


Influence of Sowing Dates on the Intensity of White Rust Disease in Mustard (Brassica juncea)


Abstract
      Adjustment of sowing time is an important cultural practice that can significantly reduce the incidence of several plant diseases. The present investigation was conducted during the year 2023–24 to evaluate the influence of different sowing dates on the intensity of white rust disease in mustard caused by Albugo candida. The mustard variety Gujarat Dantiwada Mustard-4 was sown at four different dates at fortnightly intervals.The findings revealed that a delay in sowing resulted in a gradual increase in white rust severity. The crop sown during the first week of October recorded the lowest disease intensity (21.61%) along with the highest seed yield (1248 kg/ha). This was followed by sowing in the third week of October, which showed higher disease intensity (32.05%) and comparatively lower yield (1130 kg/ha). Further delay in sowing from October to November led to a significant rise in disease intensity, ultimately causing a marked reduction in seed yield.
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1. Introduction
      India holds a significant position in the cultivation of oilseed crops in terms of both area and production. Among these, Indian mustard (Brassica juncea (L.) Czern. & Coss.), a member of the Brassicaceae family, has emerged as one of the major sources of edible vegetable oil over the past few decades. It is commonly referred to as brown mustard, raya or kali raya in different regions.Globally, mustard is cultivated across more than 60 countries, with major producers including China, Canada, India, Australia, France, Germany, the United Kingdom, Poland, Ukraine, Russia, the United States and the Czech Republic. According to recent estimates (Anon., 2023–24), rapeseed–mustard is grown over an area of approximately 42.53 million hectares worldwide, producing about 88.07 million tonnes with an average productivity of 2070 kg/ha.
      India ranks among the leading producers of mustard globally, following Canada and China. The crop contributes nearly one-third of the total edible oil production in the country. During 2023–24, rapeseed–mustard in India was cultivated over an area of about 9.25 million hectares, with a total production of 12.50 million tonnes and an average productivity of 1350 kg/ha (Anon., 2024a). The major mustard-growing states include Rajasthan, Uttar Pradesh, Haryana, Madhya Pradesh and Gujarat. Within Gujarat, mustard cultivation is mainly concentrated in districts such as Banaskantha, Sabarkantha, Mehsana, Patan, Gandhinagar, Arvalli and Kutch. Recent estimates indicate that the crop occupies approximately 2.66 lakh hectares in the state, producing around 5.35 lakh tonnes with an average productivity of 1999.08 kg/ha (Anon., 2024b).
      Rapeseed–mustard holds considerable economic importance at both national and international levels due to its role as a major source of edible oil, containing approximately 30–48% oil content. In India, particularly in northern regions, it is widely used as a primary cooking medium. Nutritionally, mustard seeds are rich in fatty acids, including 38–57% erucic acid, about 27% oleic acid and linolenic acid, and 4.7–13% linolenic acid, making them valuable for human health (Kumar, 2012).
      White rust, caused by Albugo candida (Pers. ex Lev.) Kuntze, is a major disease affecting rapeseed (Brassica campestris L.) and Indian mustard (Brassica juncea Coss.) in India. This disease is widely distributed in all regions where cruciferous crops are cultivated. Yield losses due to white rust have been reported to range from 17–34% (Yadav and Gupta, 2011). In late-sown Indian mustard, losses may further increase, reaching between 23 and 54.5% (Saharan et al., 1984). The pathogen exhibits two distinct types of infection, namely local and systemic. Local infection is identified by the appearance of raised, creamy-white pustules on the lower surface of leaves, tender shoots, and occasionally on developing siliquae. As the disease progresses, the infected tissues become necrotic and eventually die. In contrast, systemic infection primarily affects young inflorescences and terminal leaves. It induces hypertrophy and hyperplasia, leading to abnormal swelling and distortion of affected plant parts. Floral structures become enlarged, green, and malformed, resulting in the inhibition of seed formation (Yadav et al., 2011). Initial symptoms of white rust are generally observed around 42 days after sowing. Disease development is strongly influenced by environmental conditions such as high morning relative humidity (>97%), afternoon relative humidity (>40%), and moderate temperatures ranging from 16–24°C. Formation of stag heads is particularly favoured under temperatures of 20–29°C. The lowest disease severity in terms of leaf infection (12.5%) and stag head incidence (0.3%) has been recorded in early-sown crops (Meena et al., 2014).

