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 ABSTRACT  
Acetone, methanol and ethanol extract of Spirulina platensis CCC 477 were tested against two major 
fungal rice pathogens, Rhizoctonia solani and Magnaporthe grisea by four different conventional in vitro 
assays namely, disc diffusion test, agar well diffusion test, mycelia growth inhibition test and poisoned 
food technique. Concurrent solvent controls, control (deionized water) and positive control (Carbendazim) 
were also tested simultaneously along with extracts for comparison. No inhibition was observed in the 
solvent controls and in the negative control. Both the fungal pathogens showed significant reduction in 
mycelial growth after the treatment with Spirulina platensis CCC 477 when compared to the control. 
Acetone extract of Spirulina was most effective in controlling Magnaporthe grisea (Pyricularia oryzae) 
where as Ethanolic extract of Spirulina was effective against Rhizoctonia solani. Significant mycelial 
growth inhibitions of the tested pathogens were observed under laboratory conditions. 
Keywords: Spirulina platensis CCC 477, Extract, Magnaporthe grisea, Rhizoctonia solani, Antifungal 
property, Mycelia growth inhibition test and Poisoned food technique. 
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INTRODUCTION 
Blue green algae are known for their antibacterial and antifungal property against plant 
pathogens [2]. Studies have proved that the algal extracts including Spirulina platensis help 
in seed germination and growth of plants. Phytochemicals present in the algal extracts are 
responsible for their antimicrobial activity [1]. However, only limited data are available 
about the antifungal effect of Spirulina extracts against cereal crop pathogens. Reviews also 
suggest the evaluation of cyanobacteria and algae for their potential use in the biological 
control of plant pathogenic bacteria and fungi [9]. 
In view of this, laboratory in vitro studies were conducted to evaluate the antifungal 
property of Spirulina platensis extracted with solvents viz., acetone, ethanol and methanol 
against rice pathogens, Magnaporthe grisea and Rhizoctonia solani which cause blast and 
blight diseases in rice, respectively. 
 
MATERIALS AND METHODS 
The experiments were conducted in the Department of Plant Pathology, International 
Institute of Biotechnology and Toxicology (IIBAT), Padappai, Tamil Nadu, 601301, India 
during 2018. 
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1.0 Source 
Test system: Spirulina platensis CCC 477 was procured from CCUBGA (Blue green algae 
division), Indian Agriculture Research Institute (IARI), New Delhi and mass cultured in 
IIBAT using modified Zarrouk medium (pH 9.5 to 10.0). The culture was maintained in 
growth cabinet at 3000-3200 LUX with photo period of 16/8 h of light/dark cycle. Photo 
periodic illumination was provided using photo synthetically active white fluorescent light.  
Test Pathogens: The fungal pathogen cultures were obtained from Dept. of Plant Pathology, 
Faculty of Agriculture, Annamalai University, Chidambaram, Tamil Nadu, India and 
subcultured /maintained in IIBAT. The pathogens Magnaporthe grisea and Rhizoctonia 
solani culture were maintained in Potato Dextrose Agar (PDA) medium. A mycelial disc from 
the actively growing culture was taken using a cork borer, pressed gently on the potato 
dextrose agar, under aseptic condition and incubated at 28 ± 2° C for 5 days. Five sub 
culture plates were maintained for each pathogen. The cultures from these plates were used 
for the experiments. 
Preparation of the Extracts 
The solvents used for extraction was acetone (100%), ethanol (95%) and methanol (95%). 
About 25 grams of shade dried powder of Spirulina platensis were mixed with 100 mL of 
respective solvents and kept under dark condition for 24 hours with intermittent manual 
shaking. After 24 hours, the extracts were filtered using Whatman No.1 filter paper. The 
crude residue was soaked again in 100 mL of fresh respective solvents for another 24 
hours. The filtrate from the first, second soaking was mixed together and the combined 
filtrates were concentrated using Rotavapour, R 215 (M/s. Buchi Pvt Ltd) until the material 
becomes gummy. Then it was diluted using 10 mL of respective solvents and used for the 
experiment [5, 6]. The phytochemical analyses were done for the extracts and solvents and 
presented in Table 1 (3, 20 & 21).    
In vitro efficacy of Spirulina platensis CCC 477 

 Controls: Carbendazim 50% W.P served as positive control. Acetone 100%, ethanol 
95% and methanol 95% served as solvent controls. Potato Dextrose Medium 
(Broth/Agar) inoculated with fungal pathogens, without any treatment serves as 
negative control in mycelia inhibition tests. 

