
 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2023 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJARBT 
 

AGRICULTURAL RES. & BIOTECHOLOGY VOL. 12 

69 
ISSN: 3438-2901 

 

HE USE OF AZOLLA AS BIO-FERTILIZER 

FOR MAIZE PRODUCTION 
 

1AKINOLA OLADAYO, 2AWODUN, M.A. AND 
3AYENI LEYE SAMUEL 
1Department of Agricultural science, Osun State College 

of Education, P.M.B. 207, Ila - Orangun, Osun State, 

Nigeria. 2Department of crop, soil and pest 

management, Federal university of Technology, Akure 

Ondo State, Nigeria. 3Department of Agricultural 

science, Adeyemi College of Education, P.M.B. 520, 

Ondo, Ondo State, Nigeria.   

 

 

Introduction 
utrients deficiency can only be averted when 

what man takes from the soils during various 

field activities such as bush clearing, hewing,  

weeding and harvesting are ploughed back to the soils 

with reduction in nutrients mining activities. In 

addition, the soils which are of 1:1 clay types that are 

common in Nigeria require additional inputs and proper 

management. The fragility nature of the tropical soils 

does not encourage maximum tillage or heavy 

tractoristion. Opening vast land for farming that 

exposes the land to sunlight and erosion causes soil 

degradation that its end results always lead to low 

organic matter; whereas, organic matter is the life wire 

of all soils. What comes from the soil must definitely go 

back to the soil. Plants serving as food for man and 

animals take their nutrients from the soil, and for the 

normal cycle to complete or undisrupted in order to  
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keep life moving, plant, man and animal must return the nutrients in 

decomposing forms back to the soil. Many problems mostly occur when 

external inputs such as mineral fertilizers of various forms that are 

manufactured from inorganic sources are added to the soil to serve as 

nutrients source for the crops. The problems of mineral fertilizers include 

reduction in soil reaction, nutrients imbalance, increase in soil bulk density, low 

soil organic matter coupled with low soil buffering capacity (Putri et al., 2013, 

Ayeni, 2020). Optimum crop production, sustainable and healthy soils require 

adequate nutrients supply in proper form (Carolynn, 2013). 
Soil fertility plays an essential part in human survival since it is connected to 

food supply.  It is said that, ‘without fertile soils we would have no plants, 

without plants we would have no food; and without food, there is no us, since 

we need food to survive’, (Stefano, 2010). Soil  depletion  occurs when  the  

components  which  contribute to  the  fertility  are  removed  and  not  

replaced, and  the  conditions  which  support  soil  fertility  are  not  maintained  

thus.  leading  to poor  crop  yield. Studies have shown that Azolla can 

ameliorate soil nutrients. It is a source of organic matter. Subedi and Shrestha 

(2015) indicated that the use of Azolla improves soil structure when 

components and yield of   maize,  in  Ila  Orangun  and Ondo,  southwestern  

Nigeria.  The   research   was  sited  at  the  teaching  and  research farms  of  

Osun  State  College  of  Education,  Ila  Orangun  and the teaching  and  

research  farm  of The  Federal  University  of  Technology  ( FUTA)  Akure,  

Ondo  state. Azolla was applied at   0,  250, 300, 350, 400, 450  and  500kg/ha  

of  Azolla  using  250 kg/ha  NPK 15:15:15  fertilizer as control experiment .   

The experiments  were  laid   out  in  a  Randomized  Complete  Block  Design  

and  replicated three  times.  The parameters observed were: soil chemical 

properties, numbers of leaves, plant   height, leave area,  total dry weight , 

total  shoot  weight and maize yield. Results  showed  that  application  of  

Azolla  enhances  the  production  of  maize  grains at 300kg/ha.  Application 

of 300 kg/ha of Azolla had the highest growth and yield.  Soil  pH,  N,  P,   K,  

Na,  Mg,  Ca,  Mg  and  Na  increased  with  increased  rates  of Azolla. 
 

