Original Research Article
In vitro efficacy of Trichoderma asperellum AGAINST Fusarium oxysporum f.sp. niveum causes wilt in watermelon

Abstract
Fusarium wilt, caused by Fusarium oxysporum f.sp. niveum (Fon), is a major soil-borne disease affecting watermelon (Citrullus lanatus) production in India. The present study was undertaken to assess the occurrence and severity of Fusarium wilt in major watermelon-growing districts of Tamil Nadu and to evaluate the in vitro efficacy of native Trichoderma asperellum isolates as potential bio control agents. Field surveys conducted across 15 locations revealed varying levels of disease incidence, with Siruvadi village recording the highest incidence (41.24%). Ten Fon isolates (Fon1–Fon10) and ten native Trichoderma isolates (TsI1–TsI10) were obtained from infected plant tissues and rhizosphere soils, respectively. Among these, Fon5 was identified as the most virulent isolate. Dual culture assays demonstrated that T. asperellum isolate TsI4 exhibited the highest antagonistic activity, inhibiting Fon5 growth by 81.74%. Further, poisoned food and well diffusion assays confirmed that TsI4 culture filtrates significantly suppressed Fon5 mycelial growth in a dose-dependent manner, achieving up to 95.13% inhibition in poisoned food assay and a 28.72 mm inhibition zone in the agar well diffusion method at 40% concentration. These results suggest that native T. asperellum isolates, particularly TsI4, have strong potential as biological control agents against Fusarium wilt in watermelon cultivation, offering an eco-friendly alternative to chemical fungicides.	Comment by Sakshi: Use a unique format everywhere.
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Introduction
Watermelon (Citrullus lanatus) is one of the most popular tropical or subtropical fruit crop cultivated across the world as well as in India (Giakhuong et al. 2020). It belongs to the Family Cucurbitaceae and regarded as the main horticultural crop in the world wide. According to National Horticultural Board (2017-18) Amongst the Asian countries India is the second largest producer of Watermelon. In India, Uttar Pradesh is the leading state in Watermelon production. In India it is mainly cultivated in Uttar Pradesh, Karnataka, Madhya Pradesh, Maharashtra, Punjab, Rajasthan and Tamil Nadu. The major growing areas of Tamil Nadu i.e. Aarevillupuram, Cuddalore, Thanjavur, Coimbatore, Karur, Kancheepuram, Salem, and Erode. 	Comment by Sakshi: Reference missing
Watermelons are is susceptible to several diseases such as anthracnose, Fusarium wilt, downy mildew, Gummy stem blight, root knot nematode and viral diseases. Amongst these diseases, Fusarium wilt is a serious disease that attacks the Watermelon crop in continuous cropped soil (Zhou et al. 2004). Fusarium wilt is a destructive soil borne disease caused by the pathogen Fusarium oxysporum f.sp. niveum (FON). This pathogen survives in soil for longer period as chlamydospores and also has the ability to colonizes on non-host plants (Harveson et al. 2002). 
Generally, yield losses of Watermelon caused by Fusarium, varies between 10% to 40%. In severe cases, it will reach up to 80%. The Initial symptoms of Fusarium wilt include leaves turning a dull grey green color and wilting during the heat of the day (Egel et al. 2016).Wilting of plants followed by necrosis (Martyn et al. 2013). In older plants, Fusarium wilt is characterized by wilting of individual Watermelon runners and the hallmark of Fusarium wilt is unilateral stem necrosis, which is easily visualized when runners or stems are sectioned (Kleczewski et al. 2011). 	Comment by Sakshi: Reference missing.
The control of Fusarium wilt is necessary for maintaining the crop yield. Several strategies have been proposed to control Fusarium wilt. The continuous use of chemicals cause their toxic forms persist in soil and pollute the whole environment (Sundaramoorthy et al. 2013). Biological management is an alternative and economically suitable approach for the management of Watermelon wilt (Li et al. 2019). It is a potential non chemical means of plant disease management by reducing the harmful effects of pathogen through the use of other living microorganisms.
	The antagonistic fungi especially Trichoderma spp viz., Trichoderma asperellum, Trichoderma viride, Trichoderma harzianum and Trichoderma atroviride have been widely used against Fusarium oxysporum f.sp. niveum (Trillas et al. 2006). The different species of Trichoderma are effectively control the wilt disease in several crops (Christopher et al. 2010).
