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Abstract
       
White rust constitutes a major disease affecting rapeseed and mustard cultivation in India. In the present study, fifteen rapeseed–mustard germplasms were evaluated for their resistance to white rust under field conditions during the Rabi season of 2023–24 at the Agronomy Instructional Farm, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar. The experiment was laid out in a Randomised Block Design (RBD) with three replications, employing a plot size of 4.5 m × 5.0 m and a spacing of 45 cm × 15 cm. Disease intensity observations were recorded at 10-day intervals following the initial appearance of symptoms from fifty randomly selected leaves in each plot. The per cent disease intensity (PDI) was subsequently computed using the standard procedure. Among the fifteen germplasms/varieties of mustard screened against white rust under field condition, the genotype, HUJM – 20-4 was found resistant and recorded the lowest intensity of the white rust disease (7.50%). Four genotypes viz., HUJM-90-6 (24.55%), PBR-939 (23.70%), NPJ – 248 (20.90%) and NPJ – 252 (14.15%) were found moderately resistant. Ten genotypes viz., PRE – 2018-19 (32.55%), KMR – 21 – 3 (34.65%), SKM 1801 (35.88), RH – 1999 – 14 (36.22%), Mali ms – 90 (36.50%), JD 6 (27.45%), GDM 2 (36.23%), GM 1 (44.50%), GM 2 (38.75%) and GM 3 (37.20%) were found susceptible. None of the genotypes was categorized under susceptible category. The identification of resistant and moderately resistant genotypes indicates the presence of useful genetic variability for white rust resistance in rapeseed–mustard germplasm. In particular, HUJM–20-4 can serve as a potential donor source in future breeding programmes aimed at developing white rust-resistant mustard cultivars.
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1. Introduction
      India occupies a significant position among the major oilseed-producing nations of the world with respect to both cultivated area and total production. Indian mustard [Brassica juncea (Linn.) Czern & Coss], belonging to the family Brassicaceae, is one of the principal oilseed crops cultivated in the country. The family Brassicaceae comprises 4636 accepted taxa distributed across 340 genera and 52 tribes (Zandberg et al., 2022). Among these, the genus Brassica is regarded as highly important owing to the inclusion of several economically valuable crops, including oilseed species, condiment crops, and cruciferous vegetables (Miyaji et al., 2023). During recent decades, Brassica juncea has gained considerable global importance as a major source of edible oil. The crop is commonly referred to as brown mustard, raya, kali raya, or mustard. Commercial cultivation of mustard is practised in more than 60 countries worldwide, with China, Canada, India, Australia, France, Germany, the United Kingdom, Poland, Ukraine, Russia, the United States of America, and the Czech Republic representing the major producing nations. The global area, production, and productivity of rapeseed–mustard are estimated to be 42.53 million hectares, 88.07 million tonnes, and 2070 kg ha⁻¹, respectively (Anon., 2023–24).

India ranks as the third-largest producer of mustard globally, after Canada and China. The crop contributes nearly one-third of the total edible oil production in the country. Mustard cultivation is undertaken under both tropical and temperate climatic conditions, generally during the October–November and February–March seasons (Sharma et al., 2025). During 2023–24, the estimated area, production, and productivity of rapeseed–mustard in India were 9.25 million hectares, 12.50 million tonnes, and 1350 kg ha⁻¹, respectively (Anon., 2024a). The crop is predominantly cultivated in the states of Rajasthan, Uttar Pradesh, Haryana, Madhya Pradesh, and Gujarat. Within Gujarat, the major mustard-producing districts include Banaskantha, Sabarkantha, Mehsana, Patan, Gandhinagar, Arvalli, and Kutch. At present, the area under rapeseed–mustard cultivation in Gujarat is approximately 2.66 lakh hectares, with a production of 5.35 lakh tonnes and productivity of 1999.08 kg ha⁻¹ (Anon., 2024b).

Rapeseed–mustard crops possess considerable economic significance in both national and international trade due to their substantial contribution to edible oil production. The seeds contain approximately 30–48 per cent oil, which serves as a principal cooking medium in northern India. In addition, mustard seeds are rich in nutritionally important fatty acids, including 38–57 per cent erucic acid, 27 per cent oleic and linolenic acids, and 4.7–13 per cent linolenic acid, all of which contribute to their dietary importance (Kumar, 2012).

