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Abstract 

Different seaweed extracts were screened for antifungal activity against Alternaria solani, a phytopathogen. 
Among six seaweeds tested, five of them exhibited biocidal activity against A. solani, while methanol and 
ethyl acetate extracts of Enteromorpha flexuosa and Chaetomorpha antennina were effective recording 94 
and 84% respectively. Bioactivity was recorded only in one of the substance (Rf value 0.97) among 11 
different substances separated from the crude ethyl acetate extract of C. antennina through Thin Layer 
Chromatography (TLC). The antioxidative property of seaweeds was found correlated to their phenolic 
content. Ulva lactuca recorded high phenolic content of 0.830 GAE mg/mL. 
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Introduction 

Aquatic habitats have been shown to provide a rich 
source of natural bioactive compounds. According to 
their chemical structure, most of the isolated compounds 
belong to sulfated polysaccharides, phenolics, 
terpenoids, lactons, sterol and fatty acids (Mc Dermid 
and Stuercke, 2003; Qi et al., 2006; Duan et al., 2006). 
Seaweeds have evolved chemical defense mechanisms 
against their predators and enhanced their survival 
(Carte, 1996). Of these chemicals some are biologically 
active and possess potent pharmacological activities. 
Seaweeds are also known to aid and stimulate growth of 
vegetables, fruits and other crops (Blunden, 1991; 
Crouch, et al., 1994; Washinton, et al., 1999). They 
contain all major and minor plant nutrients as well as 
bioactive compounds and contain many organic 
compounds such as auxins, gibberellins and precursor of 
ethylene and betaine which enhance plant growth (Wu et 
al., 1997). Tomato (Lycopersicon esculentum Mill.) is one 
of the most popular vegetables grown all over the world. 
Globally, tomatoes are grown on an area of 4,528,519 
hectares with a production of 124,748,292 Mt. In India, 
tomato is a popular crop, grown on 540,000 hectares, 
producing 7,600,000 Mt (FAO, 2005).  Tomatoes are 
easy to grow and there is always the risk of disease 
when growing tomatoes. Tomato diseases are rarely 
fatal, if the proper management is employed. Alternaria 
genus is cosmopolitan in occurrence. The members of 
this species like A. solani, A. alternate, A. porri, A. dauci 
cause different diseases in their respective hosts 
(Rotem, 1998). Among them A. solani causing Early 
Blight of Tomato and Potato is the most destructive (Reni 
and Roeland, 2006). It causes diseases on foliage, 
stems of seedlings and adult plants, fruits of tomato and 
may also infect egg plant and Pepper.  

 
 
This disease could be very destructive if left uncontrolled, 
often resulting in complete defoliation of plants (Dater 
and Mavee, 1985). The early blight disease in tomato is 
responsible for losses incurred by tomato producers 
each year. In India, field losses of up to 78% have been 
reported (Datar and Mayee, 1981). The most common 
method for controlling these pathogens is the use of 
fungicides such as capafol, mancozeb, benoml, 
carbendazim (Ramakrishnan and Kandaswamy, 1978). 
But the development of resistance in pathogenic fungi to 
the fungicides and increasing residual hazardous effects 
has given a thrust to search for new seaweed derivatives 
that can obstruct the fungal pathogenicity. Against these 
backdrops, this study was aimed to evaluate the efficacy 
of different red and green seaweeds to control the early 
blight of tomato caused by fungal pathogen A. solani.  
 
Materials and methods 

Isolation and Identification of the pathogen 
Plants of Lycopersicum esculentum (Mill.), exhibiting 
early blight disease were collected in and around 
Chennai during March 2010. They were brought to the 
laboratory and used for the isolation of the fungal 
pathogen. The infected leaves were separated from the 
plants and surface sterilized and were cut along the 
infected region using a sterile scalpel and placed on PDA 
media (Potato Dextrose Agar, Himedia) plates using 
sterile forceps. The plates were incubated at 28°C for 4 d 
in dark. 
 
Identification of fungi 
Fungi identification was done by comparing its cultural 
and morphological characteristics by the manual of 
Barnett and Hunter (1972) and Sutton (1992).  
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Pathogenicity test 
The fungi isolated from tomato plant, was evaluated for 
pathogenicity (Koch, 1881). Spores from actively growing 
colony of the fungi were collected using sterile distilled 
water. The spore suspension was adjusted to104 
spores/mL. The 45 d old healthy tomato plants grown 
were challenged with the fungal spores. Ten millilitre of 
each inoculum was sprayed to three plants using hand 
atomizer. They were covered with polypropylene covers 
with scattered holes (for exchange of air). Plants were 
watered (sterile distilled water) every alternate day for a 
period of another 10 d. After 10 d the infected leaves 
were collected and the fungi was re-isolated and 
identified. Un-inoculated plants served as control 
(Klement, 1963; Goto, 1992; Boucher et al., 2001).  
 