Materials and Methods
Survey for occurrence of Fusarium wilt of watermelon in the major growing areas of Tamil Nadu 
Field survey was conducted to find out the occurrence of percent disease incidence (PDI) of watermelon wilt in different districts of Tamil Nadu during the year 2020. Fifteen locations were selected in five districts of Tamil Nadu for the survey. In each field, an area of 2 m × 2m was considered and the number of infected plants in respect of diseases was counted and recorded. Also, the total number of plants present in each area was calculated. The per cent disease incidence was calculated by using the formula (Mayee and Datar1986).
Disease incidence (%) = (Number of infected plants / Total number of plants observed) X 100
 Also, completely wilted plants were collected to isolate the pathogen along with rhizosphere soil to isolate the antagonistic organisms. The other information regarding the soil type in which the crop is grown and the variety of Watermelon cultivated were also recorded in the respective survey fields.
Isolation and identification of Fusarium oxysporum f.sp. niveum pathogen
The infected root and stem portions were washed in tap water and the tissues showing vascular brown colour discoloration were cut into small pieces. The pathogen was isolated from the diseased tissues of watermelon by tissue segment method (Rangaswami, 1958). The infected portions of diseased plants were cut into small pieces and were surface sterilized with 0.1 per cent sodium hypochlorite for one min. and washed in three changes of sterile distilled water to remove the traces of sodium hypochlorite and were then placed on previously poured and solidified Petri dish containing Potato Dextrose Agar (PDA) medium. 	Comment by Sakshi: Use a unique format. If you used symbol of percent than use symbol in whole manuscript.
These plates were incubated at room temperature (28±2ºC) for five to seven days and observed for the growth of the fungus. The pure culture of the pathogen is obtained from hyphal tip method and was transferred aseptically in PDA slants to maintain pure culture of the pathogen. The pathogen Fon was identified with the descriptions given by Booth (1971).Totally ten isolates were maintained and they were designated as Fon1 to Fon10 respectively.
Cultural and morphological characteristics of Fusarium oxysporum f.sp. niveum (Naveenkumar et al. 2017)
From the seven days old culture plates 9 mm culture disc of the pathogen was cut aseptically by using a sterilized cork-borer and placed at the centre of each sterile Petri dish containing 15 ml of previously sterilized and solidified PDA medium. The growth and morphological characters of the isolates viz., colony morphology, mycelia growth, colony color, conidia size, shape and Septation were observed, measurements were taken under labomed trinocular microscope (magnification 400X (40X × 10X)). The number of conidia produced in both solid and liquid medium by the pathogen against the culture filtrates of the fungal and bacterial antagonists was calculated by using Haemocytometer. Spores are collected from the solid and liquid medium by flooding the culture with sterile saline containing 0.01% (v/v) Tween (BDH), and dislodging spores from the hyphae with the aid of a sterile glass spreader. The solution with the spores then filtered through 4 consecutive sterile absorbent cotton wool plugs to remove and hyphal fragments present. The number of spores can be counted using a haemocytometer, diluted to 106spores/ml as a stock solution, and kept at 4℃ until use.
The cell concentration is calculated as follows: 
Cell concentration (in cells/ml) = average count ×2 ×10,000 × dillution factor of original cells
Isolation of native antagonists from Rhizosphere soil Trichoderma sp.
Soil samples from watermelon rhizosphere were collected from different locations during the field survey for isolation of the antagonist. The antagonist was isolated by serial dilution plating technique using Trichoderma selective medium (TSM) (Elad and Chet, 1983). These Trichoderma spp. cultures were purified by single hyphal tip method and used for the studies. The mode of mycelial growth, colony colour, conidiation and shape of the culture were examined (Leahy and Colwell 1990). Trichoderma spp thus isolated was subjected for identification based on the key to species (Domsch et al. 1980).
