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Abstract 
Fly ash from National Aluminium Company(NALCO) 
Captive power plant, Angul, Odisha (India) was 
used to reclaim fly ash using blue green alga BGA 
(Lyngbya sp.) for the study of their effects on 
growth, flowering  and seed development of 
Helianthus annus(sun flower plant). The reclaimed 
fly-ash was prepared by using a cyanobacteria 
Lyngbya sp.  as carrier material. Different 
concentration (5, 10, 20, 30, 40, 50%) of fly 
ash/reclaimed fly ash was taken and their effect on 
plant growth parameters (% of germination, radical 
& plumule growth, shoot &root length, leaf length 
&width, Chlorophyll a & b, carotenoid) were studied. 
Results indicate that 50% of reclaimed fly ash 
&20% of un-reclaimed fly ash in soil could be used 
safely for better plant growth. 
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1. Introduction 
 
Fly-ash is the finely dispersed solid waste of 
partially or completely brunt or unburnt particles of 
carbon resulting from the burning coal. It 
constitutes approximately 70% of the total amount 
of residue generated in coal fired thermal power 
plants equipped with electrostatic precipitators( 
ESPs) or bay filters installed to trap fly –ash 
escaping from chimneys . These particles owing to 
their sufficiently small size (ranging from 0.02 µm 
to over 300µm) and light weight get carried out via 
the flue gas from boiler chimneys (Roy et al., 1981; 
Prakash et al., 2001). 
 
Use of high ash containing (30-50%) bituminous or 
sub-bituminus coal in thermal power stations, in 
addition to several captive  power  plants,   

 
 
Contributes to indiscriminate disposal of this 
industrial waste every year (Jamwal , 2003; Garg et 
al., 2005). The coal ash by-product has been 
classified as a Green List waste under the 
Organization for Economic Cooperation and 
Development (OECD). It is not considered as a waste 
under Basel Convention. However, in many countries 
this industrial by-product has not been properly 
utilized rather it has been neglected like a waste 
substance. 
 
The utility of fly-ash as a soil amendment has been 
so far tested for Helianthus annus  (Pandey et al., 
1994), lycopersicon esculentum (Khan et al., 1996), 
Beta vulgaris, Triticum aestivum L., Esculenta 
moench, Oryza sativa L. and Zea mays L (Kalra et 
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al., 1997), Cassia siamea (Triphathi et al., 2005), 
Prosopis juliflora (Rai et.al., 2004). The present 
study involves the comparative assessment of fly-
ash and the reclaimed on growth, flowering and 
seed development in sun flower plant. 
 
2. Material and Methods 
 
Fly ash was collected in gunny bags from NALCO 
Captive power plant Angul situated about 139 
km.from Bhubaneswar. They are brought to the 
CES laboratory. The soil for experimental work 
was collected from agricultural field up to a depth 
of 20cm after removing the surface litters. The soil 
was steam sterilized at 25 lb for 25 minutes in a 
autoclave. The autoclaved soil was dried and then 
mixed with both fly -ash and reclaimed fly ash in 
different ratio. 
 
The certified seeds of Helianthus annus L.(Sun 
flower plant) sterilized in 0.01% HgCl2 for 20 
minutes were sown in50×50 cm cement pots 
containing only sterilized soil and different 
proportion of fly-ash and reclaimed fly-ash .For the 
experiments fly-ash/reclaimed fly-ash( as carrier 
material of Lyngbya sp.) were mixed with 
autoclaved soil to obtain following levels (w/w). 
F1=Control=only autoclaved soil 
 
F2=5%flyash (FA)/Reclaimed Fly (TFA)-ash+95% 
autoclaved soil 
 
F3=10%flyash (FA)/Reclaimed Fly (TFA)-
ash+90% autoclaved soil 
 
F4=20%flyash (FA)/Reclaimed Fly-ash (TFA) 
+80% autoclaved soil 
 
F5=30%flyash (FA)/Reclaimed Fly-ash (TFA) 
+70% autoclaved soil 
 
F6=40%flyash (FA)/Reclaimed Fly-ash (TFA) 
+60% autoclaved soil 
 
F7=50%flyash (FA)/Reclaimed Fly (TFA)-
ash+50% autoclaved soil 
 
The reclaimed fly-ash was prepared by mixing 
dried blue green algae (Lyngbya sp.) with fly-ash in 
the proportions of 1:9(w/w). 
 
