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f. sp. ciceri in vitro 



ABSTRACT

[bookmark: _Hlk169971844]Chickpea (Cicer arietinum L.) is the second most important crop in the world after dry bean. It belongs to the family Fabaceae. A large number of diseases have been reported on chickpea among them wilt is caused by Fusarium oxysporum f. sp. ciceri. The evaluation of systemic, non-systemic and combined fungicides against wilt pathogen of chickpea in vitro by poison food technique. The tested systemic fungicides viz., azoxystrobin, tebuconazole, and thiophanate- methyl at 250, 500 and 750 ppm, among them cent per cent growth inhibition was observed with the tebuconazole 25.9 EC followed by thiophanate- methyl 70 WP (79.04%) whereas azoxystrobin 23 SC (55.41%) observed lowest per cent growth inhibition. The tested non-systemic fungicides viz., chlorothalonil, propineb, and copper oxychloride at 1000, 1500 and 2000 ppm, among them highest mean per cent growth inhibition was observed with the copper oxychloride 50 WP (74.50%) followed by chlorothalonil 75 WP (58.10%) whereas propineb 70 WP (47.72%) observed lowest per cent growth inhibition. The tested combined fungicides viz., tebuconazole 50 + trifloxystrobin 63 WP, carboxin 37.5 + thiram 37.5 WS and metiram 55 + pyraclostrobin 5 WG at 500, 1000 and 1500 ppm, among them cent per cent growth inhibition was observed with the tebuconazole 50 + trifloxystrobin 63 WP followed by carboxin 37.5 + thiram 37.5 WS (78.21%) whereas metiram 55 + pyraclostrobin 5 WG (62.00%) observed lowest.
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1. INTRODUCTION
Pulses are recognized as one of the most important sources of edible vegetable proteins, which are taken in the form of dal. Besides being a rich source of protein, they maintain soil fertility through biological nitrogen fixation in soil and thus play a vital role in furthering sustainable agriculture (Kannaiyan, 1999). Among the pulse crops, Chickpea (Cicer arietinum L.) is the second most important crop in the world after dry bean. It belongs to the family Fabaceae. Chickpea seed contains 17-24 per cent of protein, 61.2 per cent carbohydrates, 9.8 per cent moisture (Smartt, 1976) and essential amino acids like isoleucine, leusine, lysine, phenylalanine and valine (Karim and Fattah, 2006). Global production of pulses is 60 MT. Globally India ranked first in pulses production. Area, production and productivity of chickpea in India are 31.03 million hectares, 27.69 MT and 892 kg ha-1 respectively. Among the states of India, Madhya Pradesh ranked first in area and production of chickpea followed by Maharashtra, Rajasthan and Gujarat (Anon., 2022a). In Gujarat, chickpea was grown in 11016 hectares, producing 21014 MT with an average productivity of 1908 kg ha-1, which is high as compared to national average productivity (Anon., 2022b). 
A large number of diseases have been reported on chickpea viz. fusarium wilt [Fusarium oxysporum Schlechtend.: Fr. f. sp. ciceri (Padwick) T. Matuo & K. Sato], black root rot [Fusarium solani (Mart.) Sacc.], dry root rot [Macrophomina phaseolina (Tassi) Goidanich], wet root rot [Rhizoctonia solani Kuhn] and collar rot [Sclerotium rolfsii Sacc.] are of considerable importance (Nene et al., 1981). Among them, chickpea wilt complex is considered the most important, devastating and challenging one, being responsible for seed rot, seedling blight, root rot and mature plant wilt, culminating in 60-70 per cent yield loss (Tewari and Mukhopadhyay, 2001) The disease complex observed first in the history caused by Fusarium and Meloidogyne species on cotton (Atkinson, 1892). Wilt complex caused by several soil-borne pathogens is the major yield reducing malady. Chickpea wilt caused by Fusarium oxysporum f. sp. ciceri was first reported from India by Butler (1918). The mystery of the chickpea wilt complex was solved by Nene et al. (1979) in India and also developed multiple disease resistance screening techniques and disease-resistant varieties. The wilting pathogens are seed-borne (Haware et al., 1978; Pande et al., 2007) as well as soil-borne (Jimenez-Fernndez et al., 2011) in nature. The mycelium and chlamydospores can survive in seed and soil, and also infected crop residues, roots and stem tissue buried in the soil more than the six years in absence of host plant (Haware et al., 1986).
[bookmark: _Hlk169536171]2. MATERIAL AND METHODS
[bookmark: _Hlk169534074][bookmark: _Hlk169534860]The efficacy of different fungicides (Table 2) was tested in vitro by using poisoned food technique to know their inhibitory effect on the growth of pathogen. The efficacy of different fungicides was evaluated on the growth of Fusarium in vitro by poisoned food technique. For this purpose, the PDA medium was prepared and 250 ml PDA medium was filled in glass conical flasks of 500 ml capacity. The flasks were sterilized in autoclave at 1.2 kgcm-2 pressure for 20 minutes. The calculated quantity of test fungicides was added aseptically in autoclaved PDA medium in conical flask. Then the flask containing fungicide were mixed well by stirring to facilitate uniform mixing of fungicides in the medium. Afterwards, 20 ml of medium with respective fungicide was poured in previously sterilized 90 mm diameter Petri plate labelled and allowed to solidify. Three repetitions were maintained in each treatment. The Petri plate containing PDA without addition of fungicides serve as a control. The fungal block of 5 mm diameter was cut from seven days old culture of Fusarium spp. grown on PDA with the help of sterilized cork borer. One fungal block was kept aseptically in the centre of each Petri plate. The Petri plates were inoculated at room temperature (27 ± 2°C).
Table 1 Details of experiment:
	Sr. no.
	Content
	Descriptions