 Incubation condition: After inoculation, all the agar plates/ erlenmeyer flasks were 
incubated in an incubator at 28 ± 2 °C for 7 days. For each test pathogen and its 
control (solvent, positive & negative), three replications were maintained. 

Disc Diffusion Test 
The 48 hour old actively growing broth culture of test pathogens was used for the 
experiment. Pathogen cultures were spread on PDA plates using sterile cotton swabs. 
Sterile filter paper discs (5 mm) saturated with the Spirulina extracts were placed carefully 
on the pathogen swabbed plates using sterile forceps and incubated. The zone of inhibition 
around the disc was measured on Day 7 and the result was compared with that of positive 
control. 
Agar Well Diffusion Test 
Adapting pour plate method, 1mL of inoculums (48 hours old pathogen incubated in PD 
broth ) was added in sterile plates followed by the addition of the PDA medium (20mL). After 
solidification of the medium, 6 mm well was made on it using a cork borer.100 µl of extracts 
were added in the wells and the plates were incubated. The zone of inhibition around the 
well was measured on Day 7 and the result was compared with that of positive control. 
Mycelia Growth Inhibition Test by Poisoned Food Technique. 
To the sterile petriplates, 500 µl Spirulina extract was added followed by the addition of      
20 mL PDA. After the solidification of agar, a disc of 6mm diameter from a fully grown 
pathogen culture was transferred on the centre of the treated PDA plates using a sterile 
cork borer and incubated. On day 7, the percent inhibition was computed after comparison 
with the negative control. Fungi toxicity was expressed in terms of percentage of mycelia 
growth inhibition and calculated as per the formula of Pandey et al. [12]. 
Growth inhibition=(dc-dt) /dc × 100, where, dc= average diameter of fungal colony in 
control and dt = average diameter of fungal colony in treatment. 
Mycelia growth inhibition test by Determination of mycelia dry weight. 
500 µl of the extract was added to 100 mL of PD broth taken in a 250 mL Erlenmeyer flask. 
6mm agar discs were taken from 5 days old culture plates and inoculated in the treated 
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flask. The inoculated flasks were incubated for 10 days and the mycelia were filtered 
through Whatman filter No.1 paper and washed with deionised water. The mycelia were 
allowed to dry at 60°C for 6 h and then at 40°C overnight. The filter paper containing 
mycelia were weighed and the percent inhibition on the basis of dry weight was calculated 
as  
 
 
 
 
Where, 
I = Inhibition percent 
C = Mycelia dry weight of control (g) 
T = Mycelia dry weight of Treatment (g) 
Note: Similar experimental procedures were followed for positive, negative and solvent 
controls for all the above methods. 
Statistical analysis 
All the statistical analysis was done using ECOSTAT statistical software in SAS 
environment. One-way ANOVA followed by LSD (least significant difference) for post hoc 
comparison, was performed to do the comparison of data. 
 
RESULTS 
Phytochemical analyses of extracts and solvent 
Qualitative phytochemical analyses of extracts and controls were done to understand the 
nature of the same. All the extracts possess phytochemicals like alkaloids, tannins, 
flavonoids and saponins which are commonly responsible for the antimicrobial activity. 
These chemicals were absent in the pure solvents (Table 1). 
Disc diffusion test 
Magnaporthe grisea 
The efficacy of the extracts against M.grisea based on statistical analysis were Carbendazim 
(13.0mm) > acetone extract (6.7 mm) and ethanol extract (6.3 mm) > methanol extract (0.0) 
whereas the solvent controls showed 0% inhibition (acetone (0.0) = ethanol (0.0) = extracts 
(0.0)) Figure 1 & 3 and Table 2 
Rhizoctonia solani 
The efficacy of the extracts against R.solani based on statistical analysis were Carbendazim 
(6.0 mm) > ethanol extract (5.3 mm) > acetone extract (0.0 mm) and methanol extract (0.0) 
where as the solvent controls showed 0% inhibition (acetone (0.0) = ethanol (0.0)  = 
methanol (0.0)) Figure 1 and Table 3 
Agar well diffusion test 
Magnaporthe grisea 
The efficacy of the extracts against M.grisea based on statistical analysis are acetone extract 
(8.3mm) > Carbendazim (7.3 mm) > ethanol extract (5.0 mm) > methanol extract (0.0) where 
as the solvent controls showed 0% inhibition (acetone (0.0) = ethanol (0.0) = methanol (0.0)) 
Figure 1 & Table 2. 
Acetone based Spirulina extract showed the maximum inhibition than the positive control. 
Next to it, ethanol extract showed fungal growth inhibition.  
Rhizoctonia solani 
The efficacy of the extracts against R.solani based on statistical analysis were methanol 
extract (14.0 mm) > acetone extract (9.0 mm) > carbendazim (5.7 mm) > ethanol extract (0.0 
mm) and whereas the solvent controls showed 0% inhibition (acetone (0.0) = ethanol (0.0) = 
methanol (0.0) Figure 1& 4. Methanol based Spirulina extract showed the maximum 
inhibition followed by acetone extract. Table 3 
Note: The figures in parentheses are the zone of inhibition observed in mm. 
Poisoned Food Technique 
Magnaporthe grisea 
The sequence of treatments based on percentage mycelia growth inhibition is mentioned as 
follows: carbendazim (100%) >acetone extract (54.6%) > ethanol extract (45.5%) > methanol 
extract (28.6%) >ethanol (2.8%) = methanol (2.2%) = acetone (1.9%) Figure 2 & 5 and Table 
2  

