



IN-VITRO EFFICACY OF FUNGICIDES AGAINST GRAPE ANTHRACNOSE CAUSED BY Colletotrichum gloeosporioides
ABSTRACT

Grapevine (Vitis vinifera L.) is an economically important fruit crop, but its production is severely constrained by several fungal diseases such as downy mildew (Plasmopara viticola), powdery mildew (Erysiphe necator), anthracnose (Colletotrichum gloeosporioides) and Botrytis bunch rot (Botrytis cinerea). Among them anthracnose caused by Colletotrichum gloeosporioides significantly reduce 80-100 per cent yield, fruit quality and marketability under favourable conditions. An in vitro study was conducted to evaluate the efficacy of contact, systemic and combination fungicides at three concentrations against the pathogen. Among the contact fungicides chlorothalonil 75% WP and copper oxychloride 50% WP recorded the highest inhibition (67.78% at 0.30% concentration), were more effective, while others showed only moderate inhibition. Among systemic fungicides, thiophanate methyl 70% WP and tebuconazole 25.90% EC achieved complete inhibition (100%) at all tested concentrations, followed by hexaconazole 5% EC (96.11% at 0.30% concentration) and propiconazole 25% EC (92.59% at 0.30% concentration). Combination fungicides were highly effective, with fluopyram 17.7% + tebuconazole 17.7% SC recorded 100 per cent inhibition at all concentrations, while tebuconazole 50% + trifloxystrobin 25% WG (91.85% at 0.30% concentration) performed significantly better than others. These results indicated that triazole-based systemic fungicides and combination formulations, particularly tebuconazole, propiconazole and tebuconazole + trifloxystrobin were most effective in inhibiting mycelial growth of C. gloeosporioides, highlighting their potential in the management of grape anthracnose.
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1.
INTRODUCTION

Grapevine (Vitis vinifera L.) is one of the most important commercial fruit crops cultivated worldwide for table, raisin and wine production. However, its productivity and quality are greatly affected by several fungal diseases, among which anthracnose, commonly known as “bird’s eye spot,” is one of the most destructive and economically significant. The disease ranks next to downy mildew and powdery mildew in importance and has been known since ancient times. It was first mentioned by Pliny in Italy during the first century of the Christian era and later scientifically described by Burrill (1886) in Illinois, U.S.A. The disease had long been prevalent in Europe and is believed to have been introduced into the United States through infected cuttings or young vines imported from European vineyards. In India, grape anthracnose was first observed near Pune in 1903 (Butler, 1905), followed by reports from Madras (Ramakrishna and Sundaram, 1955), Mysore (Gandhi, 1956) and Uttar Pradesh (Prasad and Nirvan, 1965). Currently, the disease is widespread across all major grape growing regions of the country, including Maharashtra, Karnataka, Andhra Pradesh, Tamil Nadu, Punjab, Haryana and Uttar Pradesh. Native to Europe, the disease has now spread globally and causes severe epidemics particularly under warm and humid climatic conditions (Agrios, 2005; Thind et al., 2004).


Anthracnose of grapes is characterized by circular, sunken, greyish spots with dark brown to black margins on young leaves, shoots and berries. The pathogen primarily attacks tender tissues, leading to defoliation, drying of shoots, shrivelling of berries and ultimately, leading to yield losses. In Maharashtra, Deshmukh (2006) reported annual losses ranging from 15 to 30 per cent, while under favourable conditions, severely impacts fruit quality and marketability. Globally, Anderson (1956) documented that during 1950-51 in Chile, anthracnose resulted in devastating crop failures across several hundred acres, particularly affecting susceptible grape varieties with losses ranging from 83 to 100 per cent. Similarly, Winkler (1965) reported yield reductions of up to 80 per cent in Russia due to this disease, while in China, He (1999) observed an 18.5 per cent decline in grape production to anthracnose infection. Worldwide, grape anthracnose has been reported to be caused by Elsinoe ampelina (de Bary) Shear, the teleomorph of Sphaceloma ampelinum (de Bary) (syn. Gloeosporium ampelophagum (Pass.) Sacc.) (Poolsawat et al., 2009; 2010). However, in warm tropical and subtropical regions, including India, Colletotrichum gloeosporioides has been identified as the major causal organism (Sawant et al., 2012). The absence of the sexual stage in many countries is attributed to the lack of compatible mating types or the absence of harsh winter conditions necessary for ascocarp formation as a survival structure in grape tissues (Magarey et al., 1993a; 1993b).


