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Abstract 
The present study was carried to test the Azolla (Azolla pinnata) as bioremediation agent for dairy farm 

liquid waste and to find out the effect of feeding Azolla obtained from bioremediation on growth 

performance of Nellore lambs. Eighteen Nellore lambs having uniform body weights were selected and 

randomly divided into 3 groups T0 (0% Azolla), T1 (10% Conventional Azolla), and T2 (10% 

Phytoremediation Azolla obtained from dairy farm liquid waste) of 6 lambs in each group in a 

completely randomized design. The experimental diets were offered to the lambs for a period of 90 days. 

Bioremediation of dairy farm liquid waste with Azolla decreased the pH from 7.96 to 7.38 and the colour 

of the liquid waste was changed from greyish black to brown colour. The turbidity, COD, BOD, Nitrogen 

and Phosphorous content was decreased to 48.14, 0.74, 0.43, 30.76 and 7.44%, respectively. The present 

study concluded that Azolla can be used for bioremediation of dairy farm liquid waste in an eco-friendly 

manner. 
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Introduction 

Intensive livestock production operations generating huge quantities of farm effluent which 

contains a mixture of dung, residual feed material etc. The major contaminants in the effluent 

are nitrogen and phosphorus usually arises from breakdown of proteins in the dung and feed 

residues. The farm effluent without any treatment now is being discharged on land or into 

different water bodies, resulting into contamination of drinking water bodies and environment. 

Therefore, treatment of the effluent in an eco-friendly manner to convert the pollutants into 

useful biomass is essential to the environment. The available conventional technologies like 

ultrafiltration, chemical oxidation and reduction, electrochemical treatment, reverse osmosis, 

coagulation-flocculation, and ion exchange etc. are highly expensive and not practically 

feasible for adaption by the livestock producers.  

Bioremediation technology is one of the novel methods in the field of waste and environment 

management because plants are solar driven and is presently gaining immense credibility for 

being eco-compatible. As such, it uses relatively low-cost, low-technology techniques, which 

generally have a high public acceptance and can often be carried out on site (Arora et al., 

2006). Azolla is an Aquatic macrophyte floating freely on water and rich in protein, essential 

amino acids, vitamin A, B12, and b-carotene and minerals like calcium, phosphorous, 

potassium, iron, copper, manganese, etc (Pillai et al., 2005). Azolla also used for waste water 

treatment and is more efficient than terrestrial plants because of their faster growth and larger 

biomass production, relative higher capability of pollutant uptake and better purification 

effects due to direct contact with contaminated water (Sood et al., 2012). Azolla can fix 

atmospheric nitrogen with help of blue green algae, Anabaena azollae, which makes the azolla 

tend to contain relatively high level of nitrogen and can be a protein source for animal feeding. 

Azolla pinnata was used to reduce the BOD of waste water (Ranaijangwattana et al., 2010) [17]. 

Azolla removed ammonia, total organic carbon, nitrite, phosphorous from waste water and 

prevents eutrophication in water bodies (Divya et al., 2018) [7]. The present research was 

carried to find out the effect of azolla on dairy farm liquid waste as a bioremediation agent.  

 

Materials and Methods 

The dairy farm liquid waste bioremediation using Azolla was tested in 20 litre plastic tubs with 

dimensions of 60X30X30 cm. A total of 7 clean plastic tubs were taken and 6 tubs were filled 

with dairy farm liquid waste obtained from a buffalo farm unit (50 numbers) located at 
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Livestock Farm Complex, NTR College of Veterinary 

Science, Gannavaram and the remaining tub with plain water 

for about 10 cm height. About 10g fresh Azolla was 

inoculated for each tub. All the tubs were kept under shade 

net. The temperature and pH in the tubs were monitored 

throughout the experiment. After 10 days, the Azolla covered 

the tub in a complete mat was harvested and washed with 

distilled water and dried in oven at 60 0C for further analysis. 

The dairy farm liquid waste samples were collected before 

and after Azolla growth in sterile plastic bottles, corked 

tightly and stored at a temperature below 4 °C to avoid any 

physico-chemical changes in the effluent for further analysis.  

 

Estimation of Physico- Chemical Parameters 

The physico-chemical parameters of dairy farm liquid waste 

such as temperature, pH, color, turbidity, chemical oxygen 

demand (COD), biological oxygen demand (BOD), Nitrogen 

and Phosphorous were estimated (APHA 1998) [2] in dairy 

farm liquid waste before and after bioremediation using 

azolla. 

 

Temperature 

The temperature of the dairy farm liquid waste samples before 

and after bioremediation using Azolla was measured using 

thermometer. The bulb of the thermometer dipped into liquid 

waste sample and the temperature was measured and 

recorded. 

