



Antifungal impact of Seaweeds for controlling major fungal diseases in sesame
Abstract
This study evaluates the antifungal activity of different seaweeds under in vitro and their efficacy on severity of major disease of sesame in pot culture and field condition. Sesame is one of the major oilseed crops cultivated in India.  While the beneficial effect of algal extract as foliar spray is well documented, however, application of seaweed as soil amendment is now gaining popularity due to raising awareness about the hazardous effect of pesticides. Pathogens which are responsible for root rot and leaf spot are Alternaria sesami and Macrophomina phaseolina were successfully isolated from sesame that was showing symptoms of leaf spot and root rot. The findings revealed that S. myricocystum could be a useful brown macroalga for combating diseases and developing safe multifaced bioinoculants for sustainable farming.
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1. INTRODUCTION

         Sesame (Sesamum indicum L.) is one of the major oilseed crops cultivated in India occupying the third position. In Tamil Nadu sesame is cultivated in an area of 74376ha with average productivity of 433 kg / ha (2007-08, Source: Department of Economics and Statistics, Govt. of Tamil Nadu, Statistical Hand Book 2010). The productivity is remained stagnant over recent decades because of its susceptibility to biotic and abiotic stresses. Inherently low yield potential apart, biotic and abiotic stresses constitute the major yield destabilizing factors do not as well realize the full potential of the currently available varieties(El Khier et al., 2008).
Root-rot disease of sesame (Sesamum indi​cum L.) caused by Marophomina phaseolina(Moubl) is most serious diseasecausing losses in seed yield in sesame. (Elewa et al. 2011). Macrophomina phaseolina (Tassi) Goid is one of the most damaging seed and soil borne pathogen, infecting about 500 plant species in more than 100 families throughout the World (Kunwar et al., 1986, Mihail and Taylor, 1995, Srivastava and Singh 1990). M. phaseolina survives as microsclerotia in the soil and on infected plant debris. The microsclerotia serve as the primary source of inoculum and have been found to persist within the soil up to three years (Dhinga and Sinclair, 1977). The microsclerotia are black, spherical to oblong structures that are produced in the host tissue and released in to the soil as the infected plant decays.  These multi-celled structures allow the persistence of the fungus under adverse conditions such as low soil nutrient levels and temperature of above 30(C. The rate of infection increases with higher soil temperature and low soil moisture will further enhance disease severity(Min and Toyota, 2019). 

A complementary and a more permanent approach to minimize the deleterious effects of these pathogens are to increase their resistance in current genotypes. The use of resistant genotypes is the most desirable control method because it provides a practical, long-term, and environmentally benign means of limiting the damage from these diseases (Wang et al., 2013).

Beneficial effect of algal extract as foliar spray is well documented, however, application of seaweed as soil amendment is now gaining popularity due to raising awareness about the hazardous effect of pesticides (Sultana et al., 2012; Shafique et al., 2016). In our previous studies we have reported protection of roots of chili, sunflower, tomato, soybean (Sultana et al., 2012) eggplant and watermelon (Baloch et al., 2013) from root diseases by the application of seaweed. 

In this study, the antifungal activity of different seaweeds to be evaluated under in vitro and their efficacy on severity of major disease of sesame in pot culture and field condition.
2. Material and Methods

2.1 Isolation and maintenance of Macrophomina phaseolina and Alternaria sesami
Pathogens which are responsible for root rot and leaf spot are Alternaria sesami and Macrophomina phaseolina were successfully isolated from sesame that was showing symptoms of leaf spot and root rot. For further study, the isolates pure cultures were kept on PDA agar slants.
2.2 Collection and extraction of seaweeds

2.2.1.Collection of seaweeds


In Tamil Nadu, several seaweeds were manually collected from the deep-water regions close to Rameswaram. The seaweeds have been collected in Tamil Nadu's Gulf of Mannar geographic region. The phenotypic traits of the brown algae varied, ranging from dark brown to yellow/brown. The red algae had a spiral shape and were pale yellow and grey in color(Table 1 and plate 1)
Table 1. Phenotypic character of seaweeds collected from the Gulf of Mannar region in Tamil Nadu.
	S. No
	Seaweeds
	Type
	Phenotypic characters
	Structure of the
Seaweeds

	1
	Sargassum myricocystum
	Brown
	Dark brown
	Smooth

	2
	Kappaphycus alvarezii
	Red
	Yellow to brown
	Hardy structure

	3
	Gracilaria edulis
	Red
	Light yellow & grey
	Small spiral

	5
	Ulva lactuca
	Green
	Green
	Leafy

	6
	Caulerpa racemosa
	Green
	Yellow to green
	Small leaves
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Plate 1 Collection of seaweeds from gulf mannar region at Tamil Nadu


The seaweed samples that had been collected were carefully washed with clean fresh water and then clean distilled water to get rid of any dirt or trash. Subsequently, the seaweed samples were gently blotted to remove extra wetness and then exposed to shade drying for a period of two to three weeks at room temperature. After the drying process, the seaweed samples were stored under dry conditions in an environmental room at an average temperature range from 28°C to 37°C (Kannan and Bharathkumar, 2016) and they were subsequently powdered.  Different solvents such as methanol, ethyl acetate, and hexane were used to prepare extracts from the powdered seaweeds to test their antifungal activity.