In vitro testing of fungal bio-control agents
Screening of potential Bio agents by Dual culture technique
Fon5 was tested by dual culture technique (Dennis and Webster 1971). At one end of the sterile Petridish containing 15ml of sterilized and solidified PDA medium 9mm mycelia disc obtained from five days old culture of T.asperellum was placed under aseptic conditions. Similarly, at the opposite end approximately 75 mm away from the T.asperellum culture disc, a 9 mm culture disc of was Fon5 placed and incubated.A control was maintained by inoculating Fon5 at one end of the petridish. The plates were incubated at room temperature (28±2ºC) for seven days. The radial growth of the pathogen and the test antagositsantagonist were measured.	Comment by Sakshi: In unique format
The effective antagonists were identified based on inhibition of growth of the pathogen. The radial mycelial growth of the pathogen and per cent reduction over control was calculated by using the formula (Vincent 1947).
Per cent inhibition (I) = C-T/C × 100 
Where, C-mycelial growth of pathogen in control
T-mycelial growth of pathogen in dual plate I -Inhibition per cent
Bioassay of culture filtrates of Trichoderma asperellum
Preparation of the culture filtrates of T. asperellum
The effective T. asperellum isolates were grown for 10 days at room temperature (28±2ºC) in Erlenmeyer flasks containing 50 ml of sterilized potato dextrose broth. The cultures were filtered under vacuum through bacteriological filter to remove the mycelium and spores. The filtrate thus obtained was used for the studies.
Poisoned food technique (Grover and Moore 1962)
The culture filtrates of the antagonists were separately incorporated into sterile PDA medium at 10, 20, 30 and 40 per cent by adding the calculated quantity of the culture filtrates to the medium by means of a sterile pipette. The PDA medium without the culture filtrate served as control. 	Comment by Sakshi: use a unique format.
Each plate was inoculated at the center with 9 mm culture disc of Fon5 of a seven days old culture. Three replications were maintained for each treatment. The diameter of the mycelia growth (mm) of Fon5 was measured when the mycelial growth fully covered the control plates.	Comment by Sakshi: Use a unique format everywhere.
Agar well method (Perez et al.1990)
Agar well diffusion method is also known as Hole plate diffusion method (Brantner1997). This method was followed to determine the antagonistic activities of potent anti-fungal metabolites present in T.asperellum culture filtrate. Inoculated culture of 7 days old T.asperellum was incubated in a shaker at 150 rpm for 2 days. Ensuing10ml of culture was centrifuged at 10,000 rpm for 20 min. The supernatant was filtered by using Whatman No.1 filter paper and the spore suspension was collected.
The Petri plates amended with 15 ml solidified PDA medium was inoculated in the center with 7 days old culture of Fon5. Then, wells were cut equidistantly with the aid of a sterile cork-borer. Different filtrate concentrations (10, 20, 30 and 40 per cent) were suspended into four wells separately 2cm distance away from centrally placed Fon5 disc. Control plate without filtrate was maintained and incubated at (28±2ºC) for seven days to evaluate the maximum percent of inhibition. The inhibition zone formed around each well was measured and calculated.
Results
Survey on the incidence of Fusarium wilt of watermelon incited by Fusarium oxysporum f.sp. niveum in major watermelon growing areas of Tamil Nadu
	The data presented in Table 1 on the survey in different locations of major Watermelon growing areas of Tamil Nadu revealed the endemic nature of the Fusarium wilt incidence of Watermelon. Among the different locations of Tamil Nadu surveyed for Watermelon Fusarium wilt incidence, Siruvadi village in Villupuram district recorded the maximum incidence of the disease (41.24%) followed by Elupatti in Thanjavur district with the wilt incidence of 38.17%, Marakkanam in Villupuram district with the wilt incidence of 34.79% and the minimum Fusarium wilt incidence of (5.24%) was recorded at Pattanam in Villupuram district. Totally 15 locations were surveyed. Out of 15 locations 10 locations showed considerable per cent disease incidence and remaining five locations showed least per cent disease incidence in sandy soil condition. Out of fifteen, 10 isolates were selected for further studies.  
