Evaluation of Mustard (Brassica juncea L.) Hybrids against Alternaria Blight Incited by Alternaria brassicae under Artificial Inoculation Conditions

ABSTRACT
Alternaria blight is a destructive disease of mustard caused by Alternaria brassicae (Berk) Sacc. and Alternaria brassicola (Schew). An experiment was conducted during Rabi 2025-26 to screen 50 mustard hybrids against Alternaria blight disease under artificial inoculation condition. None of the hybrid remained completely free from disease. PDI was recorded in the range of 8.65% to 51.15%. The minimum disease was recorded in Rohini × PAB-2017-22 (PDI= 8.65%), while the maximum PDI (51.15%) was evident in Krishna × PAB-2014-4, JM-1 × PAB-2014-7 and Bio-Y-SR × PAB-2014-4. Based on disease reaction, five hybrids were categorized as resistant, twenty-one as moderately resistant, eighteen as susceptible and six as highly susceptible. The resistant and moderately resistant hybrids identified in the present study may serve a valuable resource of resistance for the development of Alternaria blight-resistant mustard cultivars.
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INTRODUCTION 
Indian mustard (Brassica juncea L.) is an important oilseed crop cultivated broadly in tropical and subtropical regions of the world (Baghel et al., 2020). It belongs to the family Brassicaceae (Cruciferae) and has a chromosome number of 2n = 36. Among the cultivated Brassica species, B. juncea is the predominant species grown in India due to its extensive adaptableness and high oil content (Sharma et al., 2025a; Tripathi et al., 2025). Worldwide, rapeseed-mustard ranks third among oilseed crops after soybean (Glycine max L.) and oil palm (Elaeis guineensis Jacq.) (Rajpoot et al., 2020; Sharma et al., 2025b). Its oil is extensively used for human consumption, while the oil cake serves as a valuable protein-rich feed supplement for livestock (Shyam et al., 2021; Sharma et al., 2025c). In India, Indian mustard accounts for more than 70 per cent of the total rapeseed–mustard acreage and production (Shrivastava et al., 2023a; Shrivastav et al., 2023b). According to DA & FW Reports, 2024-25, the crop occupies 8.66 million hectares with a production of 12.67 million tones and an average productivity of 1463 kgha⁻¹. Rajasthan followed by Madhya Pradesh, Uttar Pradesh, Haryana, Punjab and Gujarat are the major mustard growing states. In Madhya Pradesh, mustard is grown in approximately 0.84 million hectares with a production of 1.11 million tones and an average productivity of 1322 kgha-1. Morena, Bhind, Gwalior and Sheopur are the principal mustard-producing districts of the state and together contribute a major share of total mustard production (DA & FW Reports, 2024-25). 
The productivity of mustard is embarrassed by an array of biotic and abiotic stresses including fungal diseases (Yadav et al., 2019; Shrivastava et al., 2023c; Shrivastava et al., 2023d; Shrivastav et al., 2024). Among them, Alternaria blight caused by Alternaria brassicae (Berk.) Sacc. is one of the most serious and widespread disease (Shrivastava et al., 2023e). Yield losses ranging from 36.88 to 70.00 per cent have been reported under severe disease incidence (Meena et al., 2010). Disease appearance on leaves, stem, siliquae and seeds, resulting in substantial reductions in yield and seed quality. Symptom initially appear as small dark lesions that enlarge and develop as concentric rings, giving a characteristic target-board appearance. Favorable environmental conditions, particularly high humidity (80-85%) and moderate temperatures (20-25°C), promote rapid disease development and spread. Evaluation of mustard germplasm for disease reaction is an essential step identifying to develop resistance material for further utilization in breeding programme. Since natural disease occurrence is often inconsistent, artificial inoculation is employed to ensure uniform disease development and reliable assessment of genotypic response. Such studies provide valuable information for selecting promising entries and developing cultivars with improved tolerance/resistance to the disease. Therefore, the present study was undertaken to assess the reaction of fifty mustard hybrids against Alternaria blight disease under artificial inoculation conditions.
MATERIAL AND METHODS 
An experiment was conducted at the experimental field, Zonal Agricultural Research Station, Morena, Rajmata Vijayaraje Scindia Agricultural University, Gwalior, M.P., India during Rabi, 2025-26. A total 50 mustard hybrids made during Rabi 2025 were evaluated to find out the disease reaction against Alternaria blight under artificial inoculation conditions in Randomized Block Design with 2 replications. Each hybrid was planted in a plot of two rows of 2-meter length with an arrangement of 30 cm apart between rows and 15 cm plant to plant. The pathogen, Alternaria brassicae was cultured on Potato Dextrose Agar (PDA) medium in Petri plates. A spore suspension was prepared from 7-8 day-old actively sporulating cultures into 5-10 ml of sterile distilled water with gently scraping the colony surface. The resulting suspension was filtered and diluted with sterile distilled water to obtain an inoculum concentration of 1 × 10⁵ conidia ml⁻¹. Artificial inoculation was carried out twice, first at vegetative and subsequently at the initiation of flowering. The inoculum suspension was sprayed uniformly on the plants at the late afternoon (after 3:00 PM) using an atomizer to facilitate infection and disease development.
From each hybrid, five randomly plants were selected and tagged from each replication for investigation of disease incidence. Modified 0-9 scale for rating of disease severity of Alternaria blight was adopted as recommended by AICRP on Rapeseed & Mustard (2011) and presented in Table 1. The Percent Disease Intensity (PDI) was calculated according to the formulae suggested by Wheeler (1969) and hybrids were categorized based on their disease reaction. 
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Table1 Scale (0-9) for rating of disease severity of Alternaria blight in mustard 
	Rating Scale
For leaf
	Disease Intensity percent
	