Seaweed collection and extraction 
Live and healthy specimens of seaweeds were collected 
along the coasts of Kovalong, Chennai and Muttam, 
Nagarcoil , Tamil Nadu,  during low tide at a depth of 1 m 
in the month of march 2010. These include green 
seaweeds (Enteromorpha flexuosa (Wulf.), E. intestinalis 
(Linn.), Chaetomorpha antennina (Bory.), Ulva lactuca 
Linn.) and red seaweeds (Grateloupia lithophila 
Borgesen Gracilaria corticata (Gmelin.). These 
seaweeds were brought to the laboratory, washed in sea 
water to remove any macroscopic epiphytes and 
extraneous matter and rinsed in distilled water to remove 
excess salt on the surface. The specimens were spread 
on blotting paper and shade- dried for 10 d at room 
temperature. The shade-dried seaweed samples were 
powdered using mixer grinder and sieved through 0.8 
mm2 sieve plate. The powdered samples were kept in 
polythene bags, sealed properly and stored at room 
temperature until further use. Fifty grams of each dried 
seaweed powder sample was taken in 500 mL conical 
flask and 200 mL of methanol, ethyl acetate and hexane 
(1:4 ratio w/v) were added separately and mixed 
thoroughly. They were sealed properly and kept in a 
shaker at 300 rpm for 10 d at room temperature and 
filtered through Whatman No. 1 filter paper. The organic 
plant extracts were concentrated at room temperature 
and stored at 4ºC.  
  
Antifungal assay 
Activities of various seaweed extracts in controlling the 
growth of the phyto pathogenic fungi, Alternaria solani 
were studied using disc diffusion method (Bauer et al., 
1965). Prior to assay, the seaweed extract was mixed 
with 5% in order to facilitate uniform diffusion of 
substances in the agar medium. Spores of the pathogen 
(Sonnenwirth and Jarett, 1980; Hindler et al., 1990) were 
swabbed on Mueller Hinton Agar plates. Fifty µg of 
different seaweed extracts (in 5% DMSO) were loaded 
onto 6 mm diameter sterile paper discs (Himedia) and 
dried in sterile chamber. Then these discs were 
impregnated on the assay plates and incubated at room 
temperature. Discs loaded with 5% DMSO served as a 
negative control. Inhibition zones were recorded after  
24 h. 

Minimum Inhibitory Concentration (MIC) 
A broth micro dilution method was used to determine the 
MIC (Devienne and Raddi, 2002; NCCLS, 2003). Serial 
double dilutions were prepared with a mixture of 
maximum active seaweed extracts: DMSO 95:5 in a 96-
well microtiter plate. The initial test concentration was 
serially diluted two fold. Each well was inoculated with a 
5 µL of suspension containing 104 spores/mL. Plates 
were incubated at 37°C for 24 h. The MIC was defined 
as the lowest concentration of the seaweed extract at 
which the fungi does not demonstrate visible growth after 
incubation time. After incubation time, from each well, a 
loop of the suspension was transferred to Mueller Hinton 
Agar plates and incubated at previously mentioned 
incubation time and temperature. The concentration in 
which no growth was observed is the Minimum 
Fungicidal Concentration (MFC).  
 
Thin Layer Chromatography (TLC) 
The seaweed extracts which showed highest activity 
against the pathogen Alternaria solani, causing early 
blight disease of tomato was taken for TLC. For this 
purpose 1 kg shade dried powdered sample of seaweed 
was used. They were then soaked in ethyl acetate (1:4 
w/v) and kept for 10 d under room temperature with 
intermittent shaking. The extracts were filtered through 
filter paper, and concentrated using Rotary evaporator at 
40°C. This concentrated crude extract was used for the 
separation of antimicrobial compounds. 
 
Selection of suitable solvent systems for TLC 
The study was carried out using pre-coated silica gel 
plates of 7.5 x 2.5 cm. The 50 µg of the seaweed extract 
was loaded on each plate and placed in the coupling jars 
containing different proportions of solvent mixtures: 
hexane: ethyl acetate viz., 9:1, 8:2, 7:3, 6.5: 3.5 and 6:4 
for 10 min and allowed to dry at room temperature and 
observed under normal light and UV light in order to 
select a suitable solvent system for maximum separation 
of substances. Among the above solvent systems tested, 
hexane: ethyl acetate 8:2 (v/v) showed maximum 
separation of substances from the ethyl acetate extract 
of the seaweed. Therefore, this solvent system was 
chosen for bio-autography studies.  
 
