


EVALUATION OF FUNGICIDES AGAINST WHITE RUST OF MUSTARD UNDER FIELD CONDITIONS


Abstract

      To manage the white rust of Indian mustard caused by Albugo candida under field conditions, an experiment was conducted in Randomized Complete Block Design during Rabi season, at Agronomy Instructional farm, Sardarkrushinagar Dantiwada Agricultural University, Sardarkrushinagar during 2023-24. The mustard variety Gujarat Dantiwada Mustard 4 was sown at 19th October. Among the fungicides evaluated, metalaxyl 8% + mancozeb 64% WP found significantly superior over rest of the fungicides with the minimum disease intensity of 17.55 per cent which was at par with metalaxyl-M 3.75% + chlorothalonil 50% SC at 0.1 per cent (19.90%). The next better fungicides were tebuconazole 50% + trifloxystrobin 25% WG at 0.1 per cent (25.29%), cymoxanil 8% + mancozeb 64% WP at 0.1 per cent (26.37%) and azoxystrobin 23 SC at 0.1 per cent (28.21%) in reducing white rust intensity. The maximum seed yield of 1680 kg/ha was obtained with the spraying of metalaxyl 8% + mancozeb 64% WP at 0.18 per cent which was at par with metalaxyl-M 3.75% + chlorothalonil 50% SC at 0.1 per cent (1615 kg/ha) and tebuconazole 50% + trifloxystrobin 25% WG at 0.1 per cent (1495 kg/ha). 
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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 is 42.53 million hectares, 88.07 million tonnes and 2070 kg/ha., respectively (Anon., 2023-24). 
      India is the 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 favoured 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).
MATERIALS AND METHODS     
       The field experiment was conducted during Rabi season of the year 2023-24 at the Agronomy Instructional Farm, C. P. College of Agriculture, S. D. Agricultural University, Sardarkrushinagar. Gujarat Dantiwada Mustard 4 (GDM 4) was sown on 19th October at 45 cm row spacing with a plot of size 4.5 m x 5.0 m. The study was laid out in RBD with three replicates. The crop was sown in natural condition and were regularly observed for the development of the disease till harvest, without adding any inoculum.


Table 1: Treatment details
	Tr. No.
	Treatment details
	Concentration (%)
	Formulation Quantity
Per 10 L water

	T1
	Metalaxyl 8% + mancozeb 64%WP
	0.18
	25 g

	T2
	Azoxystrobin 23 SC
	0.05
	22 ml

	T3
	Tebuconazole50% + trifloxystrobin 25% WG
	0.1
	14 g

	T4
	Cymoxanil 8%+ mancozeb 64%WP
	0.1
	14 g

	T5
	Chlorothalonil 50% + metalaxyl-M 3.75%SC
	0.1
	19 ml

	T6
	Dimethomorph 50 WP
	0.1
	20 g

	T7
	Metiram 55% + pyraclostrobin 5%WG
	0.1
	17 g

	T8
	Copper oxychloride 50 WP
	0.2
	40 g

	T9
	Control (Water spray)
	             -
	          


2.1.1 Preparation of spray solution for fungicides
      The fungicidal treatments were prepared for spray purpose as under. The spray solutions of eight fungicides were prepared by using following formula:     
	Quantity of fungicides
required (g or ml)
	=
	Concentration (%) × Quantity of spray solution (ml)

	
	
	Active ingredient (%)


                                             
2.1.2 Spraying schedule
      Two sprays of fungicides were given at 10 days interval. First spray was given at the time of first appearance of disease symptoms and second spray was given at 10 days after the first spray. 
2.1.3 Observations recorded
2.1.3.1 Disease intensity
      The observations on intensity of white rust disease were recorded at 10 days after each spray and calculated as per PDI formula ((Mckinney 1923).
	Per cent Disease Intensity 
	=
	Sum of all numerical ratings
	× 100

	
	