Management of grape anthracnose involves an integrated approach combining cultural, biological and chemical strategies, including exclusion, eradication, use of resistant cultivars, proper sanitation and fungicidal sprays. Among these, chemical control remains the most widely adopted and effective method for reducing disease severity and improving grape yield in vineyards. To identify the most effective fungicides and their suitable concentrations for the suppression of C. gloeosporioides, an in vitro study was conducted to evaluate the efficacy of different contact, systemic and combination fungicides using the poison food technique.
2.
MATERIAL AND METHODS
The experiment was conducted in a completely randomized design (CRD). For the in vitro studies, the Cg-1 isolate of Colletotrichum gloeosporioides was used to assess fungicidal efficacy using the poison food technique. This isolate was isolated from infected grape leaves collected from an established vineyard located at the New Orchard, Department of Horticulture, Main Agricultural Research Station (MARS), University of Agricultural Sciences (UAS), Raichur, Karnataka. All laboratory investigations were carried out in the Department of Plant Pathology, UAS, Raichur. Systemic fungicides were tested at concentrations of 0.05, 0.1 and 0.15 per cent concentrations; contact fungicides at 0.1, 0.2 and 0.3 per cent concentrations whereas combi fungicides were tested at 0.1, 0.2 and 0.3 per cent concentrations. Twenty milliliters of Potato dextrose agar medium was mixed with the required quantity of each fungicide, calculated based on its active ingredient and poured into 90 mm diameter Petri dishes. After solidification, a 5 mm mycelial disc of the pathogen was placed at the center of each plate. Suitable control plates were maintained without fungicide incorporation. Each treatment was replicated three times and the plates were incubated at 25 ± 2 °C until the fungal growth in the control plates reached the periphery. Observations on colony diameter were recorded, and the per cent inhibition of mycelial growth was calculated using the formula proposed by Vincent (1947). The data obtained were analyzed statistically.
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3.
RESULTS AND DISCUSSION 
3.1
Efficacy of contact fungicides against Colletotrichum gloeosporioides 

Five contact fungicides were assessed for their efficacy against C. gloeosporioides at three different concentrations (0.1, 0.2 and 0.3) (Table 1, Fig.1 and 2). Among the different contact fungicides, maximum mean mycelial inhibition of 63.21 per cent was observed by chlorothalonil 75% WP followed by propineb 70% WP with 61.85 per cent and the least inhibition was observed in zineb 75% WP (41.23%). Among different concentrations, the maximum inhibition was observed at 0.30 per cent (61.11%) followed by 0.20 per cent with 54.30 per cent and least inhibition was observed at 0.10 per cent (45.11%). Among interaction effect, the maximum inhibition was observed in chlorothalonil 75% WP and copper oxy chloride 50% WP with 67.78 per cent at 0.30 per cent which were statistically on par with each other and superior over other which was followed by propineb 70% WP (64.44%) and mancozeb 75% WP (49.26%) the lowest inhibition was recorded in zineb 75% WP at 0.10 (23.33%) which was statistically inferior to others. Dithiocarbamate fungicides such as mancozeb, propineb and zineb are recognized as broad-spectrum, multisite inhibitors. They suppress fungal activity by blocking sulfhydryl (-SH) groups present in amino acids and enzymes essential for metabolic functions (Gisi and Sierotzki, 2008). Copper based fungicides act differently by releasing Cu²⁺ ions, which bind to sulfhydryl and carboxyl groups of proteins and enzymes, leading to their denaturation. Likewise, chlorothalonil a nitrile fungicide with broad spectrum activity interferes with fungal metabolism through its affinity for sulfhydryl groups in key enzymes. These findings are in accordance with Banday (2013), where chlorothalonil 75% WP was found to be significantly superior over the other fungicides, followed by propineb 70% WP. Similarly, Jamadar and Lingaraju (2009) reported chlorothalonil 75% WP as the most effective non systemic fungicide against Elsinoe ampelina, with 82.4 per cent mycelial inhibition. Among systemic fungicides, hexaconazole 5EC showed complete inhibition (100%), followed by carbendazim 50WP (97.5%) and thiophanate methyl 70WP (89.3%). Patil et al. (2021) found that among the non-systemic fungicides tested, mancozeb was the most effective (91.67%) inhibition, followed by chlorothalonil with 81.38 per cent, while copper oxychloride was the least effective (55.04%) against Elsinoe ampelina in grape anthracnose.
3.2
Efficacy of systemic fungicides against Colletotrichum gloeosporioides