Isolation and Cultural characteristics of various isolates of Fusarium oxysporum f.sp. niveum from major Watermelon growing areas of Tamil Nadu
Colony characters
The isolates of Fusarium species showed variation with respect to colony characters. The colour of the isolates varied from velvety white to cottony white and pinkish. Most of the isolates produced fluffy to moderately fluffy cottony white aerial mycelium (Table2).
Mycelial growth 
Among the 10 isolates of Fusarium species the maximum mycelial growth (90.00mm) was recorded by the isolates Fon5 isolated from Siruvadi village of Villupuram District. The minimum mycelial growth (74.73mm) was recorded by the isolate Fon6 were isolated from Vellakal village of Trichy District (Table2).	Comment by Sakshi: Use a unique format everywhere.
Conidial population 
All the Fusarium species isolates varied in their ability to produce micro and macro conidia on Potato Dextrose Agar Medium. The isolate Fon5 produced the maximum conidia population of 2.9 / ml (×106). The minimum conidial population of 0.6 /ml (×106) was produced by the isolate Fon6 was isolated from Vellakal village of Trichy District (Table 2).
Growth and cultural characteristics of native Trichoderma species
A total number of ten native Trichoderma species were isolated from the Watermelon rhizosphere soil of different localities where pathogens isolated (Table 3). The colony characters of ten different native isolates of Trichoderma species were individually observed and recorded. The colony morphology of all ten isolates were almost similar showing profuse to cottony mycelium or fluffy to arachnoid mycelium with light to dark green colour sporulation with concentric or ring like zones. The conidia varied from ellipsoidal, obovoid, and globose to sub-globose in shape (Table 4). 
The cultural and morphological characteristics of Trichoderma species native isolates agreed with those described by Domsch et al. (1980) and therefore among the different isolates, some of the isolates were identified as T. asperellum (TsI1, TsI4, TsI6 and TsI7), T. viride (TsI2 and TsI9), T. harzianum (TsI8 and TsI10) and Trichoderma sp. (TsI3 and TsI5).
In vitro efficacy of Trichoderma species isolates against Fusarium oxysporum f.sp. niveum (Fon5) (Dual culture Technique)
In general all the native isolates of Trichoderma species significantly inhibited the mycelia growth of Fon5 (Table 5). However, among the isolates, the isolate TsI4 (T.asperellum) showed maximum inhibition of Fon5 (16.43 mm), which was 81.74 per cent reduction in the growth of the pathogen when compared to control. This was followed by the isolates TsI1 and TsI6 in the decreasing order of merit, which inhibited the growth of Fon5 by79.78 and 75.71 percent respectively. The least growth inhibition of the pathogen (56.54%) was recorded by the isolate TsI3. The virulent isolate TsI4 was used for the further studies.
In vitro efficacy of T. asperellum (TsI4) isolates against Fusarium oxysporum f.sp. niveum (Fon5) (Poison Food Technique)
The result presented in table 6 revealed that all the Trichoderma isolates were significantly inhibited the growth of Fon5 when compared to control. In general, increase in concentration of the culture filtrate enhances the inhibition on the mycelial growth of the pathogen. 
Among the isolates, the inhibition of mycelial growth of Fon5 was found to be maximum in theisolateTsI4with the growth of 17.86, 14.94, 9.73, 4.38 mm at the concentration of 10, 20, 30 and 40 per cent respectively. This was followed by the isolates TsI1, TsI6and TsI10in the decreasing order of merit. The isolate TsI3 exhibited the least inhibitory effect.	Comment by Sakshi: Use a unique format of Trichoderma Isolates as well as Pathogen isolates, everywhere.
Effect of inhibitory potential of T.asperellum (TsI4) filtrate on the growth of Fusarium oxysporum f.sp. niveum (Fon5) (Well diffusion assay)
The results depicted in table 7 revealed the efficacy of culture filtrate of T.asperellum isolate (TsI4) against Fon5 by agar well method. Among the isolates, the maximum inhibition of Fon5 was found in the isolate TsI4with the inhibition zone of 9.20, 15.24, 20.17 and 28.72 mm at the concentration of 10, 20, 30 and 40 per cent respectively. This was followed by the isolates TsI1, TsI6 and TsI10 in the decreasing order of merit. The isolate TsI3 exhibited the least inhibitory effect.
