RESPONSE OF INDIAN MUSTARD TO DIFFERENT LEVELS OF NITROGEN AND SULPHUR UNDER IRRIGATED CONDITIONS IN AGRA REGION
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The present investigation entitled “Response of Indian Mustard to Different Levels of Nitrogen and Sulphur under Irrigated Conditions in Agra region” was conducted during the rabi season of 2024–25 at the Agricultural Research Farm, R.B. (PG) College, Agra (U.P.), using a Factorial Randomized Block Design (FRBD) with nine treatment combinations, involving three nitrogen levels (0, 60, and 80 kg/ha) and three sulphur levels (0, 30, and 40 kg/ha), replicated thrice. The objective was to study the impact of different nitrogen and sulphur combinations on growth, yield and yield attributes, of mustard. The results revealed that the treatment comprising 80 kg N and 40 kg S/ha (T8) significantly enhanced plant height, number of branches and leaves, and reduced days to flowering and maturity. Yield-contributing traits such as number of siliqua per plant (331.97), seeds per siliqua (83.20), and test weight (5.000 g) were highest in T8, resulting in the maximum seed yield (41.582 q/ha). Thus, the integrated application of nitrogen and sulphur at 80:40 kg/ha proved to be the most productive and productivity efficient treatment for mustard cultivation in India.
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INTRODUCTION     
             Mustard (Brassica spp.) stands as one of the primary oilseed crops, offering immense value for global food security, industrial processing, and agricultural sustainability. As a member of the Brassicaceae family, mustard is extensively grown in temperate regions and forms a backbone for the edible oil industry, especially in countries like India, China, Canada, and several European nations. Mustard oil, with its high nutritional and medicinal properties, is widely preferred in culinary practices and traditional medicine (Kumar et al., 2020). “The oilseeds have an important place in Indian agriculture next to cereal crops. India grows oilseeds on 12–15% of the world’s total area, but its production accounts for less than 6–7% of global output, which is insufficient to feed roughly 16% of the world's population” (Nandani et al., 2024). “Indian mustard, a key winter oilseed crop, is the second most significant edible oilseed in India, contributing 27.8% to the nation's oilseed economy, after soybean, and ranks third in global rapeseed mustard production” (Anonymous, 2020; Patel et al., 2020). Mustard cultivation in India spans 6.15 mha, yielding approximately 8.3 MT at an average productivity of 1,349 kg ha-1. In Madhya Pradesh, mustard is grown with an average yield of 1,343 kg ha-1. Nitrogen is the most critical macronutrient influencing plant growth and development. It is a primary constituent of chlorophyll, amino acids, nucleic acids, and plant hormones. The availability of nitrogen directly affects photosynthetic efficiency, cell division, and protein synthesis, all of which cumulatively determine the vegetative vigor and reproductive success of a crop (Singh et al., 2021). Sulphur, though required in lesser quantities compared to nitrogen, is equally indispensable for the optimal growth and yield of oilseed crops. It is a component of several vital amino acids like cysteine and methionine, vitamins (e.g., biotin, thiamine), and coenzymes (Yadav et al., 2018). In mustard, balanced application of nitrogen and Sulphur has been found to significantly increase the number of siliquae per plant, seeds per siliqua, seed weight, and overall biomass. Field experiments indicate that Sulphur not only improves yield components but also supports the efficient partitioning of assimilates towards seed production (Tomar & Tiwari, 2020). The intensive cultivation practices adopted over the years, coupled with insufficient and imbalanced fertilizer use, have led to widespread soil nutrient depletion, particularly of secondary nutrients like Sulphur. Mustard farmers, often unaware of the importance of Sulphur, apply only nitrogen and phosphorus fertilizers, leading to nutrient imbalances that limit crop potential (Das et al., 2022). Although extensive work has been done separately on nitrogen and Sulphur nutrition in mustard, the integrated effects of these two nutrients under varying agro-climatic conditions, different soil types, and cropping systems are still under-researched. Moreover, there is limited understanding of the physiological and biochemical mechanisms underlying nitrogen-Sulphur synergy in mustard plants. This study, therefore, seeks to bridge this knowledge gap by systematically evaluating the individual and combined effects of nitrogen and Sulphur on mustard growth, yield attributes, seed quality, and soil fertility status. The findings are expected to contribute towards formulating precise nutrient management strategies, ensuring higher and sustainable yields of mustard while maintaining environmental health.
MATERIAL AND METHODS:
    This study, conducted during the Rabi season 2024-2025 at the Agricultural Research Farm of R.B. (P.G.) College, Agra. The research farm is situated near Mudi Crossing, about 20 km from Agra city, at latitude of 27.02° N, longitude of 77.99° E, and an altitude of 168 meters above mean sea level. During the hottest months of May and June, the average maximum temperature ranges from 40°C to 45°C, while in the coldest months of December and January, temperatures can drop to around 4°C to 8°C, with frost being a common occurrence during this period. Using a Factorial Randomized Block Design (FRBD) with nine treatment combinations, involving three nitrogen levels (0, 60, and 80 kg/ha) and three sulphur levels (0, 30, and 40 kg/ha) in three replication. The observations on the growth yield and yield attributes parameters of the mustard crop were systematically recorded under the following subheads. Plant height (cm), Number of primary and secondary branches per plant, Days to maturity, Number of leaves, Days to 50% flowering, Number of siliquae per plant, Number of seeds per siliqua, Test weight, Seed yield per plant.

