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Abstract
       In this investigation, as per available fifteen germplasms of rapeseed-mustard were screened for their level of resistance against white rust under field condition. The experiment was laid out in Randomized Block Design (RBD), replicated during 2023-24 at Agronomy Instructional Farm, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar. 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.
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1. Introduction
      India occupies a predominant status in oilseed crops, both in terms of acreage and production. Indian mustard [Brassica juncea (Linn.) Czern & Coss] belongs to the family Brassicaceae. Over the past couple of decades, this crop has become one of the most important sources of vegetable oil in the world. It is also known as brown mustard, raya, kali raya and mustard. Mustard crop is commercially cultivated in more than 60 countries and major producers include China, Canada, India, Australia, France, Germany, United Kingdom, Poland, Ukraine, Russia, USA and Czech Republic. The estimated area, production and productivity of rapeseed-mustard in the world was 42.53 million hectares, 88.07 million tonnes and 2070 kg/ha., respectively (Anon., 2023-24). 
      India is third largest mustard producer in the world after Canada and China. Mustard crop accounts for nearly one-third of the oil production in India. The estimated area, production and yield of rapeseed-mustard in India during 2023-24 was 9.25 million hectares, 12.50 million tonnes and 1350 kg/ha., respectively (Anon., 2024a). It is predominantly cultivated in Rajasthan, Uttar Pradesh, Haryana, Madhya Pradesh and Gujarat. In Gujarat, Banaskantha, Sabarkantha, Mehsana, Patan, Gandhinagar, Arvalli and Kutch are the major mustard producing districts. At present, Gujarat's rapeseed-mustard acreage, production and productivity are around 2.66 lakh hectares, 5.35 lakh tonnes, and 1999.08 kg/ha., respectively (Anon., 2024b).   
      Rapeseed-Mustard are considered to be of high economic importance in national and international trade with significant implications as it yields most important edible oil ranging from 30-48 per cent which is used as main cooking medium in North India. Mustard seeds contain 38-57 per cent erucic acid, 27 per cent oleic and linolenic acid and 4.7-13 per cent linolenic acid of high nutritive value required for human body (Kumar, 2012). 
       White rust caused by Albugo candida (Pers. Ex. Lev.) Kuntze is an important disease of rapeseed (Brassica campestris L.) and mustard (B. juncea Coss.) in India. White rust of mustard occurs in all parts of the world where cruciferous crops are grown. The yield losses were reported to the tone of 17-34 per cent (Yadav and Gupta, 2011). Estimated yield losses of 23 - 54.5 per cent was reported in late sown Indian mustard (Saharan, et al. 1984).  The pathogen produces two types of infections i.e. local and systemic. Local infection is characterized by the formation of raised creamy white sporangial pustules on the under surface of leaves, on tender shoots and occasionally on green siliquae. The affected tissue turns necrotic and dies. Systemic infection is usually seen on young inflorescence and terminal leaves. The pathogen stimulates hypertrophy and hyperplasia resulting in abnormal swelling and malformation of the affected organ. Floral organs turn green, become greatly enlarged, distorted and seed formation is prevented (Yadav et al. 2011). The first visible symptoms of white rust appeared on 42 days after sowing. The severity of white rust disease was favored by >40% afternoon relative humidity (RH), > 97 % morning RH, and 16 - 24°C maximum daily temperature. Stag head formation was significantly and positively influenced by 20-29°C. The lowest severity of white rust on leaves (12.5%) and stag head infection (0.3%) was recorded in the early sown crop (Meena et al. 2014).
2. Material and methods
       In this investigation, as per available fifteen germplasms of rapeseed-mustard were screened for their level of resistance against white rust under field condition. The experiment was laid out in Randomized Block Design (RBD), replicated during 2023-24 at Agronomy Instructional Farm, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar. The experiment was laid on 19th October, 2023 in Randomized Block Design (RBD) and the highly white rust susceptible genotype (GDM 2) was repeated in three replications and the plot size was 4.5 m × 5.0 m. The genotypes were categorized into highly resistant (HR), resistant (R), moderately resistant (MR), moderately susceptible (MS), susceptible (S) and highly susceptible (HS) on the basis of per cent disease intensity.



  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. (2003) conducted a field experiment under artificial inoculation conditions to evaluate the 284 mustard genotypes for resistance against the white rust caused by Albugo cruciferarums Gray. None of the genotype was found immune, only 29 were rated as resistant, 54 as moderately resistant, 128 as moderately susceptible, 44 as susceptible and 29 as highly susceptible against white rust pathogen.
      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. (2016) evaluated the different genotypes of Brassica juncea, B. carinata, B. napus and B. rapa under natural and artificial inoculation field conditions against white rust disease during 2004-05 to 2008-09. Nine germplasms lines including EC-414291, EC-414293, PT-303, GSL-1, BINOY (B-9), LES-39, NPJ-109, HNS-0004 and BIO-Q-108-2000 exhibited the intensity of white rust below 5 per cent consistently. 
       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. (2022) evaluated nineteen Brassica juncea genotypes for resistance against white rust. Out of them, three genotypes viz., Donskaja IV, Domo and Cutlass showed no infection and they were considered as immune against white rust. Fifteen genotypes showed highly resistant response, twenty nine genotypes were found resistant, twenty four genotypes were observed as moderately resistant, nineteen genotypes were susceptible and none of the genotypes falls under 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 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.  
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