Six systemic fungicides were tested at three concentrations (0.05, 0.1 and 0.15%) against Colletotrichum gloeosporioides using the poisoned food technique and the results are shown in Table 2, Figure 3 and 4. Among different systemic fungicides, complete inhibition was observed in thiophanate methyl 70% WP and tebuconazole 25.90% EC which were statistically on par with each other and superior over other which was followed by hexaconazole 5% EC with 93.46 per cent and least was observed in carbendazim 50% WP with 39.51 per cent.  Among different concentrations, the maximum inhibition was observed at 0.15 with 87.69 per cent followed by 0.10 with 80.25 per cent and least was observed at 0.05 with 76.45 per cent. Among the interaction effect, the maximum inhibition was observed in thiophanate methyl 70% WP and tebuconazole 25.90% EC at all concentrations followed by hexaconazole 5% EC at 0.15 with 96.11 per cent and least mycelial inhibition was observed by carbendazim 50% WP at 0.05 with 23.33 per cent.
Triazole fungicides, classified as demethylation inhibitors (DMIs), act by blocking C-14 demethylation during ergosterol biosynthesis, a key component of fungal cell membranes (Leroux et al., 1999). Inhibition of ergosterol formation disrupts membrane integrity, causing leakage of cellular contents and ultimately death of fungal hyphae. Their systemic and broad-spectrum nature accounts for the complete growth inhibition observed even at the lowest tested concentrations. Benzimidazole fungicides, such as thiophanate-methyl, act as systemic fungicides and are metabolized to carbendazim, their active form. These compounds target fungal cell division by binding to β-tubulin, thereby disrupting microtubule formation and inhibiting mitosis. This interference with nuclear division prevents hyphal growth and spore germination, ultimately leading to suppression of pathogen development (Davidse, 1986).  The results are in accordance with Pampanagouda (2000), who reported that systemic fungicides thiophanate methyl and benomyl were most effective, while Bordeaux mixture and mancozeb were the most effective non-systemic fungicides against S. ampelina. Similarly, Vandana et al. (2021) reported that among the systemic fungicides tested, propiconazole 25% EC, hexaconazole 5% EC, iprobenfos 48% EC and kresoxim methyl 44.3% EC were found to be highly effective in completely inhibiting the mycelial growth of Colletotrichum gloeosporioides in pomegranate anthracnose. Inayat et al. (2024) reported that propiconazole 25% WP showed complete inhibition (considered as 50%) of mycelial growth and complete suppression of sporulation of Colletotrichum gloeosporioides causing mango anthracnose, while difenoconazole 25% EC recorded 42.81% inhibition.
3.3
Efficacy of combination fungicides against Colletotrichum gloeosporioides
Five combination fungicides were evaluated for their efficacy against C. gloeosporioides at three concentrations (0.1, 0.2 and 0.3%). Among the fungicides tested, fluopyram 17.7% + tebuconazole 17.7% SC showed complete mean mycelial inhibition, followed by tebuconazole 50% + trifloxystrobin 25% WG with 89.14 per cent inhibition. The lowest inhibition was recorded with carbendazim 12% + mancozeb 63% WP at 56.91 per cent. Regarding concentrations, the highest mean mycelial inhibition of 89.56 per cent was observed at 0.3 per cent, followed by 84.89 per cent at 0.2 per cent, and the lowest inhibition of 74.67 per cent occurred at 0.1 per cent (Table 3, Fig. 5 and 6). Among the interaction effect, complete inhibition was recorded in fluopyram 17.7% + tebuconazole 17.7% SC at all concentrations followed by tebuconazole 50% + trifloxystrobin 25% WG at 0.30 per cent with 91.85 per cent and least inhibition of 29.26 per cent was observed in carbendazim 12% + mancozeb 63% WP at 0.10 per cent concentration. These finding are in agreement with the Ekabote and Anagha (2024) found that in betelvine, the combination products fluopyram 17.7% + tebuconazole 17.7% SC (89.47%) and tebuconazole 50% + trifloxystrobin 25% WG (87.50%) were effective. Similarly, Saha et al. (2016) found that the combination fungicide fluopyram 20% + tebuconazole 20% SC effectively inhibited chilli anthracnose, with 79.35 per cent inhibition at 250 mg kg⁻¹ and 78.25 per cent at 200 mg kg⁻¹, while 150 mg kg⁻¹ showed lower inhibition (52.38%). Individually, fluopyram 500 SC and tebuconazole 25 EC caused 13.46 per cent and 53.65 per cent inhibition, respectively.
4.
CONCLUSION
In systemic fungicides, thiophanate methyl 70% WP and tebuconazole 25.9% EC achieved complete inhibition (100%), with carbendazim 50% WP showing lowest effect (39.51%). Among combination fungicides, fluopyram 17.7% + tebuconazole 17.7% SC was highly effective (100% inhibition), whereas carbendazim 12% + mancozeb 63% WP showed the lowest inhibition (56.91%).
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Table 1. Efficacy of contact fungicides on the mycelial growth of C. gloeosporioides 

