[bookmark: _Hlk209939809]Screening of Rapeseed–Mustard Genotypes for Resistance to Alternaria Leaf Blight Disease Under Natural and Artificially Inoculated Conditions
I. Abstract
Rapeseed–mustard (Brassica spp.) is a major oilseed crop in India and plays a vital role in edible oil production. However, its productivity is severely constrained by Alternaria leaf blight, caused predominantly by Alternaria brassicae. The disease leads to premature defoliation, poor seed filling, and shriveled grains, resulting in yield losses ranging from 35–50% under severe natural conditions. The present study was conducted to evaluate the resistance of diverse rapeseed–mustard genotypes against Alternaria leaf blight under both natural field conditions and standardized artificial inoculation. A set of 48 genotypes, including susceptible checks, was screened. Under natural conditions, 7 genotypes showed susceptible, 41 genotypes moderate susceptible, whereas no any genotypes showed immune, resistance, moderate resistance and highly susceptible. Under artificially inoculated conditions, 22 genotypes showed susceptible, 26 genotypes moderately susceptible, whereas no any genotypes showed immune, resistance, moderate resistance and highly susceptible.
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II. Introduction
One of the major oilseed crops of India is Indian mustard (Brassica juncea (L.) Czern & Coss.) which is belongs to the Brassicaceae family. Indian mustard is commonly known as brown mustard, oriental mustard, mohari, rai or raya. Mustard, one of the oldest spices known to humanity, has been utilized for centuries as a condiment, medicinal ingredient, and food, with its origins traced to ancient Sanskrit records (Thomas et al., 2012; Shahina et al., 2024). Indian mustard cultivation is mainly concentrated in the following states Uttar Pradesh, Rajasthan, Madhya Pradesh, Haryana, Punjab, Assam, Bihar, Gujarat and West Bengal which accounts for 87% of the total national production (Rajpoot et al, 2020). During the 2023-24 agricultural year, the country produced an impressive 13.16 Mt. of Mustard, cultivated over an extensive area of 9.18 Mt hectares, achieving a productivity level of 1,444 kg/ha (Anonymous, 2024).
Among the biotic stresses, Alternaria leaf blight, caused primarily by Alternaria brassicae is regarded as one of the most destructive diseases of rapeseed–mustard in tropical and subtropical regions. The disease causes characteristic dark brown to black concentric lesions on leaves, stems, siliquae, and pods, leading to premature defoliation, poor seed filling, and shriveled grains. Yield losses due to Alternaria blight have been reported to range from 35–50% under severe epiphytotic conditions, and seed quality is also adversely affected due to reduced oil content and viability.
For identifying resistant sources, screening of genotypes under both natural and artificial inoculation conditions is essential. Natural field condition provide an assessment of resistance under existing agro-climatic and pathogen diversity conditions, whereas artificial inoculation ensures uniform and adequate disease pressure for reliable evaluation. Combining both approaches enhances the accuracy of resistance screening and facilitates the identification of stable resistant genotypes suitable for breeding programs.
III. Materials and Methods
 3.1 Screening of Rapeseed Mustard genotypes for resistance to Alternaria leaf blight
An experiment was carried out at Instructional cum Research farm, SGCARS, Jagdalpur during Rabi 2023-24 and 2024-25 under natural condition and artificial inoculation separately. 
3.1.1 Under natural condition
The experiment was laid down in RBD plot with three replications following the double row of each germplasm after one row of susceptible check variety Varuna was sown having plot size 43.8-meter length and 3-meter width.  Forty-eight genotypes were sown which were locally collected including susceptible check variety Varuna and screened against leaf blight disease of mustard. The recommended agronomic practices were followed with complete package of practices, whenever necessary. Disease severity was recorded 90 DAS/ at maximum disease pressure on leaves by using 0-9 disease (AICRP, 2011).
3.1.2 Under artificial inoculation
A separate experiment was conducted against Alternaria leaf blight under artificially inoculated conditions. The pathogen was mass multiplied on the PDA in Petri dishes. Spore-cum-mycelial suspension of the test pathogen was prepared by harvesting freshly sporulating 7-8 days old culture in plates by flooding with 5-10 ml sterile distilled water. The resultant spore-cum-mycelial suspension was suitably diluted with sterile distilled water to get an inoculum concentration of 1 x 106 conidia/ml.  Forty-eight germplasms including susceptible check Varuna were artificially inoculated by spraying with automizer at evening time at initiation of flowering. 
· The severity of leaf blight was recorded under natural condition and artificially inoculated plants and calculated into percent disease index (PDI) by Wheeler, (1969). 
	PDI =
	Total no. of ratings
	×100