	1
	Location
	Dept. of Plant Pathology, CPCA, SDAU, S. K. Nagar

	2
	Experimental design
	FCRD

	3
	Treatment
	Ten (10)

	4
	Repetitions
	Four (4)

	5
	Technique
	Poison food technique



Table 2 List of fungicides ware used against F. oxysporum f. sp. ciceri in vitro
	[bookmark: _Hlk169535537]Sr.
no. 
	Common name
	Concentration (ppm)

	Systemic fungicides

	1.
	Azoxystrobin 23 SC
	  250
	 500
	750

	2.
	Tebuconazole 25.9 SC
	  250
	 500
	750

	3.
	Thiophanate- methyl 70 WP
	  250
	 500
	750

	Non-systemic fungicide

	4
	Chlorothalonil 75 WP
	 1000
	1500
	2000

	5.
	Propineb 70 WP
	 1000
	1500
	2000

	6.
	Copper oxychloride 50WP
	 1000
	1500
	2000

	Combined fungicides

	7.
	Tebuconazole 50 + Trifloxystrobin 63 WP
	  500
	1000
	1500

	8.
	Carboxin 37.5 + Thiram 37.5 WS
	  500
	1000
	1500

	9.
	Metiram 55 + Pyraclostrobin 5 WG
	  500
	1000
	1500

	10.
	Control
	-
	-
	-



When the control plate filled with fungal growth, observation of radial growth of the fungus in all treatment was recorded. The per cent growth inhibition was calculated by using the formula of Vincent (1947). 

