



In vitro effectiveness of selected fungicides and bioagents on Colletotrichum orbiculare: implications for cucumber disease
 management
Abstract
Cucumbers are the most common and widely grown vegetables globally, making it essential to enhance their productivity by managing both biotic and abiotic stresses. Among the biotic stresses, anthracnose, caused by Colletotrichum orbiculare, significantly affects the quality and quantity of cucumber produce, leading to losses of up to 60 per cent. Therefore, effective management strategies utilizing fungicides and bioagents are necessary to minimize these losses. In a laboratory setting, various fungicides and bioagents were tested using the poison food technique. Among the non-systemic fungicides, Mancozeb 75% WP was identified
 , while the systemic fungicides tested included Thiophanate methyl 70% WP, Hexaconazole 5% EC, Tebuconazole 25% EC, and Carbendazim 50 % WP. Additionally, several combi-fungicides demonstrated complete inhibition of the pathogen’s growth, including Carbendazim 12% + Mancozeb 63% WP, Tebuconazole 50% + Trifloxystrobin 25% WG, Azoxystrobin 8.3 + Mancozeb 66.7 WDG, and Thiram 37.5 + Carboxin 37.5 WP. Among the different antagonists evaluated, Trichoderma harzianum (TUREF59) exhibited the highest inhibition rate, achieving an impressive 81.28 per cent reduction in the growth of the tested pathogen.
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Introduction

Cucumber (Cucumis sativus L.), belonging to the family Cucurbitaceae, is the most widely cultivated vegetable within the genus Cucumis. It is the fourth most commonly grown vegetable worldwide, after tomatoes, cabbage, and onions (Ejaz and Bahadur, 2024). In Karnataka, cucumber is cultivated on 8,12 (‘000ha), with an annual production of 117.55 MT (Anonymous, 2021). It is predominantly grown as a sole crop during the Zaid and Kharif seasons. Cucumber is highly valued for its water content, nutrient composition, and phytochemicals, making it an essential component of salads, soups, and smoothies (Muruganantham et al., 2016). Additionally, it contains cucurbitacins, bitter-tasting compounds associated with anticancer and antidiabetic properties, attributed to kaempferol (Ibitoye et al., 2018; Jia and Wang, 2021). Despite its nutritional benefits, cucumber production is significantly affected by fungal, bacterial, and viral diseases, causing substantial economic losses globally. Among these, anthracnose caused by Colletotrichum orbiculare (Berk. & Mont.) is one of the most devastating diseases of cucurbits. Mundkar in 1937 originally documented the disease in India on 'Kakri' (Cucumis melo var. Utilissima) and 'kaddu' (Lagenaria vulgaris Ser.) from Punjab. Colletotrichum lagenarium is regarded as a synonym of Colletotrichum orbiculare (Von Arx, 1957). The pathogen infects all aboveground parts of the plant, causing leaf lesions with shot-hole symptoms and sunken, water-soaked lesions on fruits, which darken and develop pink spore masses (Keinath et al., 2017; Palenchar et al., 2012; Goldberg, 2004). Yield losses due to anthracnose can reach up to 60 percent in cucumbers and 30 percent in watermelons (Parris, 1949; Thompson and Jenkins, 1985). 

The defoliation due to disease will leave the plant with poor photosynthetic capacity, stunt fruit development, and expose the mature fruit to direct sunlight, leading to sunburn. Infection with both growing and mature plants leads to unmarketable produce
. Keeping this in view, the fungicides and bio-control agents were evaluated against the growth of the pathogen under laboratory conditions. 

Materials and methods

Collection of disease samples and isolation of the pathogen: the leaves and fruits of cucumber that were infected by anthracnose were collected from fields and were used for isolation of the pathogen. The procedure used for isolation is given below.

Isolation of the pathogen: 

The pathogen was isolated from infected parts showing typical anthracnose symptoms by tissue segment method (Rangaswami and Mahadevan, 1999) on potato dextrose agar medium (PDA). Small bits measuring about 3 mm in size were cut off from the leaves showing lesions in such a way that it contained both infected and healthy parts. Then these bits were surface sterilized in 0.1 per cent mercuric chloride (HgCl2) solution for 30 seconds followed by three washings in sterilized distilled water. The bits were dried by transferring them onto sterilized discs of blotting paper, and then subsequently transferred onto potato dextrose agar (PDA) medium in Petri plates under aseptic conditions. The inoculated plates were incubated at 25 ± 3oC for seven days for the growth of the pathogen.