	Sl. No.
	Contact fungicides
	Per cent mycelial inhibition over control*

	
	
	Concentration (%)
	Mean

	
	
	0.10
	0.20
	0.30
	

	1
	Copper-oxy-chloride 50% WP 
	47.78 (43.73)
	62.59 (52.30)
	67.78 (58.20)
	59.38 (50.48)

	2
	Chlorothalonil 75% WP
	57.04 (49.05)
	64.81 (53.62)
	67.78 (55.42)
	63.21 (52.69)

	3
	Zineb 75% WP
	23.33 (28.88)
	44.07 (41.60)
	56.30 (48.62)
	41.23 (39.70)

	4
	Propineb 70% WP
	59.63 (50.55)
	61.48 (51.64)
	64.44 (53.40)
	61.85 (51.86)

	5
	Mancozeb 75% WP
	37.78 (37.92)
	38.52 (38.36)
	49.26 (44.58)
	41.85 (40.30)

	
	Mean
	45.11 (42.03)
	54.30 (47.50)
	61.11 (51.49)
	

	
	
	S.Em. ±
	C. D. at 1%

	Fungicide (F)
	0.21
	0.81

	Concentration (C)
	0.16
	0.62

	F × C
	0.36
	1.40


*Mean of three replications

Figures in parenthesis are arc sine transformed values
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Fig. 1. In vitro efficacy of contact fungicides against Colletotrichum gloeosporioides 
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Fig. 2. Bio-efficacy of contact fungicides against C. gloeosporioides 

Table 2. Efficacy of systemic fungicides on the mycelial growth of C. gloeosporioides 

    

	Sl. No.
	Systemic fungicides
	Per cent mycelial inhibition over control*

	
	
