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ABSTRACT
Alternaria leaf blight caused by Alternaria brassicae is a destructive disease of mustard causing significant yield losses. A comprehensive study was conducted at Chandra Shekhar Azad University of Agriculture and Technology, Kanpur during Rabi season 2024-25 to evaluate fungicides, botanicals, and bioagents for disease management in Indian mustard (Brassica juncea L.). Foliar application of Carbendazim + Mancozeb (0.1%) demonstrated superior efficacy, recording the lowest disease intensity of 19.7% and 24.50% at 45 and 60 DAS respectively, compared to 53.50% and 67.50% in control treatments. This treatment also enhanced plant growth parameters including root length, shoot length, plant height, siliqua number, and seed yield per plant. In vitro studies using poisoned food technique revealed that Carbendazim + Mancozeb achieved maximum growth inhibition of 91.17%, 92.05%, and 94.11% after 24, 48, and 72 hours respectively. Screening of twenty mustard genotypes identified four resistant, five moderately resistant, eight moderately susceptible, one susceptible, and two highly susceptible genotypes, with no genotype showing complete immunity. The integrated approach combining chemical fungicides with biological agents offers promising potential for effective management of Alternaria leaf blight in mustard cultivation.
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1. Introduction 
Rapeseed-mustard belonging to the Brassicaceae family play significant role in India's agricultural economy and occupied as a second most important crop after cereals. The family, comprising approximately 350 genera and 3500 species, ranks among the world's top 10 economically vital plant families. Historical evidence from ancient texts suggests that oilseed Brassicas have been cultivated since as early as 5000 BC (Chauhan et al., 2011). 
Indian mustard oil contains several nutrients, including 4.51 grams of carbohydrates, 1.41 grams of sugar, 2 grams of dietary fiber, 0.47 grams of fat and 2.56 grams of protein per 100 grams. Indian mustard, a natural amphidiploid species with 36 chromosomes (2n), is primarily self pollinating, through insect activity and other environmental factors contribute to 2–15% cross-pollination. Globally, it plays a significant role in agriculture, valued for its versatility as an oilseed, leafy vegetable, fodder crop, green manure, and spice. The oil extracted from Brassica seeds is chiefly consumed as food-grade oil but also finds application in industrial sectors as a lubricant and a precursor for polymer production. The residual mustard cake, left after oil extraction, serves as both an organic fertilizer and a protein-rich component in livestock feed . Bhowmik et al., (2014). 
Among all diseases Alternaria blight, caused by Alternaria brassicae, is the most damaging diseases, which occurs worldwide and significantly impacts Indian mustard. It can lead to yield losses of up to 47% and a reduction in oil content by 14–36% (Saharan et al., 2016). The disease manifests during the ripening stage, showing dark spots on leaves, stems and siliqua, ultimately lowering seed quality and output (Kumar et al., 2014). Controlling pod infections is essential to prevent major yield losses( Hossian, 1993). 
The disease affects all the above-ground green parts of the plant, diminishing its photosynthetic capacity and overall health. In northern India, the disease typically appears from mid-December to early January, initially as yellowish spots that later develop into small dark-brown or black lesions on the lower leaves of young plants. On mature leaves, these spots become circular, dark-brown, and sunken, with a necrotic center surrounded by a yellowish halo. Under favorable conditions, the lesions expand rapidly and merge, leading to partial or complete defoliation as they produce compounds that accelerate leaf aging (Saharan et al., 2016). 
Chemical control has become a key component of disease management in rapeseed and mustard crops due to the availability of effective broad-spectrum fungicides. Seed treatment with carbendazim @2.5 g/kg or mancozeb @2 g/kg effectively eradicates seed-borne Alternaria brassicae infection, though 24-hour storage is required post-treatment (Kumar and Singh, 1986). Fungicides like Mancozeb, Indofil M-45, and Ridomil MZ have demonstrated strong efficacy against the pathogen (Kumar, 1996). However, excessive pesticide use has led to resistance, pest resurgence, and environmental contamination, necessitating alternative approaches.
Plant-based solutions, particularly garlic (Allium sativum) bulb extract, have shown significant promise against Alternaria blight, either alone or combined with Trichoderma spp. and fungicides . Biological alternatives offer viable solutions, with Streptomyces arabicus exhibiting antagonistic effects against A. brassicae, while foliar applications of Trichoderma viride and Pseudomonas fluorescens at 45 and 75 DAS have proven as effective as mancozeb in managing the disease (Meena et al., 2004).