Reaction

	0
	0
	immune

	1
	>5
	Highly Resistance (HR)

	3
	5-10
	Resistance (R)

	5
	11-25
	Moderately Resistance (MR)

	7
	26-50
	Susceptible (S)

	9
	<50
	Highly Susceptible (HS)


RESULTS & DISCUSSION
A total of fifty mustard hybrids were evaluated against Alternaria blight disease under artificial inoculation conditions. Percent disease intensity was found in the range of 08.65 to 51.15 (Table 2; Fig.1; Fig.2). The placement of respective hybrids in the reaction category is presented in the Table 3 which revealed that none of the hybrid was found in category of immune or highly resistant. Similar as the present investigation, in the study conducted by Yadav et al. (2014) and Shrivastava et al. (2023e), none of the mustard lines were found immune or highly resistant against Alternaria blight. Furthermore, five hybrids including Rohini × PAB-2017-22 (PDI= 08.65) followed by Vasundhara × PAB-2017-1 (PDI=10.00), RVM-1 × PAB-2017-22 (PDI=09.80), GM-1 × PAB-2017-18 (PDI=09.55) and Rajat (PCR-7) × PAB-2014-18 (PDI=09.10) showed between 5-10 percent disease intensity, hence, were considered as resistant against disease. Additionally, twenty-one mustard hybrids viz., Varuna × PAB-2014-18 (PDI=22.20), Kranti × PAB-2017-1 (PDI=20.85), Swarnajyoti × PAB-2014-4 (PDI=12.00), Pusa Jagannatah × PAB-2017-18 (PDI=16.45), Pusa Mahak × PAB-2014-8 (PDI=14.70), Pusa Jai Kisan × PAB-2014-8 (PDI=12.00), Sej-2 × PAB-2017-15 (PDI=21.35), L-4 × PAB-2017-22 (PDI=23.55), L-6 × PAB-2014-26 (PDI=20.25), NRCHB-101× PAB-2017-15 (PDI=16.45), DRMR-1165-40 × PAB-2017-15 (PDI=23.75), RH-725 × PAB-2017-1 (PDI=16.25), RH-749 × PAB-2017-1 (PDI=21.10), PM-27 × PAB-2014-7 (PDI=19.30), Pusa Vijay × PAB-2014-7 (PDI=11.75), PDZM-31 × PAB-2014-18 (PDI=20.90), Pro Agro.5232 × PAB-2014-4 (PDI=20.00), CS-60 × PAB-2014-7 (PDI=21.10), PBR-210 × PAB-2017-18 (PDI=16.25), RGN-236 × PAB-2014-18 (PDI=19.55) and RH-761 × PAB-2014-7 (PDI=22.20) demonstrated PDI ranging 11-25 and considered as moderately resistance. Eighteen hybrids namely Pusa Bold × PAB-2014-18 (PDI=36.90), Albeli × PAB-2014-7 (PDI=27.30), Shraddha × PAB-2014-18 (PDI=30.65), DMH-1 × PAB-2014-26 (PDI=28.00), DMH-11 × PAB-2017-18 (PDI=30.25), JMWR-908-1 × PAB-2017-15 (PDI=31.75), RH-406 × PAB-2014-4 (PDI=38.70), Giriraj × PAB-2017-1 (PDI=27.30), JM-2 × PAB-2014-18 (PDI=36.45), RVM-3 × PAB-2017-18 (PDI=38.70), PM-26 × PAB-2014-26 (PDI=34.00), PM-30 × PAB-2014-8 (PDI=28.20), RMM-19-06 × PAB-2014-4 (PDI=27.10), CS-54 × PAB-2014-18 (PDI=38.40), PDZ-1 × PAB-2014-7 (PDI=28.00), Lakshmi × PAB-2017-22 (PDI=28.45), RGN-13 × PAB-2014-18 (PDI=34.20) and WRR-15 × PAB-2017-1 (PDI=28.00) showed PDI value between 26- 50 and have been placed in the category of susceptible. More than 50 % PDI was recorded in six hybrids including Krishna × PAB-2014-4 (PDI=51.15), NRCDR-2 × PAB-2014-18 (PDI=50.65), RB-50 × PAB-2017-1 (PDI=50.65), JM-1 × PAB-2014-7 (PDI=51.15), Bio-Y-SR × PAB-2014-4 (PDI=51.15) and Vaibhav × PAB-2014-8 (PDI=50.65) hereafter, these were considered as highly susceptible. These results are in accordance with earlier findings of Ali et al. (2016) and Shrivastava et al. (2023) in mustard.
The results obtained in this study are generally consistent with earlier reports describing limited but exploitable resistance in mustard and related Brassica species. Chakrabarty et al. (2018) evaluated fifty-five Indian mustard genotypes under both natural and artificial inoculation conditions during the Rabi, 2015–16. Seven genotypes viz., RH-1301, IJ-3403, RH-1134, DRMR-15, LES-50, EJ-8118, and PRL-2010-8 showed moderately resistant reactions at 75 DAS, whereas under artificial inoculation only CS-2800-1-2-3-5-1 exhibited moderate resistance. Their findings indicated that resistance expression may vary with inoculation method and disease pressure, which supports the importance of artificial screening adopted in the present investigation. Likewise, Singh et al. (2020) screened forty-seven Indian mustard genotypes against Alternaria blight and reported that none of the entries were highly resistant or resistant. Six genotypes were rated as moderately susceptible, while the majority of genotypes were susceptible and one was highly susceptible. The predominance of susceptible reactions observed by Singh et al. (2020) aligns with the generally vulnerable nature of Brassica germplasm against Alternaria blight, although the present study identified a small number of resistant genotypes, suggesting that resistance sources are available but relatively uncommon. Jain and Sandhu (2023) reported Pusa Mustard 25, Pusa Jaivik and Kranti as resistant. Choudhury et al. (2022) screened forty-two mustard genotypes under natural conditions and identified Pusa Bold, Pusa Vijay and Bio-400 as highly