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Abstract 
 

Large-scale production method of Azolla pinnata var. pinnata R. Brown round 
a year was developed, growing in ponds at Shirajganj and Gazipur districts, 
Bangladesh. Comparison of fertilizer doses (5kg TSP+2.5 kg MP/ha/d, 10 kg 
TSP+5 kg MP/ha/d and 20 kg TSP+ 10 kg MP/ha/alternate day) revealed that 
application of 10 kg TSP+5 kg MP/ha/d as solution in pond water or applying 
as foliar spray is cost effective. Applying 10 kg TSP and 5 kg MP/ha/day in 
solution in 0.75 -1 .0 m deep pond water and harvesting every day yielded 
820-1220 kg fresh Azolla/ha/day depending on the seasons of a year. Low 
production occurs during winter and it appeared to be mainly due to low 
humidity and to a certain extent low light and temperature. High relative 
humidity (>80 %) and temperature (>30° C) during May to July appeared to 
be responsible for high productivity of the plant. During this period pest 
infestation may affect growth severely. Full sun-light is recommended for 
Azolla production. The fern produced sporangia during February and March, 
indicating a healthy growth condition for its cultivation. Production of one ton 
fresh Azolla would costs about US$ 10.00. It has been estimated that Azolla 
crop, contributes about 620 kg N/ha/year, a feature advantageous for growing 
them without urea-N. 
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Introduction  
Azolla pinnata var. pinnata R. Brown is a floating fern having endo-symbiotic N2 
fixing Cyanobacterium, Anabaena azollae. It is a multipurpose crop and can be used 
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as biofertilizer, as feed for fish, poultry1,2 and as decontaminating agent1,3,4. 
Comparative studies on plant production in space stations showed that Azolla pinnata-
Anabaena system is more efficient than any of the other tested diazotrophs such as 
free-living blue-green algae or Soybean or groundnut Rhizobium5. In Bangladesh, use 
of the plant (Azolla-Anabaena system) as biofertilizer6,7,8, and as feed for fish and 
poultry9 have been found to yield positive results. But their use is very much limited 
due to their unavailability in large amount at a steady rate. In late l970’s an attempt to 
produce Azolla by scientists at Bangladesh Rice Research Institute (BRRI) for use as 
biofertilizer was unsuccessful. It was believed that Azolla is a temperate crop and 
Chinese were successful in growing them directly in rice fields before 
transplantation10. A production of 40-55 kg fresh Azolla (from 8 kg inoculum) was 
obtained after 15 days in rice plots with 10 cm water column using 10 kg cow dung + 
100 g TSP/40 m2 (= 2500 kg cow dung/ha; 25 kg TSP/ha) in three splits at 4 days 
interval11. He also mentioned that Azolla is primarily grown as a winter manure and 
lack of heat tolerant cultivars and effective heat avoidance measures results in low 
productivity when the water temperature is high. On the other hand it has been 
reported that high temperature is not a problem in Azolla growth if supply of 
sufficient nutrient is maintained12. pH of Azolla cultures in the laboratory was found 
to be much below neutral13 or preferred pH ranged between 4.0 and 7.0. Azolla 
pinnata var. pinnata is commonly found in road side ditches and shallow water 
reservoirs of Bangladesh along with duckweed almost round the year. Considering the 
potentiality of the plant as a multipurpose crop, attempt was taken to design 
practicable and cost effective production system in farmer’s and experimental ponds 
round the year for three consecutive years in the Bangladesh environment. 
 
 
Materials and Methods 
Azolla pinnata var. pinnata: R. Brown was collected from a fallow pond at Bhuyan 
Gathi, near Tarash (24º 28� 50� N and 89º 27� 39� E) at Shirajganj district, 
Bangladesh in January 1998 and allowed to grow at the corner of a well illuminated 
home-yard pond with 0.5 m deep water. As the plant is a N2 fixer, it has a competitive 
advantage over other floating plants for its production in water without added nitrogen 
fertilizer. Only Phosphorus as Triple Super Phosphate (TSP) and Potassium as Murate 
of Potash (MP) at the rate of 10 kg TSP and 5 kg MP/ha/d, respectively were added in 
solution. About 30 kg fresh Azolla was obtained after 15 days from 1 kg inoculum and 
was used for the experiment. Using the same strain, the experiment was repeated in an 
experimental pond at BRRI, Gazipur (23º 59� 44� N and 90º 25 �02� E). Nursery 
pits (4.0 x 2.5 m) were used in maintaining the strain and in mini experiments. In both 
the sites about 625 m2 ponds were used with 0.75 – 1.00 m water depth. pH ranged 
from 6.5 to 6.8. The pond water surface was divided into equal blocks by bamboo 
floats for uniform distribution of plants. The sun-light quantity (as PAR= 
photosynthetically active radiation) in Winter and Summer varied from 750 to 1000 
and 2000 to 3000 µEm-2s-1, respectively at around noon under clear sky. 
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Preparation of fertilizer solution and application: The pond water was fertilized with 
TSP and MP, a required amount of which were soaked for about 6 hours in a plastic 
bucket containing pond water. It was mixed into a solution and diluted to such an 
extent that the solution could be used to fertilize the whole water surface of the pond. 
A small plastic bucket was used in the addition and mixing of solution just below 
Azolla cover at around 1 pm after harvesting the Azolla crop. Three rates of fertilizers 
were used to identify the best combination, such as,  
 T1 = 5 kg TSP+2.5 kg MP/ha/day, 
 T2 = 10 kg TSP+5 kg MP/ha/day and  
 T3 = 20kg TSP+10 kg MP/ha/alternate days. 
 