Keywords:  growth parameters, nutrients, maize yield, pH, organic matter 
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incorporated because of its high productivity, which supplies large quantities 

of organic matter to soils. 
Azolla  is a  free-floating  aquatic  fern which  grows  at  a  fast  rate  doubling  

its  biomass  in  3-5  days  and  fixes  atmospheric  nitrogen  by  forming  a  

symbolic  association  with the  blue-green  algae  (Anabena azollae).  Azolla  

can  supply  more  than  half  of  the  required  nitrogen to  the crop  and  besides  

providing  N.  it  prevents  rise  in  pH,  reduces  water  temperature,  reduction 

in  ammonia  volatilization and suppresses  weeds.  The  application  of  azolla  

as  a  bio-fertilizer  on  agricultural  crops  is  to  provide  a  natural  source  of  

the  crucial  nutrients.  Azolla application can  enhance  economic  status,  

increase in yields  with minimum  costs.   

In  Nigeria, the scarcity of mineral fertilizers  and high cost  can  make  farmers  

not to  apply  enough  for  optimum crop yield, hence the use of Azolla as source 

of plant nutrients.  Maize  is  a  cereal  crop  that can be grown in all  agro-

ecological  environments in Nigeria. It  is  one of the  fastest  crops grown 

because it quickly responds to treatments and is  commonly  found  all over   

the  word. Maize is a staple crop that is majorly consumed in Nigeria by all 

sundry. Nowadays maize is becoming costly and beyond the reach of poor 

masses. In order to curb the maize scarcity in the market, minimum inputs must 

be used in maize production to achieve maximum production. Hence, the 

objective of this research work was to determine the effect of Azolla on soil 

chemical properties, growth and yield of maize. 

 

MATERIALS AND METHODS 

Experimental Site Description 

The  first  research  was  carried  out  at  the  Teaching  and  Research  farm  of  

The  Federal  University  of  Technology,  Akure  (Latitude 7015’N,  Longitude 

5010’E,  mean annual  rainfall  of  457mm  Relative  humidity:  55  to  65%;  mean  

annual  temperature; 33.80 C  and  1565m  above  the  sea  level)  in  a  tropical  

rainforest  zone  of  Nigeria between July and September, 2016.  

The  second  trial  was set up  at  the  Teaching  and  Research  farm  of  Osun  

State  College  of Education,  Ila – Orangun  (Latitude 8016N,  Longitude 409E,  

annual  rainfall  of  275) mm, annual  temperature 25.20C)  between  July and  

September, 2017.   
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The  field  which  was previously  dominated  by  weeds  was  thoroughly  

ploughed  twice  with  a  tractor,  and later  followed  by  herbicides  spraying  to  

control  weeds  before  the  seeds  were  sown.   The site was divided into plots 

and each plot was 3m x 4m. In  order  to  minimize  interference,  there  was 1m  

guard row within  experimental  units. Two  field  trials  were  carried  out  on  

each  site   measuring  79m x 14m  (0.1106 ha).  Different  levels  of  azolla  manure  

were applied  at  the  rate  of   250 (F2), 300(F3), 350(F4), 400(F5), 450 (F6), 

500(F7), 550 kg/ha(F8)    while  NPK 15: 15: 15  fertilizer (F1) was  applied  at  250 

kg /ha. The  experiment  was laid  out  in  a  Randomized  Complete  Block  Design 

(RCBD)  with  treatment   replicated   three  times. 

 

Sources of  Experimental  Materials. 

Early  yellow  maize  variety (T2E-Y POP DT STR)  was  procured  from  

International  Institute  of Tropical  Agriculture  (IITA),  Ibadan  while  Azolla  

manure  were  obtained  from farmers field.  Akure,  Ondo state. NPK 15:15:15  

fertilizer  was  bought  from  Agricultural input  supply  company, Akure   

 

Planting 

Maize  seeds  were  sown  at a  spacing  of  75 cm x 25 cm  at  two  seeds  per  hole 

which  was  later  thinned  to  one  per  stand  two  weeks  after  germination. 

 

Data Collection 

Out  of  twenty  plants  per  plot,  ten  plants  were  selected  for  observation. 

Weeds were controlled manually at  three  weeks  interval.  Maize  growth  

parameters such  as  plant  height,  number  of  leaves,  leaf  area  and  yield  

component  of the maize were  recorded. 