2. Material and methods
2.1 Experimental site
The present investigation was conducted in laboratory and Wire house of the Department of Plant Pathology, Chandra Shekhar Azad University of Agriculture and Technology in Kanpur, Uttar Pradesh (208002) during  year 2024-2025.
 2.2 Isolation and purification of the pathogen
Small diseased samples (2-3 mm) dimension adjacent to healthy portion were cut, washed with tap water, and surface sterilized with 1% sodium hypochlorite for 30 seconds under aseptic conditions. After thorough washing with distilled water, sterilized sclerotia were transferred to potato dextrose agar plates using sterile forceps. The plates were incubated at 25±1°C for 6-7 days, and the isolated fungus was purified using hyphal tip and section cut techniques. A set of pure culture was stored in refrigerator at 4°C and sub-culturing on potato dextrose agar was done at regular intervals.
2.3 In vitro efficacy of botanicals  against Alternaria brassicae 
The botanicals namely Neem leaf extract (Azadirachta indica) and garlic bulb extract (Allium sativum) were used against Alternaria brassicae at different concentrations viz. 5 and 10 per cent using Poisoned food technique. The autoclaved  extracts were mixed thoroughly with sterilized Potato Dextrose Agar (PDA) to a final concentration of 5% and 10% respectively. Approximately 20 ml of poisoned media was poured into 90 mm sterilized Petri plates and allowed to solidify in aseptic condition. All Petri plates were inoculated with actively growing 3 mm mycelial disc of A.brassicae. Three replications were maintained for each treatment. These Petri plates were incubated at 25±1°C. The observation was recorded on pathogen radial growth at 24, 48 and 72 hours after inoculation.
2.4  In vitro efficacy of bioagents against Alternaria brassicae 
Efficacy of bio-agents against pathogen was tested using dual culture technique (Morton and Stroube, 1955). The observations were recorded based on radial growth of bio agents and isolated fungus Alternaria brassicae 24, 48 and 72 hours in dual culture.
2.4.1 Dual culture technique 
Sterilized PDA (20 ml) was poured into 90 mm diameter petri plates and allowed to solidify. Using a sterile cork borer, 5 mm mycelial discs were cut from 5-7 days old cultures of antagonists (Trichoderma harzianum and T. viride) and pathogen (A. brassicae).
The pathogen disc was inoculated on one side of the plate while the antagonist disc was placed on the opposite side. Plates were incubated at 25°C until complete development was observed in the control. Radial growth measurements were recorded at 24-hour intervals for 7 days.
2.4.2 Calculation of Growth Inhibition:
Percent inhibition of mycelial growth was calculated using Vincent's (1947) formula:
Per cent inhibition = (C-T)/C × 100
Where,   C = Growth of pathogen mycelium in control
              T = Growth of pathogen mycelium in treatment
2.5 In vitro efficacy of chemicals against Alternaria brassicae 
Efficacy of two chemical fungicides,  Carbendazim 25% EC and Carbendazim 12% + Mancozeb 63% WP were evaluated  against Alternaria brassicae at 0.1% concentration. Chemical fungicides were evaluated on Potato dextrose agar medium using Poisoned Food Technique in laboratory. The required quantity of each fungicide was incorporated in Potato dextrose agar medium, thoroughly mixed by shaking prior to pouring in sterilized Petriplates and were allowed to solidify. These Petriplates were inoculated with 5 mm disc of seven days old culture of A.brassicae in the centre of the plate and incubated at 25±1ºC. Three  replications of each fungicide were maintained.
2.6 Efficacy of botanicals, bioagents and fungicides against Alternaria blight of mustard under wire house condition.
In vivo experiment was conducted in the pots in Department of Plant Pathology, College of agriculture, CSA, Kanpur during Rabi 2024-25, to evaluate the efficacy of  fungicides, botanicals and bio-agents which were found effective against A. brassicae during present in vitro study. Leaf and bulb aqueous extract (@ 5% and 10% each of A. indica and A. sativum, respectively were prepared using requisite quantity of test botanical in sterile distilled water, filtered through double layer muslin cloth and the resultant extract was used for spraying on mustard plants. The talk- based formulation of the bioagents viz., T. harzianum and T.viride were used (@ 0.5% for spraying. The fungicides selected viz., Carbendazim 75WP and Carbendazim 12% + Mancozeb 63% WP (SAAF) were sprayed at there recommended concentration. One pot/replication was maintained as unsprayed control i.e., without spraying any fungicides, botanicals, and bio- agents. 
Disease incidence (%) = Total number of infected plants/  total number of plants ×100
List 1 : Details of various treatments
	S.no.
	Treatments 
	Details