	Concentration (%)
	Mean

	
	
	0.05
	0.1
	0.15
	

	1
	Carbendazim 50% WP
	23.33 (28.88)
	33.70 (35.49)
	61.48 (51.64)
	39.51 (38.67)

	2
	Difenoconazole 25% EC
	60.37 (50.99)
	67.04 (54.96)
	75.93 (60.62)
	67.78 (55.52)

	3
	Hexaconazole 5% EC
	91.30 (72.84)
	92.96 (74.63)
	96.11 (78.65)
	93.46 (75.37)

	4
	Propiconazole 25% EC
	83.70 (66.21)
	87.78 (69.55)
	92.59 (74.22)
	88.02 (69.99)

	5
	Thiophanate methyl 70% WP
	100.00 (90.00)
	100.00 (90.00)
	100.00 (90.00)
	100.00 (90.00)

	6
	Tebuconazole 25.90% EC
	100.00 (90.00)
	100.00 (90.00)
	100.00 (90.00)
	100.00 (90.00)

	
	Mean
	76.45 (66.49)
	80.25 (69.10)
	87.69 (74.19)
	

	
	
	S. Em. ±
	C. D. at 1%

	Fungicide (F)
	0.19
	0.74

	Concentration (C)
	0.14
	0.52

	F × C
	0.33
	1.28


*Mean of three replications

Figures in parenthesis are arc sine transformed values
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Fig. 3. In vitro efficacy of systemic fungicides against Colletotrichum gloeosporioides 
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Fig. 4. Bio-efficacy of systemic fungicides against C. gloeosporioides 

Table 3. Efficacy of combi fungicides on the mycelial growth of C. gloeosporioides     
      

	Sl. No.
	Combi fungicides
	Per cent mycelial inhibition over control*

	
	
	Concentration (%)
	Mean

	
	
	0.1
	0.2
	0.3
	

	1
	Carbendazim 12% + Mancozeb 63% WP
	29.26 (32.74)
	65.56 (54.06)
	75.93 (60.62)
	56.91 (49.14)

	2
	Azoxystrobin 18.2% + Difenoconazole 11.4% SC
	85.19 (67.37)
	88.89 (70.54)
	91.48 (73.04)
	88.52 (70.32)

	3
	Copper Sulphate 47.15% + Mancozeb 30% WG
	72.22 (58.20)
	81.11 (64.25)
	88.52 (70.23)
	80.62 (64.22)

	4
	Fluopyram 17.7% + Tebuconazole 17.7% SC
	100.00 (90.00)
	100.00 (90.00)
	100.00 (90.00)
	100.00 (90.00)

	5
	Tebuconazole 50% + Trifloxystrobin 25% WG
	86.67 (68.59)
	88.89 (70.54)
	91.85 (73.42)
	89.14 (70.85)

	
	Mean
	74.67 (63.38)
	84.89 (69.88)
	89.56 (73.46)
	

	
	
	S.Em. ±
	C. D. at 1%

	Fungicide
	0.25
	0.96

	Concentration
	0.19
	0.74

	F × C
	0.43
	1.66


*Mean of three replications

Figures in parenthesis are arc sine transformed values
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Fig. 5. In vitro efficacy of combi fungicides against Colletotrichum gloeosporioides 
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Fig. 6. Bio-efficacy of combi fungicides against C. gloeosporioides 
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						S.NO.		FUNGCIDE		O.1						O.2						O.3

