
Utilisation of azolla asmanure… Nyalemegbe et al. 

UTILISATION OF AZOLLA AS MANURE IN LOWLAND RICE 

CULTIVATION ON THE VERTISOLS OF THE ACCRA PLAINS  

OF GHANA 

K.K. Nyalemegbe1, S. Asuming-Brempong2, S.K.A. Danso2 

1University of Ghana, Soil and Irrigation Research Centre, Kpong,  

College of Agriculture and Consumer Sciences, P.O. Box 68, Legon, Ghana. 
2Soil Science Department, College of Agriculture and Consumer Sciences,  

University of Ghana, P.O. Box 68, Legon, Ghana. 

ABSTRACT 

On-farm studies were carried out in order to impart to farmers techniques of using azolla in low-

land rice cultivation on the Vertisol.  The experiments were conducted on four farms at the 

Kpong Irrigation Project sites, at Akuse and Asutsuare, from 2002 to 2006.  The design of ex-

periment was randomised complete block, with five treatments and four replications.  Azolla was 

grown in designated rice basins (3m x 4 m) for 6 weeks and water drained three days before 

transplanting rice.  Azolla was also grown in external basins and added to give total of 25 t ha-1 

fresh weight (1.2 t ha-1 dry weight).  As rice was transplanted, azolla was trampled and thus in-

corporated into the soil.  The treatments included: Incorporated azolla only (A1), azolla + 

15:15:15 NPK compound  fertilizer application (A2), azolla + 15:15:15 NPK fertilizer + ½ sul-

phate of ammonia fertilizer (A3), application of recommended 15:15:15 NPK fertilizer + sulphate 

of ammonia (F) and no azolla or inorganic fertilizer application - control (N).  Data on the rice 

crop included: plant height, tillers per plant, total dry weight at booting stage and grain yield at 

maturity.  Soils were sampled at the end of experiments and analysed for pH, nitrogen and or-

ganic carbon.  The nitrogen content of incorporated azolla was 2.2 %, giving a nitrogen equiva-

lent of 27 kg ha-1.  Azolla plus 15:15:15 NPK fertilizer gave a yield of 5.3 t ha-1 paddy (A2) that 

was comparable to that of the recommended inorganic fertilizer applications (F) - 5.1 t ha-1 and 

greater than the control (N) - 2.9 t ha-1.  In Hammond’s farm, where azolla was incorporated 

over a period of three years, rice yield was higher than observed in Moses’ farm, where azolla 

incorporation was for one year only.  Cost-benefit analysis indicated a 20.7 % savings on fertil-

izer application. 

INTRODUCTION 

Azolla is a fern, which grows on the surface of 

water in ponds and also under rice canopy.  

Azolla pinnata var. africana grows abundantly 

along the lower Volta Lake at Kpong and 

Asutsuare, where this study was conducted. It 

has been observed over the years that rice farms 

with Azolla did well even without inorganic 

fertilization.  In an earlier study by Nyalemegbe 

et al. (1996), azolla was grown under rice can-

opy and incorporated between the rows 25 and 

50 days after transplanting (DAP). The water 

was drained off 3 days before the incorporation.  
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The initial incorporation of azolla (at 25 DAP) 

yielded an average of 18 t ha-1 fresh weight -  

0.9 t ha-1 dry weight (equivalent to 25 kg N ha-

1), which represents 28% of the optimum rec-

ommended nitrogen rate of 90 kg N ha-1 for 

rice cultivation on the Vertisols of the Accra 

Plains.  The second incorporation brought the 

total azolla incorporated to 26.39 t ha-1 fresh 

weight – 1.32 t ha-1 dry weight. 

Prasad and De Datta (1979) found nitrogen 

recovery in the tropics to be low, ranging from 

30-50%.  They noted that factors that contrib-

ute to low nitrogen recovery include losses 

through leaching, denitrification, microbial 

immobilisation, untimely application, place-

ment, N-source, soil fixation, volatilisation and 

runoff.  They also indicated that losses through 

nitrate reduction (denitrification) in flooded 

paddy fields occur in the reduced layer, which 

is characterised by low pH.  The anaerobic de-

composition of organic matter in flooded paddy 

fields results in loss of oxygen and disintegra-

tion of chemical compounds, leading to de-

crease in soil pH and redox potential, Eh 

(Nyalemegbe et al., 2010). Through flooding, 

nutrients become available to the rice crop but 

micronutrients in excessive amounts have ad-

verse effects on plant growth, as indicated by 

Rao et al. (1976), Konava (1966), Morachan et 

al. (1972) and Oh (1979). 

