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Screening of Mustard (Brassica spp.) Genotypes against Sclerotinia Stem Rot under Natural Epiphytotic Conditions
Abstract 
Sclerotinia stem rot, caused by Sclerotinia sclerotiorum (Lib.) de Bary, is a major fungal disease affecting mustard (Brassica spp.), leading to significant yield losses, especially under cool and humid conditions. The present investigation was conducted during the Rabi 2024-25 at the Zonal Agricultural Research Station, Morena, RVSKVV, Gwalior, Madhya Pradesh, India, to evaluate seventy-three mustard genotypes for putative resistant to Sclerotinia stem rot under natural epiphytotic conditions. The experiment was laid out in a Randomized Block Design with two replications, and disease severity was assessed at 60 days after sowing employing a 0–4 lesion length-based disease rating scale. Significant genetic variability was observed among the genotypes for disease reaction. Out of the 73 genotypes screened, 51 (approximately 70%) were found to be completely resistant (rating 0), displayed no visible disease symptoms. Nineteen genotypes were found moderately tolerant (rating 1), with lesion lengths ranging between 0.1 to 2.0 cm. Two genotypes exhibited moderate susceptibility (rating 2), while none was categorized as susceptible (rating 3). Only one genotype namely GSC-6 was found to be highly susceptible (rating 4), displaying lesions greater than 6.0 cm in length. The results underscore the availability of diverse resistance sources within the mustard germplasm and highlighted the potential of resistant and moderately tolerant genotypes for further use in breeding programmes aimed to breed Sclerotinia-resistant cultivar (s). The study confirms the effectiveness of field-based screening under natural disease pressure and supports the integration of host plant resistance as a core strategy in sustainable disease management. The identified resistant genotypes hold promise for future genetic improvement and development of high-yielding, Sclerotinia stem rot -resilient mustard varieties.
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1. Introduction 
[bookmark: _Hlk204459592]Mustard (Brassica spp.), belonging to the family Brassicaceae, is one of the most important and widely cultivated oilseed crops across the world, particularly in South Asia (Baghel et ali., 2020; Szollosi, 2020). Brassica species account for approximately 14% of global oilseed production and represent the second most significant source of vegetable oil worldwide (Vemana et al., 2023; Tripathi et al., 2025). Indian mustard (Brassica juncea), commonly referred to as rai, raya, or laha, occupies a major share of the Brassica oilseed cultivation in India, contributing over 85% to the country's total rapeseed-mustard production (Yadav et al., 2021). India is one of the foremost global producers of rapeseed-mustard, ranking third in significance after soybean and oil palm. The country contributes approximately 19.8% to the global rapeseed-mustard production and accounts for 28.3% of the total cultivated area worldwide. The crop is grown over 6.45 million hectares, with an annual production of 7.28 million tonnes and an average yield of 1128 kg per hectare (Rai et al., 2024). The seeds typically contain 36–42% oil, 17–25% protein, 8–10% fibber, 6–10% moisture, and 10–12% extractable substances, making it a crucial source of edible oil for human consumption and oilseed cake for animal feed (Barfa et al., 2017; Yadav et al., 2021). In addition to its economic significance, mustard plays an important role in crop diversification and sustainable agriculture, as it is often integrated into cereal-based cropping systems like rice-mustard or maize-mustard rotations (Das et al., 2020; Rajpoot et al., 2020; Jaiswal et al., 2024). It is well adapted to the subtropical climate of the Indian subcontinent and is typically grown during the Rabi (winter) season under both irrigated and rainfed conditions (Rajpoot et al., 2022). Its short growing period, low input requirements, and suitability for cultivation on marginal and semi-arid lands make it an ideal crop for small and marginal farmers (Shekhawat et al., 2012; Singh et al., 2025). However, despite its agronomical potential, mustard productivity is often limited by an array of biotic and abiotic stresses (Yadav et al., 2019; Verma et al., 2021; Shrivastava et al., 2023a; Shrivastav et al., 2023b; Shrivastava et al., 2023c). Among the biotic stresses, fungal diseases pose a significant challenge, with Sclerotinia stem rot emerging as one of the most destructive diseases in recent years (Rakesh et al., 2016; Pippal et al., 2022; Shrivastava et al., 2023d; Shrivastava et al., 2023e; Rai et al., 2024; Shrivastav et al., 2024).	Comment by shital dhawan: italic	Comment by shital dhawan: Non-italic	Comment by shital dhawan: italic
Sclerotinia stem rot, caused by Sclerotinia sclerotiorum (Lib.) de Bary, is a serious soil- and air-borne disease that affects a wide range of host plants, including economically important crops like mustard, sunflower, soybean, chickpea and groundnut (Hossain et al., 2023). In rapeseed-mustard it begins as water-soaked lesions on the stem, later covered by white mycelial growth (Fig. 1). The disease spreads through infected flower petals, leading to leaf necrosis, stem shredding, and defoliation. Severely infected plants wilt, dry prematurely, and ripen earlier, appearing whitish and distinct among healthy green plants (Rakesh et al., 2016). Under favourable conditions for disease development, yield losses in rapeseed-mustard typically ranged between 20–35%; however, instances of severe outbreaks have been documented, resulting in losses exceeding 50%, and in certain regions, even reaching up to 80–100% (O’Sullivan et al., 2021). Moreover, early-stage infections of Sclerotinia sclerotiorum are highly destructive, with post-flowering infections reducing Brassica juncea yield by up to 51%, and flowering-stage infections potentially causing complete yield loss. The disease can also reduce oil content by 35% and protein content by 40% (Gupta et al., 2025). The disease is particularly favoured by cool and humid conditions, with temperatures ranging between 20-25°C and relative humidity above 80%, especially during the flowering to pod-filling stages. The survival of sclerotia in the soil for multiple seasons and the pathogen’s ability to infect a wide range of hosts make its management extremely difficult (Peltier et al., 2012; Markell et al., 2015). Chemical control measures, though available, are often not economically viable or environmentally sustainable, especially for resource-poor farmers (Tripathi et al., 2015; Shyam & Tripathi, 2019). Biological control and cultural practices offer limited and inconsistent results (Shyam et al., 2020). Therefore, the deployment of resistant cultivars remains the most effective, eco-friendly, and long-term solution for managing Sclerotinia stem rot in mustard (O’Sullivan et al., 2021; Shyam et al., 2021a; Shyam et al., 2021b; Han et al., 2023).
Breeding for resistance is challenging due to the quantitative nature of resistance, environmental interactions and limited availability of identified resistant sources (Shyam et al., 2021c; Shyam et al., 2021d). In this context, field-based screening under natural epiphytotic conditions plays a vital role in identifying promising genotypes exhibiting stable resistance (Bisoriya et al., 2025; Jhariya et al., 2025; Gautam et al., 2025). Such genotypes can serve as valuable genetic resources for incorporation into breeding programmes aimed to develop stem rot-resistant mustard cultivars. Given the importance of enhancing disease resistance in mustard, the present investigation was undertaken to evaluate seventy-three mustard genotypes, under natural field conditions for their response to Sclerotinia sclerotiorum. The study aimed to categorize the genotypes based on their disease reaction employing a standardized rating scale, thereby identifying potential resistant sources for future crop improvement efforts.
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	Fig. 1: Symptoms of Sclerotinia stem rot in mustard	Comment by shital dhawan: Add this in result and discussion