In vitro evaluation of fungicides  

The poisoned food technique (Nene and Thapliyal, 1979) was followed to test the efficacy of different fungicides against the growth of Colletotrichum orbiculare. The list of fungicides along with their concentration evaluated is furnished in Table 1. The suspension of each fungicide was prepared in PDA by adding the required quantity of each fungicide to obtain the desired concentrations based on the active ingredient present in each chemical. Fifteen ml of the poisoned medium of each fungicide was poured separately into sterilized Petri plates and then allowed to solidify. The mycelial disc of the fungus measuring 0.5 cm was taken from the periphery of the seven-day-old culture and placed in the center of the plates. Inoculated plates were incubated at 25 ± 3o C. Control was maintained without the addition of any fungicide. Three replications
 were maintained for each treatment. 

In vitro evaluation of bioagents 

The biocontrol agents that were used are listed in Table 2. Dual culture method (Dennis and Webster, 1971). was used to test against the pathogen where 20 ml of PDA medium was poured into a 90-mm-diameter Petri plate and allowed to solidify. Five mm discs of C. orbiculare taken from a nine-day-old culture were placed at one end of the plate, and respective fungal antagonists were inoculated at the opposite side, while bacterial antagonists were streaked at the other end of the Plate and incubated for 10 days at 25 ± 2°C. Four replications were
 maintained along with a control plate, only with the inoculation of the pathogen. The growth of the pathogen was recorded and per cent inhibition was calculated. 

Observations were drawn for the growth of the pathogen in all the treated plates, whenever the growth of the fungus touched the periphery in the control plate, the colony growth of the pathogen in each treated plate was measured in four directions and the average was worked out. The per cent inhibition of growth by the fungicide was calculated using the formula given below by Vincent (1927). Data were analyzed statistically using a Completely Randomized Block Design with a Factorial concept

	I =
	C –T
	× 100

	
	C
	


Where,

I = Inhibition of mycelial growth (%)

C = Radial growth of mycelium in control (cm).

T = Radial growth of mycelium in treatment (cm)

Table 1: List of fungicides used for the experiment along with their concentration