2.1 Estimation of pigments 
The amount of Chlorophyll-a, Chlorophyll-
b and carotenoid was calculated according 
to the formula given below as described by 
Arnon(1994]and Yoshida et al. (1976)  
 
 
 
 

3. Results and Discussion 
 
Effect of   fly-ash &reclaimed fly-ash on 
germination, radical growth and plumule growth of 
Helianthus annus  (7 days) was presented (Table-
1). Each value represents the average of five 
individuals. The percentage of germination 
significantly increased than the control with 
increase in concentration of fly-ash up to 30% 
beyond that it gradually decreases. In case of 
reclaimed fly ash with Anabaena sp. the 
germination gradually increases at all fly ash 
combinations as compared to control set. Among 
fly-ash reclaimed plants maximum germination 
was obtained (94±1.92%) with 20% and in 
reclaimed fly ash maximum being (99±2.13%) 
at50%.  In case of reclaimed fly ash with Anabaena 
sp. the radicle growth gradually increases at all fly 
ash combinations as compared to control set. 
Among fly-ash reclaimed plants maximum radical 
growth (cm) was obtained (1.9±0.17%) with 20% 
and in reclaimed fly ash maximum being 
(2.3±0.18%) at50% .  In case of reclaimed fly 
ash with Anabaena sp. the plumule growth 
gradually increases at all fly ash combinations as 
compared to control set. Among fly-ash reclaimed 
plants maximum plumule growth was obtained 
(1.9±0.13%) with 20% and in reclaimed fly ash 
maximum being (2.2±0.12%) at 50%.   
  
Effect of   fly-ash &reclaimed fly-ash on shoot 
length and root length, of  Helianthus annus  (7 
days) was presented (Table-2). Each value 
represents the average of five individuals. The 
percentage of length significantly increased than 
the control with increase in concentration of fly-ash 
up to 30% beyond that it gradually decreases. In 
case of reclaimed fly ash with Lyngbya sp. the 
shoot length gradually increases at all fly ash 
combinations as compared to control set. Among 
fly-ash reclaimed plants maximum shoot length 
was obtained (58.3±0.48%) with 20% and in 
reclaimed fly ash maximum being (66±0..42%) 
at50%.   In case of reclaimed fly ash with 
Lyngbya sp. the root length gradually increases at 
all fly ash combinations as compared to control set. 
Among fly-ash reclaimed plants maximum root 
length was obtained (9.8±0.17%) with 20% and in 
reclaimed fly ash maximum being (10.2±0.15%) 
at50%.  Effect of   fly-ash &reclaimed fly-ash on 
leaf length, leaf width and No. of leaves of 
Helianthus annus  (7 days) was presented (Table-
3). Each value represents the average of five 
individuals. The percentage of length, width and 
Number significantly increased than the control 
with increase in concentration of fly-ash up to 30% 
beyond that it gradually decrease .In case of 
reclaimed fly ash with Lyngbya sp. the leaf length  
gradually increases at all fly ash combinations as 
compared to control set. Among fly-ash reclaimed 
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plants maximum leaf length was obtained 
(13±0.45%) with 20% and in reclamed fly ash 
maximum being (15.8±0.51%) at50%.  In case of 
reclaimed fly ash with Lyngbya sp. the leaf width 
gradually increases at all fly ash combinations as 
compared to control set. Among fly-ash reclaimed 
plants maximum leaf width was obtained 
(6.2±0.17%) with 20% and in reclaimed fly ash 
maximum being (9.1±0.13%) at50%.   In 
case of reclaimed fly ash with Lyngbya sp. the  no. 
of leaves gradually increases at all fly ash 
combinations as compared to control set. Among 

fly-ash reclaimed plants maximum No. of leaves 
was obtained (13.8±0.41%) with 20% and in 
reclaimed fly ash maximum being (17.1±0.48%) at 
50%.  
 
Effect of   fly-ash &reclaimed fly-ash on Days of 
flowering, head diameter and No. of filled seeds 
per head of Helianthus annus (7 days) was 
presented (Table-4). Each value represents the 
average of five individuals.The percentages of days 
of flowering, head diameter and no. of filled seeds  
 

 
 Table.1: Effect of   fly-ash &reclaimed fly-ash on germination, radical growth and plumule growth  of  Helianthus annus. 

Treatments 
% 

% of germination Radicle growth(cm) Plumule growth (cm)   
F.A R.F.A F.A R.F.A F.A R.F.A  

Control 89±2.12 89±2.12 1.7±0.17 1.7±0.17 1.6±0.13 1.6±0.13 
5 90±2.42 92±2.51 1.8±0.19 1.9±0.15 1.62±0.16 1.7±0.17 
10 92±2.43 95±2.43 1.8±0.18 1.9±0.14 1.73±0.14 1.9±0.16 
20 94±1.92 96±2.92 1.9±0.17 2.0±0.16 1.9±0.13 2.0±0.15 
30 90±2.43 97±1.19 1.74±0.14 2.0±0.17 1.8±0.12 2.0±0.14 
40 84±2.14 98±2.18 1.68±0.16 2.1±0.19 1.74±0.11 2.1±0.13 
50 73±2.16 99±2.13 1.65±0.17 2.3±0.18 1.72±0.14 2.2±0.12 

 
 Table 2: Effect of   fly-ash &reclaimed fly-ash on Shoot length and Root length of  Helianthus annus. 