[bookmark: _Hlk169536794]
Where: -
               PGI= Per cent growth inhibition
                  C = Colony diameter in control (mm)
                  T = Colony diameter in treatment (mm)
3. RESULT AND DISCUSSION
[bookmark: _Hlk169615018][bookmark: _Hlk169615333]In the present investigation, three systemic, three non-systemic and three ready-mix fungicides at different concentrations were tested in vitro for their comparative efficacy against the growth of F. oxysporum through poisoned food technique. The results are presented in Table 3, 4 and 5 indicated that all the fungicides evaluated significantly reduced the growth of F. oxysporum as compared to control, but all the fungicides and their concentration significantly differ within themselves. Among all the concentration, higher concentration of each fungicides produced maximum inhibition of pathogen.
3.1 Effect of systemic fungicides against wilt pathogen
[bookmark: _Hlk171337770]Three different systemic fungicides viz., azoxystrobin, tebuconazole, and thiophanate- methyl at 250, 500 and 750 ppm concentrations were investigated for its in vitro efficacy in reducing the radial growth of the fungus (Table 3)
Table 3: Efficacy of systemic fungicides against F. oxysporum f. sp. ciceri in vitro
	Tr. No.
	Treatments
	Growth inhibition (%)

	
	
	Concentration (ppm)
	Mean

	
	
	250
	500
	750
	

	T1
	[bookmark: _Hlk169962982] Azoxystrobin 23 SC
	42.63
[bookmark: _Hlk169966495](45.87)
	47.41
[bookmark: _Hlk169966523](54.21)
	54.43
[bookmark: _Hlk169966542](66.16)
	48.16
(55.41)

	T2
	Tebuconazole 25.9 EC
	90.05
(100.00)
	90.05
(100.00)
	90.05
(100.00)
	90.05
(100.00)

	T3
	[bookmark: _Hlk169962944]Thiophanate- methyl 70 WP
	57.00
[bookmark: _Hlk169966409](70.34)
	62.30
[bookmark: _Hlk169966427](78.39)
	70.09
[bookmark: _Hlk169966450](88.40)
	63.13
(79.04)

	T4
	Control
	4.05
(0.50)
	4.05
(0.50)
	4.05
(0.50)
	4.05
(0.50)

	Mean
	48.43
(54.18)
	50.95
(58.28)
	54.65
(63.77)
	-

	S. Em. ±
	Treatment
	Concentration
	Treatment × Concentration

	
	0.24
	0.24
	0.42

	C. D.  at 5%
	0.70
	0.70
	1.22

	C. V. %
	1.25


Figures in parentheses are retransformed values of arcsine transformed values.