	Sl. No.
	Non-systemic fungicides
	Concentration

	1.
	Mancozeb 75% WP
	A-0.1

B-0.2

C-0.3

	2.
	Copper oxychloride 50% WP
	

	3.
	Chlorothalonil 75% WP
	

	4.
	Propineb 70 % WP
	

	
	Systemic fungicides
	

	1.
	Thiophanate methyl 70% WP
	A-0.05

B-0.1

C-0.15

	2.
	Hexaconazole 5% EC
	

	3.
	Propiconazole 25%EC
	

	4.
	Tebuconazole 25% EC
	

	5.
	Carbendazim 50 % WP
	

	
	Combi-Fungicides
	

	1.
	Carbendazim 12 % + Mancozeb 63% WP
	A- 0.1

B-0/15

C-0.2

	2.
	Tebuconazole 50 % + Trifloxystrobin25 % WG
	

	3.
	Thiram 37.5 % + Carboxin 37.5 % WP
	

	4.
	Azoxystrobin 18.2% +Difenconazole 11.4%  W/W SC
	

	5.
	Captan 70 % + Hexaconazole 5 % WP
	

	6.
	Hexaconazole 4%+ Zineb 68% WP  (0.05%)
	

	7.
	Azoxystrobin 8.3%+ Mancozeb 66.7% WDG
	


Table 2: Details of biocontrol agents used for the study

	Sl. No.
	Bio-agents
	Source

	1.
	Trichoderma harzianum (TUREF59)
	Biocontrol laboratory, Department of Plant Pathology, UAS, Raichur

	2.
	Trichoderma harzianum (MH027645.1)
	Department of Plant Pathology, UAS, Dharwad

	3.
	Pseudomonas fluorescens (BGREB73)
	Biocontrol laboratory, Department of Plant Pathology, UAS, Raichur

	4.
	Bacillus substilis (SE76)
	Biocontrol laboratory, Department of Plant Pathology, UAS, Raichur


Results

 
Efficacy of non-systemic fungicides against C. orbiculare

Among the four non-systemic fungicides tested (Table 3 and Plate 1) mancozeb 75% WP was found to be significantly superior with the record of 100 per cent growth inhibition at all the concentrations followed by propineb 70% WP (86.30%). Copper oxychloride 50% WP showed the least effectiveness (72.47
 %).
Table 3:  In vitro efficacy of non-systemic fungicides against Colletotrichum orbiculare
	Tr. No.
	Non-systemic fungicides
	Per cent mycelial inhibition (%)

	
	
	Concentrations (%)

	
	
	0.1
	0.2
	0.3
	Mean

	1.
	Copper oxychloride 50% WP
	61.67

(51.83)
	73.89

(59.33)
	81.85

(65.07)
	72.47

(58.74)

	2.
	Chlorothalonil 75% WP
	80.37

(63.72)
	85.56

(67.67)
	86.48

(68.56)
	84.14

(66.65)

	3.
	Mancozeb 75% WP
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	4.
	Propineb 70% WP
	58.89

(50.16)
	100.00

(90.00)
	100.00

(90.00)
	86.30

(76.72)

	5.
	Control 
	0.00
	0.00
	0.00
	0.00

	
	Mean
	75.23

(63.93)
	89.86

(76.75)
	92.08

(78.41)
	

	
	Fungicides (F)
	Concentrations (C)
	FxC

	S. Em ±
	0.94
	0.81
	1.63

	C. D. at 1%
	3.69
	3.2
	6.39


Figures in parenthesis are Arc sine transformed values. 
Efficacy of systemic fungicides against C. orbiculare

Among the five systemic fungicides tested (Table 4 and Plate 2) significantly complete mycelial inhibition (100%) was noticed in the plates treated with viz., thiophanate methyl, and hexaconazole. tebuconazole and carbendazim at all three concentrations followed by propiconazole with 97.41 per cent inhibition. 

Table 4: In vitro efficacy of systemic fungicides against Colletotrichum orbiculare 
	Tr. No.
	Systemic fungicides
	Per cent mycelial inhibition (%)

	
	
	Concentrations (%)

	
	
	0.05
	0.1
	0.15
	Mean

	1.
	Thiophanate methyl 70% WP
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	2.
	Hexaconazole 5% EC
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	3.
	Propiconazole 25%EC
	92.22

(73.87)
	100.00

(90.00)
	100.00

(90.00)
	97.41

(84.62)

	4.
	Tebuconazole 25% EC
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	5.
	Carbendazim 50 % WP
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	6.
	Control 
	0.00
	0.00
	0.00
	0.00

	
	Mean
	98.44

(86.77)
	100.00

(90.00)
	100.00

(90.00)
	

	
	Fungicides (F)
	Concentrations (C)
	FxC

	S. Em ±
	0.15
	0.12
	0.26

	C. D. at 1%
	0.58
	0.45
	1.04


Figures in parenthesis are Arc sine transformed values. 

Effectivity of combi-fungicides against C. orbiculare 

Among the seven combi fungicides tested against the pathogen (Table 5 and Plate 3), the significantly superior mycelial inhibition of 100 per cent was shown by carbendazim 12 + mancozeb 63 WP, tebuconazole 50 + trifloxystrobin 25 WG, azoxystrobin 8.3 + mancozeb 66.7 WDG and thiram 37.5 + carboxin 37.5 WP.  The significantly least inhibition was recorded in the treatment of hexaconazole 4+ zineb 68 WP (86.71%). 