2. Material & Methods 
2.1 Experimental site
The field investigation was conducted during the Rabi, 2024-25 at the Research Farm, Zonal Agricultural Research Station Morena, RVSKVV, Gwalior, Madhya Pradesh, India (Fig. 2). The site is geographically situated at 26.5°N latitude and 78.0°E longitude, at an altitude of 177 meters above mean sea level. The region experiences a semi-arid subtropical climate characterized by cool and dry winters, which is well-suited for mustard cultivation. The experimental field comprised medium-black soils with uniform topography and adequate drainage, free from waterlogging, thereby creating favourable edaphic conditions for field experimentation. According to agrometeorological data (Table 1) recorded during the crop growth period (October 2024 to March 2025), the maximum and minimum temperatures ranged between19.8°C to 34.0°C and 5.9°C to 19.7°C, respectively. Morning and evening relative humidity levels fluctuated between 57.1%–90.4% and 43.5%–71.2%, correspondingly. Intermittent light rainfall (0.4–2.1 mm) during December and January contributed to the development of favourable microclimatic conditions conducive to the natural incidence and progression of Sclerotinia sclerotiorum. These climatic and soil conditions provided an appropriate environment for the effective field screening of mustard genotypes for putative resistant to Sclerotinia stem rot under natural epiphytotic conditions.
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Fig. 2: View of experimental field
Table 1 Weekly meteorological data for the crop growing period
	No. of week
	Date
	Temperature (⁰C)
	Humidity (percent)
	