[bookmark: _Hlk171337823]All the three systemic fungicides were found inhibitory to the mycelial growth of F. oxysporum f. sp. ciceri. The Table 3 revealed that cent per cent growth inhibition was observed with the tebuconazole 25.9 EC followed by thiophanate- methyl 70 WP (79.04%) whereas azoxystrobin 23 SC (55.41%) observed lowest per cent growth inhibition. It was evident from the data that as the concentration increased viz., 250, 500 and 750 ppm the growth inhibition also increased significantly. Among them the highest inhibition of 63.77 per cent was recorded with 750 ppm concentration followed by 58.28 per cent in 500 ppm, whereas lowest (54.18%) in 250 ppm. The interaction effect of fungicide and concentration was also found significant. tebuconazole 25.9 EC showed cent per cent growth inhibition in all concentration followed by thiophanate-methyl 70 WP (70.34%, 78.39% and 88.40%) and azoxystrobin 23 SC (45.87%, 54.21% and 66.16%) at 250, 500 and 750 ppm, respectively.
[bookmark: _Hlk169969068]These findings were close enough with the results of Sahane et al. (2021) reported that among systemic fungicides, carbendazim and tebuconazole were highly effective in arresting the mycelial growth of F. oxysporum f. sp. ciceri with cent per cent inhibition of pathogen at all tested concentration of 250, 500 and 1000 ppm followed by thiophanate- methyl. The potentiality of tebuconazole 25.9 EC against F. oxysporum has been also reported by Golakiya et al. (2018), Pancholi et al. (2022) and Ravichandran and Hegde (2015). The effectiveness of thiophanate- methyl 70 WP against F. oxysporum f. sp. ciceri has been reported by Poddar et al. (2004) Maitlo et. al. (2014) and Ghante et al. (2019b).
3.2 Effect of non-systemic fungicides against wilt pathogen
[bookmark: _Hlk171337934][bookmark: _Hlk171338016]The inhibitory effect of three non-systemic fungicides viz., chlorothalonil, propineb, and copper oxychloride at 1000, 1500 and 2000 ppm concentrations were tested against the growth of F. oxysporum f. sp. ciceri in vitro and the results presented in Table 4. All the three non-systemic fungicides were found inhibitory to the mycelial growth of F. oxysporum f. sp. ciceri. The Table 4 revealed that highest mean per cent growth inhibition was observed with the copper oxychloride 50 WP (74.50%) followed by chlorothalonil 75 WP (58.10%). The treatments propineb 70 WP (47.72%) observed lowest per cent growth inhibition. It was evident from the data that as the concentration increased viz., 1000, 1500 and 2000 ppm the growth inhibition also increased significantly. Among them the highest inhibition of 48.50 per cent was recorded with 2000 ppm concentration followed by 45.30 per cent in 1500 ppm, whereas lowest (41.61%) in 1000 ppm. The interaction effect of fungicide and concentration was also found significant. copper oxychloride 50 WP showed highest per cent growth inhibition (70.05%, 73.66% and 79.78%) followed by chlorothalonil 75 WP (53.38%, 58.93% and 61.99%) and propineb 70 WP (42.53%, 48.09% and 52.54%) at 1000, 1500 and 2000 ppm, respectively.
[bookmark: _Hlk169972450][bookmark: _Hlk169969592]These findings were close enough with the results of Nandeesha and Huilgol (2021) reported that among the non-systemic fungicides copper oxychloride 50 WP was effective in inhibiting the mycelial growth with 82.97 and 86.02 per cent at 2000 and 3000 ppm concentration respectively. The potentiality of copper oxychloride 50 WP against F. oxysporum has been also reported by Ravichandran and Hegde (2015), Arsia et al. (2018), Golakiya et al. (2018), and Mahajan et al. (2020).
3.3 Effect of combined fungicides against wilt pathogen
[bookmark: _Hlk171338178]The inhibitory effect of three combined fungicides viz., tebuconazole 50 + trifloxystrobin 63 WP, carboxin 37.5 + thiram 37.5 WS, and metiram 55 + pyraclostrobin 5 WG at 500, 1000 and 1500 ppm concentrations were tested against the growth of F. oxysporum f. sp. ciceri in vitro and the results presented in Table 5.



Table 4: Efficacy of non-systemic fungicides against F. oxysporum f. sp. ciceri in vitro
	Tr. No.
	Treatment
	Growth inhibition (%)

	
	
	Concentration (ppm)
	Mean

	
	
	1000
	1500
	2000
	

	T1
	Chlorothalonil 75 WP
	46.94
(53.38)
	50.15
(58.93)
	51.94
(61.99)
	49.67
(58.10)

	T2
	Propineb 70 WP
	40.71
(42.53)
	43.91
(48.09)
	46.46
(52.54)
	43.69
(47.72)

	T3
	Copper oxychloride 50 WP
	56.82
(70.05)
	59.12
(73.66)
	63.27
(79.78)
	59.74
(74.50)

	T4
	Control
	4.05
(0.50)
	4.05
(0.50)
	4.05
(0.50)
	4.05
(0.50)

	Mean
	37.13
[bookmark: _Hlk169971747](41.61)
	39.31
[bookmark: _Hlk169971725](45.30)
	41.43
(48.50)
	-

	S. Em. ±
	Treatment
	Concentration
	Treatment × Concentration

	
	0.18
	0.18
	0.31

	C. D. at 5%
	0.52
	0.52
	0.90

	C. V. %
	1.21


Figures in parentheses are retransformed values of arcsine transformed values.
Table 5: Efficacy of combined fungicides against F. oxysporum f. sp. ciceri in vitro
	Tr. No.
	Treatment
	Growth inhibition (%)

	
	