						1		Propineb 70 % WP		3.9		3.9		3.8		3.3		3.1		3.1		3		2.8		2.9

						2		Chlorothalonil 75 % WP		3.7		3.6		3.6		3.5		3.4		3.5		3.4		3.2		3

						3		Mancozeb 75 % WP		5.7		5.5		5.6		5.5		5.6		5.5		4.5		4.6		4.6

						4		Copper-oxy-chloride 50 % WP		4.8		4.7		4.6		3.3		3.5		3.3		2.8		3		2.9

						5		Zineb 75 % WP		6.8		7		6.9		5		5.1		5		3.9		4		3.9

						6		control		9		9		9																		arcsine

										56.67		56.67		57.78		63.33		65.56		65.56		66.67		68.89		67.78				48.83		48.83		49.47		52.73		54.06		54.06		54.74		56.10		55.41

								inhibition		58.89		60.00		60.00		61.11		62.22		61.11		62.22		64.44		66.67				50.12		50.77		50.77		51.42		52.07		51.42		52.07		53.40		54.74

										36.67		38.89		37.78		38.89		37.78		38.89		50.00		48.89		48.89				37.27		38.58		37.93		38.58		37.93		38.58		45.00		44.36		44.36

										46.67		47.78		48.89		63.33		61.11		63.33		68.89		66.67		67.78				43.09		43.73		44.36		52.73		51.42		52.73		56.10		54.74		55.41

										24.44		22.22		23.33		44.44		43.33		44.44		56.67		55.56		56.67				29.63		28.13		28.88		41.81		41.17		41.81		48.83		48.19		48.83

										0

										0.1		0.2		0.3				mean												0.1		0.2		0.3				mean

								mean										0.00												49.05		53.62		55.42				52.69

																		0.00												50.55		51.64		53.40				51.86

																		0.00												37.92		38.36		44.58				40.29

																		0.00												43.73		52.30		55.42				50.48

																		0.00												28.88		41.60		48.62				39.70

								mean		0.00		0.00		0.00																42.03		47.50		51.49





contact

		

						S.NO.		FUNGCIDE		O.1						O.2						O.3

						1		Propineb 70 % WP		3.9		3.9		3.8		3.3		3.1		3.1		3		2.8		2.9

						2		Chlorothalonil 75 % WP		3.7		3.6		3.6		3.5		3.4		3.5		3.4		3.2		3

						3		Mancozeb 75 % WP		5.7		5.5		5.6		5.5		5.6		5.5		4.5		4.6		4.6

						4		Copper-oxy-chloride 50 % WP		4.8		4.7		4.6		3.3		3.5		3.3		2.8		3		2.9

						5		Zineb 75 % WP		6.8		7		6.9		5		5.1		5		3.9		4		3.9

						6		control		9		9		9																		arcsine

										56.67		56.67		57.78		63.33		65.56		65.56		66.67		68.89		67.78				48.83		48.83		49.47		52.73		54.06		54.06		54.74		56.10		55.41

								inhibition		58.89		60.00		60.00		61.11		62.22		61.11		62.22		64.44		66.67				50.12		50.77		50.77		51.42		52.07		51.42		52.07		53.40		54.74

										36.67		38.89		37.78		38.89		37.78		38.89		50.00		48.89		48.89				37.27		38.58		37.93		38.58		37.93		38.58		45.00		44.36		44.36

										46.67		47.78		48.89		63.33		61.11		63.33		68.89		66.67		67.78				43.09		43.73		44.36		52.73		51.42		52.73		56.10		54.74		55.41

										24.44		22.22		23.33		44.44		43.33		44.44		56.67		55.56		56.67				29.63		28.13		28.88		41.81		41.17		41.81		48.83		48.19		48.83

										0

										0.1		0.2		0.3				mean												0.1		0.2		0.3				mean

						mean		Propineb 70% WP		57.04		64.81		67.78				63.21												49.05		53.62		55.42				52.69

								Chlorothalonil 75% WP		59.63		61.48		64.44				61.85												50.55		51.64		53.40				51.86

								Mancozeb 75% WP		37.78		38.52		49.26				41.85												37.92		38.36		44.58				40.29

								Copper-oxy-chloride 50% WP		47.78		62.59		67.78				59.38												43.73		52.30		55.42				50.48