 The experiment was carried out by separating the water body into three blocks by 
thick polythene sheets.  
 
Azolla harvesting: The plant was harvested every day at around 12 noon, to such an 
extent that small open spaces remain in the pond water. The harvested amount is 
about 10% of the biomass under ideal and optimum growth conditions. The biomass 
produced in one month was divided by number of days of that month in calculating 
the production per day.  
 
Pest control: Pyralid insect larvae, snails and algae are the pests of Azolla. Larvae of 
the insect form cocoons (cover) each with 1-2 Azolla plants and feed on nearby 
floating Azolla. Larvae was controlled by spraying 300 ppm (0.35 ml diazinon in 500 
ml water which is 1/3rd the concentration recommended for rice crops) of Diazinon 
insecticide. The snail and algal incidences were lowered manually or in severe 
infestation with algae, copper sulphate (algicide) was added at the rate of 
0.3g/m3water15.  
 
 
Results  
Effects of fertilizers and temperatures during May and June on yield of Azolla are 
shown in Table 1. Highest yield was obtained when 10 kg TSP + 5kg MP/ha/d were 
applied followed by 20kg TSP+10 ka MP/ha/alternate day. The Azolla pinnata var. 
pinnata was found to be growing well at temperatures ranging from 35.5 to 42.5° C 
(in the upper 0.5 cm water column). The plant turned brown and appearing dead after 
experiencing the very high temperature on 20 May, 1998 but produced new shoots 
after three days of rain. The pH of pond water ranged from 6.5 to 6.8.  
 Using 10 kg TSP and 5 kg MP/ha/d in solution, the productivity of Azolla pinnata 
var. pinnata was measured round a year as shown in Fig. 1. The productivity was low 
(about 800 kg/ha/day) from January to April. Though the temperature in March 
increased to more than 30° C, the humidity and light quantity were low resulting low 
productivity.  
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Figure 1: Seasonal variation of Azolla pinnata var. pinnata production (-○-) as 
affected by humidity (●) and temperature (-●-, at 0.5 cm depth; +, at 5.0 cm depth; ○, 
air) at Shirajgonj, Bangladesh. 

 
 

 Productivity shot up (about 1200 kg ha/day) in May when high humidity, 
increased light, day length and temperature were observed. The Azolla plants were 
subsequently infested by insects (e.g. Nymphula sp.), algae (Synura uvella and species 
of Cylindro-spermum, Spirogrra, Peridinium and Gymnodinium) and small snails. 
Larvae of the insect form cocoons (cover) each with 1-2 Azolla plants and feed on 
floating Azolla. Snail also grazed on Azolla. Algae form a thick coat on Azolla roots 
thereby reducing the surface area for nutrient absorption. Azolla become pink when 
abundant algae were found to be associated with its root system. Snails were removed 
manually, while insect larvae and algae were controlled by spraying, 300 ppm 
diazinon and applying copper sulphate at the rate of 0.3 g/m3 water15, respectively. 
However, application of the insecticide and algicide reduced the size of the fern by 
about 20% and plants become red in colour. The infestation of insects was partly 
controlled by hanging a lamp on the top of a bucket with kerosene at night at four 
sides of the culture pond. Growing Azolla in thick mat reduces light penetration in 
water and this has been found effective in controlling algal growth in Azolla pond. 
Relative humidity formed a plateau during June to October. However, the biomass 
increased by October till December. In Bangladesh, on an average the biomass was 
about 1 ton/ha/day. Azolla-N was 3.20-3.75% depending on seasons on dry wt. basis6, 
determined by Micro-Kjeldahl Method.  
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Table 1: Production of Azolla pinnata var. pinnata in different fertilizer management 
at Shirajganj and Gazipur in 1998 and 1999, respectively. Temperatures were 
measured at 1.00 p.m. Very high temperatures were recorded on 20 May and 09 June 
1998 at Shirajganj. 
 