C-T 
    I = ---------- × 100 

C 
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Acetone based Spirulina extract is having most mycelia growth inhibitory effect on 
Magnaporthe grisea followed by ethanol and methanol extracts. The pure solvent treatments 
shows negligible amount of inhibitions (1.9 - 2.8%) compared to the extracts. Table 2 
Rhizoctonia solani 
The effects of the extracts in terms of percentage mycelia growth inhibition was analyzed 
statistically and the results are mentioned as follows. carbendazim (100%) > ethanol extract 
(2.2%) > acetone extract (1.1%) > methanol extract (0.0%), ethanol (0.0%) > acetone (-0.4%), 
methanol (-0.7%) Figure 2 & Table 3. 
Ethanol based Spirulina extract showed the maximum fungal growth inhibition compared to 
other Spirulina extracts. 
Mycelia dry weight determination 
Magnaporthe grisea 
The sequence of treatment based on percentage growth inhibition is carbendazim (37.5%) = 
acetone extract (34.4%) > ethanol extract (22.3%), methanol extract (22.3%) > methanol 
(9.9%) > ethanol (9.3%) > acetone (7.1%) Figure 2&6  
Acetone based Spirulina extract is having most inhibitory effect on Magnaporthe grisea 
followed by ethanol extract and methanol extract. The pure solvent treatments shows 
negligible amount of inhibitions (7.1 - 9.9%) compared to the extracts. Table 2Rhizoctonia 
solani 
The efficacy of the extracts in terms of percentage inhibition was analyzed statistically and 
the results are mentioned as follows; ethanol extract (60.3%) > acetone extract (20.2%) > 
carbendazim (11.9%) > methanol extract (10.7%) > acetone (5.6%) > methanol (4.8%) & 
ethanol (2.4%) Figure 2 
Ethanol based Spirulina extract showed the maximum fungal growth inhibition followed by 
acetone extracts. The solvents show 2.4 to 5.6% of inhibition, which was negligible, 
compared to the extracts. Table 3. 
Note: The figures in parentheses are the percentage mycelia inhibition, compared to the 
negative control. 

 
 

Table 1: Phytochemical Analysis of Extracts And Solvents 

Extracts and 

solvents 

Alkaloids 

(Mayer’s 

Test) 

Tannins 

(Ferric 

Chloride 

Test) 

Flavonoids 

(Sodium 

Hydroxide 

Test) 

Terpenoids/ 

steroids 

(Salkowski 

Reaction) 

Saponins 

(Foam 

Test) 

Acetone extract Present Present Present Present Present 

Ethanol extract Present Present Present Present Present 

Methanol extract Present Present Present Present Present 

Acetone Absent Absent Absent Absent Absent 

Ethanol Absent Absent Absent Absent Absent 

Methanol Absent Absent Absent Absent Absent 

 Mean of three replications 
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Table 2 Efficacy of Spirulina platensis Extracts Against Magnaporthe grisea  

In vitro 
methods 
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Disc Diffusion Zone of 
Inhibition 

(mm)1 

- 
13.0a 
(1.0) 

6.7b 
(2.1) 

6.3b 
(1.5) 

0.0c 
(0.0) 

0.0c 
(0.0) 

0.0c 
(0.0) 

0.0c 
(0.0) 

1.8 

Agar Well 
Diffusion 

- 
7.3a 

(0.00) 
8.3a 
(1.5) 

5.0b 
(1.0) 

0.0c 
(0.0) 