Rainfall (mm)

	
	
	Max.
	Min.
	Morning
	Evening
	

	1
	Oct 23-29
	34.0
	19.0
	64.7
	50.4
	0

	2
	Oct 30-Nov5
	32.4
	19.7
	63
	43.1
	0

	3
	Nov 6-2
	31.3
	18.0
	66.4
	49.1
	0

	4
	Nov 13-19
	29.5
	14.8
	71.7
	52.7
	0

	5
	Nov 20-26
	27.3
	11.6
	70.7
	56.8
	0

	6
	Nov 27-Dec 3
	26.7
	10.5
	65.2
	49.2
	0

	7
	Dec 4 -10
	25.7
	9.2
	72.2
	49.2
	0

	8
	Dec 11-17
	22.1
	5.9
	72.4
	44.2
	0

	9
	Dec 18-24
	22.9
	8.3
	78.5
	48.5
	0

	10
	Dec 25-Dec 31
	21.2
	9.5
	84.2
	58.8
	2.1

	11
	Jan 1-7
	19.8
	8.0
	79.7
	60.8
	0

	12
	Jan 8-14
	19.8
	8.0
	89.7
	71.2
	0.6

	13
	Jan 15-21
	19.8
	9.7
	90.4
	67.1
	0.9

	14
	Jan 22-28
	23.9
	9.5
	72.5
	57.1
	0

	15
	Jan 29-Feb 4
	24.7
	9.9
	70.2
	60.0
	0

	16
	Feb 5-11
	25.5
	10.1
	71.7
	54.7
	0

	17
	Feb 12-18
	28.4
	12.2
	72.1
	53.5
	0

	18
	Feb19-25
	26.9
	13.0
	62.4
	43.5
	0.4

	19
	Feb 26-Mar.4
	30.2
	15.4
	72.7
	51.1
	0

	20
	March 5-11
	30.7
	13.9
	62.8
	47.7
	0

	21
	March12-18
	34.0
	17.7
	57.1
	43.5
	0

	22
	March19-25
	33.0
	16.6
	62.4
	43.5
	0


Source: Agrometrology observatory, ZARS, Morena, RVSKVV, Gwalior 
2.2. Experimental details
A total seventy-three mustard genotypes (Table 2) acquired from diverse sources were evaluated to assess their response to Sclerotinia sclerotiorum under natural field conditions. The experiment was laid out in a Randomized Block Design with two replications to ensure statistical validity and minimize environmental variability. Each genotype was sown in plots with a spacing of 30 cm between rows and 10 cm between plants, allowing for proper crop stand and disease expression. Standard agronomic practices were followed uniformly throughout the experimental period to ensure optimal crop growth and development. This experimental setup facilitated the effective evaluation of genetic variability among mustard genotypes for resistant against Sclerotinia stem rot.
Table 2 List of genotypes with their parentage/source
	[bookmark: _Hlk204500810]S. No.
	Genotypes 
	   Parentage/Source
	S. No.
	    Genotypes
	  Parentage/Source 