 

Growth parameters  of  maize: 

Data  collection  on  the  growth  and  yield  of  maize  commenced  from  the  

fourth  week after  planting  (4 WAP)  and  was  terminated  at  12  WAP  when  

the  cobs  were harvested.  NPK   15: 15: 15 fertilizer and all rates  of  Azolla  were  

applied  to  the  plant  at  two weeks  after  planting.  The  agronomic  data  taken  

on  maize  were:  plant  height, number  of  leaves,  leaf length,  number  of  cobs  

per  plant,  weight  of  grain  per  cob and weight  of  plant.  plant heights were  
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determined  by  using  measuring  tape  to  measure  the  length  of  the  whole  

plant  from  its  attachment  to  the  root  on  the  soil  to  the  tip  of  the  maize  

plant. Plant heights, number of leaves and leaf area  were  taken  at  4,  6 , 8  and  

10  weeks  after  planting  at both sites.   

 

Leaf area (cm2) 

Leaf area (cm2) was calculated using the formula:  A = L X B, 

 Where; A = Leaf Area (cm2), 

L = Leaf length (cm), 

B = Leaf breadth (cm)  
The chemical constituents  measured include: OM, N, P, K, Ca  and  Mg  content. 
Soil pH was determined using glass electrode pH water in 1:2 soil water ratio. 
Total N was determined by microkjedall method. Available phosphorus (P) was 
extracted by bray-1-method . 
Exchange bases (K, Ca and Mg) were extracted with neutral ammonium 
acetate and Ca, Mg, K and Na were determined from the filtrate by atomic 
absorption spectrophotometer (AAS). Organic carbon was determined by 
walkley black wet oxidation method.  
 
Data Analysis 
Data  collected  were  subjected  to  analysis  of  variance  (ANOVA)  using  SPSS  
version 19.0  package  and  the  means  separated  using  Duncan’s  Multiple  
Range  Test  (DMRT) at  0.05  level  of  significance. 
RESULTS 
Table 1 shows the  preliminary  soil  analysis  of  the  experimental  locations.  Soil  
pH  at FUTA    which  was  lower   than  Ila. This  shows  that  the  soil  at both  
locations  was  moderately  acidic. The  soil  organic  matter  at  FUTA and Ila   are  
both  very  low.  Determination  of  soil  Total  N  at  FUTA   and  Ila   show  that  
its  N  content  was  moderately  available.  The  analysis  of the  soil nutrients 
prior to  planting  showed that  P,  K,  Na,  Mg,  Ca  and  Exchangeable  acidity  at  
the  two locations  were  moderately  adequate.  
 

Table 1: Chemical properties of the soil used for the experiment 

Treatments pH OM  N   P K       Na       Mg  Ca     Exch. 

Acidity  

  1:2 (H20) (%) (mg kg-1) ---------------C mol/Kg----------------------- 

FUTA 5.83 1.24 0.51 10.83 0.57 0.96 1.12 1.48 0.30 

Ila Zone 5.19 2.11 0.86 15.89 0.60 0.52 1.32 2.02 0.35 
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Effect  of  azolla  on  plant  height  of  maize  at  FUTA  and  Ila 

Plant height increased as the growing period increased at both FUTA and Ila 

zones. Standard fertilizer ( FT1), recorded the highest increase in plant height 

at 4WAP.  Azolla applied at 350kg/ha (FT4) and 500kg/ha (FT7) were 

significantly lower in plant height 4WAP at FUTA site when compared with 

Standard fertilizer (FT1).  Azolla applied at 250kg/ha (FT2), 350kg/ha (FT4) and 

400kg/ha (FT5) were significantly lower when compared with standard 

fertilizer (FT1) at 6, 8 and 10 WAP at FUTA site. 

The maize height in Ila zone were generally lower than the maize height in 

FUTA site.  Only FT4 was significantly lower than the other treatments.  At 

6WAP, FT4, FT6 and FT8 were significantly lower in height when compared 

with FT1 at Ila zone.  Only FT4 and FT8 were significantly lower in plant height 

at 8 and 10 WAP in Ila site. 