resistant. Under greenhouse conditions, Nadeem et al. (2021) found SM62, RH0749 and Pusa Sarson resistant to Alternaria leaf blight. These reports, together with the current findings, reinforce the view that resistance exists in diverse Brassica backgrounds and can be exploited in breeding programme. Salam et al. (2025) screened 48 rapeseed-mustard genotypes against Alternaria leaf blight under natural and artificial inoculation conditions. Under natural conditions, seven genotypes were classified as susceptible and forty-one as moderately susceptible, while no genotype exhibited immune, resistant, moderately resistant or highly susceptible reactions. Similar trends were also reported by Babli and Pandya (2024) involving one hundred twenty rapeseed–mustard genotypes also demonstrated the rarity of strong resistance. None of the genotypes were found to be immune, but JT-1, RVM-3 and Pusa Jagannath were classified as resistant, while most of the entries were found moderately susceptible or susceptible. The disease distribution reported by these authors closely resembles the pattern observed in the present study, where susceptible and moderately susceptible reactions predominated and only a few genotypes exhibited resistance. The present investigation confirms that substantial variability for Alternaria blight resistance is available in Brassica hybrids, although highly resistant sources remain limited. The resistant and moderately resistant genotypes identified in this study may serve as valuable donor parents for developing improved mustard cultivars with enhanced resistance to Alternaria blight.
The severity of the Alternaria blight of oilseed Brassicas is significantly influenced by the weather conditions. The symptom of the Alternaria disease first appeared on the lower leaves in the month of November- December and grasped at its peak towards the upper leaves. The reaction of different hybrids of mustard differed significantly (Fig. 2). This may be due to the genetic background of the parents used for hybrid development. Most of the hybrids were found susceptible to Alternaria blight as weather conditions were favourable for the disease development. Knowing when the blight will attack in connection to meteorological elements may enable forecast of its occurrence, allowing growers to take prompt action in an effective way for crop management. This will result in efficient, economical and environment-friendly treatment of the blight. Host resistance is a crucial aspect of integrated disease management. In mustard, resistance to Alternaria blight has been reported linked to leaf enzymes involved in the phenolic pathway, for instance polyphenol oxidase, peroxidase and catalase, higher leaf sugar contents and high deposits of leaf epicuticular wax that form a hydrophobic coating to inhibit, the adhesion of water-borne inoculum, conidia germination and germ tube formation (Meena et al., 2016). So, it is important to focus on these parameters while searching for Alternaria blight resistant mustard genotype (s).
Conclusions
The present investigation showed clear variation among 50 mustard hybrids in their response to Alternaria blight under artificial inoculation conditions. None of the hybrids was found immune or highly resistant, indicating the limited availability of strong resistance in the tested material. However, five hybrids, namely Rohini × PAB-2017-22, Vasundhara × PAB-2017-1, RVM-1 × PAB-2017-22, GM-1 × PAB-2017-18, and Rajat (PCR-7) × PAB-2014-18, were classified as resistant based on percent disease intensity. Twenty-one hybrids showed moderately resistant reactions and may also be considered useful in resistance-breeding programmes after further confirmation. The identification of these resistant and moderately resistant hybrids provides preliminary information for selecting parental material against Alternaria blight. However, the stability of resistance should be confirmed under controlled conditions and across additional seasons and locations before recommending these hybrids for wider breeding or cultivation use.
Limitations
This study was conducted at a single location during one Rabi season and included only two replications. Therefore, the stability of resistance across environments could not be confirmed. Disease response was assessed under artificial inoculation, but detailed weather data, pathogen isolate characterization, and molecular confirmation of resistance were not included. The identified resistant and moderately resistant hybrids require further validation under controlled glasshouse conditions, multi-location field trials, and molecular-marker-based assessment before they can be confidently used in breeding programmes or recommended for cultivation.