								Zineb 75% WP		23.33		44.07		56.30				41.23												28.88		41.60		48.62				39.70

						mean				45.11		54.30		61.11																42.03		47.50		51.49

								Concentration (%)		0.1		0.2		0.3				mean

								Copper-oxy-chloride 50% WP		47.78		62.59		67.78				63.21

								Chlorothalonil 75% WP		57.04		64.81		67.78				61.85

								Zineb 75% WP		23.33		44.07		56.30				41.85

								Propineb 70% WP		59.63		61.48		64.44				59.38

								Mancozeb 75% WP		37.78		38.52		49.26				41.23

										45.11		54.30		61.11





contact

		



0.1

0.2

0.3



systemic

		



0.1

0.2

0.3



combi

		

						s.no.		fungicide		0.05						0.10						0.15

						1		Carbendazim 50 % WP		6.80		7.00		6.90		6.00		6.00		5.90		3.50		3.40		3.50

						2		Thiophanate methyl 41.7 % SC		3.60		3.50		3.60		3.00		3.00		2.90		2.30		2.10		2.10

						3		Hexaconazole 5 % EC		1.60		1.50		1.30		1.10		1.00		1.20		0.70		0.60		0.70

						4		Tebuconazole 25.90 % EC		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						5		Propiconazole 25 % EC		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

						6		Difenoconazole 25 % EC		0.75		0.80		0.80		0.60		0.60		0.70		0.40		0.30		0.35

								control		9.00		9.00		9.00

										6.80		7.00		6.90		6.00		6.00		5.90		3.50		3.40		3.50				24.44		22.22		23.33		33.33		33.33		34.44		61.11		62.22		61.11

										3.60		3.50		3.60		3.00		3.00		2.90		2.30		2.10		2.10				60.00		61.11		60.00		66.67		66.67		67.78		74.44		76.67		76.67				inhibition value

										1.60		1.50		1.30		1.10		1.00		1.20		0.70		0.60		0.70				82.22		83.33		85.56		87.78		88.89		86.67		92.22		93.33		92.22

										0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00

										0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00				100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00

										0.75		0.80		0.80		0.60		0.60		0.70		0.40		0.30		0.35				91.67		91.11		91.11		93.33		93.33		92.22		95.56		96.67		96.11

										mean												arc sine mean

						mean				0.1		0.20		0.30		mean				0.10		0.20		0.30		mean

								Carbendazim 50% WP		23.33		33.70		61.48		39.51				28.88		35.49		51.64		38.67				29.63		28.13		28.88		35.26		35.26		35.94		51.42		52.07		51.42				arc sine value

								Thiophanate methyl 41.7% SC		60.37		67.04		75.93		67.78				50.99		54.96		60.62		55.52				50.77		51.42		50.77		54.74		54.74		55.41		59.63		61.12		61.12

								Hexaconazole 5% EC		83.70		87.78		92.59		88.02				66.21		69.55		74.22		69.99				65.06		65.91		67.66		69.54		70.53		68.58		73.81		75.04		73.81

								Tebuconazole 25.90% EC		100.00		100.00		100.00		100.00				90.00		90.00		90.00		90.00				90.00		90.00		90.00		90.00		90.00		90.00		90.00		90.00		90.00

								Propiconazole 25% EC		100.00		100.00		100.00		100.00				90.00		90.00		90.00		90.00				90.00		90.00		90.00		90.00		90.00		90.00		90.00		90.00		90.00

								Difenoconazole 25% EC		91.30		92.96		96.11		93.46				72.84		74.63		78.65		75.37				73.22		72.65		72.65		75.04		75.04		73.81		77.83		79.48		78.63

								mean		76.45		80.25		87.69						66.49		69.10		74.19

										0.05		0.1		0.15

								Carbendazim 50% WP		23.33		33.70		61.48

								Difenoconazole 25% EC		60.37		67.04		75.93

								Hexaconazole 5% EC		91.30		92.96		96.11

								Propiconazole 25% EC		83.70		87.78		92.59

								Thiophanate methyl 41.7% SC		100.00		100.00		100.00

								Tebuconazole 25.90% EC		100.00		100.00		100.00





combi

		