Treatments 
% 

Leaf length(cm) Leaf width  (cm)   No of Leaves 
F.A R.F.A F.A R.F.A F.A R.F.A  

Control 9±0.32 9±0.32 4.7±0.11 4.7±0.11 10±0.42 10±0.42 
5 10±0.41 10.2±0.39 4.9±0.19 5.0±0.12 11.4±0.43 12.2±0.43 
10 11±0.43 11.4±0.41 5.5±0.18 5.6±0.13 12.2±0.44 13.4±0.46 
20 13±0.45 13.6±0.48 6.2±0.17 7.3±0.14 13±0.41 14.7±0.45 
30 12±0.51 14.2±0.47 5.8±0.16 7.7±0.11 12.1±0.51 15.8±0.44 
40 11±0.47 14.7±0.52 5.3±0.15 8.3±0.12 12.0±0.43 16.2±0.43 
50 11.2±0.49 15.8±0.51 5.2±0.14 9.1±0.13 10.3±0.47 17.1±0.48 

 
  Table 3: Effect of   fly-ash &reclaimed fly-ash on leaf length,leaf width and number of leaves of  Helianthus annus. 

Treatments 
% 

Leaf length(cm) Leaf width  (cm)   No of Leaves 
F.A R.F.A F.A R.F.A F.A R.F.A  

Control 9±0.32 9±0.32 4.7±0.11 4.7±0.11 10±0.42 10±0.42 
5 10±0.41 10.2±0.39 4.9±0.19 5.0±0.12 11.4±0.43 12.2±0.43 
10 11±0.43 11.4±0.41 5.5±0.18 5.6±0.13 12.2±0.44 13.4±0.46 
20 13±0.45 13.6±0.48 6.2±0.17 7.3±0.14 13±0.41 14.7±0.45 
30 12±0.51 14.2±0.47 5.8±0.16 7.7±0.11 12.1±0.51 15.8±0.44 
40 11±0.47 14.7±0.52 5.3±0.15 8.3±0.12 12.0±0.43 16.2±0.43 
50 11.2±0.49 15.8±0.51 5.2±0.14 9.1±0.13 10.3±0.47 17.1±0.48 

 
  Table 4: Effect of   fly-ash &reclaimed fly-ash on flowering character of  Helianthus annus 

Treatments 
% 

Days of flowering Head diameter(cm)   No of filled seeds per head 
F.A R.F.A F.A R.F.A F.A R.F.A  

Control 65±1.2 65±1.2 6.4±0.37 6.4±0.37 131±3.31 131±3.31 
5 68±1.12 67±1.56 6.2±0.38 7.0±0.52 133±3.23 139±3.14 
10 67±1.13 62±1.55 6.5±0.34 7.3±0.51 134±4.12 145±3.82 
20 65±1.14 61±1.21 7.0±0.39 8.1±0.48 142±3.91 152±4.12 
30 69±1.21 60±1.12 5.8±0.45 8.4±0.42 120±4.12 161±3.12 
40 71±1.22 59±1.13 5.0±0.46 9.2±0.41 86±3.92 172±3.12 
50 74±1.23 57±1.12 4.9±0.47 9.8±0.39 89±5.14 182±4.13 

 
 
 
 
 
 
 
 



Ph ton                                                                                                                                                                 441 

 

Figure 1: Chlorophyll a content of leaf of Helianthus annus (30th day) 

 
 
Figure 2: Chlorophyll b content of leaf of Helianthus annus (30th day) 

 
 
Figure 3: Carotenoid content of leaf of Helianthus annus (30th day) 

 
 
significantly increased than the control with 
increase in concentration of fly-ash up to 30% 
beyond that it gradually decreases. In case of 
reclaimed fly ash with Lyngbya sp. the days of 
flowering gradually increases at all fly ash 

combinations as compared to control set. Among 
fly-ash reclaimed plants maximum days of 
flowering was obtained (65±1.14%) with 20% and 
in reclaimed fly ash maximum being (57±0.12%) 
at50%.  In case of reclaimed fly ash with Lyngbya 
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sp. the head diameter gradually increases at all fly 
ash combinations as compared to control set. 
Among fly-ash reclaimed plants maximum head 
diameter was obtained (7.0±0.39%) with 20% and 
in reclaimed fly ash maximum being (9.8±0.39%) 
at50%.  In case of reclaimed fly ash with Lyngbya 
sp. No. of filled seeds per head gradually increases 
at all fly ash combinations as compared to control 
set. Among fly-ash reclaimed plants maximum No. 
of filled seeds per head was obtained (142±3.91%) 
with 20% and in reclaimed fly ash maximum being 
(182.2±4.13%) at 50%.    
 
