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ABSTRACT
Cyanobacterial allelopathy can be regarded as one of the significant factors influencing their dominance

in diverse habitats. They are unique producers of a variety of allelochemicals, which can be utilized as
eco-friendly biocontrol agents. The present work describes the allelopathic impact of cyanobacteria
against plant pathogenic fungi Aspergillus niger and Alternaria solani. Cyanobacterial extracts had
excellent acumen to inhibit the growth of A.niger and A. solani as evidenced by experimental findings.
Three cyanobacterial strains S. elongates, S platensis, and A. variabilis were explored for the allelopathic
activity. While all the strains inhibited the growth of plant pathogenic fungi, Splatensis showed more
allelopathic activity compared to other cyanobacterial strains Anabaena variabilis and Synechococcus
elongates. Phenol and Polysaccharide concentration was also observed maximum in Spirulina platensis
as compared to A. variabilis and Selongates. Aspergillus niger showed high inhibition of growth by
cyanobacterial extracts as compared to the other strain i.e. Alternaria solani. Allelopathic potential of
cyanobacteria need to be further investigated as these microbes can offer promising solutions in
biocontrol against pathogenic microorganisms.

Keywords: Allelopathy, Cyanobacteria, Blooms, Antifungal activity, Pathogenic fungi.

INTRODUCTION
Allelopathy is a unique adaptation to achieve ametitive advantage over other organism inhabithe t
same microbial community. Cyanobacteria are known ptoduce intracellular and extracellular
metabolites with diverse biological activities suah antialgal, antibacterial, antifungal and ardivi
activity'’. They have received little attention as potenkimcontrol agents of plant diseases. The
antimicrobial substances involved may target vari&inds of microorganisms. Secondary metabolites
influence other organisms in the vicinity and ahought to be of phylogenetically important.
Cyanobacteria produce a large number of antibattenid antifungal products. Cyanobacteria fromlloca
habitats seem to be a source of potential newestilpstances that could contribute to reductiothef
number of bacteria, fungi, viruses and other migganisms. Cyanobacteria produce a potential safrce
biological active secondary metabolites, which@mpounds that are not essential for cell metatmdlis
Many of these compounds have been reported to gosseibiotic and pharmacological effects such as
toxicity for eukaryotic organisms and antibactériahtifungal, antiviral, and enzyme-inhibiting aities.
Kulik®® stated that for a number of reasons, cyanobactamh algae are suitable candidates for
exploitation as biocontrol agents of plant pathégdacteria and fungi. Cyanobacteria and algaeymed
a large number of antibacterial and antifungal pobsl, many can grow in quantity in mass culture and
they are not a threat to the environment. Most yafnobacterial metabolites are accumulated in the
cyanobacterial biomass. Moreover, cyanobacteriaeéxovarious organic compounds, the hepatotoxic
microcystins and nodularins or the neurotoxic axia® and saxitoxins, into their environment.
Cyanobacteria have been identified as a new ahdsdarce of bioactive compourtd$? Most of the
bioactive compounds isolated from cyanobacterid terbe lipopeptides, i.e. they consist of an amino
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acid fragment linked to a fatty acid portion. Sciieg of cyanobacteria for antibiotics has openenba
horizon for discovering new drugs. Exploring alfehic efficacy of cyanobacteria to control plant
pathogenic fungi can prove to be an excellent optis they are easy to grow with minimum nutrients,
cost effective, no side effects and environmeenifily.
Many plant pathogenic agents are fudternaria solani is a fungal pathogen that produces a disease in
tomato and potato plants called early blight. Ththpgen produces distinctive "bullseye" patterresd |
spots and can also cause stem lesions and friohrtimato and tuber blight on potato. Despitentdume
"early," foliar symptoms usually occur on olderves, uncontrolled, early blight can cause significa
yield reductionsA.niger causes a disease called black mold on certairsfant vegetables such as
grapes, onions, and peanuts, and is a common cimatainof food
The occurrence of phenolic compounds in cyanobacigtess documented than that in all plants. Alga
phenolic compounds were reported to be a poteatitibxidant to combat free radicals, which are
harmful to our body and food systems. Exopolysagdha (EPS) have been reported to play a significan
role in providing protection to the cell as a boarydlayer, contributing to soil aggregation dye to its
gluing properties and binding heavy metals dueht iresence several active functional groups onto
it'*?2 Role of phenols and polysaccharides content &ifuagal agents, the relationship between the
antifungal activity of the cyanobacteria and thmgilysaccharides and phenol contents were deterrbiyped
estimating their contents in the tested cyanobiattspecieb.
This work describes the alleopathic effect of cyzamieria against disease causing plant pathogenic
fungi.