Azolla grows profusely and has the capacity to 

improve both the physical and chemical proper-

ties of soil. The fern has a low C:N ratio and, 

therefore, releases nutrients more readily to 

plants. It has a symbiotic association with the 

alga, Anabaena azollae for the purpose of fix-

ing nitrogen from molecular nitrogen in the 

atmosphere. The fixed nitrogen is mineralised 

and utilised by the Azolla for growth, but is 

released when the fern dies and decomposes.  

Timely turning of Azolla under the soil sup-

plies rice with necessary nutrients during tiller-

ing and increases the number of effective ears 

and the weight of grains (Chu, 1979). 

Nitrogen is a major requirement for rice nutri-

tion. However, the Vertisols of the Accra Plains 

of Ghana have low nitrogen content as a result 

of the low levels of organic matter.  Annual 

bush fires in the ecological area bring about 

low biomass production and low organic matter 

content of the soil, as indicated in Nyalemegbe 

et al. (2010). In the long term, organic matter 

exhibits greater efficiency as nutrients are re-

tained and released slowly. On the other hand, 

inorganic fertilizers are expensive and most 

farmers are unable to afford their use.  Apart 

from these, the rate of recovery by plants is low 

due to losses from the soil through volatilisa-

tion, denitrification, leaching and others. The 

application of some inorganic fertilizers may 

lead to increased soil acidity and subsequent 

release of trace elements in quantities that may 

be toxic to the rice plant. 

Singh and Singh (1989) are of the view that 

Azolla is a good alternative source of nitrogen 

in the tropics. Norman et al. (2003) also ob-

served that the decomposition of soil organic 

matter is generally slower in waterlogged soil 

than in well-aerated soil. Apart from being used 

as green manure in rice cultivation, azolla sig-

nificantly improves the soil organic carbon 

content, thus sequestering carbon in soils 

(Ramesh and Chandrasekaran, 2004). 

Rice yields in the various irrigation sites in the 

Accra Plains have been observed to decline 

from an average of about 6.5 t ha-1 on newly 

cultivated land to 3.5 t ha-1after many years of 

continuous cropping, in spite of applying the 

recommended quantities of inorganic fertilizer 

(unpublished).  This decline could be attributed 

to the decline in the inherent fertility of the soil, 

which could be corrected through organic mat-

ter addition. 

This study was conducted at the Kpong Irriga-

tion Project sites to introduce the techniques of 

utilising azolla as green manure in rice fields.  

By fixing nitrogen abundantly, azolla would 

provide nitrogen cheaply to the rice crop and, 

therefore, make it possible for farmers to re-

duce the cost of rice production. 

 

MATERIALS AND METHODS 
Experiments were conducted on half acre plots 

on three farms at the Kpong Irrigation Project 
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sites at Akuse and Asutsuare.  These were:  

Hammond’s Farm, Moses’ Farm and Awudu’s 

Farm.  Studies commenced in September 2003, 

which was the beginning of the minor rainy 

season and ended in November 2006, towards 

the end of the minor rainy season of that year.  

In two of the farms studied, azolla was incorpo-

rated into the soil and rice planted in 

2003/2004. The experiments were repeated in 

2005/2006 in the two farms and also in a third 

farm, Moses’ Farm. 

A randomised complete block experimental 

design was used, with five treatments and four 

replications. The treatments were:  Incorpora-

tion of azolla before transplanting rice (A1), 

azolla + application of 15-15-15 NPK com-

pound fertilizer to provide half the recom-

mended N and all the P and K requirements 

(A2), azolla + 15:15:15 NPK fertilizer + ½ the 

remaining N requirement (A3), recommended 

15:15:15 NPK fertilizer + ½ the remaining N 

fertilizer (F) and no inorganic N or azolla – 

Control (N). The 15:15:15 NPK compound 

fertilizer was applied as basal fertilizer (i.e. at 

the early stages of growth), based on a recom-

mendation of 90 kg N ha-1, 45 kg P2O5 ha-1 and 

35 kg K2O ha-1. The additional nitrogen re-

quirement was applied as top-dressing, using 

sulphate of ammonia fertilizer. 

Azolla was grown in basins within the field 

meant for rice cultivation and also multiplied in 

a nursery as additional source of azolla for the 

main experiment.  After six weeks of growth, 

water was drained from the azolla in the main 

experimental field. Three days after draining 

off the water, four-week-old rice seedlings (Cv. 