	Concentration (ppm)
	Mean

	
	
	500
	1000
	1500
	

	T1
	Tebuconazole 50 + Trifloxystrobin 63 WP
	90.05
(100.00)
	90.05
(100.00)
	90.05
(100.00)
	90.05
(100.00)

	T2
	Carboxin 37.5 + Thiram 37.5 WS
	58.77
(73.12)
	60.97
(76.45)
	67.26
(85.06)
	60.57
(78.21)

	T3
	Metiram 55 + Pyraclostrobin 5 WG
	49.66
(58.10)
	51.94
(62.00)
	54.27
(65.90)
	51.95
(62.00)

	T4
	Control
	4.05
(0.50)
	4.05
(0.50)
	4.05
(0.50)
	4.05
(0.50)

	Mean
	50.63
(57.93)
	51.75
(59.74)
	53.91
(62.87)
	-

	S. Em. ±
	Treatment
	Concentration
	Treatment × Concentration

	
	0.30
	0.30
	0.52

	C. D. at 5%
	0.87
	0.87
	1.51

	C. V. %
	1.53


Figures in parentheses are retransformed values of arcsine transformed values.

[bookmark: _Hlk171338151][bookmark: _Hlk169969114]All the three combined fungicides were found inhibitory to the mycelial growth of F. oxysporum f. sp. ciceri. The Table 5 revealed that cent per cent growth inhibition was observed with the tebuconazole 50 + trifloxystrobin 63 WP followed by carboxin 37.5 + thiram 37.5 WS (78.21%) whereas metiram 55 + pyraclostrobin 5 WG (62.00%) observed lowest. It was evident from the data that as the concentration increased viz., 500, 1000 and 1500 ppm the growth inhibition also increased significantly. Among them the highest inhibition of 62.87 per cent was recorded with 1500 ppm concentration followed by 59.74 per cent in 1000 ppm, whereas lowest (57.93%) in 500 ppm. The interaction effect of fungicide and concentration was also found significant. Tebuconazole 50 + trifloxystrobin 63 WP showed cent per cent growth inhibition at all concentration followed by carboxin 37.5 + thiram 37.5 WS (73.12%, 76.45% and 85.06%) and metiram 55 + pyraclostrobin 5 WG (58.10%, 62.00% and 65.90%) at 500, 1000 and 1500 ppm, respectively. These findings were close enough with the results of Sahane et al. (2021) found that tebuconazole 50 + trifloxystrobin 63 WP and carboxin 37.5 + thiram 37.5 WS inhibit cent per cent growth at all concentration. These findings were also close enough with the results of Golakiya et al. (2018) and Rahman et al. (2020) against F. oxysporum f. sp. ciceri.
4. CONCLUSION 
      The tested systemic fungicides viz., azoxystrobin, tebuconazole, and thiophanate- methyl at 250, 500 and 750 ppm, among them cent per cent growth inhibition was observed with the tebuconazole 25.9 EC followed by thiophanate- methyl 70 WP (79.04%) whereas azoxystrobin 23 SC (55.41%) observed lowest per cent growth inhibition. The tested non-systemic fungicides viz., chlorothalonil, propineb, and copper oxychloride at 1000, 1500 and 2000 ppm, among them highest mean per cent growth inhibition was observed with the copper oxychloride 50 WP (74.50%) followed by chlorothalonil 75 WP (58.10%) whereas propineb 70 WP (47.72%) observed lowest per cent growth inhibition. The tested combined fungicides viz., tebuconazole 50 + trifloxystrobin 63 WP, carboxin 37.5 + thiram 37.5 WS and metiram 55 + pyraclostrobin 5 WG at 500, 1000 and 1500 ppm, among them cent per cent growth inhibition was observed with the tebuconazole 50 + trifloxystrobin 63 WP followed by carboxin 37.5 + thiram 37.5 WS (78.21%) whereas metiram 55 + pyraclostrobin 5 WG (62.00%) observed lowest.
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