Bio-autography  
The concentrated ethyl acetate seaweed extract (2.5 mg) 
was loaded on pre-coated TLC plates (MERCK) just  
2 cm from the bottom using a capillary tube and allowed 
to dry at room temperature. The plates were developed 
in a developing jar containing the solvent mixture. After 
the solvent front reached 9 cm height, the plates were 
removed and allowed to dry at room temperature for 30 
min. The plates were observed under normal light and 
the Rf values were recorded. The developed 
chromatogram was cut along the spots and placed onto 
the inoculated agar layer enabling the diffusion of 
antibiotics from plates to the agar. The plates were 
incubated overnight and the inhibition zones were 
recorded. 
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Determination of total phenol content 
Total phenolic content was estimated by the  
Folin–Ciocalteu method (Singleton and Rossi, 1965). 
Two hundred microlitres of diluted sample were added to 
1 mL of 1:10 diluted Folin–Ciocalteu reagent. After 4 min, 
800 µL of saturated sodium carbonate (75 g/L) was 
added. After 2 h of incubation at room temperature, the 
absorbance at 765 nm was measured. Gallic acid (0–500 
mg/L) was used for the standard calibration curve. The 
results were expressed as gallic acid equivalent (GAE)/g 
dry weight of macroalgae. 
 
Results and discussion 

The protection of plants from pathogens has always 
been of prime concern in order to get better yield. 
Alternaria solani causes a destructive foliar disease in 
potato and tomato plants, early blight. The  
phyto chemicals acting as antimicrobials represent a vast 
untapped source for medicines and hence have 
enormous therapeutic potential. In this study, infected 
plants of tomato showing earl blight disease, collected in 
and around Chennai were subjected for the isolation of 
pathogens. The fungi grown on PDA plates after 4 d 
incubation in dark at 28ºC were analysed for their cultural 
and morphological characteristics. The fungus showed 
greenish black pigmentation with a radial growth of 31.5 
mm. Confirmation was done by comparing its cultural 
and morphological characteristics (spore shape and 
color, hyphae) with descriptions published in specialized 
literature (Barnett and Hunter, 1972; Sutton, 1992). 

The fungus isolated was tested for pathogenicity with 
special reference to early blight disease of tomato, 
caused by the fungus, A. solani. Ten days after spraying, 
the plants exhibiting the disease of early blight which 
were again used for isolation and the pathogen was 
identified. Six seaweeds were tested for heir antifungal 
potential against the plant pathogen, A. solani (Ellis and 
Mart) that causes early blight, the most common foliar 
disease of tomatoes and also common on potatoes. This 
disease causes direct losses by the infection of fruits and 
indirect losses by reducing plant vigor. The disease is 
favoured by warm temperatures. Since India is a tropical 
country, the chance of occurrence and spreading of this 
disease is a devastating problem. Hence an attempt was 
made to test the antifungal activity of the collected 
seaweeds against the pathogen. Methanol, ethyl acetate 
and hexane extracts of E. flexuosa and C. antennina 
showed strong antifungal activity against A. solani by 
producing zones of inhibition of 3.8, 3.8, 1.8, 3.8, 2.6 and 
1.8 cm respectively (Table 1). 

All the extracts of C. antennina and E. flexuosa exhibited 
high antifungal activity against the pathogen of 94% and 
84% respectively. Ethyl acetate extract of Ulva lactuca 
exhibited a moderate antifungal potential with an 
inhibition zone of 1.9 cm. Hexane extracts of  
E. intestinalis, U. lactuca and G. lithophila inhibited the 
growth of fungi with inhibition zones of 1.2, 1.6 and 0.9 
respectively (Table 1). None of the extracts of  
G. corticata were able to inhibit the growth of the fungi 
under study. Ethyl acetate and hexane extracts of Ulva 
lactuca showed about 35% antifungal activity. Hexane 
extracts of E. intestinalis and G. lithophila showed 
fungicidal activity of about 12% and 9% respectively. 
Minimum inhibitory concentrations of about 125 µg of 
methanol and ethyl acetate extracts of E. flexuosa and  
C. antennina were effective in controlling the growth of 
pathogen tested.   