	
	Total number of leaves observed × Maximum rating
	


                  
Table 1. Details of the Percent disease index rating scale used for rating Alternaria blight in rapeseed mustard
	S. No.
	Rating Scale (0-9)
	Description of scale
	Host reaction

	1
	0
	No visible symptoms
	 Immune (I)

	2
	1
	< 5% leaf area covered
	Highly Resistant (HR)

	3
	3
	5-10% leaf or pod area covered with small pinhead spots on the leaves and superficial pinhead spots on pods
	Resistant (R)

	4
	5
	11-25% leaf or pod area covered with small spots on leaf and superficial pinhead spots on pods
	Moderately Resistance (MR)

	5
	7
	26-50% leaf or pod area covered with bigger spots with the initiation of coalesces on leaves and deep lesions on pods
	Susceptible (S)

	6
	9
	> 50% leaf or pod area covered with big spots and coalescing spots on leaves and deep lesions on pods
	Highly Susceptible (HS)




3.2 Estimation of oil content
The percentage oil content of the mustard sample was determined on the soxhlet extraction methods. With the soxhlet extraction procedure, 5g of the mustard sample was ground in a mini grinder. The ground sample was loaded into a thimble and cotton wool was placed atop. The thimble was inserted into the soxhlet extractor of solvent volume, which then was connected to a 500ml round bottom flask containing 80ml of petroleum ether. The complete setup was placed under a heating source at a temperature of 600C, where the solvent was heated to reflux for 3hrs. The extracted oil was left in the oven without drying until the hexane content completely vanish. Measurement was done in triplates. The electronic balance with an accuracy of 0.001g was used for weighing the extracted oil samples. Percentage oil content was calculated to be 1gm =1.13 ml (%). The oil yield was calculated using following expression (Pearson, 1973).

Weight of extracted oil
Oil yield      =                                       X 100
Weight of seed sample