Discussion
  The survey reported that, the incidence and severity of the disease varied from one location to another location. The variation may be due to prevalence and virulence of the pathogen.  Similar to the present study Naveenkumar et al. (2017) made a survey in 9 districts with 15 locations of Tamil Nadu and wilt incidence varied from 8.00 % to 40.21%.
	  The Survey revealed that seedling stage of the crop is the most susceptible to this disease. Among the different locations surveyed, Siruvadi (Fon5) registered the maximum disease incidence (41.24%) followed by Elupatti (Fon7) with 38.17%, and Marakkanam (Fon2) with 34.79%. The other locations recorded moderate disease incidence percentage.  The least wilt incidence (2.29%) was recorded in Vellakal (Fon6). Charoenporn et al. (2010) concluded that Fusarium wil t incidence was more when Monocropping was followed.  They further proved that the susceptible cultivars and watermelon plants cultivated in sandy loamy soil were more prone to the disease attack.
	Carmona et al. (2020) reported that the micro conidia shapes were varied from oval to kidney shape with 0 - 1 septation whereas macroconidia was curved or sickle shaped over the sporodochia with 3-5 septations.  Microconidia varied in their size ranged from 6.14 to 9.75 µm and Macroconidia size varied from 18.7 to 48.9 µm in Fusarium oxysporum f.sp. lycopersici. The other isolates showed moderate size of chlamydospores with size of 6.47-7.71 µm. Sonakaret al.(2013) earlier reported that the chlamydospores both smooth and rough walled were abundant in nature and formed terminally or intercalary. Chlamydospores were varied in their size and had a diameter from 7.5 – 8.4 µm (Carmona et al. 2020).  T. viride isolates produced dull green to bluish green sporulation (Mohamadmanjur shah and Hamisu Afiya 2019). Nagamani et al. (2020) stated that T. asperellum isolates were fast growing in nature than T.harzianum, produce light green to dark green colour mycelium in different media. The morphology of mycelium was coarse and produces dark spores in the center of the colony at high rates. 
	In dual culture tests, the antagonistic effect of native Trichoderma isolates was evaluated against virulent isolate of Fon5. T.asperellum isolate grew faster than the Fusarium sp and inhibited the growth of Fusarium sp. Antagonistic organism competes with pathogen for nutrients and space. Zhang et al. (2020) reported that T. asperellum M45 was effectively inhibited the growth of FON by coiling around the mycelium of FON. These results were coincided with numerous previous studies where Trichoderma spp. used as a bio control agent (Moosa et al. 2016).	Comment by Sakshi: Reference missing. Rectify it.
[bookmark: _GoBack]	The pathogen inhibition may be due to the production of cell wall degrading enzymes by Trichoderma sp, which supported mycoparasitism and host colonization (Jayalakshmi et al. 2009). Trichoderma sp culture filtrates produced large number of Non-volatile metabolites to inhibit the radial growth of many fungi (Khan et al. 2020). Trichoderma produced both volatile and Non-volatile antibiotics. They have strong inhibitory action with isopropyl alcohol, Caryophyllene, Pentadecane, Dermadin, Trichodermin, Viridepyronone. These results were in agreement with earlier workers (Verma et al. 2018).	 
Conclusion
Repeated and excess doses of application of fungicides caused fungicide resistance and environmental pollution. Watermelon mainly used for table purpose only. Fungicide residue in watermelon causes some negative impacts to people. Fungicides show short term effect on disease suppression while bio control agents have long term effect on both disease suppression and plant growth. Trichoderma asperellum shows good effect on suppression Fusarium wilt pathogen under under field condition. To wrap up, watermelon growers have the option to utilize the Trichoderma asperellum for effective management of Fusarium wilt of watermelon, which results in sustainable yield and economic returns.
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Table 1. Survey on the incidence of Fusarium wilt of watermelon incited by Fusarium oxysporum f.sp. niveum in major watermelon growing areas of Tamil Nadu