MATERIALS AND METHODS
Biological agents
Cyanobacteria were isolated and purified by saligiitl transfer technique and purified strains were
grown in BG-11 medid.
Fungal strains were isolated from diseased plamdsparified strains were cultivated on potato deser
agar media.
Preparation of Extracts
Depending upon the type of solvent used, the estrgere subjected to different treatments followgd
evaporation and cold treatment. The extracts weapaated by keeping them at a temperature of 60-
80°C. Cold treatment was given by keeping the cellsrioight at a temperature ofGl Extracts with
single solvents contained Methanol (60%, 80%, ab@Pd), Ethanol, Water, Acetic acid, Acetone and
Butanol. Extracts with different solvents consistddViethanol: acetone (1:1), Butanol: acetone (1:1)
Ethanol: acetic acid (2:1).
Estimation of Phenol content
Phenols were determined by Folin ciocalteu redfent
Estimation of polysaccharide content
The polysaccharide content was determined usingdMsailfuric —acid methdd

RESULTS
Allelopathic activity
The allelopathic activity of cyanobacteria was ddsagainst two fungal strains Agpergillus niger and
Alternaria solani. It was observed that there was high visibilityrdfibition zone formation with butanol,
methanol (80%) and methanol (100%) as comparedéoother extractsAspergillus niger showed
greater inhibition in growth by cyanobacterial exts as compared to the other strain Aernaria
solani. High inhibition activity was observed Bpirulina platensis as compared to the other strains i.e.,
Anabaena variabilis and Synechococcus elongates. The efficiency of butanol extract was much more
compared to methanol and ethanol extracts.
Phenol and Polysaccharide estimation
Phenol and Polysaccharide concentration was olseneximum inSpirulina platensis as compared to
A. variabilis and Selongates. The phenol and polysaccharide conterfbptatensiswas 33.4mg/g and
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150ug respectively whereas $elongates it was 25.35mg/g and 120uly was very low inA.variabilis
i.e, 25.12mg/g and 80pdhe antifungal activity of cyanobacteria could hgilauted to their phenol
content and/or polysaccharides content. This int¢aion based on the results concerning the cbofen
these substances in the tested cyanobacteria wheie antifungal effect were increased as their
polysaccharides and/or phenol content increasedgieement with our explanation, there are a number
of reports by authors on the antifungal activitypbgnolic substance e.g., Phenolic compounds na&st
from cells ofN. muscurum significantly inhibited the growth dfandida albicans andSaphylococcus
aureus’.
DISCUSSION

