



In vitro efficacy of Fungicides against Phomopsis vexans inciting Phomopsis blight of brinjal
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ABSTRACT 

	Phomopsis blight is an important disease of brinjal inflecting heavy losses. The present investigation was carried out to test the in vitro efficacy of fungicides against Phomopsis vexans causing Phomopsis blight of brinjal using Poison Food Technique. All seven systemic fungicides tested at 500 and 1000 ppm concentration were significant in recording minimum mycelial growth and maximum inhibition of Phomopsis vexans over the untreated control. Among systemic fungicides, Propiconazole 25 % EC showed maximum per cent inhibition of pathogen followed by Hexaconazole 5% EC, Carbendazim 50 % WP, Difenconazole 25 % EC, Azoxystrobin 23 % SC, Thiophanate methyl 70 % WP and Metalaxyl 35 % WS at all tested concentration. All seven contact and combi product fungicides tested at 2000 and 2500 ppm concentration were significant in recording minimum mycelial growth and maximum inhibition of test pathogen over the untreated control. Among seven contact and combi fungicides, complete inhibition of mycelial growth was achieved with Carboxin 37.5 % +Thiram 37.5 % WP, Carbendazim 12 % + Mancozeb 63 % WP and Tebuconazole 50 % + Trifloxystrobin 25 % WP. Rest of fungicide viz., Pyraclostrobin 13.3 % + Epoxiconazole 5 % SE, Mancozeb 75 % WP, Propineb 70 % WP and Chlorothalonil 75 % WP were also effective in recording least mycelial growth of test pathogen over the control.
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1. INTRODUCTION 
Brinjal (Solanum melongena L.), belonging to the family Solanaceae is commonly known as eggplant and Guinea squash, which is the native of India from where it spread to other parts of the world (Yawalkar, 1985). It is one of the most popular and principle fruit vegetable crop grown in the tropical and subtropical regions of India. It is highly productive and usually finds a place as “Poor man’s crop” and also described as “King of Vegetables”, due to its wide usage in Indian foods (Rajan and Markose, 2002; Choudhary and Gaur, 2009). It is one of the most popular and principle fruit vegetable crop grown in the tropical and subtropical regions of India. It is mainly grown in Indian states like Orissa, Bihar, Punjab, West Bengal, Karnataka, Maharashtra, Andhra Pradesh and Uttar Pradesh. (Akhtar et al., 2007) 
Brinjal suffers from various abiotic stresses like salinity, drought, low and high temperature and heavy-metal as well as biotic stresses including viral, bacterial, fungal, nematodes, phytoplasmal pathogens, parasitic plants and insect herbivores, causing enormous qualitative as well as quantitative losses. Major diseases infecting brinjal are: Damping off (Pythium aphinidermatum, Phytophthora parasitica, Rhizoctonia solani), Leaf spots (Cercospora melongenae, Alternaria melongenae), Fruit rots (Phomopsis vexans, Pythium spp., Fusarium spp., Phytophthora spp., Colletotrichum spp., Alternaria alternata, Aspergillus flavus), Fungal wilt (Fusarium oxysporum and Verticilium dahliae), Bacterial wilt (Pseudomonas solanacearum / Ralstonia solanacearum), Collar rot (Sclerotium rolfsi), Phytoplasmas and Nematodes (Singh et al., 2014). Among various fungal diseases, Phomopsis blight is most widely occurred disease caused by the fungus Phomopsis vexans (Sacc. & Syd.). It affects the seedling, leaves, branches and fruits, leading to significant yield and quality losses. The disease typically responsible for 30-50 % disease severity with 15–20 % reduction in the yield of brinjal (Jakatimath et al., 2017; Goutam et al., 2024). Hence experiment to find out effective fungicides against Phomopsis vexans was conducted under in vitro condition.
2. material and methods / experimental details / methodology 
The efficacy of seven systemic and seven contact, combi- product fungicides were assessed using the "Poisoned Food" method, as described by Nene and Thapliyal (1993) by utilizing Potato Dextrose Agar (PDA) as a base culture medium. Systemic fungicide listed in Table 1 were tested at 500 ppm and 1000 ppm concentration, whereas contact and combi-product fungicides listed in Table 2 were tested at 2000 ppm and 2500 ppm concentration. The PDA medium containing appropriate quantity of fungicide were poured aseptically into Petri dishes (90 mm in diameter), where it solidifies at room temperature. All of the plates were inoculated aseptically with a 5 mm culture disc made from an actively growing pure culture of a pathogen. The disc was positioned in the middle of the petri plate on PDA and the plates then be incubated at a temperature of 27 ± 2 °C. Three replications of each test fungicide's concentration were made. Petri plates with basic PDA (without fungicides) containing the pathogen's culture disc were continued to be used as the untreated control.
 Table 1: List of systemic fungicides
	Tr. No.
	Treatments
	Tr. No.
	Treatments