	Total plants examined × Maximum rating
	


2.1.3.2 Yield (kg/ha)
      The crop was harvested after 4 months of sowing i.e., (110-120 days) when mustard seeds were matured and dried enough to be separated by threshing. The seeds were cleaned and plot-wise yield was recorded in kg/plot and converted into kg/ha.
3.  RESULTS AND DISCUSSION
      It is evident from the data presented in Table 2 that all the fungicides tested were significantly superior over control in combating the white rust disease. In the first spray, among the fungicides tested, metalaxyl 8% + mancozeb 64% WP at 0.18 per cent found significantly superior over rest of the fungicides with the minimum disease intensity of 16.18 per cent. Which was at par with metalaxyl-M 3.75% + chlorothalonil 50% SC at 0.1 per cent (18.03%) and tebuconazole 50% + trifloxystrobin 25% WG at 0.1 per cent (22.56%) in reducing white rust intensity. Other better fungicides were cymoxanil 8% + mancozeb 64% WP at 0.1 per cent (23.33%) which was at par with azoxystrobin 23 SC at 0.1 per cent (24.43%) in reducing white rust intensity. The untreated control recorded 41.80 per cent disease intensity of white rust.   
      In the second spray, among the fungicides evaluated, metalaxyl 8% + mancozeb 64%WP at 0.18 per cent found significantly superior over rest of the fungicides with the minimum disease intensity of 18.97 per cent and it was at par with metalaxyl-M 3.75% + chlorothalonil 50% SC at 0.1 per cent (21.84%) in reducing white rust intensity. Other better fungicides were tebuconazole 50% + trifloxystrobin 25% WG at 0.1 per cent (28.11%) which was at par with cymoxanil 8% + mancozeb 64% WP at 0.1 per cent (29.54%) and azoxystrobin 23 SC at 0.1 per cent (32.17%) in reducing white rust disease intensity. The untreated control recorded 53.78 per cent disease intensity.
Table 2: Effect of different fungicides on per cent disease intensity of white rust 
	Sr.
No.
	Treatments
	Concentration (%)
	10 DA
1st spray (PDI)
	10 DA
2nd spray (PDI)
	Pooled over period
	Seed yield
(kg/ha)

	1
	Metalaxyl 8% + mancozeb 64% WP
	0.18
	23.72f
*(16.18)
	25.82f
(18.97)
	24.77d
(17.55)
	1680a

	2
	Azoxystrobin 23 SC
	0.05
	29.62cde
(24.43)
	34.55cd
(32.17)
	32.08c
(28.21)
	1424bcd

	3
	Tebuconazole 50% + trifloxystrobin 25% WG
	0.1
	28.36ef
(22.56)
	32.02de
(28.11)
	30.19c
(25.29)
	1495abc

	4
	Cymoxanil 8% + mancozeb 64% WP
	0.1
	28.88de
(23.33)
	32.92de
(29.54)
	30.90c
(26.37)
	1462bcd

	5
	Metalaxyl-M 3.75% + chlorothalonil 50% SC
	0.1
	25.13ef
(18.03)
	27.86ef
(21.84)
	26.49d
(19.90)
	1615ab

	6
	Dimethomorph 50 WP
	0.1
	34.11bc
(31.45)
	39.23bc
(39.99)
	36.67b
(35.67)
	1293cd

	7
	Metiram 55% + pyraclostrobin 5% WG
	0.1
	33.20bcd
(29.98)
	38.13bc
(38.12)
	35.67b
(34.00)
	1322cd

	8
	Copper oxychloride 50 WP
	0.2
	35.47b
(33.67)
	40.95b
(42.96)
	38.21b
(38.26)
	1272d

	9
	Control (Water spray)
	-
	40.28a
(41.80)
	47.17a
(53.79)
	43.73a
(47.78)
	1073e

	S.Em. ±
	
	1.50
	1.61
	1.09
	63.68

	C.D. at 5%
	
	4.50
	4.83
	3.11
	190.91

	C. V. %
	
	8.73
	7.87
	8.08
	7.85


*Figures in parentheses are retransformed value of arcsin transformation;
Treatment means with the common letter(s) are not significant by Duncan’s New Multiple Range Test at 5% level of significance