White rust, caused by Albugo candida (Pers. ex. Lev.) Kuntze, is a major disease affecting rapeseed (Brassica campestris L.) and mustard (B. juncea Coss.) in India. The pathogen exhibits extensive variability and possesses a broad host range, with diversity reported at pathogenic, morphological, and molecular levels (Dev et al., 2026). The disease is prevalent in almost all regions of the world where cruciferous crops are cultivated (Rai et al., 2024; Taguas et al., 2025). Yield losses ranging from 17 to 34 per cent have been attributed to white rust (Yadav and Gupta, 2011), whereas losses of 23 to 54.5 per cent have been reported in late-sown Indian mustard (Saharan et al., 1984). The pathogen is capable of causing both localised and systemic infections. Local infections are characterised by the development of raised creamy-white sporangial pustules on the abaxial surface of leaves, tender shoots, and occasionally green siliquae, ultimately leading to necrosis and tissue death. Systemic infection primarily affects young inflorescences and terminal leaves, where hypertrophy and hyperplasia induced by the pathogen result in abnormal swelling and deformation of plant organs. Floral structures become enlarged, green, and malformed, thereby inhibiting normal seed development and formation (Yadav et al., 2011). Initial symptoms typically appear around 42 days after sowing. Disease development is favoured by high relative humidity (>97% morning and >40% afternoon) and temperatures between 16–24°C, while stag-head formation is significantly influenced by temperatures of 20–29°C. The lowest severity of leaf infection (12.5%) and stag-head incidence (0.3%) has been recorded under early sowing conditions(Meena et al. 2014). The present investigation was undertaken to screen available mustard germplasms-varieties under field conditions for resistance against white rust disease and to identify potential resistant sources for use in future breeding programmes.
2. Material and methods
       In the present investigation, fifteen available rapeseed–mustard germplasms were evaluated under field conditions to determine their level of resistance against white rust disease. The experiment was conducted during the Rabi season of 2023–24 at the Agronomy Instructional Farm, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar. The trial was established on 19 October 2023 using a Randomised Block Design (RBD) with three replications. A highly susceptible genotype, GDM 2, was included repeatedly in each replication as a susceptible check. The experimental plots measured 4.5 m × 5.0 m. Based on the per cent disease intensity (PDI), the evaluated genotypes were categorised into six reaction groups, namely highly resistant (HR), resistant (R), moderately resistant (MR), moderately susceptible (MS), susceptible (S), and highly susceptible (HS).

  2.1.1 Experimental details:
	Experimental site
	:
	Agronomy Instructional Farm, SDAU, Sardarkrushinagar

	Year 
	:
	2023-24 (Rabi)

	Design of Experiment
	:
	Randomized Block Design

	Replications
	:
	Three (3)

	Spacing 
	:
	45.0 cm ×15.0 cm

	Date of sowing 
	:
	19th October

	Germplasms
	:
	Fifteen (15)

	Plot size 
	:
	Gross : 4.5 m × 5.0 m
Net     : 3.4 m × 4.0 m

	Fertilizer
	:
	50:50:0 (N: P2O5: K2O)

	Crop
	:
	Mustard


Table 1: List of mustard germplasms/varieties
	Source
	Germplasm/varieties

	Centre for Oilseeds Research station, Sardarkrushinagar, SDAU.
	HUJM – 20 – 4

	
	HUJM – 90 - 6

	
	PBR – 939

	
	PRE - 2018 – 19

	
	NPJ - 248

	
	NPJ -252

	
	KMR – 21 - 3

	
	SKM  1801

	
	RH – 1999 - 14

	
	Mali Ms-90

	
	JD-6

	
	GDM 2

	
	GM 1

	
	GM 2

	
	GM 3


2.1.2 Observations recorded:
1) Per cent disease intensity: Per cent disease intensity of white rust was recorded from fifty randomly selected leaves from each plot after the onset of the disease in field at 10 days interval and calculated as per PDI formula (Mckinney, 1923).
List 1 : Per cent disease intensity Score

	Score
	Leaf area covered by pustules (%)
	Disease Reaction

	0
	0
	Immune(I)

	1
	<5
	Highly Resistant (HR)

	3
	5-10
	Resistant (R)

	5
	11-25
	Moderately Resistant (MR)

	7
	26-50
	Susceptible(S)

	9
	>50
	Highly susceptible (HS)





