered mesophyll adaxial and abaxial epidermal tissues, 

numerous stomata and single celled papillae. In the dorsal leaf lobe there is an ellipsoidal cavity 

which is formed by the enfolding of the adaxial epidermis. The cavity largely filled with gases is 

lined with mucilage9 which contains the cyanobiont Anabaena azollae10 and a gram positive non-

nitrogen fixing bacteria11 identified as Arthrobacter species12. 

BENEFICIAL ASPECTS FOR PLANTS 

The experiments have shown that Azolla can overcome nutrient limitation to plant 

growth by enhancing nutrient acquisition, According to the plant species and to the growing 

practices and conditions, Azolla provide different benefits to the plants and to the environment :-  

 Increase yields and crop quality 

 Reduce disease occurrence 

 Enhance flowering and fruiting 

 Increase plant establishment and survival at seedling or transplanting 

 Produce more vigorous and healthy plants 

 Improve drought tolerance, allowing watering reduction 

 Optimize fertilizers use, especially nitrogen 

 Increase tolerance to soil salinity 
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 Contribute to maintain soil quality and nutrient cycling 

1. As Biofertilizer in Rice Cultivation 

Azolla is used as a biofertilizer and produces around 300 tonnes of green bio-hectare 

per year under normal subtropical climate which is comparable to 800 kg of nitrogen (1800 kgs of 

urea). The important factor in using Azolla as a biofertilizer for rice crop is its quick decomposition 

in soil  

and efficient availability of its nitrogen to rice plant. The quick multiplication rate and rapid 

decomposing capacity of Azolla has become paramount important factor to use as green manure 

cum biofertilizer in rice field. 

 

2. As Green Manure 

Azolla can also been used as green manure in the cultivation  

of water bamboo, arrowhead, taro, Wheat and rice13-15. Incubation of Azolla as green manure in 

water logged soil resulted in rapid mineralization with a release of 60-80% of the nitrogen within 

two weeks16. 

3. As Beneficial Effects on Crops 

Azolla is beneficial to wheat when applied in a rotating rice- 

wheat cropping system17. Mahapatra and Sharma18 found that application of Azolla with Sesbania 

had beneficial residual effect on subsequent wheat crops, raising grain yield by 56-69 % over 

control. 

4. As Beneficial Effects on Physio-chemical Properties of Soil 

Azolla is used to increase soil fertility. Singh and Singh19 found that Azolla 

application improves soil fertility by increasing total nitrogen, organic carbon and available 

phosphorus in soil these findings were supported by20,21. Van Hove13 found that Azolla improves 

soil structure. 
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5. In Reclamation of Saline Soils 

Although, Azolla is relatively sensitive to salt, cultivation in saline environment for a 

period of two consecutive years decreased salt content from 0.35-0.15 and desalinate rate (71.4%) 

was 1.8 times faster than through water leaching and 2.1 times faster than Sesbania and also 

reduced the electrical conductivity, pH of acidic soil and increased calcium content of soil22. 

6. As Bioremediation 

It was found that A. pinnata and Lamna minor removed the heavy metals iron and 

copper from polluted water23. The pollutants at low concentration could be treated by passing it 

through ponds and can be reused for Agriculture purpose. Azolla exhibits a remarkable ability to 

concentrate metals Cu, Cd, Cr, Ni, Pb and nutrients directly from polluted waters. 

7. As Mosquito Repellent 

Azolla can also be used in the control of mosquitoes, for a  

thick Azolla mat on the water surface can prevent breeding and adult emergence. It presents 

breeding and growth of Anophieles and Culex mosquito. 

8. In Weed Control 

It was also seen that Azolla controls the weed growth. Our  

findings were supported by24 and found that an Azolla cover significantly reduced the total amount 

of weeds; particularly the predominant weed Monochoria vaginalis, through grasses and hedges 

could not always be controlled. 

 

9. In Production of Biogas 

Anaerobic fermentation of Azolla (or a mixture of Azolla and  

rice straw) results in the production of methane gas which can be utilized as fuel and remaining 

effluent can be used as a fertilizer because it contains all the nutrients originally incorporated in 

plant tissues except for a small percentage of nitrogen lost as ammonia13. 
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10. As Bioenergy 

A non-polluting, high energy fuel when Azolla-Anabaena is  

grown in a nitrogen- free atmosphere and or a water medium containing nitrate, the nitrogenise in 

the symbionts, instead of fixing nitrogen evolves hydrogen, using water as the source25. With cow 

dung azolla residues (1:0.4 ratio) give a gas production 1.4 times that of a cow dung alone. 