2. Material and methods
      The field experiment was carried out during the Rabi season of 2023–24 at the Agronomy Instructional Farm, C. P. College of Agriculture, S. D. Agricultural University, Sardarkrushinagar, Gujarat. The mustard variety Gujarat Dantiwada Mustard-4 (GDM-4) was sown from October to November with a row spacing of 45 cm. Each experimental plot measured 4.5 m × 5.0 m. The experiment was arranged in a Randomized Block Design (RBD) with four sowing dates and five replications. The crop was grown under natural field conditions without artificial inoculation of the pathogen. Regular observations were recorded throughout the crop growth period up to harvest to monitor the development of white rust disease.



	Table 1: Details of different dates of sowing

		Treatment No.
	



		
	Date of Sowing




		T1
	



		
	First week of October




		T2
	



		
	Third week of October




		T3
	



		
	First week of November




		T4
	



		
	Third week of November




	
	


Observations recorded:
2.1. Percent disease intensity
     The percent disease intensity of white rust was recorded from fifty randomly selected leaves in each plot after the initial appearance of the disease in the field. Observations were taken at ten-day intervals throughout the crop growth period. Disease assessment was carried out using a 0–9 rating scale, and leaves were classified into six categories based on the percentage of leaf area affected by white rust infection, as determined through visual estimation using the standard disease rating scale. Sangeetha, C. G. and Siddaramaiah, A. L. (2007)
	  Table 2: Powdery mildew disease rating scale

	Score
	Leaf area covered by pustules (%)

	0
	0

	1
	<5

	3
	5-10

	5
	11-25

	7
	26-50

	9
	>50



The percent disease intensity was worked out by using following formula (Mckinney, 1923).
	               Per cent Disease Intensity 
	=
	Sum of all numerical ratings
	× 100

	
	
	Total plants examined × Maximum rating
	



2.2 Seed yield (kg/ha)
      The crop was harvested approximately four months after sowing, i.e., around 110–120 days, when the mustard seeds had reached physiological maturity and dried sufficiently for easy threshing. After harvesting, the seeds were properly cleaned, and yield was recorded on a plot basis in kilograms per plot. The recorded data were then converted into yield per hectare (kg/ha) for statistical analysis.
3. Result and discussion
      The results presented in Table 3 indicated that the lowest white rust disease intensity at all growth stages (50, 60, 70, 80 and 90 days after sowing) was recorded in the crop sown during the first week of October. At this sowing date, disease intensity was 7.21%, 13.41%, 19.75%, 29.53% and 38.13% at 50, 60, 70, 80 and 90 DAS, respectively.The second most effective treatment was sowing in the third week of October, which showed disease intensities of 15.45%, 24.53%, 35.45%, 38.58% and 46.22% at 50, 60, 70, 80 and 90 DAS, respectively. In contrast, the highest disease intensity was observed in the crop sown during the third week of November, with values of 38.42%, 44.64%, 51.34%, 55.17% and 61.40% at 50, 60, 70, 80 and 90 DAS, respectively. This was followed by the first week of November, which recorded disease intensities of 31.48%, 36.42%, 43.08%, 47.10% and 54.47% at the corresponding growth stages. Overall, the lowest mean disease intensity at 50 DAS was recorded in the first week of October (7.21%), followed by the third week of October (15.45%) and the first week of November (31.48%). At 90 DAS, the highest mean disease intensity was observed in the third week of November-sown crop (61.40%), as shown in Table 3.

Table 3: Effect of different sowing dates on disease intensity of white rust and seed yield in mustard
	Treatments
	Per cent disease intensity (PDI)
	Mean
	Seed yield (kg/ha)

	
	50 DAS
	60 DAS
	70 DAS
	80 DAS
	90 DAS
	
	

	1st week of October
	15.58 (7.21)
	21.48 (13.41)
	26.39 (19.75)
	32.92 (29.53)
	38.13 (38.13)
	26.90 (21.61)
	1248a

	3rd week of October
	23.15
(15.45)
	29.69
(24.53)
	36.54
(35.45)
	38.40
(38.58)
	42.83
(46.22)
	34.12
(32.05)
	1130a

	1st week of November
	34.13
(31.48)
	37.12
(36.42)
	41.02
(43.08)
	43.34
(47.10)
	47.56
(54.47)
	40.63
(42.51)
	950b

	3rd week of November
	38.31
(38.42)
	41.92
(44.64)
	45.77
(51.34)
	47.97
(55.17)
	51.59
(61.40)
	45.11
(50.19)
	774c