0.1

0.20

0.30



		



0.05

0.1

0.15

Per cent inhibition



		

								SL.NO		fungicide										0.1						0.2						0.3

								1		Copper Sulphate 47.15 % + Mancozeb 30 % WG										2.6		2.4		2.5		1.7		1.8		1.6		0.9		1		1.2

								2		Fluopyram 17.7% + Tebuconazole 17.7% SC										1.3		1.1		1.2		0.9		1		1.1		0.8		0.7		0.7

								3		Carbendazim 12 % + Mancozeb 63 % WP										6.3		6.5		6.3		3		3.2		3.1		2.1		2.2		2.2

								4		Tebuconazole 50% + Trifloxystrobin 25 % WG										0		0		0		0		0		0		0		0		0

								5		Azoxystrobin 18.2% + Difenoconazole 11.4 % SC										1.3		1.4		1.3		1.1		1		0.9		0.8		0.7		0.8

										control										9		9		9																		arc sine

										inhibition										71.11		73.33		72.22		81.11		80.00		82.22		90.00		88.89		86.67				57.49		58.91		58.19		64.24		63.43		65.06		71.57		70.53		68.58

																				85.56		87.78		86.67		90.00		88.89		87.78		91.11		92.22		92.22				67.66		69.54		68.58		71.57		70.53		69.54		72.65		73.81		73.81

																				30.00		27.78		30.00		66.67		64.44		65.56		76.67		75.56		75.56				33.21		31.81		33.21		54.74		53.40		54.06		61.12		60.37		60.37

																				100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00		100.00				90.00		90.00		90.00		90.00		90.00		90.00		90.00		90.00		90.00

																				85.56		84.44		85.56		87.78		88.89		90.00		91.11		92.22		91.11				67.66		66.77		67.66		69.54		70.53		71.57		72.65		73.81		72.65

																				0.1		0.2		0.3				mean												0.1		0.2		0.3				mean

								mean		Copper Sulphate 47.15% + Mancozeb 30% WG										72.22		81.11		88.52				80.62												58.20		64.25		70.23				64.22

										Fluopyram 17.7% + Tebuconazole 17.7% SC										86.67		88.89		91.85				89.14												68.59		70.54		73.42				70.85

										Carbendazim 12% + Mancozeb 63% WP										29.26		65.56		75.93				56.91												32.74		54.06		60.62				49.14

										Tebuconazole 50% + Trifloxystrobin 25% WG										100.00		100.00		100.00				100.00												90.00		90.00		90.00				90.00

										Azoxystrobin 18.2% + Difenoconazole 11.4% SC										85.19		88.89		91.48				88.52												67.37		70.54		73.04				70.32

																		mean		74.67		84.89		89.56																63.38		69.88		73.46

																		0.1		0.2		0.3

								Carbendazim 12% + Mancozeb 63% WP										29.26		65.56		75.93

								Azoxystrobin 18.2% + Difenoconazole 11.4% SC										85.19		88.89		91.48

								Copper Sulphate 47.15% + Mancozeb 30% WG										72.22		81.11		88.52

								Fluopyram 17.7% + Tebuconazole 17.7% SC										100.00		100.00		100.00

								Tebuconazole 50% + Trifloxystrobin 25% WG										86.67		88.89		91.85

																				0.1		0.2		0.3

										Carbendazim 12% + Mancozeb 63% WP										29.26		65.56		75.93

										Tebuconazole 50% + Trifloxystrobin 25% WG										86.67		88.89		91.85

										Copper Sulphate 47.15% + Mancozeb 30% WG										85.19		88.89		91.48

										Fluopyram 17.7% + Tebuconazole 17.7% SC										100.00		100.00		100.00

										Azoxystrobin 18.2% + Difenoconazole 11.4% SC										72.22		81.11		88.52





		



0.1

0.2

0.3



		



0.1

0.2

0.3

Per cent inhibition