Table 5: In vitro efficacy of Combi fungicides against Colletotrichum orbiculare 
	Tr. No.
	Combi  fungicides
	Per cent mycelial inhibition (%)

	
	
	Concentrations (%)

	
	
	0.1
	0.15
	0.2
	Mean

	1.
	Carbendazim 12% + Mancozeb 63% WP
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	2.
	Tebuconazole 50% + Trifloxystrobin 25% WG
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	3.
	Hexaconazole 4% + Zineb 68% WP 
	86.30

(68.61)
	87.19

(69.03)
	86.63

(68.58)
	86.71

(68.74)

	4.
	Azoxystrobin 8.3% + Mancozeb 66.7% WDG
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	5.
	Azoxystrobin 18.2% + Difenconazole 11.4% W/W SC
	88.11

(69.85)
	90.56

(72.17)
	91.48

(73.08)
	90.05

(71.70)

	6.
	Thiram 37.5% + Carboxin 37.5% WP
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)
	100.00

(90.00)

	7.
	Captan 70% + Hexaconazole 5% WP
	93.30

(75.00)
	100.00

(90.00)
	100.00

(90.00)
	97.77

(85.00)

	8.
	Control
	0.00
	0.00
	0.00
	0.00

	
	Mean
	95.39

(81.92)
	96.82

(84.46)
	96.87

(84.52)
	

	
	Fungicides (F)
	Concentrations (C)
	FxC

	S. Em ±
	0.44
	0.29
	0.77

	C. D. at 1%
	1.69
	1.11
	2.92


Figures in parenthesis are Arc sine transformed values. 

Efficacy of biocontrol agents against C. orbiculare under in vitro conditions 
Four biocontrol agents were tested for their effectiveness against the pathogen (Table 6 and Plate 4) and the results unveiled that among the fungal bioagents significantly higher mycelial inhibition of 81.28 per cent was shown by Trichoderma harzianum (TUREF59) and among bacterial bio-agents Pseudomonas fluorescens (BGREB73) showed significant mycelial inhibition of 66.81 per cent. However, Bacillus subtilis (SE76) observed the least inhibition of 11.03
 per cent against the pathogen. 

Table 6: In vitro efficacy of Bio-control agents against Colletotrichum orbiculare 
	Tr. No.
	Bio-agents
	Colony growth (mm)
	Per cent mycelial inhibition 

	1.
	Trichoderma harzianum (TUREF59)
	16.85*
	81.28

(64.36)

	2.
	Trichoderma harzianum (MH027645.1)
	19.00
	78.89

(62.66)

	3.
	Pseudomonas fluorescens (BGREB73)
	29.88
	66.81

(54.83)

	4.
	Bacillus substilis (SE76)
	32.88
	63.47

(52.82)

	5.
	Control
	90.00
	0.00

	S. Em ±
	0.46

	C. D. at 1%
	1.91


Figures in parenthesis are Arc sine transformed values. 

*mean of four replications.

Discussion

Similar results were recorded by Joshi et al. (2019) who evaluated two contact, four systemic, and three combi fungicides against C. lagenarium causing bottle gourd anthracnose and revealed that thiophanate methyl (0.1%) and carbendazim 12+mancozeb 63 75% WP (0.05%) exhibited cent per cent inhibition. 

Potphode (2018) studied the effectiveness of four systemic and four contact fungicides against C. lagenarium, which causes anthracnose in bitter gourd. The systemic fungicides propiconazole 25 EC, hexaconazole 5 EC, and thiophanate methyl 79 WG completely inhibited the pathogen at all tested concentrations (0.05%, 0.1%, and 0.15%). Among contact fungicides, Mancozeb 75 WP was the most effective, achieving 89.72 per cent inhibition at 0.25 per cent. These results highlight the potential of systemic fungicides in disease management.

Kammar (2020) studied four biocontrol agents against C. lagenarium, the cause of anthracnose in bottle gourd. He found that Trichoderma harzianum had the highest growth inhibition at 88.80 per cent, while Pseudomonas fluorescens had the lowest at 11.03 per cent.

Similarly, biradar et al. (2021) evaluated nine biological agents against C. capsici, finding Trichoderma koningi showed the highest growth inhibition at 92.48 per cent, followed closely by Trichoderma harzianum at 92.41 per cent.

Conclusion 

The above study indicates that one contact, four systemic, and five combi-fungicides showed complete effectiveness against the pathogen even at lower concentrations. Among the bio-agents, Trichoderma harzianum showed maximum inhibition of the pathogen's growth. Hence, these molecules can be used for management by testing their effectiveness in field management as well as to manage cucumber anthracnose.  
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