



In vitro evaluation of fungicides against Alternaria alternata causing leaf blight of tuberose
Abstract

Background: Tuberose (Polianthes tuberosa L.) is a commercially important ornamental crop widely cultivated for its highly fragrant flowers and significant economic value in the floriculture industry. However, its production is severely constrained by several diseases, among which leaf blight caused by Alternaria alternata has emerged as a major threat. The disease is particularly destructive under favourable environmental conditions, leading to significant reductions in flower yield and quality, thereby affecting marketability and profitability.

Aims: The present investigation was undertaken to evaluate the efficacy of selected systemic, contact, and combination fungicides against Alternaria alternata under in vitro conditions. Despite the economic importance of tuberose, comprehensive information on the comparative efficacy of different classes of fungicides against A. alternata is limited.
Place and Duration of Study: The study was carried out under controlled laboratory conditions using standard in vitro techniques at Department of Plant Pathology, University of Agricultural Sciences Bangalore from April to June 2025.

Methodology: Twenty-one fungicides, including seven systemic, seven contact, and seven formulations, were evaluated using the poisoned food technique on potato dextrose agar medium. Systemic fungicides were tested at 500, 750, and 1000 ppm, whereas contact and combination fungicides were tested at 1000, 1500, and 2000 ppm concentrations. The experiment was laid out in a completely randomized design with three replications, and per cent inhibition of mycelial growth was calculated.

Results: Significant variation in fungicidal efficacy was observed among treatments. Among systemic fungicides, Propiconazole completely inhibited mycelial growth (100%), followed by Hexaconazole (98.33%) and Difenoconazole (94.35%). In contact fungicides, Metiram recorded the highest inhibition (76.32%), followed by Mancozeb (73.59%) and Propineb (70.02%). Among combination fungicides, Captan + hexaconazole, Boscalid + pyraclostrobin, and Metiram + Pyraclostrobin achieved complete inhibition (100%), demonstrating superior efficacy over individual fungicides.

Conclusion: The findings highlight the superior performance of triazole-based systemic fungicides and selected combination formulations in suppressing Alternaria alternata. These fungicides offer potential for incorporation into integrated disease management strategies for effective control of tuberose leaf blight.

Keywords: Alternaria alternata, tuberose, leaf blight, fungicides, in vitro, disease management

1. Introduction
Tuberose (Polianthes tuberosa L.), belonging to the family Asparagaceae, is a perennial bulbous ornamental crop cultivated worldwide for its highly attractive and fragrant flowers. These flowers hold significant importance in the floriculture industry, particularly for the manufacture of perfumes, extraction of essential oils, and decorative purposes (Sadhukhan et al., 2021). In India, tuberose is grown extensively for both loose and cut flower production. During 2024-25, tuberose cultivation in India covered 25.96 thousand hectares, yielding 111.38 thousand metric tonnes of loose flowers (4.29 t/ha) and 107.02 thousand metric tonnes of cut flowers (4.12 t/ha). In Karnataka, the crop occupied 1.22 thousand hectares, producing 9.19 thousand metric tonnes of loose flowers with a productivity of 7.53 t/ha (Anon., 2025). The delightful fragrance of tuberose is attributed to compounds such as geraniol, nerol, benzyl alcohol, eugenol, and methyl anthranilate.
Several diseases have been reported in tuberose cultivation in India, including Sclerotium rot caused by Sclerotium rolfsii (Singh et al., 2016), leaf blight due to Alternaria alternata (Gajre., 2008), Fusarium oxysporum (Mahinpoo et al., 2013) and Lasiodiplodia theobromae (Durgadevi et al., 2012). Among these, leaf blight caused by Alternaria alternata has emerged as one of the most destructive diseases, leading to significant yield losses (25-60 %) and adversely affecting both the quality and quantity of flowers (Kakade et al., 2016). The disease typically appears as circular to irregular lesions on leaves, which vary from brown to black (Mahalakshmi et al., 2023). These lesions often coalesce, resulting in blighting and drying of foliage, thereby hampering plant growth and reducing flower yield. In severe cases, the disease also reduces plant size and may cause premature shedding of buds and flowers.
The epidemiology of Alternaria leaf blight is strongly influenced by environmental conditions. Warm and humid weather with temperatures ranging from 16 °C to 30 °C (Sonavane et al., 2024) is highly favourable for the growth and rapid spread of A. alternata in tuberose fields. Therefore, disease management becomes crucial for sustaining profitable tuberose cultivation. Although cultural and biological approaches play an important role in integrated disease management, fungicides remain an effective component for reducing disease severity. To address this issue, a study was conducted to evaluate the efficacy of various fungicides against tuberose leaf spot disease under in vitro conditions. Although several studies have reported fungicide efficacy against Alternaria spp. in various crops, systematic evaluation of systemic, contact, and combination fungicides against Alternaria alternata in tuberose is limited, particularly under Indian conditions. Therefore, the present study was undertaken. The present study aimed to comparatively evaluate systemic, contact, and combination fungicides against Alternaria alternata under in vitro conditions and to identify effective fungicides for potential integration into disease management strategies. Although fungicide efficacy against Alternaria spp. has been reported in several crops, limited studies have comparatively evaluated systemic, contact, and combination fungicides specifically against Alternaria alternata infecting tuberose under Indian conditions. Moreover, information on relative performance across fungicide classes is insufficient, necessitating systematic evaluation.
2. Materials And Methods
In vitro evaluation of different fungicides against Alternaria alternata
The efficacy of fungicides viz., contact, systemic and combination fungicides were tested against A. alternata to record the radial growth inhibition on potato dextrose agar medium using poisoned food under in vitro conditions. Contact and combination fungicides were evaluated at 1000, 1500 and 2000 ppm concentrations while, systemic were evaluated at 500,750 and 1000 ppm. The experiment was conducted in completely randomized design (CRD) and three replications were maintained for each treatment. The plate without any fungicide served as control. Plates were incubated at 25±1°C for 7 days. The per cent inhibition of growth was calculated by using the following formula (Vincent et al., 1947).
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Where, 