 
Minimum Inhibitory Concentrations of methanol, ethyl 
acetate and hexane extracts of the 5 seaweeds which 
showed the maximum activity against A. solani are 
depicted in Table 2. Of the five seaweeds with fungicidal 
activity, minimum concentrations of methanol and ethyl 
acetate extracts of E. flexuosa and C. antennina were 
effective in controlling the growth of pathogen tested. 
Basically green seaweeds were found to show a better 
antifungal activity than red seaweeds. The antifungal 
activity of seaweeds is due to the presence of high water 
content in fresh to most of the algal extracts. In the 
present investigation samples the antibiotic principle is 
diluted leading to dissipated activity, while dried samples 
accumulated concentrated the antibiotic principle. They 
also indicate that degradation of active metabolites may 
not occur during shade drying (De compos-Takaki et al., 
1988). The crude ethyl acetate extract of C. antennina 
was chosen for fractionation of bioactive substances 
through TLC using hexane: ethyl acetate (8:2) solvent 
system separated 9 different substances of Rf values, 
0.97, 0.82, 0.74, 0.67, 0.59, 0.46, 0.38, 0.28, 0.19. Two 
spots were viewed under UV light. 

Table 2. MFC and MIC of seaweeds against A. solani. 

 Enteromorpha 

flexuosa 

Chaetomorpha 

antennina 
E. intestinalis Ulva lactuca 

Grateloupia 

lithophila 

M E H M E H M E H M E H M E H 

MFC (µg) 125 125 500 125 125 500 - - 500 - 125 500 - - 125 

MIC (µg) 65.5 32.7 125 32.7 32.7 125 - - 125 - 32.7 125 - - 32.7 

M-methanol; E-ethyl acetate; H–hexane; MFC–Minimum Fungicidal Concentration; MIC-Minimum Inhibitory Concentration. 

Table 1. Antifungal activity of seaweed extracts. 

Seaweeds 
 

Solvents 
(inhibition zone in cms) 

Methanol Ethyl 
acetate Hexane 

Enteromorpha flexuosa    3.8 3.8 1.8 
Chaetomorpha antennina 3.8 2.6 2.0 
E. intestinalis - - 1.2 
Ulva lactuca - 1.9 1.6 
Grateloupia lithophila - - 0.9 
Gracilaria corticata  - - - 
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Activity was recorded in only one substance with Rf 
value 0.97 against the pathogen, A. solani, isolated from 
Tomato plant. Small scale and selective assays coupled 
with TLC could provide a significant proof of chemical 
identification (Robles-Centeno et al., 1996). The solvent 
systems developed for TLC in the present study are 
based on maximum separation, reproducibility, stability 
and non destructive properties (Olesen et al., 1963).  

 
Hexane: Ethyl acetate in the ratio 8:2 (v/v) was found to 
be suitable for separation of 11 different substances from 
the crude ethyl acetate extract of C. antennina which was 
the maximum number among all other solvent systems 
studied. Therefore, this solvent mixture was used for all 
TLC assays. Activity was recorded in only one substance 
with Rf value 0.97 against the pathogen A. solani. 
Phenolic compounds such as flavonoids, phenolic acids 
and tannins are considered to be major contributors to 
the antioxidant capacity of plants. These antioxidants 
also possess diverse biological activities, such as anti-
inflammatory, anti-atherosclerotic and anti-carcinogenic 
activities. These activities may be related to their 
antioxidant activity (Chung and Lin, 1998) against 
superoxide and hydroxyl radicals, chelating ability, 
quenching singlet and triplet oxygen and reducing power 
(Ruberto et al., 2001). Among the seaweeds tested, Ulva 
lactuca recorded high phenolic content of 0.830GAE 
mg/mL (Table 3).  
 
The high phenolic content of U. lactuca is responsible for 
it to grow abundantly in polluted waters (Sivalingam, 
1978). Other green seaweeds viz., E. flexuosa,  
C. antennina, E. intestinalis exhibited considerably a low 
concentration of total phenolic compounds of 0.150, 
0.198 and 0.170 mg/mL of GAE respectively. The red 
seaweeds Grateloupia lithophila and Gracilaria corticata 
recorded total phenolic concentration of 0.230 and 0.210 
mg/mL of GAE respectively. Phenolic compounds are 
commonly found in the edible brown, green and red 
seaweeds in which the antioxidative property has been 
correlated to their phenolic content (Jimenez-Escrig. et 
al., 2001; Ganesan et al., 2008).  
 
Conclusion 

The present investigation was attempted to develop  
non-chemical alternatives using the largely untapped 
potential of seaweeds to control the early blight disease 
of tomato, caused by the fungus Alternaria solani, 
keeping in view the growing concern over the 
environment and human health problems related to the 

use of synthetic pesticides. The study showed an 
encouraging trend towards facing out the toxic and 
persistent type of inorganic pesticides by promoting the 
development of new molecules which are non-synthetic, 
bio-degradable and having low/no toxicity, and will surely 
emerge as alternative against the backdrop of the 
environmental and health effects associated with the use 
of conventional pesticides.   
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