Table 2 Screening of Brassica hybrids against Alternaria blight disease


	S. No. 
	Genotypes
	 PDI (%)  
	Disease reaction

	1. 
	Pusa Bold × PAB-2014-18
	36.90 (37.39)
	S

	2. 
	Varuna × PAB-2014-18
	22.20 (28.09)
	MR

	3. 
	Rohini × PAB-2017-22
	8.65 (17.09)
	R

	4. 
	Kranti × PAB-2017-1
	20.85 (27.16)
	MR

	5. 
	Krishna × PAB-2014-4
	51.15 (45.64)
	HS

	6. 
	Vasundhara × PAB-2017-1
	10.00 (18.42)
	R

	7. 
	Swarnajyoti × PAB-2014-4
	12.00 (20.26)
	MR

	8. 
	Pusa Jagannatah × PAB-2017-18
	16.45 (23.92)
	MR

	9. 
	Pusa Mahak × PAB-2014-8
	14.70 (22.53)
	MR

	10. 
	Pusa Jai Kisan × PAB-2014-8
	12.00 (20.26)
	MR

	11. 
	Albeli × PAB-2014-7
	27.30 (31.48)
	S

	12. 
	Sej-2 × PAB-2017-15
	21.35 (27.51)
	MR

	13. 
	Shraddha × PAB-2014-18
	30.65 (33.60)
	S

	14. 
	DMH-1 × PAB-2014-26
	28.00 (31.93)
	S

	15. 
	DMH-11 × PAB-2017-18
	30.25 (33.35)
	S

	16. 
	L-4 × PAB-2017-22
	23.55 (29.01)
	MR

	17. 
	L-6 × PAB-2014-26
	20.25 (26.73)
	MR

	18. 
	JMWR-908-1 × PAB-2017-15
	31.75 (34.28)
	S

	19. 
	NRCHB-101 × PAB-2017-15
	16.45 (23.92)
	MR

	20. 
	DRMR-1165-40 × PAB-2017-15
	23.75 (29.15)
	MR

	21. 
	RH-406 × PAB-2014-4
	38.70(38.45)
	S

	22. 
	RH-725 × PAB-2017-1
	16.25(23.76)
	MR

	23. 
	RH-749 × PAB-2017-1
	21.10 (27.33)
	MR

	24. 
	NRCDR-2 × PAB-2014-18
	50.65 (45.35)
	HS

	25. 
	Giriraj × PAB-2017-1
	27.30 (31.48)
	S

	26. 
	RB-50 × PAB-2017-1
	50.65 (45.35)
	HS

	27. 
	JM-1 × PAB-2014
	51.15 (45.64)
	HS

	28. 
	JM-2 × PAB-2014-18
	36.45(37.12)
	S

	29. 
	RVM1 × PAB-2017-22
	9.80(18.22)
	R

	30. 
	RVM-3 × PAB-2017-18
	38.70 (38.45)
	S

	31. 
	PM-26 × PAB-2014-26
	34.00 (35.65)
	S

	32. 
	PM-27 × PAB-2014-7
	19.30 (26.04)
	MR

	33. 
	PM-30 × PAB-2014-8
	28.20 (32.06)
	S

	34. 
	Pusa Vijay × PAB-2014-7
	11.75 (20.03)
	MR

	35. 
	PDZM-31 × PAB-2014-18
	20.90 (27.19)
	MR

	36. 
	Bio-Y-SR × PAB-2014-4
	51.15 (45.64)
	HS

	37. 
	Pro Agro.5232 × PAB-2014-4
	20.0 (26.55)
	MR

	38. 
	RMM-19-06 × PAB-2014-4
	27.10 (31.35)
	S

	39. 
	CS-60 × PAB-2014-7
	21.10 (27.33)
	MR

	40. 
	CS-54 × PAB-2014-18
	38.40 (38.28)
	S

	41. 
	PDZ-1 × PAB-2014-7
	28.00 (31.94)
	S

	42. 
	GM-1 × PAB-2017-18
	9.55 (17.99
	R

	43. 
	Lakshmi × PAB-2017-22
	28.45 (32.22)
	S

	44. 
	PBR-210 × PAB-2017-18
	16.25 (23.76)
	MR

	45. 
	Rajat (PCR-7) × PAB-2014-18
	9.10 (17.55)
	R

	46. 
	RGN-236 × PAB-2014-18