  I = Per cent inhibition

 C = Colony diameter in control

 T = Colony diameter in treatment

The list of fungicides used for the in vitro evaluation, along with their respective trade names, is provided below.

Table 1: List of contact fungicides used for in-vitro evaluation 

	Sl. No.
	Fungicide 
	Trade name

	1
	Chlorothalonil 75 % WP
	Kavach

	2
	Zineb 75 % WP
	Indofil Z-78

	3
	Copper oxychloride 50 % WP
	Blue copper

	4
	Captan 50 % WP
	Captaf 

	5
	Mancozeb 75 % WP
	Dithane M-45

	6
	Propineb 70 % WP
	Antracol

	7
	Metiram 70% WP
	Polyram


Table 2: List of systemic fungicide used for in-vitro evaluation

	Sl. No.
	Fungicide 
	Trade name

	1
	Propiconazole 25 % EC
	Tilt 

	2
	Azoxystrobin 23 % SC
	Amistar 

	3
	Thifluzamide 24 % SC
	Pulsor

	4
	Tebuconazole 25.9 % EC 
	Folicur

	5
	Hexaconazole 5 % SC
	Contaf plus

	6
	Pyraclostrobin 20 % WG
	Bestline 

	7
	Difenoconazole 25 % EC
	Score 


Table 3: List of combination fungicides used for in-vitro evaluation

	Sl. No.
	Fungicide
	Trade name

	1
	Azoxystrobin 11% + Tebuconazole 18.3 % SC
	Custodia 

	2
	Azoxystrobin 18.2 % + Difenoconazole 11.4 % SC
	Amistar Top 

	3
	Tebuconazole 50 % + Trifloxystrobin 25 % WG
	Nativo

	4
	Captan 70 % + Hexaconazole 5 % WP
	Taqat 

	5
	Boscalid 25.2 % + Pyraclostrobin 12.8 % WG
	Visma 

	6
	Metiram 55 % + Pyraclostrobin 5 % WG
	Cabrio Top 

	7
	Chlorothalonil 40 % + Difenoconazole 4 % SC
	Kavach Flo


Statistical analysis
Statistical analysis was done by following the procedures (Sukhatme, 1957). Original per cent data was converted into angular transformation before analysis following the table (Snedecor and Chocran, 1980). Data were subjected to ANOVA and means were compared using CD at 1% level.
3. Results and Discussion

In vitro evaluation of fungicides against Alternaria alternata
Systemic fungicides