IV. Results and Discussions 
4.1 Screening of various genotypes of Mustard against the Alternaria leaf blight disease

4.1.1 Screening of Rapeseed–Mustard germplasm for resistance to Alternaria leaf blight natural field conditions

An experiment was conducted to find out the source of resistance in 48 genotypes  and one susceptible check against Alternaria leaf blight under natural conditions. Forty eight genotypes were sown and recommended agronomic practices were followed and observations were recorded for Percent Disease Index and are shown in table 2. 
Under natural field conditions, none of the genotypes showed immune, highly resistance reaction against Alternaria leaf blight. Among the 48 genotypes, Forty one  genotypes showed moderately resistance, viz., GP-1,GP-2,GP-3, GP-5, GP-6, GP-7, GP-8, GP-9, GP-10, GP-12, GP-13, GP-14, GP-15, GP-17, GP-18, GP-19, GP-20, GP-21, GP-22,  GP-23, GP-24, GP-25, GP-26, GP-27, GP-30, GP-31, GP-32, GP-33, GP-34, GP-35, GP-36, GP-38, GP-39, GP-40, GP-41, GP-42, GP-44, GP-45, GP-46, GP-47 and  GP-48 and  seven susceptible were found as  viz., GP-4, GP-11, GP-28, GP-29, GP-38, GP-43 and GP-46 as well as  one  Varuna.
Under field conditions, disease severity was recorded at weekly intervals, and the Percent Disease Index (PDI) was calculated accordingly. During the 2023–24 Rabi season, PDI values among the genotypes ranged from 11.00% to 35.67%. The lowest PDI (11.0%) was observed in genotype GP-39, while the highest (35.67%) was recorded in GP-43. The susceptible check exhibited a PDI of 33.83%. In the 2024–25, PDI values ranged from 8.76% to 36.09%, with GP-42 exhibited lowest (8.76%) and highest value was recorded in GP-28. The susceptible check recorded a PDI of 31.33% during this period. The mean PDI across the two years ranged from 10.23% to 34.57%, while the susceptible check recorded a mean PDI of 32.58%. The Percent Disease Index varied primarily depending on the genotype tested. Overall, the genotypes exhibited relatively consistent disease reactions across both years, despite differing environmental conditions.
4.1.2 Screening of Rapeseed–Mustard germplasm for resistance to Alternaria leaf blight natural artificially inoculated field conditions
An experiment was conducted to identify sources of resistance in 48 genotypes and one susceptible check against Alternaria leaf blight under artificial inoculation in field conditions. The 48 genotypes were sown and recommended agronomic practices were followed. All the studied genotypes were sprayed with the spore suspension (1 x 106 conidia/ml) of Alternaria spp. (ALKPCB-4) in 75 days after  sowing  and observations were recorded for Percent Disease Index (PDI). The results are presented in Table 4.
Under artificially inoculated condition any genotype did not found immune, resistant and moderate resistant and all were  affected by the pathogen. Among the 48 genotypes, twenty six genotypes showed moderately resistance viz., GP-3, GP-7, GP-8, GP-9, GP-10,  GP-13, GP-14, GP-15,  GP-17, GP-18, GP-19, GP-20, GP-21, GP-22,  GP-24, GP-25, GP-26, GP-30, GP-31,   GP-34, GP-35, GP-36, GP-37, GP-40, GP-42, GP-47 and twenty two were exhibited susceptible viz., GP-1,GP-2, GP-4, GP-5, GP-6, , GP-11, GP-12, GP-16, GP-23, GP-27, GP-28, GP-29,GP-32, GP- 33, GP-38, GP-39, GP-41, GP-43, GP-44, GP-45, GP-46 and  GP-48  along with one varuna.
Under field conditions with artificial inoculation, disease severity was monitored at weekly intervals, and the Percent Disease Index (PDI) was computed accordingly. During the Rabi season of 2023–24, PDI values among the evaluated genotypes ranged from 12.36% to 48.09%. The minimum disease severity was observed in genotype GP-7 (12.36%), whereas the maximum was noted in GP-43 (48.09%). The susceptible check recorded a PDI of 48.54%. In the subsequent 2024–25 season, PDI values ranged between 10.01% and 48.49%, with GP-7 exhibiting the least severity (10.01%) and GP-28  had highest the lowest (48.49%). During this season, the susceptible check showed a PDI of 42.20%. The mean PDI across both seasons ranged from 11.19% to 44.36%, while the susceptible check had an average PDI of 45.37%. The observed variation in disease intensity was primarily influenced by the genetic makeup of the tested genotypes. Overall, the genotypes demonstrated relatively stable disease responses over the two-year period, despite variations in environmental conditions.
Similar association of Alternaria brassicae on mustard crops have also been reported by Jain et al. (2023) Pusa Mustard 25, Pusa Jaivik and Kranti as  resistance. Chaudhary et al. (2022) screened 42 mustard genotypes against Alternaria brassicae under natural conditions and reported Pusa Bold, Pusa Vijay, and Bio-400 as  highly resistant. Nadeem et al. (2021) found SM 62, RH 0749, and Pusa Sarson as  resistance to Alternaria leaf blight under green house condition.
4.2 Estimation of oil content
The oil content was analyzed in seeds of 48 genotypes including one check variety Varuna. The results are shown in table 1 clearly indicate that there was a correlation between percent oil in mustard seed and susceptible to genotypes and it varied from 35.81 to 43.48 percent. The highest (43.48%) oil content was found in GP-25 which showed moderate resistance while least (35.81%) was recorded in GP-2 which also exhibited moderate resistance reaction. The oil content of the samples are presented in table 2 below. The oil content results are the average oil content obtained from triplicate analyses. In order to assess the impact of Alternaria leaf blight infection oil quality, oil content were measured, which revealed that oil content ranged from 35.09 to 41.32% in case of susceptible reaction which were lower as compared to  moderate resistance  reaction (34.34  to 43.48%) owing to  Alternaria blight infection stress in all mustard genotypes. It has been earlier reported that Alternaria blight infection reduced oil content in mustard genotypes. (Mallick et al. 2014). Alternaria blight infection lead to a major loss in yield and oil content in rapeseed-mustard (Meena et al. 2010). Srivastava et al. (2017) observed significant variation in oil content (30.00%–39.26%) and fatty acid composition among mustard varieties. Sharma and Rai (2019) evaluated 100 genotypes, finding oil content ranging from 38.38% to 42.89%. Shrivastava et al. (2023) identified genotypes with resistance to Alternaria blight, noting that the disease adversely affects both seed quality and oil content.
Table 2. Screening of Mustard germplasm for resistance to Alternaria leaf blight  under natural Field condition
	S. No.
	Genotypes
	 Per cent Disease Index (%)
	Mean
	 Diseases Reaction
	Seed oil (%)