	T1
	Carbendazim 50% WP
	T5
	Difenconazole 25% EC

	T2
	Propiconazole 25% EC
	T6
	Hexaconazole 5% EC

	T3
	Azoxystrobin 23% SC
	T7
	Metalaxyl 35%  WS

	T4
	Thiophanate methyl 70% WP
	T8
	Control (untreated)


Table 2: List of contact and combi fungicides
	Tr. No.
	Treatments
	Tr. No.
	Treatments

	T1
	Propineb 70% WP
	T5
	Carbendazim 12% + Mancozeb 63% WP

	T2
	Mancozeb 75% WP
	T6
	Pyraclostrobin 13.3% + Epoxiconazole 5 % SE

	T3
	Chlorothalonil 75% WP
	T7
	Tebuconazole 50% + Trifloxytrobin 25% WP

	T4
	Carboxin 37.5% + Thiram 37.5% WP
	T8
	Control (untreated)


In vitro observations on radial mycelial growth were recorded after seven days of incubation in all the replicated treatments. Per cent inhibition of the test pathogen was calculated by applying the formula given by Arora and Upadhay (1978) as follows,
   C - T
Percent growth inhibition (I) =------------× 100
        C
Where,
C = Growth (mm) of test fungus in untreated control plate. 
T = Growth (mm) of test fungus in treated plates.
Statistical analysis 
The data obtained in the experiments (in vitro) were subjected to statistical analysis. The standard error (S.E.) and critical difference (C.D.) @ 1% level of significance were worked out (Panse and Sukhatme, 1978) and per cent data was transformed into arc sine values.