Cyanobacteria are known to produce metabolites diithrse biological activities such as antibacteria
antifungal, antiviral, anticancer, antiplasmodagicide, antiplatelet aggregation and immunosuggve
activities. Several reports have shown that theaetd of Nostoc species significantly inhibited the
growth of phytopathogenic furif®?* Cyanobacteria produce biologically active compitsuthat have
antibiotic and toxic activity against plant pathnge® Kim and Kim'® reported inhibition ofF.
oxysporum f. sp. lycopersici by extracts ofN. commune FA-103. Biological control ofFusarium
oxysporum f. sp. lycopersici (FOL) causing wilt disease of tomato was studieditro as well as under
pot conditions and was concluded thatlinkia, can be utilised for the biological control of wilisease
of tomato which may help to obtain a higher yietdi ayood health in agricultufe Mohamedet al.'’
investigated the suppression effect of cyanobadtspeciesNostoc endophytum andNostoc muscurum
against, the causal agent of soyabean rodthiabctonia solani.
Cyanobacterial production of extra cellular polymenainly EPS is well documenfed®PS have been
reported to play a significant role in providingfection to the cell as a boundary layeontributing to
soil aggregation due to its gluing properties. Saumdoet al.?° observed that the phenolic compounds
e.g.,, vanilic and caffeic acid treatments causeéduction inF. verticillioidesandF.
proliferatum growth. Sekinest al.?* detected that phenolic hydroxyl compounds havéumgal activity
against white- and brown-rot fungilohamedet al.” have also concluded that the antifungal activity
induced by cyanobacteria could be attributed tonphand polysaccharides content.
Cyanobacteria showed significant allelopathic digtiin this study. This kind of investigation creata
much generalized view that cyanobacteria are capafbhntagonistic activity against fungal straifbe
degree of efficiency is subjected to the kind obldmgical treatment being imparted. This kind of
investigation, although, creates very general vidvweyanobacterial possibility to produce biologigal
active compounds but certainly points out the natesf exploring cyanobacteria as potentially
excellent sources of these substances and reveatndst prospective strains for further investgadi
The action and the potency of different cyanobéadtextracts is strain dependent. This work majorly
focuses on the ability of cyanobacteria to be w@sedn allelopathic biocontrol agent, since a lomg the
antifungal drugs are chemical based, they are mb¢ baving problems of being hazardous when
overused but also has led to the increase in Histaat power of many disease causing fungi.

Table 1: Allelopathic activity of Synechococcus elongates

Cyanobacterial extracts Aspergillus niger Alternaria solani
Methanol 60% 8 mm 6 mm
Methanol 80% 15.5 mm

Methanol 100% 11.5 mm

Ethanol 4 mm 2.5 mm
Water extract 2 mm -
Acetone 9 mm 12.5 mm
Acetic acid - 8 mm
Butanol 19 mm 17 mm
Methanol: acetone(1:1) 5 mm -
Butanol: methanol(1:1) 6 mm 4 mm
Ethanol: acetic acid(2:1) 4 mm -
Control (Chloramphenicol) 20 mm 18 mm
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Table 2: Allelopathic activity of Spirulina platensis

_Cyanobacterial extracts  Aspergillusniger  Alternariasolani
Methanol 60% 20 mm -
Methanol 80% 24 mm 21 mn
Ethanol 25 mm 32 mn
Butanol 14 mm -
Control 34 mm 34 mn

Table 3: Allelopathic activity of Anabaena variabilis

Cyanobacterial extracts Aspergillus niger Alternaria solani
Methanol 60% 18 mm 19 mm
Methanol 80% - 22 mm
Butanol 22 mm -

Control 26 mm 26 mm

Fig. 1: Zone of inhibition in fungi due to Synechococcus el ongates

ZONE OF INHIBITION IN A.NIGER DUE TO BUTANOL EXTRACT ZONE OF INHIBITION 1N A-SOLANI DUE TO ACETONE EXTEACT

ZONE OF INHIBITION IN A.NIGER DUE TO MET:ACE

ZONE OF INHIBITION IN A.NIGER DUE TO METHANOL 100 %

Zone of inhibition due to test (Chloramphenicol)
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Figure 2: Zone of inhibition in fungi due to S.platensis

Zone of inhibition in A.solani due to methanol so%

Zone of inhibition in A.nigerdue to methanol 0%

Figure 3: Zone of inhibition in fungi due to A. variabilis

Zone of inhibition in A. solani due to butanol

Graph 1: Phenol andPolysaccharide content in Cyanobacterial strair
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Graph 2: Activity of S.elongates againstA.niger
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Graph 4: Activity of S.elongates againstA.niger and A.solani
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Graph 5: Activity of S. platensis againstA.niger and A.solani
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Graph 6: Activity of A.variabilis againstA.niger and A.solani
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