Results presented in Table 4 indicate all systemic fungicides significantly inhibited the mycelial growth of A. alternata compared to the control, with inhibition increasing in a concentration-dependent manner (Fig. 1, 2). Among the systemic fungicides, the mean inhibition ranged from 34.85 per cent with Azoxystrobin to complete (100 %) inhibition with propiconazole. Propiconazole completely suppressed fungal growth, while Hexaconazole and Difenoconazole also exhibited strong fungistatic activity, recording mean inhibitions of 98.33 and 94.85 per cent respectively. These were followed by Thifluzamide (71.63 %) and Tebuconazole (70.46 %). In contrast, Azoxystrobin (34.85 %) and Pyraclostrobin (49.95 %) were comparatively less effective. All systemic fungicides tested showed significant fungistatic action against A. alternata. Based on efficacy, Among the fungicides, Propiconazole recorded complete inhibition (100%) at all concentrations, followed by Hexaconazole (98.33%) and Difenoconazole (94.35%), indicating their superior efficacy. Moderate inhibition was observed with Thifluzamide (71.63%) and Tebuconazole (70.46%), whereas Azoxystrobin (34.85%) and Pyraclostrobin (49.95%) were comparatively less effective. This variation suggests differential sensitivity of A. alternata to systemic fungicides.
Table 4: Effect of systemic fungicides on inhibition of A. alternata under in-vitro Conditions
	Treatments
	Per cent inhibition of mycelial growth

	
	Concentration

	
	500 ppm
	750 ppm
	1000 ppm
	Mean

	T1: Azoxystrobin 23% SC
	32.35 (34.65)*
	32.22 (34.57)
	39.93 (39.18)
	34.85

	T2: Pyraclostrobin 20% WG
	37 (37.45)
	57.65 (49.38)
	62.22 (52.05)
	49.95

	T3: Tebuconazole 25.9% EC
	53.21 (46.82)
	58.39 (49.81)
	100 (89.96)
	70.46

	T4: Thifluzamide 24% SC
	50.37 (45.19)
	64.9 (53.65)
	90.61 (72.13)
	71.63

	T5: Hexaconazole 5% EC
	95.04 (77.11)
	100 (89.96)
	100 (89.96)
	98.33

	T6: Difenoconazole 25.9% EC
	88.39 (70.05)
	95.06 (77.12)
	100 (89.96)
	94.35

	T7: Propiconazole 25% EC
	100 (89.96)
	100 (89.96)
	100 (89.96)
	100

	Control
	0.00
	0.00
	0.00
	0.00

	SE m ±
	0.27
	0.18
	0.42

	CD @ 1%
	0.78
	0.51
	1.35


*Figures in paranthesis are arcsine transformed values
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Fig. 1: Effect of systemic fungicides against A. alternata infecting tuberose
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Fig. 2: Effect of systemic fungicides against A. alternata infecting tuberose

Contact fungicides

Results presented in Table 5 show that all the contact fungicides evaluated at concentrations of 1000, 1500 and 2000 ppm significantly suppressed the mycelial growth of A. alternata compared to the untreated control. All contact fungicides significantly reduced mycelial growth of A. alternata, with inhibition varying across treatments. (Fig. 3, 4). The mean inhibition ranged from 32.88% to 76.32%, with metiram showing the highest efficacy (76.32%), followed by mancozeb (73.59%) and propineb (70.02%). Among the fungicides tested, Metiram exhibited the highest average inhibition (76.32 %), followed by Mancozeb (73.59 %), Propineb (70.02 %), Captan (67.00 %) and Zineb (50.66 %). Chlorothalonil (32.88%) and copper oxychloride (38.66%) exhibited comparatively lower efficacy. The comparatively higher performance of certain fungicides indicates variability in effectiveness among contact fungicides.
Table 5 : Effect of contact fungicides on inhibition of A. alternata under in-vitro conditions
	Treatments
	Per cent inhibition of mycelial growth

	
	Concentration

	
	1000 ppm
	1500 ppm
	2000 ppm
	Mean

	T1: Chlorothalonil 75% WP
	21.18 (27.39)*
	31.48 (34.12)
	45.74 (42.54)
	32.88

	T2: Copper oxychloride 50% WP
	23.33 (28.87)
	42.84 (40.87)
	50.37 (45.19)
	38.66