 

pH 

The pH of the dairy farm liquid waste samples before and 

after bioremediation using Azolla was estimated using pH 

meter (OAKTON pH 700). The sample was mixed well and 

dipped the pH electrode in liquid waste sample and drawn for 

pH measurements. Rinsed the pH electrode and blot the 

electrode with soft tissue paper and dipped the pH electrode 

into next sample. 

 

Turbidity 
The turbidity of the dairy farm liquid waste samples before 

and after bioremediation using Azolla was estimated using 

Spectrophotometer (919-100 Nano spectrophotometer) and 

the difference in turbidity was recorded. 

 

Colour 

The colour of the dairy farm liquid waste samples before and 

after bioremediation using Azolla was noticed by visible 

observation. 

 

Biological oxygen demand (B.O.D) 
The Biological Oxygen Demand (BOD) of the dairy farm 

liquid waste samples before and after bioremediation using 

Azolla was estimated using BOD incubator (Devi et al., 2014) 
[5]. The pH of the dairy farm liquid waste sample was 

neutralized and the samples were filled in 6BOD bottles 

without bubbling. To each bottle, 1ml of allylthiourea was 

added. The dissolved oxygen content was determined in three 

of the 6 BOD bottles by titration method and taken the mean 

of the three readings (D1). The rest of the three BOD bottles 

were incubated at 27degrees in a BOD incubator for 3days 

and estimated the oxygen concentration in all the three 

incubated samples. The mean of the three incubated samples 

were calculated (D2). 

 

Calculation BOD (mg/L) = D1-D2 

D1= Initial DO in sample (mg/L) 

D2= DO after 3days incubation (mg/L) 

 

Chemical oxygen demand (C.O.D) 

The Chemical Oxygen Demand (COD) of the of the dairy 

farm liquid waste samples before and after bioremediation 

using Azolla was estimated using COD incubator (AOAC, 

2007) and the changes in COD were recorded. 

Dairy farm liquid waste sample of 100 ml was taken in 

conical flask and added 10 ml of Potassium permanganate, 

and 10 ml of concentrate Sulphuric acid. In another conical 

flask 100 ml of distilled water was taken which was taken as 

blank and added the above reagents in same quantity. The two 

conical flaks were kept in water bath at 100 degrees for 30 

minutes. Then removed the conical flasks from water bath and 

cooled. Then 1ml of Potassium Iodide was added and shaken 

well. To this few drops of starch was added and titrated with 

N/80 Hypo until the colour disappears.  

 

10x (V1-V2) 

COD =  

V 

 

V1 = Volume of Hypo for Blank 

V2 = Volume of Hypo for sample 

 

Nitrogen 

The Nitrogen content of the dairy farm liquid waste samples 

before and after bioremediation using Azolla was measured 

by Kjeldhal method (AOAC, 2007) and the changes in 

Nitrogen was recorded. 

 

V X 0.00014 X 100 

Nitrogen (mgN/l) = 

A 

 

1ml of N/100 H2SO4 = 0.00014mgN 

V- Volume of digested sample diluted 

A – Aliquot (ml) taken for distillation 

 

Phosphorous 

The phosphorous content of the dairy farm liquid waste 

samples before and after bioremediation using Azolla was 

estimated by Ammonium molybdate method (Eibl and Lands 

1969) and the difference in phosphorous content was 

recorded. 

 

Absorbance of test x Concentration of Standard 

Phosphorous (mg/dl) = 

Absorbance of Standard 

 

Results and Discussion 

 
Table 1: Effect of bioremediation with Azolla on physico-chemical 

properties of dairy farm Liquid waste 
 

Parameters 

Dairy farm liquid waste 
Percentage 

decrease 
Before 

treatment 

After 

treatment 

pH 7.96±0.02 7.38±0.04 - 

Colour Grayish black Brown - 

Turbidity 0.27±0.05 0.14±0.02 48.14 

COD 27±0.60 26.8±0.48 0.74 

BOD 1202.2±4.48 1197±4.90 0.43 

N 0.13±0.003 0.09±0.008 30.76 

P 5.37±0.19 4.97±0.04 7.44 
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Azolla (Azolla pinnata) cultivation on dairy farm liquid waste 

for 10 days decreased the pH from 7.96 to 7.38 and the colour 

of the waste water was changed from Grayish black to brown 

colour. The turbidity, COD, BOD, Nitrogen and Phosphorous 

content was decreased to 48.14, 0.74, 0.43, 30.76 and 7.44%, 

respectively. 

 

Effect on pH 

Dairy farm liquid waste bioremediation using Azolla (Azolla 

pinnata) decreased the pH from 7.96 to 7.38. This might be 

due to absorption of the ions and other organic pollutants 

present in the dairy farm liquid waste by Azolla. Similar 

decrease in pH from 7.89 to 7.4 was observed by Devi et al. 