Table 2  showed  that  there were significant differences  (P ≤ 0.05)  in  the  

height  of  maize  as  influenced  by  azolla  application  at  4, 6, 8  and  10  WAP  

at  FUTA when compared with NPK fertilizer.  Plant  height  ranged  from  81.07 

cm  to  92.90  cm  at  10 WAP  at  FUTA.  Results  obtained  from  Ila  also  showed  

that  there  were  significant differences (P ≤ 0.05)  in  the  height  of  maize  as  

influenced  by  azolla  at  4, 6, 8  and  10 WAP compared with NPK fertilizer.  

Plant height ranged from 49.50 cm to 64.12 cm at  Ila. 

 

Table 2: Effect of Azolla on plant height growth pattern of maize at FUTA and 

Ila Zone  (cm) 

            FUTA Soil                       Ila     Zone 

Trt 4         6                 8                10          4           6          8  10 

FT1 26.10a        47.78a 74.43a     74.51a           19.85a     24.06a   64.12a 64.15a 

FT2 18.68b        30.73b 67.76ab      67.78ab        8.10b       21.19a     60.15a 61.00a 

FT3 18.58b        41.38a 74.10a     74.21a           9.65b      22.31a    59.35a 60.30a 

FT4 15.96b        32.72 59.58b     60.00b         2.62b      19.25b    49.50b 49.61a 

FT5 19.35a        39.38a 67.66ab      67.69b         8.96b      21.24a     61.85a 61.97a 

FT6 18.63b        34.96ab 66.73b     66.77b          8.25b      20.28ab  60.01a        60.09a 

FT7 17.21b             41.06a 70.22a     70.22a          9.85b      21.36a     65.27a       65.31a 

FT8 18.49b        46.66a 79.95a     80.00a         8.89b      20.51ab   57.33ab     57.34ab 
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Means in the same column followed by the same letter are not significantly 

different at (p ≤ 0.05) 

Legend: FT1 = Standard fertilizer; FT2 = Azolla (250kg/ha), FT3 = Azolla 

(300kg/ha), FT4 = Azolla (350kg/ha), FT5 = Azolla (400kg/ha), FT6 = 

Azolla (450kg/ha), FT7 = Azolla (500kg/ha), FT8 = 550kg/ha 

 

Table 3  showed  that  there  were  no  significant  differences  (P ≤ 0.05)  in  the  

number of  leaves  of  maize  as  influenced  by  azolla  at  4,  6,  8  and  10 WAP  in  

FUTA experimental  site. The  highest  mean  number  of  leaves  where  obtained  

from  FT5 plots  (Azolla  at  400  kg/ha,  8.03  in  FUTA).  Results  also  obtained  

from  Ila  showed that  there  were  no  significant  differences  (P ≤ 0.05)  in  the  

number  of  leaves  of maize  as  influenced  by  azolla  at  4,  6,  8  and 10 WAP.  

Number of  leaves  ranged from  7.39  to  8.30  at  10  WAP.  

There was no significant difference among the treatments in relation to the 

number of leaves at 4, 6, 8 and 10 WAP but the number of leaves increased as 

the duration of the experiment increased at both sites.  The number of leaves 

increased up to 8 WAP in both locations. 

 

Table 3: Effect of Azolla on number of leaves growth pattern in maize at FUTA 

and Ila Zone  (cm) 

FUTA Soil                Ila  Zone 
Trt 4    6 8 10   4      6    8 10 

FT1 5.57a 7.44a 7.97a 7.97a  6.32a 6.78a 8.09a 8.09a 
FT2 5.15a 7.68a 7.79a 7.41a 5.28a 6.21a 8.25a 8.27as 
FT3 5.69a 8.04a 7.82a 7.91a 5.60a 6.23a 7.67a 7.68a 
FT4 5.49a 7.95a 7.50a 7.86a 5.00a 6.33a 7.39a 7.39a 
FT5 5.22a 8.15a 8.21a 8.03a 5.21a 6.11a 8.00a 8.05a 
FT6 5.52a 8.27a    7.92a 7.87a 4.69a 6.00a 8.00a 8.09a 
FT7 5.03a     8.04a 7.91a 7.77a 5.64a 7.17a 8.30a 8.30a 
FT8 5.56a 8.65a 8.30a 7.96a 5.33a 5.81a 8.06a 8.07a 