3. Result and discussion
      The pressure of white rust intensity was comparatively more in 2023-24 as none of the genotypes was completely free from the disease. The genotype, HUJM – 20-4 was found resistant and recorded the lowest intensity of the white rust disease (7.50%). Four genotypes viz., HUJM-90-6 (24.55%), PBR-939 (23.70%), NPJ – 248 (20.90%) and NPJ – 252 (14.15%) were found moderately resistant. Ten genotypes viz., PRE – 2018-19 (32.55%), KMR – 21 – 3 (34.65%), SKM 1801 (35.88), RH – 1999 – 14 (36.22%), Mali ms – 90 (36.50%), JD 6 (27.45%), GDM 2 (36.23%), GM 1 (44.50%), GM 2 (38.75%) and GM 3 (37.20%) were found susceptible. None of the genotypes was categorized under susceptible category (Table 2). 
Table 2: Screening of mustard germplasms/varieties against white rust under field conditions
	Sr. No.
	Genotype
	Disease intensity (%)
	Disease reaction

	1
	HUJM – 20-4
	7.50
	Resistant

	2
	HUJM- 90 – 6
	24.55
	Moderately Resistant

	3
	PBR – 939
	23.70
	Moderately Resistant

	4
	PRE – 2018-19
	32.55
	Susceptible

	5
	NPJ – 248
	20.90
	Moderately Resistant

	6
	NPJ – 252
	14.15
	Moderately Resistant

	7
	KMR – 21 – 3
	34.65
	Susceptible

	8
	SKM 1801
	35.88
	Susceptible

	9
	RH – 1999 - 14
	36.22
	Susceptible

	10
	Mali ms - 90
	36.50
	Susceptible

	11
	JD 6
	27.45
	Susceptible

	12
	GDM 2
	36.23
	Susceptible

	13
	GM 1
	44.50
	Susceptible

	14
	GM 2
	38.75
	Susceptible

	15
	GM 3
	37.20
	Susceptible


  Table 3: Reaction of mustard germplasms/varieties against white rust under field     conditions
	PDI range
	Disease Reaction
	No. of Genotypes
	Genotypes/varieties

	0
	Immune(I)
	0
	0

	<5
	Highly Resistant (HR)
	0
	0

	5-10
	Resistant (R)
	1
	HUJM – 20-4

	11-25
	 Moderately Resistant (MR)
	04
	HUJM-90-6, PBR – 939, NPJ -248, NPJ – 252

	26-50
	Susceptible(S)
	10
	PRE – 2018-19, KMR – 21 -3, SKM 1801, RH – 1999 – 14, Mali ms – 90, JD 6, GDM 2, GM 1, GM 2, GM 3

	>50
	Highly susceptible (HS)
	00
	0



      Based on per cent disease intensity mustard germplasms were grouped into six categories. Out of fifteen germplasms, none of the germplasms was found free from leaf infection. The germplasm, HUJM – 20-4 was found resistant. Four germplasms viz., HUJM-90-6, NPJ – 252, NPJ -248 and PBR – 939 were found moderately resistant. whereas, ten germplasms viz., PRE – 2018-19, KMR – 21 -3, SKM 1801, RH – 1999 – 14, Mali ms – 90, JD 6, GDM 2, GM 1, GM 2 and GM 3 were found susceptible and none of the germplasms was falls under highly susceptible category. (Table 3.).
      Khunti et al. conducted a field study under artificial inoculation conditions to assess 284 mustard genotypes for their resistance against white rust caused by Albugo cruciferarum Gray. None of the evaluated genotypes exhibited an immune reaction to the pathogen. Among the tested entries, 29 genotypes were classified as resistant, 54 as moderately resistant, 128 as moderately susceptible, 44 as susceptible, and 29 as highly susceptible to white rust infection. 
      Earlier mustard germplasms/varieties were screened by many workers. Singh and Mall (2007) reported that out of 170 genotypes evaluated, five genotype viz., WRR-98-01, NORS-2004, NDRS-2013, NDRS-2005 and NDRS-2007 were found disease free from white rust; eighteen genotypes viz., RC-781, RIK-75-5, RIK-784, CSR-721, PI-43, VRT-3, NDRE-7, NNRE10, NDVR-29xNORE-04NORE-190xNORE-4CSCN-5, CSCN-3, CSCN-10, CSCN-12, NSRS-2006, NDRS-2009, NDRS-12 and NDRS-2014 were found resistant against Albugo candida; twenty three genotypes viz., R71-2, 2-B-2146, RIK 75-3, VRT-4, RW336-B, VRT-6, P-17/17, RIK 46-1, App Pod mutant, Pakari Rai, CSR-622, RK8401, RH-771 I, NDVR-29, NDVR-32, NDR-2001, NDR-8208, NOR-8604, N.raixNDRE04, CSCN-11, CSCN-1 and CSCN-7 were found moderately resistant against Albugo candida; seventeen genotypes viz., RK-2512, R-71-7, TM-4, RS-3, VRT-1, NDR-8501, CSR-416, Kranti, RW-2-2, DIR-202, RW-29s-6, Narendra ageti, Vardan, NDVR-8, CSCN-6, CSCN-8 and CSCN-9 showed moderately susceptible against Albugo candida; seven genotypes viz., CSR-133, RP-14, RH-7361, VST-1, RK-8403, PR-2030 and Urvasi were found susceptible against Albugo candida and five genotypes viz., JM-2, RP-17113, RF-9, PHR-1 and Varuna were found highly susceptible against Albugo candida.
       The brassica genotype EC-399301 showing disease index 27.33 per cent was considered as susceptible, brassica genotype viz. B. nigra local 18 (17.59%), JM- 1 (16.33%), EC-399296 (16.55%), EC-399313 (16.10%), EC399299 (14.88%), EC-414293 (14.27%) and Rohini (15.6%) were considered as moderately susceptible and genotypes GSL-1, PBC-9221 and NRCDR515 showed resistant reaction against six isolates of Albugo candida hence considered as highly resistant (Pandey et al., 2014).
      Gaur et al. evaluated diverse genotypes of Brassica juncea, B. carinata, B. napus, and B. rapa under both natural and artificial field inoculation conditions for their response to white rust disease during the period from 2004–05 to 2008–09. Among the evaluated materials, nine germplasm lines, namely EC-414291, EC-414293, PT-303, GSL-1, BINOY (B-9), LES-39, NPJ-109, HNS-0004, and BIO-Q-108-2000, consistently recorded white rust intensity below 5 per cent throughout the study period.