	S.No
	Village
	District
	Soil type
	Variety
	Stage of  the crop
	Disease Incidence (%)*

	1.
	Siruvadi
	Villupuram
	Sandy loam
	SW 2208
	Seedling
	41.24 a
(39.95)

	2.
	Marakkanam
	Villupuram
	Clay loam
	NS 295
	Seedling
	34.79 c
(36.14)

	3.
	Pattanam
	Villupuram
	Sandy loam
	Sweety
	Flowering
	5.24 o
(13.23)

	4.
	Sivapuri
	Cuddalore
	Sandy loam
	Maharaja
	Flowering
	12.18 i
(20.42)

	5.
	Ramapuram
	Cuddalore
	Clay loam
	Vikram
	Seedling
	31.83 d
(34.34)

	6.
	Bhuvanagiri
	Cuddalore
	Sandy loam
	Spic
	Flowering
	6.92 m
(15.25)

	7.
	Mondipatti
	Trichy
	Clay loam
	Dragon king
	Seedling
	27.18 e
(31.42)

	8.
	Vellakal
	Trichy
	Red sandy
	NOVA 46
	Flowering
	9.29 j
(17.74)

	9.
	Vannangkovil
	Trichy
	Sandy loam
	Sweety
	Flowering
	8.56 k
(17.01)

	10.
	R.T. Malai
	Karur
	Red sandy
	Apoorva
	Seedling
	14.42 h
(22.31)

	11.
	Pathiripatti
	Karur
	Sandy loam
	NS 295
	Flowering
	22.35 f
(28.21)

	12.
	Kalladai
	Karur
	Sandy loam
	Maharaja
	Flowering
	6.03 n
(14.21)

	13.
	Elupatti
	Thanjavur
	Sandy loam
	Maharaja
	Seedling
	38.17 b
(38.15)

	14.
	Marungulam
	Thanjavur
	Sandy loam
	Dragon king
	Flowering
	17.53 g
(24.75)

	15.
	Eachangkottai
	Thanjavur
	Sandy loam
	Senthura
	Flowering
	7.41 l
(15.79)




Table 2. Isolation and Cultural characteristics of various isolates of Fusarium oxysporum f.sp. niveum from major Watermelon growing areas of Tamil Nadu

	S.No
	Isolates
	Locality
	Cultural characteristics
	Mycelial growth  (mm)*
	Micro/macro conidia population/ml(×106)*

	1.
	Fon1
	Sivapuri
	Velvety white
	75.97 e
	0.8 i

	2.
	Fon2
	Marakkanam
	Creamy white
	85.27 b
	2.1 c

	3.
	Fon3
	Mondipatti
	Pale yellow with white
	80.74 c
	1.6 e

	4.
	Fon4
	R.T.Malai
	Velvety white
	76.58 de
	1.9 h

	5.
	Fon5
	Siruvadi
	Cottony white
	90.00 a
	2.9 a

	6.
	Fon6
	Vellakal
	Pinkish white
	74.73 ef
	0.6 j

	7.
	Fon7
	Elupatti
	Cottony white
	88.96 ab
	2.5 b

	8.
	Fon8
	Pathiripatti
	Pinkish white
	79.06 cd
	1.4 f

	9.
	Fon9
	Ramapuram
	Pale yellow with white
	83.19 bc
	1.0 d

	10.
	Fon10
	Marungulam
	Cottony white
	77.92 d
	1.1 g


*Mean of Three Replications

Table 3: Isolation of native isolates of Trichoderma antagonistic fungi collected from different places

	S.No
	Village

	District
	Isolate
	Trichoderma spp.