	19.55 (26.22)
	MR

	47. 
	RH-761 × PAB-2014-7
	22.20 (28.09)
	MR

	48. 
	RGN-13 × PAB-2014-18
	34.20 (35.17)
	S

	49. 
	Vaibhav ×PAB-2014-8
	50.65 (45.35)
	HS

	50. 
	WWR-15×PAB2017-1
	28.00 (31.93)
	S

	CD0.05                                                          
	                                                               2.06

	SE(m) 
	                                                               0.72                                                                



Table 3 Categorizations of reactions of mustard hybrids against Alternaria blight 
	Disease reaction
	Disease Intensity %
	No. of hybrids
	Name of hybrids

	Immune (I)
	0
	-
	-

	Highly Resistance (HR)
	<5
	-
	-

	Resistance (R)
	5-10
	5
	Rohini × PAB-2017-22, Vasundhara × PAB-2017-1, RVM-1 × PAB-2017-22, GM-1 × PAB-2017-18 and Rajat (PCR-7) × PAB-2014-18

	Moderately Resistance (MR)
	11-25
	21
	Varuna × PAB-2014-18, Kranti × PAB-2017-1, Swarnajyoti × PAB-2014-4, Pusa Jagannatah × PAB-2017-18, Pusa Mahak × PAB-2014-8, Pusa Jai Kisan × PAB-2014-8, Sej-2 × PAB-2017-15, L-4 × PAB-2017-22, L-6 × PAB-2014-26, NRCHB-101 × PAB-2017-15, DRMR-1165-40 × PAB-2017-15, RH-725 × PAB-2017-1, RH-749 × PAB-2017-1, PM-27 × PAB-2014-7, Pusa Vijay × PAB-2014-7, PDZM-31 × PAB-2014-18, Pro Agro.5232 × PAB-2014-4, CS-60 × PAB-2014-7, PBR-210 × PAB-2017-18, RGN-236 × PAB-2014-18 and RH-761 × PAB-2014-7

	Susceptible (S)
	26-50
	18
	Pusa Bold × PAB-2014-18, Albeli × PAB-2014-7, Shraddha × PAB-2014-18, DMH-1 × PAB-2014-26, DMH-11 × PAB-2017-18, JMWR-908-1 × PAB-2017-15, RH-406 × PAB-2014-4, Giriraj × PAB-2017-1, JM-2 × PAB-2014-18, RVM-3 × PAB-2017-18, PM-26 × PAB-2014-26, PM-30 × PAB-2014-8, RMM-19-06 × PAB-2014-4, CS-54 × PAB-2014-18, PDZ-1 × PAB-2014-7, Lakshmi × PAB-2017-22, RGN-13 × PAB-2014-18 and WRR-15 × PAB-2017-1

	Highly Susceptible (HS)
	>50
	6
	Krishna × PAB-2014-4, NRCDR-2 × PAB-2014-18, RB-50 × PAB-2017-1, JM-1 × PAB-2014-7, Bio-Y-SR × PAB-2014-4 and Vaibhav × PAB-2014-8.
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Fig.1: Screening of Brassica hybrids against Alternaria blight disease
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Fig.2: Alternaria blight resistant and susceptible hybrids based on standard of 0-9 disease rating scale
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