(2014) [5]. while treating the river water with Azolla. Parallel 

to the present findings Nilesh et al. (2015) [15]. also observed 

changes in pH from alkaline to neutralby Azolla treatment of 

waste water. Several research workers also observed the 

decline in pH while treating waste water with Azolla 

(Rizwana et al., 2014; Nair and Kani 2016 and Bhavsar et al., 

2012) [18, 13, 4] is consistent with present findings.  

 

Effect on colour 

Treatment of dairy farm liquid waste with Azollain the 

present study changed the colour of the liquid waste from 

greyish black to brown colour. This might be due to 

absorption of the pollutants present in the dairy farm liquid 

waste by Azolla. Divya Soman et al. (2018) [7] also observed 

the change in colour of the municipal waste water from brown 

to colourless after treatment with Azolla. 

 

Effect on turbidity  

Dairy farm liquid waste bioremediation using Azolla (Azolla 

pinnata) decreased the turbidity of the liquid waste from 0.27 

to 0.14 (48.14%) in the present study may be due to the 

reduction in suspended particulates, particularly the organic 

matter, resulted an increase in transparency of the liquid 

waste. The decrease in turbidity of waste water after treating 

with Azolla was observed by Vigneshwaran et al. (2017) [24]. 

Parallel to the present findings, turbidity reduction in the 

waste water with Azolla treatment was also reported by Gopal 

and Ghosh (2008). 

 

Effect on COD  

The decrease in COD of the dairy farm liquid waste in the 

present study was observed from 27 to 26.8 (0.74%) after 

bioremediation using Azolla. The reduction in concentration 

of COD due to bioremediation may be attributed to the 

biological processes particularly microbial actions enhanced 

due to the favorable environment created by the Azolla by the 

provision of oxygen and surface area through the root system 

(Amare et al., 2018). Similar results were reported by Sudani 

et al. (2014) [20] in treating the sewage water with hyacinth 

and Azolla pinnata but the reduction of COD was higher (65-

85%) compared to the results observed in the present study. 

Similar findings of reduction in COD was also observed by 

Vigneshwaran et al. (2017) [24], Anil kumar (2015) [1], 

Rizwana et al. (2014) [18], Swati et al. (2017) [21], and El-Din et 

al. (2018) while treating the waste water with Azolla and 

macrophytes. 

 

Effect on BOD  

The present study observed decrease in BOD from 1202.2 to 

1197 (0.43%) in dairy farm liquid waste after bioremediation 

using Azolla which may be due to biological processes 

particularly microbial actions that enhanced conducive 

environment created by the Azolla by the provision of oxygen 

and surface area through the root system. Similar findings 

were reported by Devi et al. (2014) [5] while treating the 

industrial effluent and sewage water with Azolla. Higher per 

cent (41) in reduction of BOD compared to the present study 

was observed by Ranaijangwattana (2010) [17] while treating 

the waste water from slaughter house with Azolla pinnata. 

Tokhun et al. (2011) [22] and Devi et al. (2014) [5] also reported 

reduction of BOD in waste water and sewage water, 

respectively with Azolla treatment. 

 

Effect on Nitrogen 

The present study detected decrease in Nitrogen content from 

0.13 to of 0.09(30.76%) in dairy farm liquid waste after 

bioremediation using Azolla. This may be due to uptake of 

Nitrogen by the Azolla and attached microorganisms for their 

growth in the liquid waste (Marimon et al., 2013 and Korner 

et al., 2003). The findings of Divya et al. (2018) [7] who 

reported 54.8% ammonia reduction in waste water after 

Azolla treatment corroborated the present findings. 

Vigneshwaran et al. (2017) [24], Forni et al. (2001) and 

Tokhun et al. (2011) [22] also observed decrease of nitrogen 

content in waste and sewage water, respectively after Azolla 

treatment.  

 

Effect on Phosphorous 

Bioremediation of dairy farm liquid waste using Azolla 

decreased the Phosphorous content from 5.37 to 4.97 (7.44%) 

in the present study may be due to uptake of Phosphorous 

from the liquid waste for the growth of Azolla. Similar 

finding of decrease in Phosphorous from waste water was 

earlier reported by Divya et al. (2018) [7] is consistent with the 

present results. Vigneshwaran et al. (2017) [24], Forni et al. 

(2001) [11] and Tokhun et al. (2011) [22] also observed decrease 

of Phosphorous content in waste and sewage water, 

respectively after Azolla treatment.  

However, compared to the present findings, the differences in 

per cent removal of turbidity, COD, BOD, Nitrogen and 

Phosphorous reported by several research workers may be due 

to difference in substrate used for Azolla growth.  

 

Conclusion 

Azolla can be used for reducing the pollutants in dairy farm 

liquid waste in eco-friendly manner. Bioremediation of dairy 

farm liquid waste using azolla saves water and environment.  
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