11. As Human food 

A few researchers have experimented with the preparation of  

Azolla in soups or “Azolla meatballs as food for man. However such recipes are as yet 

unpublished13. It is used as effectively as traditional cough medicine. It has high protein values so 

used as salad in Western countries. 

12. As a Component of Space Diet 

Azolla as a component of the space diet during habitation on Mars and found that 

Azolla was found to meet human nutritional requirements on Mars. 

13. As Nutritional Supplement for Livestock 

Azolla is used as food supplement for variety of animals including pigs, rabbits, 

chickens, ducks and fish13. Seultrope26 reported that Azolla is harvested in large quantities and 

utilised as fodder for cattle and pigs. It was  

also found that broilers feed with Azolla resulted in growth and body weight values similar to those 

resulting from the use of maize-soya bean meal. 

 

Main abiotic and biotic factors affecting Azolla’s growth 

Azolla is one of the fastest growing aquatic macrophytes, with a doubling time of 

only 2-5 days. We are briefly describe some of the most important structural habitat and physical-

chemical factors to meet the habitat requirements of Azolla under laboratory and field conditions. 
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Structural habitat factors Water 

This fern cannot survive without water. 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 that 

needs less space compared to other aquatic plants27. Though, it is able to grow on a wet mud 

surface or wetted peat litter, this fern prefers to grow in free-floating conditions28. 

Air and water temperature  

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. 

The optimum temperature range for Azolla growth has been shown to be between 18 and 28°C29. 

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

different Azolla species, strains or varieties have different temperature sensitivities. 

 

Light intensity 

Photosynthetic activity, growth and nitrogen fixation of Azolla and its symbiont are 

all affected by light intensity30. Sporulation is regulated by the interacting effects of light intensity, 

photoperiod, temperature and other factors such as pH, nitrogen and phosphate supply30. When 

light intensity is high and amount of nutrients in water is low, Azolla turns red. During hot summer 

or cold winter, it also turns red or brownish-red when under shaded conditions, whereas in 

nutrient-rich conditions, it becomes green. Irradiance interacts with temperature in influencing 

growth of Azolla species31. 

Humidity 

Increase in the biomass of Azolla relies to some extent on air humidity. At relative 

humidity of less than 60%, Azolla becomes dry and fragile32. Sadeghi et al. (2012a)33 demonstrated 

that when the air humidity in the Anzali wetland exceeds 80%, the prevalence of Azolla would be 
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low. Mean relative humidity for allowing Azolla growth was estimated at 55-83% (Lumpkin and 

Bartholomew, 1986)34 and it was in the range of 65-75% based on the study35. 

Growing seasons and day length 

The length of the growing season and day length are other climatic factors which regulate 

production of aquatic plants28. Biomass production and growth of Azolla are 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. Overall, 

production in summer is higher than in other seasons36. 

Wind and Waves 

Wind and waves are other factors affecting the production of aquatic plants, in 

particular for Azolla which is a free-floating fern. In shallow lakes, wind-induced waves can have 

either direct effects on plant growth (e.g. mechanical damage) or indirect effects such as increased 

siltation37. Since Azolla is a small free floating plant, wind and waves are not favourable for its 

growth. Water agitation can break up the fronds. This fragmentation as such can have a negative 

effect on N2 fixation capacity. Therefore, wind and turbulent water can fragment and kill Azolla. 

Conclusion 

The mankind is threatened by drastic global environmental  

changes triggered by his own activities, we need to investigate and develop alternative strategies 

for conducting our affairs. The application of Azolla as biofertilizer and all other important uses 

play a significant role in maintaining or improving the state of global environment. There is a 

definite need to exploit the potential of the Aquatic Pteridophyte in a more efficient manner in the 

future, through biotechnological interventions. Therefore a combination of approaches involving 

basic and applied research should be taken towards  

making Azolla more resistant to environmental fluctuation and also less labour-intensive, so that 

its actual utilization is diversified and enhanced in Agriculture, industry and environmental 
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management. The most important  

structural habitat variables in order to meet the habitat requirements of Azolla including water, 

light intensity, air and water temperature, relative humidity, wind velocity and waves. Moreover, 

the importance of physical-chemical  

variables for Azolla has been confirmed from the cited literature.  
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