Means in the same column followed by the same letter are not significantly 

different at (p ≤ 0.05) 

Legend: FT1 = Standard fertilizer; FT2 = Azolla (250kg/ha), FT3 = Azolla 

(300kg/ha), FT4 = Azolla (350kg/ha), FT5 = Azolla (400kg/ha), FT6 

= Azolla (450kg/ha), FT7 = Azolla (500kg/ha), FT8 = 550kg/ha 
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Compared with FT1, the maize plants that were treated with FT2, FT3, FT4, FT5, 

FT6 and FT7 had smaller leaf area.  Only treatment FT8 significantly recorded 

higher leaf area.  Treatment FT1 recorded highest fresh cob weight and dry 

weight.  Application of FT6 recorded the highest shelled and unshelled cobs 

while FT3 recorded the lowest shelled, unshelled maize cobs.  Compared with 

FT1, treatments FT4, FT5 and FT8 were significantly higher in term of maize 

seed weight. Means in the same column followed by the same letter are not 

significantly different at (p ≤ 0.05) 

 

Table 4: Mean effect  of Azolla on leaf area  and yield of maize 

Trt Leaf area Fresh    Dry          unshelled shelled              cob       

 cm2  weight (g) weight (g) (g) (g)  alone  

FT1 233.o/c  135.0a  64.08a  131.54b 88.822  12.88b 

FT2 197.16e        99.75b  49.17b  105.29d 70.63b  15.96b 

FT3 226.57cd  96.50b  42.33b  125.83c 75.85b  9.50b 

FT4 212.28d  89.42bc  43.71b  140.79a 93.58cd           23.63a 

FT5 273.74b  98.92b  46.5b  137.17b 90.20a  22.25a 

FT6 238.84c  96.71b  48.58b  145.83a 101.54a          13.04ab 

FT7 195.89e  80.17c  34.92c  123.75c    81.75ab  15.50b 

FT8 300.60a  102.42b  46.25b  148.85a 98.85a  22.80a 

Means in the same column followed by the same letter are not significantly 

different at (p ≤ 0.05) 

Legend: FT1 = Standard fertilizer; FT2 = Azolla (250 kg/ha), FT3 = Azolla (300 

kg/ha), FT4 = Azolla (350 kg/ha), FT5 = Azolla (400 kg/ha), FT6 = 

Azolla (450 kg/ha), FT7 = Azolla (500 kg/ha), FT8 = 550kg/ha 

 

The effect of azolla on post planting soil analysis is shown in Table 5. There 

were significant differences (p ≤ 0.05) in the pH, OM , N, P, Mg and Ca content 

of the soil as affected by azolla application while K, Na and exchangeable 

acidity were not significantly different. Soil pH was highest with FT2 

application. Soil organic matter increased with azolla application, and soil 

organic matter was highest with FT5 application. Similarly, soil N increased with 

azolla application, soil N was highest at FT6 application. Soil P increased with 

increase azolla application, however, soil P was highest  with FT5. Similar trend 

was observed with Mg and Ca, FT5 had the highest Mg and Ca  application. 
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Table 5: Mean  Effect of azolla application on post planting soil analysis  

Fertilizer 

type 

pH OM  N   P K       Na       Mg  Ca     Exch. 

Acidity  

1:2 

(H20) 

(%) (mg kg-

1) 

Cmol/Kg 

FT1 5.93ab 1.70b 1.95a 13.46b 2.35a 0.78a 0.99b 2.20ab 0.34a 

FT2 6.20ab 1.80b 1.99a 14.13b 2.39a 0.82a 1.04a 2.29ab 0.34a 

FT3 6.17ab 1.79b 1.99a 14.06b 2.39a 0.82a 1.04a 2.29ab 0.32a 

FT4 5.82b 1.75b 1.97a 13.80b 2.37a 0.80a 1.01ab 2.25ab 0.32a 

FT5 6.33ab 2.04a 2.07a 15.66a 2.47a 0.92a 1.15a 2.51a 0.31a 

FT6 6.18ab 1.98ab 2.05a 15.28ab 2.45a 0.89a 1.12a 2.46ab 0.33a 

FT7 5.37b 1.87b 2.01ab 14.54b 2.41a 0.85a 1.07a 2.35ab 0.32a 

FT8 5.86b 1.58b 1.34b 12.68b 2.31a 0.73a 0.94b 2.09b 0.32a 

Means in the same column followed by the same letter are not significantly 

different at (p ≤ 0.05) 