3. results and discussion
3.1 Effect of systemic fungicides on mycelial growth inhibition
Results (Table 3, Fig. 1) reveled that all the treatments of systemic fungicides at all concentration were significant over the control in recording minimum mycelial growth of Phomopsis vexans. It was found that per cent inhibition of the test pathogen was increased with the increase in concentration of the fungicides tested.
At 500 ppm ,the least mycelial growth was observed in Propiconazole 25 % EC (0.53 mm), followed by Hexaconazole 5 % EC (10.16 mm), Carbendazim 50 % WP (10.38 mm), Difenconazole 25 % EC (16.03 mm), Azoxystrobin 23 % SC (31.16 mm), Thiophanate methyl 70 % WP (31.33 mm) and Metalaxyl 35 % WS (55.87 mm). At 1000 ppm concentration Carbendazim 50 % WP, Propiconazole 25 % EC and Hexaconazole 5 % EC showed no mycelial growth of pathogen (00.00 mm), whereas Difenconazole 25 % EC was also found effective and recorded mycelial growth of 10.86 mm. Azoxystrobin 23 % SC, Metalaxyl 35 % WS and Thiophanate methyl 70 % WP   recorded 23.33 mm, 25.13 mm and 27.83 mm mycelial growth, respectively as compared to control (87.98 mm). The average radial mycelial growth of pathogen ranges from 00.26 mm to 40.50 mm. Among these Propiconazole 25 % EC showed least average mycelial growth (00.26 mm) followed by Hexaconazole 5 % EC (05.08 mm), Carbendazim 50 % WP (05.19 mm), Difenconazole 25 % EC (13.44 mm), Azoxystrobin 23 % SC (27.24 mm), Thiophanate methyl 70 % WP (29.58 mm) and Metalaxyl 35 % WS (40.50 mm).
The pathogen treated with Propiconazole 25 % EC showed maximum mycelial growth inhibition(99.39 %), followed by Hexaconazole 5 % EC (88.44 %), Carbendazim 50 % WP (88.19 %), Difenconazole 25 % EC (81.87 %), Azoxystrobin 23 % SC (64.57 %), Thiophanate methyl 70 % WP (64.39 %) and Metalaxyl 35 % WS (36.50 %) each at 500 ppm concentration. At 1000 ppm concentration Carbendazim 50 % WP, Propiconazole 25 % EC and Hexaconazole 5 % EC showed hundred per cent mycelial growth inhibition followed by Difenconazole 25 % EC (87.65 %), Azoxystrobin 23% SC (73.48 %), Metalaxyl 35 % WS (71.42 %) and Thiophanate methyl 70 % WP (68.36 %). The average growth inhibition of the test pathogen ranged from 99.70 % to 53.96 %. Among these Propiconazole 25 % EC showed maximum per cent inhibition of pathogen followed by Hexaconazole 5% EC (94.22%), Carbendazim 50 % WP (94.10 %), Difenconazole 25 % EC (84.72 %), Azoxystrobin 23 % SC (69.03), Thiophanate methyl 70 % WP (66.36 %) and Metalaxyl 35 % WS (53.96 %).From table 3, it was found that Carbendazim 50 % WP, Propiconazole 25 % EC and Hexaconazole 5 % EC showed better results with increase in their concentration i.e. at 1000 ppm concentration against the pathogen.
These results are in consonance with those of Hossian et al. (2013) reported that Carbendazim 50WP (at 0.1% concentration) was effective in inhibiting spore germination and mycelial growth of Phomopsis vexans in in vitro tests., Rohini et al. (2015) tested four fungicides at varying concentrations (100, 200, 250, 500 and 1000 ppm) against Phomopsis vexans in vitro. Among the fungicides evaluated, Carbendazim 50% WP was the most effective, completely inhibiting the mycelial growth of Phomopsis vexans at all tested concentrations in the in vitro assay., Jakatimath et al. (2017) tested eight fungicides against Phomopsis vexans and found that Carbendazim, Tebuconazole and Hexaconazole demonstrated complete inhibition (100 %) of the pathogen's mycelial growth., Thesiya et al. (2019) and Chaukhe et al. (2020) also reported maximum growth inhibition of pathogen with Carbendazim 50 % WP, Propiconazole 25 % EC and Hexaconazole 5 % EC.
Table 3: In vitro evaluation of systemic fungicides against Phomopsis vexans 
	Tr. No.
	Treatments
	Colony Dia. (mm)*
at ppm
	Avg.
(mm)
	% Inhibition* 
at ppm
	Avg. % Inhibition

	
	
	500
	1000
	
	500
	1000
	

	T1
	Carbendazim 50% WP
	10.38
	00.00
	05.19
	88.19
(69.90)
	100
(90.00)
	94.10
(75.94)**

	T2
	Propiconazole 25% EC
	00.53
	00.00
	00.26
	99.39
(85.52)
	100
(90.00)
	99.70
(86.86)

	T3
	Azoxystrobin 23% SC
	31.16
	23.33
	27.24
	64.57
(53.47)
	73.48
(59.00)
	69.03
(56.18)

	T4
	Thiophanate methyl 70% WP
	31.33
	27.83
	29.58
	64.39
(53.36)
	68.36
(55.77)
	66.36
(54.54)

	T5
	Difenconazole 25% EC
	16.03
	10.86
	13.44
	81.78
(64.73)
	87.65
(69.42)
	84.72
(66.98)

	T6
	Hexaconazole 5% EC
	10.16
	00.00
	05.08
	88.44
(70.12)
	100
(90.00)
	94.22
(76.08)

	T7
	Metalaxyl 35%  WS
	55.87
	25.13
	40.50
	36.50
(37.16)
	71.42
(57.68)
	53.96
(47.27)

	T8
	Control (untreated)
	87.98
	87.98
	87.98
	00.00
(00.00)
	00.00
(00.00)
	-

	
	S.E.(m) ±
	0.41
	0.52
	-
	0.39
	0.61
	-

	
	C. D. at 1%
	1.71
	2.15
	-
	1.64
	2.55
	-


*: Mean of three replications, **: Values in parenthesis are arcsin transformed values, Dia.: Diameter, Avg.: Average