	1.
	Sivapuri
	Cuddalore
	TsI1
	Trichoderma asperellum

	2.
	Marakkanam
	Villupuram
	TsI2
	Trichoderma viride

	3.
	Mondipatti
	Trichy
	TsI3
	Trichoderma sp.

	4.
	R.T.Malai
	Karur
	TsI4
	Trichoderma asperellum

	5.
	Siruvadi
	Villupuram
	TsI5
	Trichoderma sp.

	6.
	Vellakal
	Trichy
	TsI6
	Trichoderma asperellum

	7.
	Elupatti
	Thanjavur
	TsI7
	Trichoderma asperellum

	8.
	Pathiripatti
	Karur
	TsI8
	Trichoderma harzianum

	9.
	Ramapuram
	Cuddalore
	TsI9
	Trichoderma viride

	10.
	Marungulam
	Thanjavur
	TsI10
	Trichoderma harzianum



Table 4.Growth and cultural characteristics of native isolates of Trichoderma sp.

	S.No.
	Isolate
	Cultural Characteristics
	Conidial Characteristics

	
	
	Mycelium
	Colony colour
	Conidiation
	Shape

	1.
	TsI1
	Fluffy mycelium
	Dark green
	Concentric zones
	Slightly ovoidal conidia

	2.
	TsI2
	Fluffy mycelium
	Dark green
	Ring like zones
	Ellipsoidal sub- globose

	3.
	TsI3
	Moderately profuse
	Light green
	Concentric zones
	Ellipsoidal globose

	4.
	TsI4
	Fluffy mycelium
	Dark green
	Concentric zones
	Globose

	5.
	TsI5
	Moderately profuse
	Light green
	Ring like zones
	Ellipsoidal globose

	6.
	TsI6
	Fluffy to arachnoid
	Dark green
	Concentric zones
	Obovoid

	7.
	TsI7
	Fluffy mycelium
	Dark green
	Concentric zones
	Globose

	8.
	TsI8
	Fluffy mycelium
	Dark green
	Concentric zones
	Sub- globose

	9.
	TsI9
	Fluffy mycelium
	Yellowish green
	Concentric zones
	Ellipsoidal globose

	10.
	TsI10
	Fluffy to arachnoid
	Yellowish green
	Concentric zones
	Sub- globose









Table 5.In vitro efficacy of T.asperellum against Fusarium oxysporum f.sp. niveum (Fon5) (Dual culture technique)
	[bookmark: _Hlk45101658]S.No.
	Isolate
	Colony diameter of Fusarium niveum(mm)*
	Percent inhibition over control (%)*

	1.
	TsI1
	18.19
	79.78 ab

	2.
	TsI2
	25.68
	71.46 cd

	3.
	TsI3
	39.11
	56.54 gh

	4.
	TsI4
	16.43
	81.74 a

	5.
	TsI5
	35.24
	60.84 f

	6.
	TsI6
	21.86
	75.71 bc

	7.
	TsI7
	31.17
	65.36 e

	8.
	TsI8
	28.04
	68.84 de

	9.
	TsI9
	36.95
	58.94 g

	10.
	TsI10
	23.72
	73.64 c

	11.
	Control
	90.00
	-


*Mean of Three Replications
*Values in the column followed by same letters not differ significantly by DMRT (P=0.05)

Table 6.In vitro efficacy of Trichodema asperellum against Fusarium oxysporum f.sp.niveum (Fon5) (Poison food technique)
	

S.No.
	