Legend: FT1 = Standard fertilizer; FT2 = Azolla (250 kg/ha), FT3 = Azolla (300 

kg/ha), FT4 = Azolla (350 kg/ha), FT5 = Azolla (400 kg/ha), FT6 = 

Azolla (450 kg/ha), FT7 = Azolla (500 kg/ha), FT8 = 550kg/ha 

 

Discussion 

The low status of nutrients  status of the soils from the two sites before the 

experiemts showed that the increases in the growth parameters of the tested 

maizeand the increase in the the soils nutrients after the experiments were as a 

result of the application of the treatments. Azolla was found to increase residual 

P, grain weight, percentage grain filling and grain yield of rice in the experiment 

conducted by Oyange et al. (2019)on the effects of Azolla and inorganic N 

application on growth and yield of rice in Mwea irrigation scheme. The growth 

pattern at 4, 8, and 10 weeks after planting was used to determine the rate at 

which azolla released nutrients for maize uptake. It was discovered that there 

were sharp increases in growth parameters at 8 weeks after planting of maize 

when compared with the growth pattern of the maize fertilized with the mineral 

fertilizer.  

The growth  pattern in this experiment follows Oyange et al (2019) that Azolla 

incorporated into the soil, compared to inorganic fertilizer, benefited  at later 

stages of rice crop development. This suggests a comparatively slow release of 

nutrient N. The comparatively slow release suggests that Azolla incorporation 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2023 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJARBT 
 

AGRICULTURAL RES. & BIOTECHOLOGY VOL. 12 

78 
ISSN: 3438-2901 

should be done early before transplanting for it to benefit the vegetative stage. 

Since rice and maize belong to cereal family, the two may exhibit the same growth 

pattern with application of azolla as biofertilizer. 

Millingham et al (2014) asserted tha Azolla decomposes rapidly and releases 60 -
80% of its tissue N within two months of incorporation into the soil making it more 
important for use as a biofertilizer in an experiment conducted  to show the use 
of Azolla as a biofertilizer  in pot culture study within paddy rice. This experiment 
is in concordance with Millinghan et al (2014) assertion  that growth parameters 
of the maize fertilized with Azolla increased rapidly  eight weeks after planting. 
This shows that Azolla decomposes fast after 8 weeks of incorporation into the 
soil when compared with mineral fertilizer whose growth parameters increased 
rapidly at 4 week after planting. The rapid increase in the mineral fertilizer used in 
this experiment shows that it decomposes faster than Azolla. The observations of 
the maize growth parameters shows the rates of decomposition of both the 
mineral fertilizer and Azolla thus; in support of Millingham (2014) who observed 
that Azolla decomposes fast at two months after incorporation into the soil. The 
late decomposition of Azolla compared with the mineral fertilizer might be the 
reason why Azolla had better residual effect in relation to the soil chemical 
properties than the mineral fertilizer. This experiment is in support of Onyega et 
al.,(2019)that Azoola has better residual effect on soil chemical properties than 
the mineral fertilizer.nthe incoming crop is expected to benefit from the residual 
effct of Azolla as biofertilizer as maize normally completes its vegetative and 
reproductive cycles with two months after planting. 
 Watanabe et al,(1983) found that Azolla contains 4-5%n, 1-1.55%P, and 2.3%K on a 

dry weight basis and fixes N at a rate higher than legumes (Wagner,1997). Boch 

(2010) asserted that Azolla is capable of replacing 50% of inorganic N and can also 

provide 40% N in two weeks according to IRRI,(1997) Ferentinos (20020 reported 

that Azolla can produce N, P and K nutrients element that the incoming crop can 

utilize. Azolla was found to increase soil pH with corresponding decrease in soil 

exchange acidity showing that it has liming effect. 