Fig. 1: In vitro evaluation of systemic fungicides against Phomopsis vexans
3.2 In vitro evaluation of contact and combi-product fungicides against Phomopsis vexans
Results (Table 4, Fig. 2) showed that all the treatments contact and combi fungicides were significant over the control in inhibiting the growth of test pathogen. In case of contact and combi fungicides, it was found that per cent inhibition of the test pathogen was increased with the increase in concentration of the fungicides tested. 
The pathogen treated with Carboxin 37.5 % +Thiram 37.5 % WP, Carbendazim 12 % + Mancozeb 63 % WP and Tebuconazole 50 % + Trifloxystrobin 25 % WP showed no mycelial growth at 2000 ppm concentration, followed by Mancozeb 75% WP (03.00 mm), Pyraclostrobin 13.3 % + Epoxiconazole 5 % SE (03.47 mm), Propineb 70 % WP (39.47 mm) and Chlorothalonil 75 % WP (46.33 mm). At 2500 ppm concentration pathogen treated with Carboxin 37.5 % +Thiram 37.5 % WP, Carbendazim 12 % + Mancozeb 63 % WP and Tebuconazole 50 % + Trifloxystrobin 25 % WP showed no mycelial growth, followed by Pyraclostrobin 13.3 % + Epoxiconazole 5 % SE (01.67 mm), Mancozeb 75% WP (02.00 mm), Propineb 70 % WP (34.67 mm) and Chlorothalonil 75 % WP (35.17 mm). The average radial mycelial growth of the test pathogen ranged from 00.00 mm to 40.75 mm. Among these Carboxin 37.5 % +Thiram 37.5 % WP, Carbendazim 12% + Mancozeb 63 % WP and Tebuconazole 50 % + Trifloxystrobin 25 % WP showed no mycelial growth followed by Pyraclostrobin 13.3 % + Epoxiconazole 5 % SE (02.57 mm), Mancozeb 75% WP (02.50 mm), Propineb 70 % WP (37.07 mm) and Chlorothalonil 75 % WP (40.75 mm).
The fungus treated with Carboxin 37.5 % +Thiram 37.5 % WP, Carbendazim 12 % + Mancozeb 63 % WP and Tebuconazole50 % + Trifloxystrobin 25 % WP showed hundred per cent growth inhibition followed by Mancozeb 75 % WP (96.67 %), Pyraclostrobin 13.3 % + Epoxiconazole 5 % SE (96.48%), Propineb 70 % WP (56.15 %) and Chlorothalonil 75 % WP (48.52 %) each at 2000 ppm concentration. Similarly at 2500 ppm concentration, the fungus treated with Carboxin 37.5 % +Thiram 37.5 % WP, Carbendazim 12 % + Mancozeb 63 % WP and Tebuconazole 50 % + Trifloxystrobin 25 % WP showed hundred per cent growth inhibition followed by Pyraclostrobin 13.3 % + Epoxiconazole 5 % SE (98.15%), Mancozeb 75 % WP (97.78 %), Propineb 70 % WP (61.48 %) and Chlorothalonil 75 % WP (60.93 %). The average growth inhibition of the test pathogen ranges from 100 to 54.73 %. Among these the test pathogen treated with Carboxin 37.5 % +Thiram 37.5 % WP, Carbendazim 12 % + Mancozeb 63 % WP and Tebuconazole 50 % + Trifloxystrobin 25 % WP showed hundred per cent growth inhibition followed by Pyraclostrobin 13.3 % + Epoxiconazole 5 % SE (97.32 %), Mancozeb 75 % WP (97.23  %), Propineb 70 % WP (58.82 %) and Chlorothalonil 75 % WP (54.73 %).
[bookmark: _GoBack]These results are in consonance with earlier reports of researchers like Sharma et al. (2012) who also reported Carbendazim 12 % + Mancozeb 63 % WP was most effective against Phomopsis vexans. Savita Ekka et al. (2018) reported the combination of Carbendazim 12% + Mancozeb 63% at 0.25% and Tebuconazole 50% + Trifloxystrobin 25% at 0.2% completely inhibited the mycelial growth of the pathogen. Thesiya et al. (2019) reported highest average mycelial growth inhibition with Carboxin 37.5% + Thiram 37.5%, Carbendazim 12% + Mancozeb 63% and Pyraclostrobin 12.5% + Epoxiconazole 4.7%.
Table 4: In vitro evaluation of contact and combi-product fungicides against Phomopsis vexans 
	Tr. No.
	Treatments
	Colony Dia. (mm)*
at ppm
	Avg.
(mm)
	% Inhibition* 
at ppm
	Avg. % Inhibition