To prepare the seaweed extract, 20 g of partially blended seaweed powder were placed into a Soxhlet apparatus. The seaweed powder was enclosed in a cellulose thimble paper and subjected to reflux for a duration of 12 hours using methanol solvent measuring 150 ml. Following the reflux process, the extracted solvent was filtered through Whatman No.1 filter paper to eliminate any impurities. The resulting solution was then concentrated through evaporation using a rotary evaporator operating at a temperature of 40°C and a speed of 45 rpm, continuing until the solvent was completely evaporated, following the procedure as described. The final extract was diluted with the respective solvents and stored at -4°C for future use (Kombiah and Sahayaraj, 2012).

2.3 Screening of Antifungal Activity of seaweeds against growth of pathogen causing root rot and Alternaria leaf spot in sesame.
The primary objective of this study was to evaluate the effectiveness of seaweed extracts, namely bio-stimulants, in reducing  Alternaria leaf spot and root rot in sesame. In this study, methanol was used to obtain extracts from five distinct seaweeds: Ulva lactuca, Gracilaria edulis, Sargassum myricocystum, Kappaphycusalvarezii, and Caulerpa racemosa. Seaweed extracts' antifungal qualities were tested using the poissoned food approach. After adding 1%, 3%, and 5% seaweed extracts to potato dextrose agar medium, the mixture was autoclaved and put into sterile petriplates. A sterile cork borer was used to cut 5 mm-diameter discs off the edge of a 5-day-old culture. After that, the discs were aseptically put onto PDA plates that had been poisoned with seaweed extracts. The medium was utilized as a control, but the extract was not added. The colony diameter of the infected plates was measured and recorded at 25 °C after 48, 72, and 96 hours of incubation. Three plates per replication were kept for each treatment. The experiment was repeated twice, and the average growth diameter was determined. The formula proposed by Pandey et al. [16] was used to determine the percentage inhibition (PI) of mycelial growth.

Dc - Dt

PI = --------------- x 100

Dc

Where,

 PI = Percent Inhibition

 C= Average diameter of fungal growth (cm) in control, 

T= Average diameter of fungal growth (cm) in treatment.

2.5 Statistical Analysis 
To evaluate the mean differences among the treatments, an analysis of variance (ANOVA) was conducted and Duncan's Multiple Range Test at a significance level of 5% was employed [17].

3. RESULTS AND DISCUSSION

3.1. In vitro screening of methanol extract of seaweeds (3%) against Alternaria sesami and M. phaseolina
The seaweed extracts were screened against the Alternaria sesami and Macrophomina phaseolina by dual culture method(Dennis and Webster,1971).The effect of different seaweed extracts screened against the growth ofA.sesami and M. phaseolina. The result showed that, the inhibition of mycelial growth was noticed in all the treatments. Among the seaweeds, S. myricocystum showed the higher antifungal activity which was significantly inhibited the growth of A. sesami(3.1cm) were found to maximum reduction over control (65.33%) (Table2;Plate 2) where as in mycelial growth of M. phaseolina was 6.8cm and percent inhibition was recorded 24.44 over control(Table3;Plate3). The Percentage of mycelial reduction which emphasizes that the presence of bioactive metabolites in marine algae, which can be soluble in solvents, could be related to the high and low effect of organic extracts against microorganisms.

Table2.In vitro screening of methanol extract of seaweeds (3%) against A. sesami
	Sl.

No
	 Treatments
	Mycelial growth

 (cm)
	Per cent inhibition

 over control 

	1.
	G. edulis
	7.2
	19.33

	2. 
	S. myricocystum
	3.1
	65.33

	3. 
	C. racemosa
	7.4
	17.33

	4. 
	U.lactuca
	6.2
	31.11

	5. 
	K.alvarezii
	4.5 
	50.00

	6. 
	T.richodermaasperellum
	3.0
	66.22

	7. 
	Bacillus subtilis
	1.9
	75.88

	8. 
	Control
	9.0
	-

	CD(p=0.05)
	1.21
	3.89

	SE(d)
	0.57
	1.81
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Table 3. In vitro screening of methanol extract of seaweeds (3%) against M. phaseolina

	Sl.

No
	 Treatments
	Mycelial growth (cm)
	Per cent inhibition

 over control

	1.
	G. edulis
	8.2
	8.88

	2. 
	S.myricocystum
	6.8
	24.44

	3. 
	C. racemosa
	8.5
	5.55

	4. 
	U. lactuca
	7.9
	12.22

	5. 
	K.alvarezii
	7.1
	21.11

	6. 
	T. asperellum
	1.9
	78.88

	7. 
	B. subtilis
	6.2
	31.11

	8. 
	Control
	9.0
	-

	CD(p=0.05)
	1.04
	2.08

	SE(d)
	0.49
	0.97
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Conclusion
This study illustrates the antifungal properties of S. myricocystum  a brown seaweed that was obtained from Mandabam in Tamil Nadu's Ramanathapuram area. At a concentration of 3%, the methanol extract of S. myricocystum exhibited remarkable efficacy against the foliar pathogen responsible for sesame leaf spot and rot root. Furthermore, in vivo treatment of S. myricocystum in a pot culture experiment improved sesame growth and dramatically reduced the disease incidence of leaf spot. The significant antibacterial and biostimulant properties of S. myricocystum may be primarily attributed to its distinct phytochemical makeup, which includes fatty acids, saccharides, and phenolic chemicals. Because of these features, S. myricocystum could be a useful brown macroalga for combating diseases and developing safe multifaced bioinoculants for sustainable farming.
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Plate 2 In vitro screening of methanol extract of seaweeds (3%) against Alternaria sesami 
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Plate 3In vitro screening of methanol extract of seaweeds (3%) against Macrophomina phaseolina 
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