	
	
	2023-24
	2024-25
	
	
	

	1. 
	GP-1
	14.00
	18.40
	16.20
	MR
	41.26

	2. 
	GP-2
	15.70
	19.20
	17.45
	MR
	35.81

	3. 
	GP-3
	15.30
	21.00
	18.15
	MR
	36.98

	4. 
	GP-4
	30.33
	33.72
	32.03
	S
	37.56

	5. 
	GP-5
	13.33
	19.00
	16.17
	MR
	39.45

	6. 
	GP-6
	15.43
	20.50
	17.97
	MR
	38.84

	7. 
	GP-7
	16.17
	22.00
	19.09
	MR
	43.12

	8. 
	GP-8
	16.67
	22.50
	19.59
	MR
	34.56

	9. 
	GP-9
	14.53
	20.50
	17.52
	MR
	42.37

	10. 
	GP-10
	12.47
	19.00
	15.74
	MR
	40.72

	11. 
	GP-11
	26.17
	28.87
	27.52
	S
	35.40

	12. 
	GP-12
	14.93
	16.50
	15.72
	MR
	39.92

	13. 
	GP-13
	13.20
	16.80
	15.00
	MR
	34.83

	14. 
	GP-14
	14.93
	17.50
	16.22
	MR
	37.11

	15. 
	GP-15
	33.33
	35.50
	34.42
	MR
	42.72

	16. 
	GP-16
	34.00
	35.14
	34.57
	S
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	17. 
	GP-17
	13.80
	18.50
	16.15
	MR
	38.21