	S.Em, ±
	1.14
	1.24
	1.38
	1.47
	1.55
	-
	42.91

	CD at 5%
	3.52
	3.83
	4.24
	4.52
	4.78
	-
	132.22

	CV %
	9.18
	8.54
	8.22
	8.06
	7.71
	-
	9.36


 *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

      The data presented in Table 3 indicated significant variation in the mean percent disease intensity of white rust in mustard across different sowing dates. The lowest mean disease intensity was recorded in the crop sown during the first week of October (21.61%), followed by the third week of October with a disease intensity of 32.05%.
      In contrast, the highest mean disease intensity (50.19%) was observed in the crop sown during the third week of November, which was followed by the first week of November with a mean disease intensity of 42.51% (Table 3).
      Overall, a progressive increase in white rust intensity was observed with delayed sowing from October to November. This trend suggests that late-sown crops experienced more severe disease development, possibly due to the greater availability of inoculum and favourable environmental conditions for pathogen multiplication. In addition, the carryover of inoculum from early-sown to late-sown crops may have contributed to increased disease build-up, resulting in higher disease severity in later sowing dates.
      Significant differences in seed yield of mustard were observed among different sowing dates, as presented in Table 3. The highest mean seed yield (1248 kg/ha) was recorded in the crop sown during the first week of October, which was statistically at par with the third week of October (1130 kg/ha).In contrast, the lowest mean seed yield was obtained in the crop sown during the third week of November (774 kg/ha), followed by the first week of November (950 kg/ha). A clear reduction in seed yield was observed with delayed sowing from the first week of November to the third week of November. The higher yield in early-sown crops may be attributed to lower white rust disease intensity, which favoured better crop growth and development. Conversely, the decline in seed yield under late sowing conditions was closely associated with increased disease severity, indicating an inverse relationship between white rust intensity and mustard productivity.
       It can be concluded from the present study that a delay in the sowing of mustard progressively increased the intensity of white rust disease, which ultimately led to a significant reduction in seed yield.. 
      Dange et al. (2003) studied the influence of different sowing dates on the severity of white rust in mustard. They reported that early sowing of mustard variety GM-1 on 5th October resulted in comparatively lower disease severity (25.33%), whereas the highest severity (54.50%) was observed in the crop sown on 25th November. Similarly, mustard variety Varuna sown on 5th October showed reduced disease severity (31.08%), while the maximum severity (60.00%) occurred in the 25th November sowing. They also reported higher grain yield under early sowing conditions compared to late sowing during November.
      Kumar (2009) also reported that the severity of white rust in mustard was significantly influenced by sowing time. Crops sown in October exhibited the lowest disease intensity on leaves (12.5%) and minimal stag head infection (0.3%). In contrast, delayed sowing led to an increase in both foliar infection and stag head formation. The highest seed yields of 1639 kg/ha, 1593 kg/ha, and 1250 kg/ha were recorded in crops sown on October 15, October 1, and October 15 during the seasons 2001–02, 2002–03, and 2003–04, respectively.
      Alam and Ahmed (2015) evaluated the effect of different planting dates on mustard seed yield. The study included five sowing dates, namely 25th October, 30th October, 5th November, 10th November and 15th November. Among these, sowing on 30th October resulted in the highest seed yield of 1.5 t/ha, indicating it as the most suitable planting time under the given conditions.
      Magar et al. (2017) conducted a field experiment on mustard cultivar Pusa Bold using five different sowing dates. Their findings showed that the crop sown on 1st October recorded the lowest disease incidence (15.84%) and severity (12.75%). In contrast, higher disease incidence (34.10% and 28.24%) and severity (17.59% and 14.59%) were observed in late-sown crops on 15th November and 1st November, respectively. Stag head incidence was highest (6.70%) in the 1st October sowing with a severity of 14.62%, whereas the lowest incidence (7.08%) with 18.95% severity was recorded in the 1st November sowing.
      Similarly, Yadav et al. (2023) studied eight sowing dates ranging from 1st October to 10th December in mustard variety Varuna during the Rabi season. They reported that the highest white rust severity (20.10%) and apparent infection rate (0.44) were observed in the 30th November and 10th December sowings, respectively. In contrast, the lowest disease severity (0.00%) and infection rate (0.38) were recorded in crops sown on 1st October and 10th October, respectively, indicating reduced disease development under early sowing conditions.
Conclusion 
      Early sowing of mustard (during the first week of October) is considered ideal for escaping white rust disease and achieving higher yield, as the prevailing weather conditions during this period are generally unfavorable for disease development at the crop’s vulnerable growth stages.
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