KRC-Baika) were transplanted, two per hill, in 

3 m x 4 m bunded basins and at a spacing of 20 

cm x 20 cm.  The process of transplanting the 

rice also gets the azolla incorporated.  The bio-

mass of azolla incorporated was estimated by 

sampling with 10 cm x 10 cm wooden frame, as 

described in Nyalemegbe et al. (1996).  For 

each plot, six such samples were collected, 

washed, drained, weighed fresh and sun dried 

to 5% moisture content.  Azolla from the nurs-

ery was added to azolla in the basins to make 

up about 26 t ha-1 (fresh weight), representing 

material incorporated 25 and 50 days after 

transplanting rice in the initial on-station study 

(Nyalemegbe et al., 1996). 

Rice growth and yield measurements were 

taken and included: plant height, tillers per 

plant, total dry weight and grain yield.  Soil 

samples, at 0–20 cm depth, were taken and 

analysed for pH (1:2.5, soil:water), organic 

carbon and available nitrogen before com-

mencement of the experiments and also at the 

end.  Soil pH was determined using the method 

of McLean (1982), organic carbon by the 

Walkley and Black wet digestion method 

(Nelson and Sommers, 1982) and nitrogen by 

micro-Kjedahl digestion method (Bremner and 

Mulvanay, 1982). The nitrogen content of 

azolla was also determined by the micro-

Kjedahl digestion method, from which the 

quantity of nitrogen incorporated was derived 

(as percentage of dry weight of the azolla incor-

porated). 

At the booting stage of growth of the rice crop, 

plant height and number of tillers per hill were 

determined.  Measurements were done for ten 

hills and average per hill determined. 

The ten hills of rice were oven dried at 75oC for 

48 hours and weighed.  Total dry weight values 

were determined, based on a cropping density 

of 25 plants per square metre.  At maturity 

(75% browning of grains), grain yield and bio-

mass were determined from 2 m x 2 m quadrat 

samples. 

 

RESULTS 

An average of 25 t ha-1 fresh weight (1.2 t ha-1 

dry weight) of azolla was incorporated in desig-

nated basins. The nitrogen content of azolla 

was 2.2 %, giving a nitrogen equivalent of 27 

kg ha-1. 

The rice crop in Moses’ Farm had no signifi-

cant differences between treatments (Table 1).  

On the other hand, in Hammond’s farm, where 

azolla incorporation and planting of rice contin-

ued over a period of three years, treatments A2 

and A3 had more tiller numbers than A1 but 
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lower than F. On the other hand, treatment A2 

had higher grain yield than obtained in treat-

ment A1 and the control, but was comparable 

to treatment F (Table 2).   

Soil pH was lower in Hammond’s Farm com-

pared to that on Moses’ Farm while %OC and 

%N were higher on Hammond’s Farm (Table 

3), but these were differences due to the loca-

tion of the experiments. Within the experimen-

tal sites, differences in pH, %C and %N be-

tween treatments on Moses’ Farm were not 

significant while on Hammond’s farm soil pH 

was higher in treatment A1 than in the other 

treatments (Table 3).  

On Hammond’s Farm, the application of basal 

15-15-15 NPK fertilizer, in addition to the in-

corporated azolla, gave crop yield that was 

similar to that under recommended inorganic 

fertilization. 

Cost-benefit analysis that was derived from unit 

cost of production computations (Table 4) gave 

a 20.7% savings on fertilizer use (Table 5). 

 

DISCUSSION 

On Hammond’s Farm, the lower soil pH in 

treatment A2 could be attributed to build-up of 

organic matter under waterlogged conditions.  

As observed by Prasad and De Datta (1979), 

 Treatments 

Plant 

Height 
(cm) 

Number of 

Tillers 
(per plant) 

Total Dry 

Weight  
(t/ha) 

Grain 

Yield 
 (t/ha) 

Incorporation of azolla before transplanting rice 96.0 14 6.6 4.6 

 Azolla + 15:15:15 NPK basal fertilizer 92.6 15 6.7 4.6 

Azolla + 15:15:15 NPK + ½ sulphate of ammonia  94.3 14 7.1 4.3 

Recommended 15:15:15 NPK + sulphate of ammonia 93.9 14 6.7 3.7 

No fertilizer or azolla 93.3 14 7.0 4.4 

 LSD (p ≤ 0.05 ) Ns .ns .ns .ns 

Table 1: Crop Growth, Yield and Yield Parameters after Incorporation of Azolla in  

 Moses’ Farm, in December 2006 

 Treatments 
Plant 

Height 
(cm) 

Number of 

Tillers 
(per plant) 

Total Dry 

Weight 
 (t ha-1) 

Grain 
Yield 
(t ha-1) 