	
	
	2000
	2500
	
	2000
	2500
	

	T1
	Mancozeb 75% WP

	03.00
	02.00
	02.50
	96.67
(79.48)
	97.78
(81.43)
	97.23
(80.41)**

	T2
	Propineb 70% WP
	39.47
	34.67
	37.07
	56.15
(48.53)
	61.48
(51.63)
	58.82
(50.08)

	T3
	Chlorothalonil 75% WP
	46.33
	35.17
	40.75
	48.52
(44.15)
	60.93
(51.31)
	54.73
(47.71)

	T4
	Carboxin 37.5% + Thiram 37.5% WP
	00.00
	00.00
	00.00
	100
(90.00)
	100
(90.00)
	100
(90.00)

	T5
	Carbendazim 12% + Mancozeb 63% WP
	00.00
	00.00
	00.00
	100
(90.00)
	100
(90.00)
	100
(90.00)

	T6
	Pyraclostrobin 13.3% + Epoxiconazole 5 % SE
	03.47
	01.67
	02.57
	96.48
(79.18)
	98.15
(79.18)
	97.32
(80.57)

	T7
	Tebuconazole 50% + Trifloxytrobin 25% WP
	00.00
	00.00
	00.00
	100
(90.00)
	100
(90.00)
	100
(90.00)

	T8
	Control (untreated)
	90.00
	90.00
	90.00
	00.00
(00.00)
	00.00
(00.00)
	-

	
	S.E.(m) ±
	0.41
	0.52
	-
	0.45
	0.57
	-

	
	C. D. at 1%
	1.71
	2.14
	-
	1.88
	2.38
	-


*: Mean of three replications.    **: Values in parenthesis are arcsin transformed values.  Dia.: Diameter, Avg.: Average

Fig. 2: In vitro evaluation of contact and combi-product fungicides against Phomopsis vexans 

4. Conclusion
The results of the conducted experiment documented that, all tested systemic, contact and combi-product fungicide significantly inhibited the growth of the test pathogen compared to the untreated control in in vitro. However, among the systemic fungicides evaluated in vitro Propiconazole 25% EC found most effective in inhibiting growth of pathogen followed by Hexaconazole 5% EC and Carbendazim 50% WP at 1000 ppm concentration. Among different contact and combi-product fungicides evaluated in vitro Carboxin 37.5% + Thiram 37.5% WP, Carbendazim 12% + Mancozeb 63% WP and Tebuconazole 50% + Trifloxytrobin 25% WP found most effective in inhibiting growth of pathogen at both the concentrations. 
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 500 ppm	T1	T2	T3	T4	T5	T6	T7	T8	88.19	99.39	64.569999999999993	64.39	81.78	88.44	36.5	0	1000 ppm	T1	T2	T3	T4	T5	T6	T7	T8	100	100	73.48	68.36	87.65	100	71.42	0	Avg.	T1	T2	T3	T4	T5	T6	T7	T8	94.1	99.7	69.03	66.36	84.72	94.22	53.96	0	Treatments

% Inhibition


 2000 ppm	T1	T2	T3	T4	T5	T6	T7	T8	88.19	99.39	64.569999999999993	64.39	81.78	88.44	36.5	0	2500 ppm	T1	T2	T3	T4	T5	T6	T7	T8	100	100	73.48	68.36	87.65	100	71.42	0	Avg.	T1	T2	T3	T4	T5	T6	T7	T8	94.1	99.7	69.03	66.36	84.72	94.22	53.96	0	Treatments

% Inhibition