	1.
	Pusa Bold
	Varuna x BIC1780
	37.
	PC-6
	Acquired from ZARS, Morena, RVSKVV, Gwalior

	2.
	Varuna 
	Selection from Varansi Local
	38.
	RP-9
	Acquired from ZARS, Morena, RVSKVV, Gwalior

	3.
	Rohini
	Selection from natural population of Varuna
	39.
	Kiran
	Acquired from ZARS, Morena, RVSKVV, Gwalior

	4.
	Kranti
	Selection from Varuna
	40.
	JTC-1
	Acquired from ZARS, Morena, RVSKVV, Gwalior

	5.
	Krishna 
	GBPUAT, Pantnagar
	41.
	JM-1
	Pusa Bold X L 6

	6.
	Maya 
	Varuna x KRV 11
	42.
	JM-2
	Mutant of RL9

	7.
	Vardan
	Derived through biparental mating involving Varuna Keshari, CSU 10 and
IB 1775, IB 1786& IB 1866
	43.
	JM-3
	Varuna x YRT 3

	8.
	Vasundhara 
	RH 839 x RH 30
	44.
	RVM-1
	ZARS, Morena, RVSKVV, Gwalior

	9.
	Swarna Jyoti
	Selection from germplasm line RC1670
	45.
	RVM-2
	Selection from Chambal growing region

	10.
	Pusa Jagannath 
	Varuna x Synthetic juncea
	46.
	RVM-3
	ZARS, Morena, RVSKVV, Gwalior

	11.
	Pusa Mahak
	Acquired from IIRMR, Bhartpur
	47.
	PM-25
	Sej-8 x Pusa Jagannath

	12.
	Pusa Jai Kisan
	Somaclone of Varuna
	48.
	PM-26
	VEJ Open x Pusa Agrani

	13.
	Albeli
	Acquired from ZARS, Morena, RVSKVV, Gwalior
	49.
	PM-27
	Derived from the cross [(Divya x Pusa Bold) x (PR 666EPS) x PR 704EPS-2xB85)]