	T3: Zineb 75% WP
	33.70 (35.47)
	49.02 (44.42)
	69.26 (56.31)
	50.66

	T4: Captan 50% WP
	51.11 (45.62)
	69.26 (56.31)
	81.30 (64.35)
	67.00

	T5: Propineb 70% WP
	64.07 (53.15)
	74.07 (59.36)
	71.55 (57.74)
	70.02

	T6: Mancozeb 75% WP
	67.78 (55.39)
	71.85 (57.93)
	81.48 (64.35)
	73.59

	T7: Metiram 70% WP
	72.96 (58.64)
	74.00 (59.12)
	82.00 (64.76)
	76.32

	Control 
	0.00
	0.00
	0.00
	0.000

	SE m ±
	0.22
	0.14
	0.37

	CD at 1%
	0.63
	0.41
	1.09


*Figures in paranthesis are arcsine transformed values
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Fig. 3: Effect of contact fungicides against A. alternata infecting tuberose
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Fig. 4: In vitro evaluation of contact fungicides against A. alternata infecting tuberose
Combination fungicides

 Results presented in Table 6 demonstrate that all the combination fungicides evaluated at 1000, 1500 and 2000 ppm caused significant inhibition of A. alternata mycelial growth compared to the untreated control. Combination fungicides exhibited significantly higher inhibition of A. alternata compared to individual fungicides. (Fig. 5, 6). Across the treatments, the mean mycelial inhibition ranged from 54.66 per cent with Chlorothalonil + Difenoconazole to complete (100 %) inhibition with Captan + hexaconazole, Boscalid + Pyraclostrobin and Metiram + pyraclostrobin. Among the effective combinations, Tebuconazole + Trifloxystrobin and Azoxystrobin + Difenoconazole also exhibited strong fungistatic activity, recording mean inhibitions of 93.66 and 89.66 per cent, respectively. In contrast, relatively lower inhibition was observed with Chlorothalonil + Difenoconazole (54.66 %) and Azoxystrobin + Tebuconazole (55.66 %). Overall, combination fungicides demonstrated superior efficacy compared to individual fungicides.
Overall, combination fungicides exhibited the highest efficacy, followed by systemic fungicides, while contact fungicides showed comparatively moderate inhibition. This trend indicates the advantage of combining different modes of action for effective suppression of A. alternata.
Table 6: Effect of combination fungicides on inhibition of Alternaria alternata under in-vitro conditions
	Treatments
	Per cent inhibition of mycelial growth

	
	Concentration

	
	1000 ppm
	1500 ppm
	2000 ppm
	Mean

	T1:Chlorothalonil 40 % + Difenoconazole 4 % WG
	31.11 (33.89)*
	59.51 (50.46)
	73.33 (58.88)
	54.66

	T2:Azoxystrobin 11 % + Tebuconazole 18.3 % SC
	40.18 (39.32)
	54.07 (47.32)
	72.96 (58.64)
	55.66

	T3: Azoxystrobin 18.2 % + Difenoconazole 11.4 % SC
	78.78 (62.55)
	90.15 (71.68)
	100 (89.96)
	89.66

	T4: Tebuconazole 50 % + Trifloxystrobin 25 % WG
	80.52 (63.78)
	100 (89.96)
	100 (89.96)
	93.66

	T5: Captan 70 % + Hexaconazole 5 % WP
	100 (89.96)
	100 (89.96)
	100 (89.96)
	100

	T6: Boscalid 25.2 % WG + Pyraclostrobin 12.8 % 
	100 (89.96)
	100 (89.96)
	100 (89.96)
	100

	T7: Metiram 55 % + Pyraclostrobin 5 % WG
	100 (89.96)
	100 (89.96)
	100 (89.96)
	100