Incorporation of azolla before transplanting rice  81.3 9 6.2 3.2 

 Azolla + 15:15:15 NPK basal fertilizer 90.4 11 8.8 5.3 

Azolla + 15:15:15 NPK + ½ sulphate of ammonia 86.1 11 6.2 4.0 

Recommended 15:15:15 NPK + sulphate of ammonia 85.1 13 10.7 5.1 

No fertilizer or azolla 81.5 10 7.7 2.9 

LSD (p ≤ 0.05 ) .ns 2 Ns 1.5 

Table 2: Crop Growth, Yield and Yield Parameters after Incorporation of Azolla in 

 Hammond’s Farm, in December 2006 
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  pH % OC % N        pH %OC %N 

  

A1 

  

5.6 

  

1.21 

  

0.08 

      

A1 

  

 5.1 

  

2.6 

  

0.13 

A2 5.7 1.25 0.07     A2  4.9 2.5 0.11 

A3 5.6 1.31 0.07     A3  5.0 2.7 0.12 

F 5.8 1.23 0.08     F  5.0 2.7 0.11 

N 5.9 1.27 0.08     N  5.0 2.4 0.12 

LSD  
(p≤ 0.05) 

.ns .ns .ns     
LSD  

(p≤ 0.05) 
0.01 .ns   .ns 

Moses’ Farm – Azolla Incorporated 

One-Year Period (once)  
Hammond’s Farm – Azolla Incorporated 

over over Three-Year Period (two times)  

Table 3: The pH, Organic Carbon and Nitrogen Contents of Soil after Incorporation of 

 Azolla (soil depth = 20 cm) 

  Quantity Cost ($) 

Land preparation 1 ha 145.7 

Labour 2 persons 392.9 

Seed 103 kg 56.0 

NPK 15-15-15 fertilizer 6 bags 122.6 

Sulphate of ammonia 3 bags 45.7 

Propanil herbicide 10 litres 59.8 

2-4-D herbicide 2.5 litres 13.0 

Chemostomp herbicide 3 litres 31.8 

Chemosate herbicide 2 litres 9.8 

Total   877.2 

Table 4:  Unit Cost of Production of Rice in 2005/2006 

Item Cost ($) 

Inorganic fertilizer requirement 168.3 

Reduction in fertilizer requirement 45.7  

Seeding azolla 10.9  

Savings on fertilizer use 34.8 

Percentage savings on fertilizer use 20.7 % 

Table 5: Cost-Benefit Analysis of Azolla Use per Hectare of Rice  

 in 2005/2006 
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the reduced layer in flooded paddy fields is 

characterised by low pH, which could have 

adverse effect on plant growth (Rao et al., 

1976; Konava, 1966; Morachan et al, 1972 and 

Oh, 1979). The Vertisols of the Accra Plains 

have calcium carbonate parent material, which 

has the capacity of mitigating low acidity.  The 

pH of soil in the surface horizon (0-20 cm) is 

thus near neutral. 

Studies by Nagarajah et al. (1989) indicated 

that Azolla and Sesbania increased NH4
+- N 

concentration above the control treatment, 

whereas rice straw depressed it. They also 

found that in all soils, Azolla released less 

NH4
+- N than Sesbania and that depending on 

soil type, the net release ranged from 27-52% 

in Azolla and 44 – 81% in Sesbania. 

Azolla in combination with 50% of recom-

mended inorganic N fertilizer yielded the same 

as the application of the full recommended N.  

Savings could thus be made on the inorganic 

nitrogen fertilizer requirement. Azolla has low 

C:N ratio and, therefore, releases nutrients 

more readily to plants. It grows profusely and 

makes available the equivalent of 25 kg N ha-1 

in 4 weeks (Nyalemegbe et al., 1996). There is 

thus a possibility of increasing the savings on 

fertilizing rice by producing additional azolla in 

a nursery and incorporating it in the inter-rows 

of rice as top dressing. 

The application of 15:15:15 basal fertilizer pro-

vides the phosphorus and potassium require-

ments, which could be lacking with continuous 

application of azolla alone. It also makes nutri-

ents available to the rice crop in its early vege-

tative stage of growth, while mineralisation of 

azolla takes place. 

 

CONCLUSION 

The incorporation of azolla added 25kg N to 

the soil, which is 28% of the N requirement of 

rice crop. The cost-benefit analysis indicates a 

20.7% savings on inorganic fertilizer use. The 

contribution of azolla to soil fertility could be 

increased by growing additional azolla in a 

nursery. Practices like burning of rice straw and 

other crop residues need to be minimised in 

order to have full benefit of azolla use in rice 

cultivation. 
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