	1
	T1
	Neem leaf extract @5 %

	2
	T2
	Neem leaf extract @10 %

	3
	T3
	Garlic bulb extract @5 %

	4
	T4
	Garlic bulb extract @10 %

	5
	T5
	Carbendazim @0.1 %

	6
	T6
	Carbendazim 12%+ mancozeb 63% @0.1%

	7
	T7
	Trichoderma viride 

	8
	T8
	Trichoderma harzianum 

	9
	T9
	Control



3. Results and discussion
3.1 In vitro efficacy of different botanicals against Alternaria brassicae 
The results of effect of different botanicals are presented in Table-1 which revealed that Allium sativum (garlic) bulb extract demonstrated significantly greater inhibition of Alternaria brassicae mycelial growth compared to Azadirachta indica (neem) leaf extract at both 5 and 10 per cent concentrations. After 24 hours, garlic extract at 5% and 10% concentration inhibited 11.76% and 25.29% of mycelial growth, respectively, while neem extract showed 2.9% and 21.17% inhibition. By 48 hours, garlic inhibition increased to 35.89% (5% concentration) and 41.79% (10%), whereas neem reached 29.48% (5%) and 45.12% (10%). After 72 hours, garlic further suppressed growth by 51.11% (5%) and 64.44% (10%), while neem achieved 47.77% (5%) and 63.33% (10%), confirming garlic's superior antifungal efficacy over time. The findings were further confirmed by research work of Patni et al., (2005) and Kakraliya et al., (2018) who revealed significant inhibition effect of neem and other botanicals against fungal pathogens.
3.2 In vitro efficacy of different bio-agents against Alternaria brassicae 
The results from Table-1 reveals that after 24 hours of inoculation, the maximum mycelial inhibition of 32.35 per cent was observed in Trichoderma harzianum, followed by 27.64 per cent inhibition in Trichoderma viride. After 48 hours of inoculation, the maximum mycelial inhibition of 55.12 per cent was observed in Trichoderma harzianum followed by 51.28 per cent inhibition in Trichoderma viride, respectively. After 72 hours of inoculation, the maximum mycelial inhibition of 72.22 per cent was observed in Trichoderma harzianum, followed by 66.66 per cent inhibition in Trichoderma viride respectively. The result revealed that Trichoderma harzianum is more effective in comparison to Trichoderma viride. These results are in conformity with the earlier findings of those workers who reported bioagents T. harzianum and T. asperellum had significantly inhibited mycelial growth of Alternaria brassicae and A. brassicicola infecting mustard and cabbage (Khalse et al., (2017) ;  Singh et al., (2018)and Kakraliya et al., (2022).
3.3 In-vitro efficacy of different chemical fungicides against Alternaria brassicae 
The results from Table-1 indicates that after 24 hours of incubation, Carbendazim 12% WP + Mancozeb 63% WP showed maximum inhibition of the pathogen i.e., 91.17 per cent mycelial growth of the pathogen, followed by 90 per cent inhibition in Carbendazim 50 WP. After 48 hours of inoculation, the maximum mycelial inhibition of 92.05 per cent was observed in Carbendazim 12% WP + Mancozeb 63% WP, followed by 90 per cent inhibition in Carbendazim 50 WP respectively. After 72 hours of inoculation, the maximum mycelial inhibition of 94.11 per cent was observed in Carbendazim 12% WP + Mancozeb 63% WP, followed by 93.66 per cent inhibition in Carbendazim 50 WP respectively. The result revealed that between the chemical fungicides, the Carbendazim 12% WP + Mancozeb 63% WP at 0.1 per cent concentration was found more effective than Carbendazim 50 WP. These findings are supported by previous studies reporting superior efficacy of combination fungicides and various botanical extracts against Alternaria brassicae (Ferdous et al., (2002); Meena et al., (2004).