Month 5kgTSP + 
2.5kg 

MP/ha/day 

10kgTSP + 
5kg 

MP/ha/day 

20kgTSP + 
10kg MP/ 

ha/Alternate day 

Temperature (° C) 
0.5cm 
depth 

5.0cm 
depth 

air 

18-29 May 
‘98 

733 1150 860 38.7 - 
42.2 

36.8 - 
40.2 

36.6 - 
39.0 

01-15 June 
‘98 

1005 1333 1165 36.5 - 
42.5 

35.6 - 
41.0 

35.5 - 
41.0 

18-29 May 
‘99 

730 1030 865 37.6 - 
40.0 

35.6 - 
38.2 

35.6 - 
37.0 

01-15 June 
‘99 

900 1200 1147 35.5 - 
39.5 

33.4 - 
38.0 

34.5 - 
36.0 

Mean & ± = 
sd 

842 ± 135 1178 ± 125 1009 ± 170 37.1 - 
41.1 

35.3 - 
39.4 

35.6 - 
38.3 

 
 

 In the earthen pits an experiment was conducted to see the effect of foliar spray of 
fertilizers at the rate of 10 kg TSP and 5 kg MP/ha/d. Foliar spray was found to yield 
similar biomass to that of applying the fertilizers in the water body. During moderate 
temperatures (18-25° C) the fern grew well and yield as usual when the water column 
was reduced to 10-15 cm. The plant also grew well on moist soil of the pond. The 
species is being maintained year after year with little care in pits which are well 
illuminated half of the day in the Botanical Garden, Univ. of Dhaka. 
 Azolla of shaded areas of a pond was found to be greener and smaller than the full 
sun-shine areas. An experiment was set up mimicking the natural shade and light in 
March (Spring) weather, in cemented pits of Botanical Garden, and growth 
parameters were measured. In the shaded and exposed parts of the pit 300 g fresh 
green Azolla was spread in each, separated by a jute stick (float). Effects are shown in 
Table 2. The shaded Azolla virtually did not show any growth, while the Azolla in the 
exposed part had increased to 670 g and developed pinkish green colour. The chl a 
and b decreased, while anthocyanin content increased as the light quantity increased 
during same period of growth (Table 2). Ratio of chl a and b is not significantly 
affected by the variation of light quantity. But, anthocyanin to total chlorophyll ratio 
significantly increased with increased light quantity. The results indicated that 
shading reduced the growth of Azolla by about 50% and that anthocyanin production 
was also low (Table 2).  
 The Azolla pinnata var. pinnata plant produced sporangia like that of natural 
habitats, in nursery pits and also in the ponds during February and March.  
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Table 2: Effects of light on growth and pigmentation of Azolla pinnata var. pinnata. 
50% of a pit was shaded (50-100 µE m-2 s-1) while other part was exposed (800-1000 
µE m-2 s-1) to sunlight and compared with open pit (1200-1320 µE m-2 s-1) The study 
was made after 10 days of inoculation. The light (PAR), humidity (40-50%) and 
temperature (24-28° C) were measured at 12.00 noon. n = 6, ± = standard deviation. 
 

Parameters Shaded pit Exposed pit Open pit 
Whole plant fresh wt. (mg) plant-1 0.030 ± 0.003 0.063 ± 0.005 0.098 ± 0.011
Shoot fresh wt. (mg) plant-1 0.029 ± 0.003 0.044 ± 0.006 0.060 ± 0.006
Root wt. (mg) plant-1 0.004 ± 0.001 0.020 ± 0.005 0.037 ± 0.008
Shoot : Root  7.731 ± 1.927 2.359 ± 0.717 1.671 ± 0.344
Chl a (µg g-1 f. wt.) 15.34 ± 0.900 11.34 ± 1.170 7.650 ± 0.620
Chl b (µg g-1 f. wt.) 2.93 ± 0.290 1.84 ± 0.260 1.320 ± 0.090
Chl a : chl b 5.748 ± 0.948 6.217 ± 0.472 6.287 ± 0.824
Anthocyanin (Abs. g-1  
fresh whole plant ml -1)  