The effect of fly-ash &reclaimed fly-ash on total 
chlorophyll-a content of Helianthus annus  (30 
days) was studied(Figure-1).The growth parameters 
significantly increased than the control with 
increase in concentration of fly-ash up to 30% 
beyond that it gradually decreases. In case of 
reclaimed fly ash with Lyngbya sp. the chlorophyll- 
a gradually increases at all fly ash combinations as 
compared to control set. Among normal fly-ash 
reclaimed plants maximum chlorophyll-a was 
obtained (1.89±0.02 mg.) with 20% and in 
reclaimed fly ash maximum being (2.07±0.03mg.) 
at 50%.    
 
The effect of fly-ash &reclaimed fly-ash on total 
chlorophyll-b content of Helianthus annus  (30 
days) was studied(Figure-2).The growth parameters 
significantly increased than the control with 
increase in concentration of fly-ash up to 30% 
beyond that it gradually decreases. In case of 
reclaimed fly ash with Lyngbya sp. the chlorophyll-
b gradually increases at all fly ash combinations as 
compared to control set. Among normal fly-ash 
reclaimed plants maximum chlorophyll-b was 
obtained (0.68±0.11 mg.) with 20% and in 
reclaimed flyash maximum being (0.74±0.12mg.) 
at50%.  The effect of fly ash &reclaimed fly-ash on 
total lipid content of Helianthus annus    (30 days) 
was studied (Figure-3).The growth parameters 
significantly increased than the control with 
increase in concentration of fly-ash up to 30% 
beyond that it gradually decreases. In case of 
reclaimed fly ash with Lyngbya sp. the carotenoid 
gradually increases at all fly ash combinations as 
compared to control set. Among normal fly-ash 
reclaimed plants maximum carotenoid was 
obtained (2.8±0.22 mg) with 20% and in reclaimed 
fly ash maximum being (3.12±0.034mg.) at50%.   
The morphological characteristics e.g., root 
length, shoot length, dry weight,number of leaves, 
flowering of Helianthus annus growing in different 
concentrations of fly-ash  and reclaimed fly-ash 
with Lyngbya sp. reveals an overall increasing 
pattern at 20% (in  normal fly-ash) and  (upto 50% 
in reclaimed fly ash). This result coincides with the 
findings of Niaz et al., (2008) on Eclipta alba L.and 
others finding on different plants(Khan and Khan., 

1996; Mishra and Shulka., 1986;Raghav and 
Khan., 2002 ; Singh 1989;Ram and Masto.,2010). 
The seed germination decreased beyond 20% 
(normal fly-ash) ,might be due to increased 
impedance offered by the soil / ash matrix to 
germinating  
 
seeds (Kalra et al., 1997). The biochemical 
parameters like chlorophyll content and carotenoid  
content as analyzed for various treatments 
showed that the reclaimed flyash with Lyngbya sp. 
showed more photosynthetic pigment compared to 
fly ash (normal)reclaimed plants . Similar works 
were made by Gupta et al., (2007) on Phaseolus 
vulgaris and Niaz et al (2008) on Eclipta alba.  
This observation also coincides with the studies 
on Helianthus annus when reclaimed with 
Seaweed Liquid Fertilizer (SLF)(Ankila and 
Jeyadoss,2010). 
 
Conclusion 
 
Hence the simple practice of application of    
reclaimed flyash(With Lyngbya sp.) at about 50%  
level on Helianthus annus is an eco-friendly and 
cost effective  method is recommended to farmers 
for attaining better growth of plants. 
 
Research Highlights 
 
1. Study the effect of reclaimed fly-ash on sun 
flower plant using Lyngbya sp. a cyanobacterium. 
2. This eco-friendly and green technology can be 
used by the farmers for growth of sun flower plant. 
 
Limitations 
 
Care should be taken during   the selection of 
cyanobacterium Lyngbya sp. through pure culture 
method. 
The mixing of different concentration of Fly-ash 
and Reclaimed fly-ash should be taken carefully. 
 
Recommendations  
 
Prefer the collection of reclaimed fly-ash with 
Lyngbya sp. from reliable institutions. 
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