	18. 
	GP-18
	14.87
	14.40
	14.64
	MR
	36.56

	19. 
	GP-19
	11.93
	12.90
	12.42
	MR
	40.44

	20. 
	GP-20
	11.53
	14.50
	13.02
	MR
	37.39

	21. 
	GP-21
	16.63
	27.00
	21.82
	MR
	41.65

	22. 
	GP-22
	16.67
	23.50
	20.09
	MR
	34.34

	23. 
	GP-23
	22.80
	24.02
	23.41
	MR
	38.06

	24. 
	GP-24
	13.40
	13.00
	13.20
	MR
	36.21

	25. 
	GP-25
	14.37
	18.40
	16.39
	MR
	43.48

	26. 
	GP-26
	15.63
	18.63
	17.13
	MR
	39.26

	27. 
	GP-27
	15.03
	16.20
	15.62
	MR
	35.54

	28. 
	GP-28
	43.73
	36.09
	34.91
	S
	41.32

	29. 
	GP-29
	35.00
	33.15
	34.08
	S
	37.00

	30. 
	GP-30
	16.73
	14.54
	15.64
	MR
	38.40

	31. 
	GP-31
	16.30
	16.00
	16.15
	MR
	36.42

	32. 
	GP-32
	14.53
	11.40
	12.97
	MR
	35.60

	33. 
	GP-33
	13.70
	17.90
	15.80
	MR
	39.54

	34. 
	GP-34
	24.97
	21.09
	23.03
	MR
	34.74

	35. 
	GP-35
	11.63
	9.20
	10.42
	MR
	40.82

	36. 
	GP-36
	12.63
	14.90
	13.77
	MR
	36.66

	37. 
	GP-37
	12.00
	11.20
	11.60
	MR
	37.48

	38. 
	GP-38
	31.42
	35.69
	33.56
	S
	35.09

	39. 
	GP-39
	11.00
	11.00
	11.00
	MR
	38.16

	40. 
	GP-40
	13.73
	17.70
	15.72
	MR
	39.68

	41. 
	GP-41
	11.20
	9.60
	10.40
	MR
	36.80

	     42.
	GP-42
	11.70
	8.76
	10.23
	MR
	40.34

	     43.
	GP-43
	35.67
	32.69
	34.18
	S
	37.25

	     44.
	GP-44
	12.37
	11.30
	11.84
	MR
	38.56

	    45.
	GP-45
	14.40
	12.70
	13.55
	MR
	35.97

	    46.
	GP-46
	25.25
	28.50
	26.88
	S
	37.95

	    47.
	GP-47
	13.17
	11.90
	12.54
	MR
	39.78

	    48.
	GP-48
	17.83
	22.90
	20.37
	MR
	36.00

	   49.
	Varuna (SC)
	33.83
	31.33
	32.58
	S
	41.26


S is Susceptible, MS is Moderate Resistance, SC is susceptible check
Table 3. Grouping of mustard germplasm on basis of disease reaction under natural  field condition
	S. No.
	Disease grade (0-9)
	Disease reaction
	Mustard germplasm
	No. of germplasm

	1
	0
	Immune
	Nil
	0

	2
	1
	Highly Resistance
	Nil
	0

	3
	3
	Resistance
	Nil
	0

	4
	5
	Moderate Resistance
	GP-1,GP-2,GP-3, GP-5, GP-6, GP-7, GP-8, GP-9, GP-10, GP-12, GP-13, GP-14, GP-15, GP-17, GP-18, GP-19, GP-20, GP-21, GP-22, GP-1, GP-23, GP-24, GP-25, GP-26, GP-27, GP-30, GP-31, GP-32, GP-33, GP-34, GP-35, GP-36, GP-38, GP-39, GP-40, GP-41, GP-42, GP-44, GP-45, GP-46, GP-47, GP-48
	41

	5
	7
	Susceptible
	GP-4, GP-11, GP-28, GP-29, GP-38, GP-43, GP-46,  Varuna
	8

	6.
	9
	Highly Susceptible
	Nil
	0




Table 4. Screening of Rapeseed–Mustard germplasm for resistance to Alternaria leaf blight  under artificially inoculated in field condition
	S. No.
	Genotypes
	PDI (%)
	Mean
	Disease Reaction

	
	
	2023-24
	2024-25
	
	