0.380 ± 0.030 0.380 ± 0.040 0.610 ± 0.050

Anthocyanin : total chlorophylls 0.021 ± 0.003 0.027 ± 0.007 0.068 ± 0.006
 

 
Discussion 
Large-scale production system of Azolla pinnata var. pinnata developed in the present 
study is cost effective, where the production cost per ton fresh Azolla/day considering 
the costs of one ha pond, labour, fertilizers, pest management, watering, etc., was 
estimated to be about US$ 10.00, The benefit of every-day fertilization and every-day 
harvest is lucrative by the fact that farmers are investing and getting their return on 
the same day. Application of 10 kg TSP+5 kg MP/ha/d and 20 kg TSP+ 10 kg 
MP/ha/alternate day as solution in the pond water, or 10 kg TSP+5 kg MP/ha/d as 
foliar spray were found to produce on an average one ton fresh Azolla/ha/day. Foliar 
application of fertilizers would be cost effective in particular for four reasons: (i) easy 
fertilizer management (e.g. by mechanical spray, where one labour would be able to 
manage a one ha pond, particularly in regions of a country or time of a year having 
labour scarcity.), (ii) direct absorption of nutrients by plants, thus no loss of fertilizer, 
(iii) infestation by algae would be low because of low availability of nutrients in the 
water body, and (iv) in winter drying of trichomes of Azolla leaves due to low 
humidity may be reduced. Moreover, the spray mechanism could be used in pest 
management when needed.  
 Low productivity during winter and spring has been attributed to low humidity, 
light intensity, day length and temperature. The low humidity may result drying up of 
trichomes present on the adaxial surface of dorsal leaves which are in direct contact 
with air and are separated from water by the lower scaly leaves, which repeal water & 
help in floating. One may think that as the plant is floating, the low humidity should 
not affect its growth. But consider the condition of lips and skin of our body in late 
winter and early spring having as low as 40% relative humidity. In spite of drinking 
sufficient water, they dry up and crack in severe cases. It has been found that a 
reduction in relative humidity to 75% from 97.5 in soils results a reduction of N2 
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fixation by Nostoc and Anabaena to about 90, 40 and 2% after 24, 48 and 72 hr, 
respectively19. 
 The growth of Azolla appears to be temperature sensitive, although the degree of 
sensitivity varies from species to species16. Certain Azolla varieties have been found 
to grow at temperatures of 40° C or higher17, 18. It has also been reported that high 
temperature is not a problem in Azolla growth if supply of sufficient nutrient is 
maintained12. The present strain survived temperatures above 42° C thus it is a heat 
tolerant strain and that the nutrient status was optimum. Optimum fertilizer status 
developed is also indicated by the production of sporangia. pH of the pond water was 
also ideal and was within the range reported in the laboratory13 and in situ14 
conditions. 
 The most serious problems with high temperature is stimulating effect on Azolla 
pests14, including fungi. Insects particularly Lepidoptera and Diptera20 can destroy 
Azolla crop if pesticides such as Carbofuran or BHC are not used21. In the present 
study productivity was severely affected by insects during June to September and was 
controlled by applying 300 ppm diazinon though the insecticide is toxic22. However, 
during hot weather, it is suggested to hang a lamp on the top of a bucket with 
kerosene at night at four sides of the culture pond. 
 Azolla was found to be nitrogen rich and it has been estimated considering one ton 
fresh Azolla/ha/day can fix on an average about 1.7 kg N/ha/day, i.e. 620 kg 
N/ha/year. An almost similar contribution of nitrogen was reported23. 
 Though the production of Azolla was low during spring, it produced high amount 
of anthocyanin. The compound was highest when grown in direct sunlight. 
Anthocyanin is one of the most important compounds in quality foods and was found 
to produce orange-coloured yolk in white eggs and an increased egg production9. 
However, chlorophylls at high light decreased, while anthocyanin was increased 
(Table 2). Reverse is the case with low light intensity. The similar amount of 
anthocyanin in whole plants of both shaded and exposed pits was due to low shoot 
and root ratio in the exposed pits. Thus full sun-shine is recommended for the 
production of Azolla.  
 The Azolla plant produced abundant sporangia like that produced in nature during 
February and March indicating that the fertilizer used and the management practices 
were ideal for their growth in the production ponds. 
 
 
Conclusion 
Large-scale production method in situ of Azolla pinnata var. pinnata round a year has 
been developed growing in ponds at Shirajganj and Gazipur districts, Bangladesh. 
Applying 10 kg TSP+5 kg MP/ha/d or 20 kg TSP+ 10 kg MP/ha/alternate day either 
as solution in pond water or as foliar spray, 820-1220 kg fresh Azolla/ha/day could be 
produced. Full sun-shine in the pond is recommended. Low production occurs during 
winter, while highest production was obtained in the Summer and Monsoon having 
high relative humidity (>80 %) and temperature (>30° C). Pest infestation during hot 
weather may severely affect Azolla production, and this could be controlled manually 
or by applying pesticides. The fern produces sporangia like that in the wild during 



8  Abdul Aziz 
 

 

February and March, indicating ideal combination of fertilizers and management of 
the new method. Production cost of one ton fresh Azolla/ha/day was about US$ 10.00. 
It has been estimated that Azolla crop, contributes about 620 kg N/ha/year, a feature 
advantageous for growing them without urea-N. 
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