	Control 
	0.00
	0.00
	0.00
	0.00

	SE m ±
	0.64
	0.42
	1.12

	CD at 1%
	1.85
	1.21
	3.21


*Figures in paranthesis are arcsine transformed values
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Fig. 5: Effect of combination fungicides against A. alternata infecting tuberose
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Fig. 6: In vitro evaluation of combination fungicides against A. alternata infecting tuberose
Discussion:
The present investigation evaluated the efficacy of systemic, contact and combination fungicides against Alternaria alternata, the causal agent of leaf blight in tuberose. Overall, the study demonstrated significant variability in fungicidal efficacy, indicating differential sensitivity of the pathogen to different fungicidal chemistries. Such variation has been widely reported in Alternaria spp., reflecting differences in mode of action and adaptive potential of the pathogen (Islam et al., 2024; FRAC, 2022). The increase in inhibition with increasing fungicide concentration further indicates a dose-dependent response of A. alternata, which is a common characteristic of fungicidal activity under in vitro conditions.
Among systemic fungicides, propiconazole emerged as the most effective, achieving complete inhibition of mycelial growth at all tested concentrations. This superior performance is consistent with earlier findings (Suryawanshi et al., 2010; Archana, 2012). Hexaconazole and difenoconazole also exhibited high efficacy, which may be attributed to their triazole chemistry and inhibition of ergosterol biosynthesis, an essential component of fungal cell membranes (Li et al., 2023; Carraro et al., 2026). Disruption of ergosterol synthesis impairs membrane integrity and inhibits fungal growth.
In contrast, QoI fungicides such as azoxystrobin and pyraclostrobin showed comparatively lower inhibition, which may be due to variability in sensitivity of Alternaria spp. Recent studies have reported widespread resistance of A. alternata to QoI fungicides under intensive usage, often associated with mutations such as G143A in the cytochrome b gene (Chitolina et al., 2021; Fernández-Ortuño et al., 2020).
Continuous and indiscriminate use of DMI fungicides may also lead to resistance development due to mutations and overexpression of target genes such as CYP51 (Li et al., 2023; Lucas et al., 2015). Therefore, careful management of systemic fungicides is essential within integrated disease management strategies.

Contact fungicides significantly restricted fungal growth, with metiram and mancozeb demonstrating higher efficacy among the protectant molecules tested. Their strong performance may be attributed to their multi-site mode of action, which interferes with multiple metabolic processes in fungal cells and reduces the likelihood of resistance development (Islam et al., 2024; Brent and Hollomon, 2021). Similar trends have been reported in Alternaria spp. infecting different crops (Kadam et al., 2018; Gholve et al., 2014).
In contrast, chlorothalonil and copper oxychloride showed comparatively lower inhibition, indicating possible variability in pathogen sensitivity or reduced efficacy under in vitro conditions. Variability in sensitivity among Alternaria isolates has been reported across geographical regions (Chitolina et al., 2021; Hu et al., 2021).

Combination fungicides exhibited the highest overall efficacy, with captan + hexaconazole, boscalid + pyraclostrobin, and metiram + pyraclostrobin achieving complete inhibition. The superior performance of these combinations may be attributed to synergistic interactions between active ingredients with different modes of action, providing both protective and curative effects (van den Bosch et al., 2020; FRAC, 2022).
High inhibition observed with tebuconazole + trifloxystrobin and azoxystrobin + difenoconazole further supports the advantage of combining fungicides with different biochemical targets. However, not all combinations resulted in enhanced efficacy, as seen with chlorothalonil + difenoconazole and azoxystrobin + tebuconazole, indicating that compatibility of active ingredients plays a critical role. These findings are in agreement with recent reports on fungicide combinations against Alternaria spp. (Dhaval et al., 2023).
The use of combination fungicides is also an important resistance management strategy, as it reduces selection pressure on pathogen populations and delays the development of resistant strains (van den Bosch et al., 2020).

A comparative assessment revealed that combination fungicides were more effective than systemic fungicides, followed by contact fungicides. This trend highlights the advantage of integrating fungicides with different modes of action to achieve effective disease suppression and delay resistance development. The observed variation in efficacy may also be attributed to inherent variability in pathogen populations and their differential sensitivity to fungicides (Hu et al., 2021).

The increasing occurrence of fungicide resistance in plant pathogenic fungi is a global concern driven by repeated use of single-site fungicides, which exerts strong selection pressure on pathogen populations (Islam et al., 2024; Lucas et al., 2015). Therefore, rotation of fungicides with different modes of action and use of combination fungicides are recommended strategies to delay resistance development. These fungicides should be integrated with cultural and biological control measures as part of an integrated disease management (IDM) approach for sustainable management of tuberose leaf blight.

However, it is important to note that the present study was conducted under in vitro conditions, and the efficacy of fungicides may vary under field conditions due to environmental factors, host interactions, and application methods. Therefore, further validation under field conditions is necessary before recommending these fungicides for practical application. The present study provides a comparative evaluation of different fungicide classes against A. alternata in tuberose, which remains limited under Indian conditions.

Conclusion

Among the different fungicides evaluated, propiconazole, hexaconazole, Difenoconazole (systemic), Captan + hexaconazole, Boscalid + pyraclostrobin, Metiram + Pyraclostrobin (combi-fungicides) and metiram, mancozeb, Propineb (contact) were most efficient with significantly highest inhibition of mycelial growth of Alternaria alternata causing leaf blight of tuberose.
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