0.0c 
(0.0) 

0.0c 
(0.0) 

0.0c 
(0.0) 

1.6 

Poisoned food 
technique 

Mycelia 
growth(cm) 

7.7 
(0.2) 

0.0a 
(0.0) 

3.5b 
(0.5) 

4.2c 
(0.1) 

5.5d 
(0.2) 

7.6e 
(0.2) 

7.5e 
(0.1) 

7.5e 
(0.3) 

0.4 

Growth 
Inhibition 

(%)2 
- 100.0 

 
54.6 

 
45.5 

 
28.6 

 

 
1.9 

 

 
2.8 
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Mycelia dry 
weight 

determination 

Mycelia 
weight(g) 

1.1 
(0.0) 

0.7a 
(0.1) 

0.7a 
(0.1) 

0.8b 
(0.1) 

0.8b 
(0.1) 

1.0c 
(0.0) 

1.0c 
(0.0) 

1.0c 
(0.1) 

0.1 

Growth 
Inhibition 

(%)3 
- 37.5 

 
34.4 

 
22.3 

 
22.3 

 

 
7.1 

 

 
9.3 

 
9.9 - 

Figures in parentheses are standard deviation: 1mean of three replications; Means followed by similar 
letter are not statistically different (One way ANOVA with Least Significant Difference);  2% Growth 
inhibition= (Mean mycelia growth of negative control in cm - Mean mycelia growth of extract in cm ) × 
100 3% Growth inhibition = (Mean mycelia growth of negative control in g - Mean mycelia growth of 
extract in g)/ mean mycelia growth of negative control (g) ×100; LSD- Least significant difference.     

 
Table 3 Efficacy of Spirulina platensis Extracts Against Rhizoctonia solani 

Invitro 
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Disc Diffusion Zone of 
Inhibition 

(mm) 

- 
6.0a 
(0.0) 

0.0c 
(0.0) 

5.3b 
(0.6) 

0.0c 
(0.0) 

0.0c 
(0.0) 

0.0c 
(0.0) 

0.0c 
(0.0) 

0.4 

Agar Well 
Diffusion 

- 
5.7c 
(0.6) 

9.0b 
(1.0) 

0.0d 
(0.0) 

14.0a 
(2.0) 

0.0d 
(0.0) 

0.0d 
(0.0) 

0.0d 
(0.0) 

1.5 

Poisoned food 
technique 

Mycelia 
growth(cm) 

9.0 
(0.0) 

0.0a 
(0.0) 

8.9ab 
(0.2) 

8.8b 
(0.3) 

9.0ab 
(0.0) 

9.0c 
(0.1) 

9.0ab 
(0.1) 

9.1c 
(0.1) 

0.2 

Growth 
Inhibition 

(%)2 
- 100.0 1.1 2.2 0.0 -0.4 0.0 -0.7 

 
- 

Mycelia dry 
weight 

determination 

Mycelia 
weight(g) 

0.8 
(0.1) 

0.7ab 
(0.0) 

0.7b 
(0.0) 

0.3a 
(0.2) 

0.8ab 
(0.0) 

0.8ab 
(0.0) 

0.8c 
(0.1) 

0.8c 
(0.1) 

0.1 

Growth 
Inhibition 

(%)3 
- 11.9 20.2 60.3 10.7 5.6 

 
2.4 

 
4.8 

 
- 

Figures in parentheses are standard deviation: 1mean of three replications; Means followed by similar 
letter are not statistically different (One way ANOVA with Least Significant Difference); 2% Growth 
inhibition= (Mean mycelia growth of negative control in cm - Mean mycelia growth of extract in cm 
)×100 3% Growth inhibition = (Mean mycelia growth of negative control in g – Mean mycelia growth of 
extract in g)/ mean mycelia growth of negative control (g) ×100; LSD- Least significant difference.  
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Figure 1 Effect of Spirulina 
Rhizoctonia solani 

Figure 2 Effect of Spirulina 
Rhizoctonia solani Under 

Figure 3 Disc Diffusion Results of Magnaporthe grisea (Zone of Inhibition)

1. Carbendazim;   2 Acetone extract
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Spirulina Extracts on Magnaporthe grisea (Pyricularia oryzae
Rhizoctonia solani Under Invitro Test (Zone of Inhibition)

 
Spirulina Extracts on Magnaporthe grisea (Pyricularia oryzae

Under Invitro Test (Mycelia Growth Inhibition Assay)

 
Diffusion Results of Magnaporthe grisea (Zone of Inhibition)

 

 
 ;3. Ethanol extract ; 4. Methanol extract;  5. Acetone; 6.