3.4 Efficacy of botanicals, chemicals and bioagents on morphological attributes of mustard under wire house condition
The study evaluated the efficacy of various treatments on mustard plant growth and yield parameters under wire house conditions, with all the treatments showing significant improvements compared to untreated controls (T9). Among all the treatments as observed from the Table-2, it is cleared that among all fungicides, botanicals and bioagents, fungicides viz., carbendazim + mancozeb @0.1% was the best treatment by which mustard plant show highest root length, shoot length, plant height, number of siliqua per plant, length of siliqua, number of seeds per siliqua and seed yield per plant.
3.5 Management of Alternaria brassicae under pot condition
Eight different treatments comprising two fungicides, two plant extracts and two bioagents were evaluated under field conditions at their most effective concentrations based on in vitro efficacy against A. brassicae. The results obtained from Table-3 revealed that all the fungicides, botanicals and bioagents tested were significantly effective in minimizing the disease intensity as compared to control. Among the treatments, the minimum disease intensity was recorded from Carbendazim 12% + Mancozeb 63% treatment as 19.7% and 24.50% after 45 and 60 DAS respectively, followed by Carbendazim (21.50% and 27.42%), Trichoderma harzianum (24.35% and 28.70%), T. viride (25.10% and 30.40%), garlic bulb extract @10% (25.50% and 29.70%), and neem leaf extract @10% (25.30% and 31.33%) after 45 and 60 DAS. The maximum disease intensity was recorded in control as 53.50% and 67.50% after 45 and 60 DAS respectively. The results clearly demonstrate that among all treatments tested, fungicides provided superior disease control compared to botanicals and bioagents in minimizing the disease severity of A. brassicae in mustard. Similarly, Yadav (2021) reported that carbendazim + mancozeb and carbendazim spray provided maximum disease control compared to botanicals, while Ferdous et al., (2002) demonstrated that fungicide treatments were most effective in reducing Alternaria blight intensity and increasing yield, followed by garlic and neem leaf extracts.
4. Conclusion 
The comprehensive evaluation demonstrated that Carbendazim 12% WP + Mancozeb 63% WP emerged as the superior treatment, achieving exceptional 94.11% mycelial inhibition and maximum seed yield of 22.94 g/plant against Alternaria brassicae. While Trichoderma harzianum showed promising growth-promoting effects and garlic extract provided moderate disease suppression, chemical fungicides consistently outperformed biological alternatives in disease control efficacy. The findings strongly advocate for an integrated disease management strategy that synergistically combines chemical fungicides with bioagents and botanicals to achieve sustainable disease control while maximizing mustard productivity.


