The pH, organic matter, N, P, K, Ca and Mg content of the soil increased compared 
with native soil. Compared to NPK 15:15:15  and control, Azolla  reduced the acidity 
of the soil. This result agreed with the findings of Simpson et al. (1994) that Azolla 
generally decreased soil acidity especially the fresh  Azolla.  Production of CO2 by 
azolla during decomposition process, might have led to reduction in soil pH with 
high rate of Azolla especially at 500 and 550kg/ha while its correspondence 
reduction in total N might have due to immobilization. The soil pH might also  
decreased due to the polysaccharides, peptides, lipids, organic acids excreted by the 
cyanobacteria and Azolla in to the soil (EL-Ayouty et al., 2004). 
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OM, N and P in the soil  increased with Azolla application compared to NPK 15:15:15 
application. It is known that N2-fixing Azolla and blue-green algae (cyanobacteria) 
are good utilizers of solar energy and thereby provides OM to the soil  as asserted 
by Venkataraman, (1981). Azolla might have exhibited the N- fixing characteristics 
in increasing OM, N and P in the soil.   Azolla is from an organic origin, hence,  the 
decomposition of its tissue might have also contributed to the accumulation of 
soil biomass. The result  obtained in this experiment agrees with Bindhu (2013)  
that N available in the soil increases due to application of  bio fertilizer compared 
with N fertilizer application. Positive effects of azolla in building organic matter 
are reported by many researchers.  Elsherif et al. (2013) reported that addition of 
Azolla to the soil builds up organic matter content. Sudadi and Sumarno, (2014), 
Azin 2014 and; Strik and Staden, (2003) explained that incorporation of  fresh  or  
dry  Azolla into  soil  increased  significantly  the  soil OM, which in turn upon its 
decomposition by the soil microorganisms led to increase in soil macro and 
micronutrients. In Abo El-Eyoun (2005) and El-Gamal (2006) researches, bio 
fertilization leads to increase micro- organisms community in soil through 
increasing the OM, microbial activity and in turn leading to nitrogenase activities, 
CO2 evolution and subsequently improvement in soil fertility and plant growth 
performance. Azolla compost applications at high rates results in increasing CO2 

production and thus, reflecting readily available OM (Miyittah and Inubushi2003). 
Oyange et al(2019), Alim,( 2012) and (Ganeshamurthy et al., (2006) also maintained 
that Azolla application significantly enhanced soil phosphorus content, while 
inorganic N fertilizer enhanced soil N content. Azolla tissue contained 1- 1.5% P with 
a low C: N ratio, which makes its mineralization faster than other crops. This fast 
mineralization rate had an effect on enhancing the total soil P content. Subedi et 
al. (2013) reported similar findings. Awodun (2008) also reported the effect of 
Azolla in  increasing soil N, P and K status. 
 

CONCLUSION 

Azolla   has  potential  to  improve  the  growth  of  the  soil  physiochemical  
properties  in  the  study  area.  Findings  from  this  study  showed  that  azolla  
promotes  the maize  yield  and  nutritional  quality.  Azolla applied at 300 kg/ha  
had  the  best  yield  characteristics  and  nutritional  quality. The results  obtained 
from this experiment suggest  that  the  use  of  azolla  at  300 kg/ ha  is  
recommended  to  farmers  in order  to  bring  about   increased  growth,  yield , 
quality of maize and improvement in soil fertility 
 

References 
Abo El Eyoun, A.T., 2005. Studies on the role of cyanobacteria in agriculture. M Sc. Thesis, Soil Dept. 

Faculty of Agriculture, Minia, University. 
Alim MA. 2012. Effect of organic and inorganic sources and doses of nitrogen fertilizer on the yield of 

Boro rice.  Environmental Science and Natural Resources 5(1), 273- 282.  



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2023 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJARBT 
 

AGRICULTURAL RES. & BIOTECHOLOGY VOL. 12 

80 
ISSN: 3438-2901 

Awodun MA. 2008. Effect of Azolla on Physiochemical properties of the soil. World Journal of 
Agricultural Sciences 4(2), 157-160. 