	1
	GP-1
	20.26
	22.07
	31.57
	S

	2
	GP-2
	25.62
	26.48
	26.05
	S

	3
	GP-3
	21.5
	22.50
	22.00
	MR

	4
	GP-4
	38.96
	40.82
	39.89
	S

	5
	GP-5
	27.12
	25.20
	26.16
	S

	6
	GP-6
	35.25
	32.18
	33.72
	S

	7
	GP-7
	12.36
	10.01
	11.19
	MR

	8
	GP-8
	20.75
	21.82
	21.29
	MR

	9
	GP-9
	15.6
	19.41
	17.51
	MR

	10
	GP-10
	18.88
	23.59
	21.23
	MR

	11
	GP-11
	39.86
	33.90
	36.88
	S

	12
	GP-12
	28.62
	35.32
	31.97
	S

	13
	GP-13
	18.28
	23.23
	20.76
	MR

	14
	GP-14
	16.70
	22.53
	19.62
	MR

	15
	GP-15
	17.00
	26.76
	21.88
	MR

	16
	GP-16
	38.50
	41.97
	40.24
	S

	17
	GP-17
	14.40
	20.54
	17.47
	MR

	18
	GP-18
	12.90
	20.39
	16.65
	MR

	19
	GP-19
	14.50
	21.46
	17.98
	MR

	20
	GP-20
	28.22
	30.52
	29.37
	MR

	21
	GP-21
	23.50
	20.29
	21.90
	MR

	22
	GP-22
	17.00
	24.09
	20.55
	MR

	23
	GP-23
	27.64
	25.36
	26.50
	S

	24
	GP-24
	18.4
	25.52
	21.96
	MR

	25
	GP-25
	19.00
	26.84
	22.92
	MR

	26
	GP-26
	20.50
	28.75
	24.63
	MR

	27
	GP-27
	32.00
	28.82
	30.41
	S

	28
	GP-28
	35.50
	48.49
	41.99
	S

	29
	GP-29
	40.50
	43.53
	42.02
	S

	30
	GP-30
	19.00
	14.70
	16.85
	MR

	31
	GP-31
	21.50
	20.02
	20.76
	MR

	32
	GP-32
	26.50
	27.34
	26.92
	S

	17
	GP-17
	14.40
	20.54
	17.47
	MR

	33
	GP-33
	16.80
	34.57
	25.69
	S

	34
	GP-34
	17.50
	16.31
	16.91
	MR

	35
	GP-35
	16.40
	25.01
	19.70
	MR

	36
	GP-36
	17.84
	16.97
	17.41
	MR

	37
	GP-37
	21.51
	19.03
	20.27
	MR

	38
	GP-38
	40.32
	38.79
	39.56
	S

	39
	GP-39
	25.51
	33.395
	29.45
	S

	40
	GP-40
	12.85
	16.61
	14.73
	MR

	41
	GP-41
	29.63
	28.87
	29.25
	S

	42.
	GP-42
	22.85
	15.86
	19.36
	MR

	43.
	GP-43
	48.09
	40.64
	44.36
	S

	44.
	GP-44
	32.64
	33.46
	33.05
	S

	45.
	GP-45
	37.75
	32.98
	35.37
	S

	46.
	GP-46
	28.25
	25.91
	27.08
	S

	47.
	GP-47
	16.66
	22.94
	19.80
	MR

	48.
	GP-48
	22.72
	27.84
	25.28
	S

	49.
	Varuna (SC)
	48.54
	42.20
	45.37
	S


S is Susceptible, MR is Moderate Resistance, SC is susceptible check
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	S. No.
	Disease grade
(0-9)
	Disease reaction
	Mustard germplasm
	No. of germplasm

	1
	0
	Immune
	Nil
	00

	2
	1
	Highly Resistance
	Nil
	00

	3
	3
	Resistance
	Nil
	00

	4
	5
	Moderate Resistance
	GP-3, GP-7, GP-8, GP-9, GP-10,  GP-13, GP-14, GP-15,  GP-17, GP-18, GP-19, GP-20, GP-21, GP-22,  GP-24, GP-25, GP-26, GP-30, GP-31,   GP-34, GP-35, GP-36, GP-37, GP-40, GP-42, GP-47
	26

	5
	7
	Susceptible
	GP-1,GP-2, GP-4, GP-5, GP-6, GP-11, GP-12, GP-16, GP-23, GP-27, GP-28, GP-29,GP-32, GP-33, GP-38, GP-39, GP-41, GP-43, GP-44, GP-45, GP-46, GP-48, Varuna
	23

	6
	9
	Highly Susceptible
	Nil
	00
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V. Conclusion
The present investigation on 48 rapeseed–mustard genotypes revealed considerable variability in their reaction to Alternaria leaf blight under both natural and artificially inoculated conditions. None of the genotypes exhibited immune, resistant, moderately resistant, or highly susceptible responses. Under natural field conditions, the majority of genotypes (41) were moderately susceptible, while 7 were susceptible. In contrast, under artificial inoculation, 26 genotypes were moderately susceptible and 22 were susceptible. The overall results indicate the absence of resistant sources among the tested genotypes, emphasizing the urgent need to explore wider germplasm collections and incorporate novel resistance genes through breeding programs to develop Alternaria blight-resistant cultivars of rapeseed–mustard.
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