      In pooled result, all the treatments tested were significantly reduced disease intensity as compared to control. Among the fungicides tested, metalaxyl 8% + mancozeb 64% WP found significantly superior over rest of the fungicides with the minimum disease intensity of 17.55 per cent which was at par with metalaxyl-M 3.75% + chlorothalonil 50% SC at 0.1 per cent (19.90%). The next better fungicides were tebuconazole 50% + trifloxystrobin 25% WG at 0.1 per cent (25.29%), cymoxanil 8% + mancozeb 64% WP at 0.1 per cent (26.37%) and azoxystrobin 23 SC at 0.1 per cent (28.21%) in reducing white rust intensity. The untreated control recorded 47.78 per cent disease intensity (Table 2).
      All the fungicides improved the yield as compared to control. The maximum seed yield of 1680 kg/ha was obtained with the spraying of metalaxyl 8% + mancozeb 64% WP at 0.18 per cent which was at par with metalaxyl-M 3.75% + chlorothalonil 50% SC at 0.1 per cent (1615 kg/ha) and tebuconazole 50% + trifloxystrobin 25% WG at 0.1 per cent (1495 kg/ha). The next better treatments were cymoxanil 8% + mancozeb 64% WP at 0.1 per cent (1462 kg/ha) which was at par with azoxystrobin 23 SC at 0.1 per cent (1424 kg/ha). The other effective fungicides were metiram 55% + pyraclostrobin 5% WG at 0.1 per cent (1322 kg/ha) which was at par with dimethomorph 50 WP at 0.1 per cent (1293 kg/ha) and copper oxychloride 50 WP at 0.1 per cent (1272 kg/ha). The untreated control recorded 1073 kg/ha respectively (Table 2).
      Pandya et al. (2000) reported that four sprays of metalaxyl 8% + mancozeb 64% WP at 45, 60, 75 and 90 Days after sowing (DAS) in each of three concentrations viz., 0.5, 0.3 and 0.2 per cent were found significantly superior to the other tested chemicals for the control of white rust leaf (local) and stag head (systemic) infestation. Although the maximum control of the white rust was obtained with the treatment metalaxyl 8% + mancozeb 64% WP (0.5%) PDI = 7.17 but it was not significantly superior to the treatment metalaxyl 8% + mancozeb 64% WP (0.3%) PDI = 8.8 and metalaxyl 8% + mancozeb 64% WP (0.2%) PDl= 10.5. The maximum PDl was obtained in control (49.6%).
      Yadav (2003) reported that the two sprays of metalaxyl 8% WP + mancozeb 64% WP at 60 and 80 days after sowing reduced the disease incidence of white rust on the leaves from 62.7 to 17.1 per cent and from 57.3 to 41 .8 per cent, respectively, and increased the yield from 1052 (control) to 1842 kg/ha.
[bookmark: _Hlk163485573]      Bairwa et al. (2015) conducted a field experiment during Rabi 2010-11 to 2012-13 to manage the prevailing fungal diseases of Indian mustard through integrated approach. Removal of three lower leaves followed by foliar spray of metalaxyl 8 % + mancozeb 64 % WP @ 2 g / liter of water was found best in controlling the white rust (12.2%).
[bookmark: _Hlk163485635]      Asif et al. (2017) evaluated the efficacy of different commercial fungicides against white rust on B. napus during 2016-17. Metalaxyl 8% + mancozeb 64% WP was found to be the most effective in reducing the disease incidence (25.66%) and severity (13.34%) followed by antracol which showed disease incidence and severity of 34.70 and 16.53 per cent, respectively.
      Wangkhem et al. (2019) evaluated the effect of chemicals against A. candida under in vivo conditions. Among chemicals, metalaxyl 8% + mancozeb 64%WP was found to be the most effective against white rust and it was followed by carbendazim 50 WP. Foliar spray of metalaxyl 8% + mancozeb 64% WP @2g/l significantly reduced white rust (43%) followed by carbendazim 50 WP (56.4%). A maximum yield (1670.3kg/ha), minimum AUDPC (462.25) and infection rate of 0.0491 unit-days were recorded with metalaxyl 8% + mancozeb 64% WP.
      Basavaraj et al. (2020) studied the efficacy of selected fungitoxicants viz., mancozeb 75 WP @ 0.2%, metalaxyl 8%+ mancozeb 64% @ 0.2%, hexaconazole 5 EC @ 0.05%, cymoxanil 8% + mancozeb 64% @ 0.1% and azoxystrobin 23 SC 0.05% as a single spray treatment at 45 DAS and each four fungicides at 60 DAS in succession with mancozeb 75 WP at 45 DAS to control the white rust disease. Spray with mancozeb (0.2%) at 45 DAS followed by azoxystrobin (0.05%) at 60 DAS recorded significantly lower disease severity as compared to the other treatments, both at leaf and stag head phase with significantly the highest seed yield of 1906.81 kg/ha, which was 42.33 per cent higher over the check. The spray with mancozeb 75 WP (0.2%) at 45 DAS followed by metalaxyl 8% + mancozeb 64% WP (0.2%) at 60 DAS was the next better treatment among combinations of fungicidal sprays.
4.CONCLUSION
      Considering the above results, it can be concluded that metalaxyl 8% + mancozeb 64% WP proved its superiority for managing white rust disease of mustard crop. It also increased seed yield and remained at par with metalaxyl-M 3.75% + chlorothalonil 50% SC. Other better fungicides were tebuconazole 50% + trifloxystrobin 25% WG at 0.1 per cent followed by cymoxanil 8% + mancozeb 64% WP at 0.1 per cent and azoxystrobin 23 SC at 0.1 per cent.
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