       Choudhary (2021) evaluated seventeen genotypes against mustard white rust under field condition. Among them, five genotypes viz., RSPR-01, RSPR 69, NRC-BH-101, JM-12-6 and Pusa Bold-11 were found resistant.
      Sharma et al. evaluated nineteen Brassica juncea genotypes for their reaction against white rust disease. Among the tested genotypes, Donskaja IV, Domo, and Cutlass exhibited complete absence of infection and were therefore categorised as immune to white rust. Furthermore, fifteen genotypes displayed a highly resistant reaction, while twenty-nine genotypes were classified as resistant. Twenty-four genotypes were identified as moderately resistant, whereas nineteen genotypes exhibited susceptibility to the disease. None of the evaluated genotypes were found to fall within the highly susceptible category.

      Srivastava et al. (2023) evaluated seventy-five Indian mustard genotypes in field under epiphytotic conditions during Rabi 2021-22. Among them, twenty-six mustard genotypes were found moderately resistant including Vasundhara, Pusa Jagannath, Kiran, PM-27, JMM-991, WRR-5, WRR-7, WRR-11, WRR-12, WRR-14, WRR-16, WRR-17, WRR-19, WRR-26, WRR-27, WRR-29, WRR-31, WRR-32 Maya, L-4, China, GSL-1, GSC-7, PC-5, PC-6 and RP-9. It was also found that most of the genotypes were susceptible including RB-50, Pusa Bold, Rohini, RH-725, Vardan, Swarn Jyoti, Pusa Jai Kisan, Albeli, Sej-2, Shraddha, DMH 1, RGN73, NRC-HB-101, RVM-3, RH-749, NRC DR-2, JTC1,JM-1, JM-2, JM-3, RVM-2, PM-26, PM-30, RMM10-01-01, RMM-12-01-18, WRR-6, WRR-8, WRR-9, WRR-10, WRR-13, WRR-18, WRR-20, WRR-21, WRR-22, WRR-28 and WRR-30 against white rust. While ten genotypes displayed highly susceptible reactions viz., Varuna, Kranti, PM-25, DRMR IJ31, RVM-1, PM-28, Pusa Vijay, JMM-927 and RMM12-03-18 under field conditions as PDI was more than 50 per cent.

Conclusion
The present study demonstrated significant variability among fifteen rapeseed–mustard germplasms in their reaction to white rust under field conditions. The disease pressure was moderate to high, as none of the tested genotypes remained completely free from infection, indicating favorable environmental conditions for disease development. The genotype, HUJM – 20 – 4 was found resistant against white rust of mustard and it can be used for future breeding programmer of mustard. Four genotypes were categorized under moderately resistant group, they can also be useful for further mustard improvement project.  The study was conducted under natural field infection during a single Rabi season, which may not fully represent year-to-year environmental variability and pathogen pressure. Future research should focus on multi-location and multi-season evaluation of the identified resistant and moderately resistant genotypes to confirm the stability of resistance across diverse agro-climatic conditions.
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