	14.
	Sej-2
	Derived from a cross of B. juncea to an amphidiploid
	50.
	PM-28
	SEJ8 × Pusa Jagannath

	15.
	Shraddha
	Acquired from ZARS, Morena, RVSKVV, Gwalior
	51.
	PM-30
	Bio 902, X ZEM 1

	16.
	DMH 1
	CMS based hybrid
	52.
	Pusa Vijay
	Synthetic Brassica juncea x VSL

	17.
	L – 4
	Canada
	53.
	PDZM-31
	Acquired from IIRMR, Bhartpur

	18.
	L – 6
	Canada
	54.
	NPJ-253
	Acquired from IIRMR, Bhartpur

	19.
	JMWR-908-1
	ZARS, Morena, RVSKVV, Gwalior
	55.
	JMM-927
	ZARS, Morena, RVSKVV, Gwalior

	20.
	RGN-73
	RGN8 x Pusa Bold
	56.
	JMM-991
	ZARS, Morena, RVSKVV, Gwalior

	21.
	NRC-HB-101
	BL4 x Pusa Bold
	57.
	RMM-10-1-1
	ZARS, Morena, RVSKVV, Gwalior

	22.
	NRC-HB-506
	MJA 05 x MJR 1
	58.
	RMM-12-1-18
	ZARS, Morena, RVSKVV, Gwalior

	23.
	DRMR-1165-40
	ICAR-IIRMR Bharatpur
	59.
	RMM-12-2-18
	ZARS, Morena, RVSKVV, Gwalior

	24.
	RH-406
	 CCS HAU, Hisar
	60.
	RMM-12-3-18
	ZARS, Morena, RVSKVV, Gwalior

	25.
	RH-725
	CCSHAU, Hisar
	61.
	JMWR-945-2-2-75k
	ZARS, Morena, RVSKVV, Gwalior

	26.
	RH-749
	RH-781 xRH-9617
	62.
	Bio-Y-SR
	Acquired from IIRMR, Bhartpur

	27.
	NRCDR-2
	MDOC43 x NBPGR36
	63.
	JMTA-06-1
	Acquired from IIRMR, Bhartpur

	28.
	Giriraj
	ICAR-IIRMR Bharatpur
	64.
	Banarasi Rai
	Acquired from IIRMR, Bhartpur

	29.
	RB-50
	Laxmi X RH-9617
	65.
	Pro-Agro-5232
	Crystal Crop Protection Ltd. 

	30.
	YSH-401
	ICAR-IIRMR Bharatpur
	66.
	Pro-Agro-5235
	Crystal Crop Protection Ltd. 

	31.
	NC-1
	ICAR-IIRMR Bharatpur
	67.
	Pioneer 44-S-36
	Exmark Company

	32.
	China Cabbage
	Acquired from IIRMR, Bhartpur
	68.
	NMH 90M 01
	Nuziveedu Seeds, an Indian Agricultural Company

	33.
	GSL-1
	Punjab Agricultural University, Ludhiana
	69.
	Brijraj
	Acquired from IIRMR, Bhartpur

	34.
	GSC-6
	Punjab Agricultural University, Ludhiana
	70.
	Radhika
	Acquired from IIRMR, Bhartpur

	35.
	GSC-7
	Punjab Agricultural University, Ludhiana
	71.
	RMM - 19-06
	ZARS, Morena, RVSKVV, Gwalior

	36.
	PC-5 
	Acquired from ZARS, Morena, RVSKVV, Gwalior
	72.
	RMM - 19-12
	ZARS, Morena, RVSKVV, Gwalior

	
	
	
	73.
	RMWR - 09-01
	ZARS, Morena, RVSKVV, Gwalior



2.3 Screening of genotypes against stem rot disease 
For the assessment of putative resistance to Sclerotinia sclerotiorum, all seventy-three mustard (Brassica spp.) genotypes were evaluated under natural field conditions. Disease incidence and severity were recorded at 60 days after sowing (DAS) to capture the critical stage of disease progression. To assess disease severity, a 0–4 disease rating scale (Table 3), as proposed by Sansford (1995), was employed. This scale quantifies the lesion length on the stem and categorizes genotypes based on their degree of susceptibility or resistance. The disease intensity rating criteria were as follows:
Table 3 Disease rating scale for stem rot in mustard (Sansford, 1995)
	Rating
	Disease incidence per cent and symptoms 
	Disease reaction 

	0
	Healthy or no visible symptoms
	Resistant

	1
	0.1-2 cm lesion length on stem
	Moderately tolerant

	2
	2.1-4 cm lesion length on stem
	Moderately susceptible 

	3
	4.1-6 cm lesion length on stem
	Susceptible 

	4
	>6 cm lesion on stem
	Highly susceptible 


Disease severity observations were recorded from five randomly selected plants per replication and genotype. This method ensured reliable phenotyping of genotypes for resistance or susceptibility against Sclerotinia stem rot under natural epiphytotic conditions.
3. Results & Discussion 
The disease severity was assessed at 60 days after sowing using a 0–4 disease rating scale based on lesion length on the stem (Table 4). The results revealed presence of considerable genetic variability among the genotypes in their response to stem rot disease. Out of the 73 genotypes, 51 genotypes (approximately 70 %) exhibited complete resistance (rating 0), showed no visible symptoms or lesion formation on the stem. These genotypes, which included Shraddha, RVM-1, Pro Agro 5235, Pusa Mahak, Radhika, Brijraj, JMWH-908-1, Pusa Vijay, RH-725, NPJ-253, Kranti, NRCHB-101, Pusa Bold, Sej-2, and many others, demonstrated strong inherent resistance, possibly due to the presence of stable genetic factors conferring resistance against S. sclerotiorum. Such genotypes serve as promising donors for introgression of resistance in susceptible along with high-yielding lines (Singh et al., 2022; Gupta et al., 2025).
Additionally, 19 genotypes were categorized as moderately tolerant (rating 1), exhibiting lesion lengths ranged from 0.1 to 2.0 cm. These genotypes were included RH-749, Krishna, Vasundhara, China Cabbage, RB-50, PM-28 and PM-30 and others as they displayed restricted pathogen colonization and symptom expression. Their partial resistance could be due to structural barriers such as thickened cell walls or biochemical responses that limit lesion expansion. Although not immune, such genotypes may still be proved useful in resistance breeding programmes, especially when combined with favourable agronomical traits (Gill et al., 2022; Shang et al., 2024). Only two genotypes viz., NRCDR-2 and Pro Agro 5232 were found moderately susceptible (rating 2), demonstrated lesion lengths between 2.1 and 4.0 cm, while none of the tested genotypes fell into the susceptible category (rating 3).
Only one genotype namely GSC-6, was identified as highly susceptible (rating 4), with lesions exceeding 6.0 cm in length, indicating its high vulnerability to S. sclerotiorum. This genotype could serve as a susceptible check in future screening trials. The predominance of resistant and moderately tolerant genotypes in the current investigation is highly encouraging, as it highlights the presence of considerable genetic variation for stem rot resistance within the mustard genotypes as earlier reported by Singh et al. (2021), Singh et al. (2022) and Singh et al. (2023). These results are consistent with earlier findings that emphasized significant genotypic differences in resistance to Sclerotinia among Brassica species, attributed to both monogenic and polygenic inheritance patterns (Rana et al., 2017; Naher et al., 2018; Choudhary et al., 2021; Khan et al., 2023).
Moreover, the absence of genotypes in the fully susceptible range suggests that prior breeding efforts and germplasm conservation may have contributed to a gradual elimination of highly susceptible material from the gene pool (Bisht et al., 2015; Singh et al., 2021). The observed resistance under natural disease pressure also indicates the robustness of field-based phenotyping for identifying durable resistance. This study underlines the importance of deploying resistant genotypes in integrated disease management strategies and suggested that identified resistant and moderately tolerant genotype (s) can serve as valuable resources for developing high-yielding and disease-resistant mustard cultivars through marker-assisted selection and conventional breeding approaches (Mundt, 2014; Sharma et al., 2018; Singh et al., 2019; Mishra et al., 2024; Anushree et al., 2025).
Table 4 Categorizations of mustard genotypes against stem rot
	[bookmark: _Hlk204500789]Rating
	Lesion length on stem (cm)
	Disease reaction
	Number of genotypes
	Name of genotypes