Ayeni, L. S, Adeleye, E. O and Adejumo, J. O (2012). Comparative effect of organic mineral and NPK on 
nutrient uptake, growth and yield of maize (Zea mays), International Research Journal of Agriculture 
II, pp. 493-497  

Ayeni, L.S. Omole, T, Adeleye, E.O. and Ojeniyi , S.O.(2010). Integrated application of poultry manure and 
NPK fertilizer on performance of tomato in derived savanna transition zone of South\West Nigeria. 
Science and Nature 8 (2): 50-54 

 Bindhu, K. B., 2013. Effect of Azolla Extract on Growth Performance of Pisum Sativum. International 
Research Journal of Biological Sciences. Vol. 2(10), 88-90 

Bocchi S, Malgioglio A. 2010. Azolla-Anabaena as a bio-fertilizer for rice paddy fields in the Po valley, a 
temperate rice area in northern Italy. International Journal of Agronomy  152-158. 

Carolynn, L.A. (2013):Survival gardening- effective method to replenish nutrient in soil.10pp 
EL-Ayouty Y.M., Ghazal F.M., Hassan A.Z.A. and Azza A.M.  Abd  EL-Aal, 2004. Effect of algal inoculation 

and different  water  holding  capacity  levels  on  soils  under tomato  cultivation condition,  Journal 
of  Agricultural Science. Mansoura Univ., 29(5),2801- 2809  

El-Gaml, N, M. M., 2006. Studies on cyanobacteria and their effect on some soil properties. M.Sc. Thesis 
Soil Dept. Faculty of Agriculture , Banha, Univ. Kalubia Governorate, Egypt. 

Elsherif M. H., El-Shahate R. M. and Abdel-Kawi K., 2013. Improvement of Growth and Yield of Faba-bean 
by Inoculation with Azolla, Cyanobacteria and Rhizobia in Saline Sandy Soil. Journal of Applied 
Sciences Research, 9(3): 1675-1682 

ErikSjodin, (2015). Azolla, BMAA and Neurodegenerative Disease. Retrieved 2015 01-08. 
Ferentinos L, Smith J, Valenzuela H. 2002. Sustainable agriculture, green manurecrops.0nlinewww/ 

ctahr.hawai.edu/oc/freepubs/greenmanurecro ps/ azollla.pdf 
Ganeshamurthy AN, Rupa TR, Kalaivanan D, Radha TK. 2017. Sources of reactive nitrogen, environmental 

and climate effects, management options, and policies The Indian Nitrogen Assessment P. 133-147. 
Mahalingam PU, Muniappan K, Arumugam N, Senthil MG. 2014. Use of Azolla bio-fertilizer in pot culture 

studies with paddy crop Oryza sativa. Innovative Journal of Agricultural Science 3(2), 1-6. 
Miyittah M, Inubushi K 2003: Decomposition and CO2-C evolution of okra, sewage sludge, cow and 

poultry manure composts in soils. Soil Science and Plant Nutrients., 51, 849–860  
Oyange WA, GN Chemining’wa, JI Kanya, PN Njiruh ( 2019) Effects of Azolla and inorganic nitrogen 

application on growth and yield of rice in mwea irrigation scheme. International Journal Agronomy and 
Agricultural Research  (14)3: 1-8.          

Putri, F.P., H.T. Sembayang and T. Sumarni, (2013).Effect of N,P,K. Azolla,  (Azolla pinnata) and wood 
apu ( pistia stratiotes) on growth and yield of rice .Tree crop Production, 1:9 -20.  

Republic of Kenya, (1981).AIRS internal reports no 22, p26; (1982), no 34, p25; (1984), no 44, p14-15 
Stefano, B. and Antonino M. (2010): Effect of combined application of cattle manure, Internationals 

Journal of Agronomy Research Volume 2010,Article ID 152158,5pages http: dx.doi.org/10.1155/2010 
/152158  

 Strik W.A. and Staden J.V., 2003. Occurrence of cytokinin-like compounds  in  two  aquatic fern and  their  
exudates, Environmental Experiment of Botany, 37,569-571     

Subedi, P. and Shrestha, J. (2015). Improving soil fertility through Azolla application in low rice : A review. 
Azarian Journal of Agriculture, 2(2): 35-39. 

Sudadi and Sumarno (2014) Azolla based organic farming: low biotechnology for high rice productivity. 
International Journal of Plant, Animal and Environmental Sciences 4(2): 425- 429 

Venkataraman, (1981). 

  