Table 1 : In vitro efficacy of botanicals, chemicals and bioagents against Alternaria brassicae
	Treatments
	24 hours
	48 hours
	72 hours

	
	Radial Mycelial growth of the pathogen
	Per cent Inhibition over control
	Radial Mycelial growth of the pathogen
	Per cent Inhibition over control
	Radial Mycelial growth of the pathogen
	Per cent Inhibition over control

	T1
	16.50
	2.90
	27.50
	29.48
	47.00
	47.77

	T2
	13.40
	21.17
	21.40
	45.12
	33.00
	63.33

	T3
	15.00
	11.76
	25.00
	35.89
	44.00
	51.11

	T4
	12.70
	25.29
	22.70
	41.79
	32.00
	64.44

	T5
	1.70
	90.00
	3.90
	90.00
	5.70
	93.66

	T6
	1.50
	91.17
	3.10
	92.05
	5.30
	94.11

	T7
	12.30
	27.64
	19.00
	51.28
	30.00
	66.66

	T8
	11.50
	32.35
	17.50
	55.12
	25.00
	72.22

	T9
	17.00
	0.00
	39.00
	0.00
	90.00
	0.00

	SEm ±
	0.206
	     -
	0.241
	    -
	0.622
	    -

	CD 5%
	0.614
	      -
	0.717
	    -
	1.850
	     -











Table 2 : Efficacy of botanicals, chemicals and bioagents on morphological attributes of mustard under wire house condition
	Treatments
	Root length(cm)
	Shoot length(cm)
	Plant height(cm)
	Number of siliqua/plants
	Length of siliqua(cm)
	Number of seeds/ siliquae
	Seed yield/plant

	T1
	2.50
	4.50
	117.00
	42.00
	5.20
	15.00
	17.23

	T2
	2.70
	5.10
	136.00
	48.00
	5.60
	17.00
	18.20

	T3
	2.70
	4.70
	135.00
	42.00
	5.50
	16.00
	17.98

	T4
	2.80
	5.40
	145.00
	52.00
	5.90
	21.00
	19.10

	T5
	3.20
	5.80
	155.00
	55.00
	6.10
	25.00
	21.50

	T6
	3.30
	5.90
	164.00
	60.00
	6.40
	29.00
	22.94

	T7
	3.10
	5.70
	152.00
	54.00
	6.00
	22.00
	21.10

	T8
	3.00
	5.60
	146.00
	49.00
	5.90
	21.00
	21.00

	T9
	2.10
	4.30
	103.00
	33.00
	5.10
	12.00
	14.50

	SEm ±
	0.088
	0.159
	4.371
	1.508
	0.193
	0.623
	0.595

	CD 5%
	0.262
	0.472
	12.986
	4.480
	0.575
	1.852
	1.768


 

Table 3 : Management of  Alternaria brassicae under pot condition and effect of various treatments at different concentration on disease control
	Treatments 
	Per cent disease intensity
	Disease reduction over control (%)

	
	   45 DAS
	60 DAS
	   45 DAS
	   60 DAS

	T1
	     29.20
	  35.10
	    45.42
	    48.00

	T2
	     25.30
	  31.33
	    52.71
	    53.58

	T3
	     28.70
	  33.50
	    46.35
	    50.37

	T4
	     25.50
	  29.70
	    52.33
	    56.00

	T5
	     21.50
	  27.42
	    59.81
	    59.37

	T6
	     19.70
	  24.50
	    63.17
	    63.70

	T7
	     24.35
	  28.70
	    54.48
	    57.48

	T8
	     25.10
	  30.40
	    53.08
	    54.96

	T9
	     53.50
	  67.50
	        0
	        0

	SEm ±
	     0.368
	  0.335
	        -
	        -

	CD 5%
	     1.095
	  0.996
	        -
	        -
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