	0
	0 
	Resistant
	51
	Shraddha, RVM-1, RGN-73, Pusa Mahak, Radhika, Brijraj, Swarna Jyoti, Pusa Jagannath, JM1, Pusa Vijay, Bio-Y-SR, JMWR-945-2-2-75k, PM-27, JMM-991, RH-725, JM3, NPJ-253, Kranti, PM-25, RMM-12-2-18, RMM-10-1-1, Albeli, NRC-HB-101, Vardan, Rohini, JM-2, PM-26, RMM 12-1-18,  RMM 12-3-18, DMH-1, RMM-19-12, Maya, NRC-HB-506, RMWR-09-01, Giriraj, RMM-19-06, Pusa Bold, Sej-2, Pusa Jai Kisan, L-4, RH-406, YSH-401, NC-1, PC-5, PC-6, RP-9, Kiran, GSC-7, JTC-1, Banarasi rai, Pro-Agro-5235

	1
	0.1-2.0
	Moderately Tolerant
	19
	Varuna, DRMR-1165-40, RH-749, Krishna, Vasundhara, L-6, JMWR-908-1, RB-50, China Cabbage, GSL-1, RVM-2, RVM-3, PM-28, PM-30, PDZM-31, JMM-927, JMTA-06-1, Pioneer 44S36, NMH 90 M 01

	2
	2.1-4.0
	Moderately Susceptible
	2
	NRCDR-2, Pro Agro 5232

	3
	4.1-6.0
	Susceptible
	0
	-

	4
	>6
	Highly Susceptible
	1
	GSC-6


Conclusion 
The present study successfully identified a wide range of variability in mustard genotypes for resistance to Sclerotinia stem rot under natural field circumstances. Out of seventy-three genotypes evaluated, fifty-one exhibited complete resistance (lesion length = 0 cm), while nineteen genotypes showed moderate tolerance, suggesting strong potential for use in resistance breeding. The absence of genotypes in the susceptible category and identification of only a single highly susceptible entry namely GSC-6 further indicate the predominance of resistance in the studied germplasm. These findings provide a valuable genetic resource for future breeding programmes pointing to breed mustard cultivar (s) with durable resistance to Sclerotinia stem rot. Incorporating these resistant and moderately tolerant genotypes into breeding pipelines can significantly contribute to sustainable mustard production and disease management strategies under changing climatic conditions.
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