 

Agar well 
Diffusion

Disc Diffusion Agar well 
Diffusion

Carbendazim(positive control)

Acetone+SP

95% Ethanol+SP

95% Methanol+SP
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95% Ethanol

95% Methanol

Poisoned 
Food 

Technique

Mycelia 
growth 

Poisoned 
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Technique
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Carbendazim(positive control)
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Pyricularia oryzae) & 
Test (Zone of Inhibition) 

 

Pyricularia oryzae) & 
Test (Mycelia Growth Inhibition Assay) 

 

Diffusion Results of Magnaporthe grisea (Zone of Inhibition) 

6. Ethanol;7. Methanol 

Carbendazim(positive control)

95% Ethanol+SP

95% Methanol+SP

Carbendazim(positive control)

95% Ethanol+SP

95% Methanol+SP
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Figure 4: Agar Well Diffusion Results of Rhizoctonia solani (Zone of Inhibition) 

 
1. Methanol extract; 2. Acetone extract; 3.Carbendazim; 4. Ethanol extract 5.Acetone; 6. Ethanol; 7. Methanol 

 
Figure 5: Poisoned Food Technique Results of Magnaporthe grisea 

 
             1                                2                        3                                   4 

 
  5                            6                              7                                      8                     
 
1. Carbendazim; 2. Methanol extract; 3. Ethanol extract; 4. Acetone extract; 5. Methanol 6. Acetone 7. Ethanol 8. 

Negative control 

 
Figure 6 Mycelia Dry Weight Determination (% Growth Inhibition) Results of 

Magnaporthe grisea 

 
1                          2                         3                                4 

 
5                                         6                          7                                 8 

1.Ethanol extract: 2.Carbendazim; 3. Acetone extract; 4.Methanol extract; 5.Ethanol; 
6.Acetone; 7. Methanol  8.Negative control. 
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DISCUSSIONS 
The current investigation shows that the blue green alga, Spirulina platensis has antifungal 
activity against the pathogens Magnaporthe grisea and Rhizoctonia solani tested under in 
vitro conditions. Four types of antifungal assays were performed to confirm the results. Disc 
diffusion test and Agar well diffusion tests are preliminary screening tests used in 
antimicrobial assay. The compounds responsible for antimicrobial properties may not 
disperse in the disc or diffuse in agar. In order to ratify the result, the mycelia inhibition 
assays were also conducted here. The results are comparable in all the antifungal assays. 
Among the extracts, acetone and ethanol extracts were most efficient against Magnaporthe 
grisea and Rhizoctonia solani. The fungicidal activity of S.platensis was similar to that of 
Nostoc sp. which was studied against five rice pathogens [8].  
The current result is well comparable with the previous investigations [10], [14], [15], [17], 
[18], [19] and [22]. The literautures state that lipids, tocopherols(13) andC.phycocyanin (11 
)are some of the chemicals responsible for the antifungal activity of S. platensis. Study by 
Moraes de Souza et.al. [19] revealed that the methanolic extract of Spirulina has reduced 
the glucosamine production significantly in the Aspergillus flavus. Reed, [16]found out that 
the phenolic compounds of the blue - green algae contain multi free hydroxyl groups which 
forms hydrogen bonds with carbohydrates and proteins found in the fungal cell wall .This  
changes  the enzyme  nature inside the cell and  the  complex mixture  inhibits the 
essential metabolism reactions required for reproduction and growth of fungi. Similar 
mechanisms of inhibition are suspected in this experiment too. 

 
CONCLUSIONS 
 Spirulina extracts possess antifungal effects against Magnaporthe grisea and Rhizoctonia 

solani under in vitro experiments. 

 Both fungal plant pathogens showed significant reduction in mycelial growth after the 
treatment with Spirulina platensis CCC 477 culture extracts when compared to the 
control. 

 The mycelial growth inhibition effect of ethanol and acetone extracts against M.grisea 
was in the range of 45.5 - 54.6% (Poisoned food technique) and the effect of ethanol 
extract against R.solani (60.3%) (Mycelia Dry Weight Determination test) were more than 
the minimum prescribed (CIB-RC) requirement of 35% reduction in target organism 
under laboratory conditions tested (7).  

 Further studies under in vivo conditions are required to understand the mechanism 
involved in the control of the plant pathogens Magnaporthe grisea and Rhizoctonia solani 
by Spirulina platensis extracts. 
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