Isolate
	Mycelial growth (mm)
	Percent inhibition over control

	
	
	Conc. of culture filtrate (%)*
	Conc. of culture filtrate (%)*

	
	
	10
	20
	30
	40
	10
	20
	30
	40

	1.
	TsI1
	20.88
	16.73
	12.49
	5.67
	76.80 b
	81.41 ab
	86.12 ab
	93.70 ab

	2.
	TsI2
	28.83
	25.87
	20.82
	8.03
	67.96 d
	71.25 de
	76.86 de
	91.07 c

	3.
	TsI3
	48.71
	37.01
	30.14
	14.22
	45.87 h
	58.87 i
	66.51 g
	84.20 g

	4.
	TsI4
	17.86
	14.94
	9.73
	4.38
	80.15 a
	83.40 a
	89.18 a
	95.13 a

	5.
	TsI5
	39.13
	32.62
	25.27
	12.36
	56.52 g
	63.75 gh
	71.92 f
	86.26 e

	6.
	TsI6
	23.18
	19.26
	15.08
	6.14
	74.24 bc
	78.60 bc
	83.24 bc
	93.17 b

	7.
	TsI7
	35.74
	30.08
	23.41
	11.62
	60.28 f
	66.57 fg
	73.98 ef
	87.08 de

	8.
	TsI8
	31.58
	28.39
	21.76
	10.08
	64.91 e
	68.45 ef
	75.82 e
	88.80 d

	9.
	TsI9
	42.94
	34.45
	27.91
	13.11
	52.28 g
	61.72 hi
	68.98 fg
	85.43 ef

	10.
	TsI10
	26.09
	22.32
	18.25
	6.95
	71.01 c
	75.20 cd
	79.72 cd
	92.27 bc

	11.
	Control
	90
	90
	90
	90
	-
	-
	-
	-


*Mean of Three Replications





Table 7: Effect of Culture filtrates of T. asperellum on the growth of Fusarium oxysporum f.sp. niveum (Fon5) (Well diffussion assay)

	S. No
	Isolates
	Inhibition Zone (mm)

	
	
	10%
	20%
	30%
	40%

	1.
	TsI1
	9.00 ab
	14.73 b
	19.85 ab
	27.91 b

	2.
	TsI2
	7.72 c
	12.72 d
	18.05 c
	24.91 d

	3.
	TsI3
	4.13 f
	9.22 g
	15.29 f
	20.22 g

	4.
	TsI4
	9.20 a
	15.24 a
	20.17 a
	28.72 a

	5.
	TsI5
	5.94 e
	10.75 f
	16.03 e
	21.83 f

	6.
	TsI6
	8.87 b
	13.85 c
	19.02 b
	26.75 c

	7.
	TsI7
	6.51 de
	11.23 ef
	16.94 de
	22.86 ef

	8.
	TsI8
	7.03 d
	11.94 e
	17.27 d
	23.79 e

	9.
	TsI9
	5.23 ef
	9.97 fg
	15.79 ef
	21.04 fe

	10.
	TsI10
	8.42 bc
	13.31 cd
	18.73 bc
	25.49 cd

	11.
	Control
	0
	0
	0
	0






















Figure. 1. Native isolates of T. asperellum collected from the different locations of Tamil Nadu
[image: F:\research\thesis\11\tamil 6.jpg]
Figure. 2. Axenic culture of T.asperellum
[image: F:\research\thesis\11\tamil 3.jpg]

Figure. 3. SEM image of T.asperellum mycelium& conidia
[image: C:\Users\Dell\Downloads\8---2.tif]

Figure. 4. SEM image of T.asperellum conidia
[image: C:\Users\Dell\Downloads\8---1.5k.tif]
Figure 5. Antagonistic effect of T.asperellum (TsI4) against Fon5 (Dual culture)
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Figure 6.  Hyphal breakage of Fon5 against T.asperellum
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Figure 7.  Antagonistic effect of T.asperellum (TsI4) against Fon5 (Poison food technique)

[image: F:\research\thesis\1 (1).jpg]


Figure 8. Antagonistic effect of T.asperellum (TsI4) against Fon (Well diffusion assay)
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