Table: 1. Experiment details
	Experimental design
	Factorial Randomized Block Design

	Treatments
	9

	Replication
	3

	Nitrogen level
	N0 (0 kg/ha), N60 (60 kg/ha), N80 (80 kg/ha)

	Sulphur levels
	S0 (0 kg/ha), S30 (30 kg/ha), S40 (40 kg/ha)

	Total number of plots
	27

	Each plot size
	12 m2

	Source of Nitrogen (N) fertilizer
	Urea

	Source of Sulphur (S) fertilizer
	Bentonite, Sulphur

	Variety
	Radhika



	Treatments
	Symbols
	Plant height (cm)
	Number of branches per plant
	Number of leaves
	Days to 50 %   flowering
	Days to maturity
	Number of siliqua per plant
	Number of seeds per siliqua
	Test weight (g per 1000 seeds)
	Seed yield (kg/ha)

	
	
	30 DAS
	60 DAS
	90 DAS
	120 DAS
	30 DAS
	60 DAS
	90 DAS
	120 DAS
	30 DAS
	60 DAS
	90 DAS
	
	
	
	
	
	

	T0
	N0 S0
	13.27
	119.20
	181.27
	177.40
	2.23
	2.40
	2.53
	10.33
	6.07
	6.67
	6.67
	45.00
	133.67
	109.033
	58.667
	3.767
	1,441.44

	T1
	N0 S30
	104.07
	156.27
	184.60
	15.27
	3.67
	4.53
	4.47
	10.43
	16.07
	18.53
	22.00
	44.00
	131.67
	132.533
	59.933
	3.733
	1,563.55

	T2
	N0 S40
	162.67
	160.27
	14.47
	131.53
	7.87
	9.07
	10.80
	10.93
	17.73
	19.53
	20.00
	41.67
	130.67
	122.867
	64.133
	4.2
	1,414.11

	T3
	N60 S0
	164.20
	14.60
	122.00
	181.67
	2.27
	2.53
	3.07
	10.73
	6.40
	6.53
	6.73
	41.00
	130.33
	215.2
	61.467
	4.4
	1,651.22

	T4
	N60 S30
	13.80
	130.27
	168.00
	185.53
	3.67
	4.73
	4.67
	11.00
	17.13
	22.00
	23.67
	39.33
	129.00
	202.8
	66.8
	4.833
	2,195.11

	T5
	N60 S40
	116.67
	173.87
	172.47
	14.47
	7.80
	9.80
	10.67
	12.60
	19.60
	19.67
	21.13
	38.67
	125.33
	178.867
	69.4
	4.6
	1,888.67

	T6
	N80 S0
	163.47
	176.47
	13.60
	126.33
	2.40
	2.60
	3.07
	12.37
	6.20
	6.67
	7.13
	37.00
	123.67
	205.8
	80.933
	4.7
	2,600.78

	T7
	N80 S30
	165.80
	14.87
	132.00
	167.87
	3.20
	4.00
	4.07
	13.80
	14.87
	21.33
	26.27
	38.00
	121.33
	285.8
	80.6
	4.9
	3,619.33

	T8
	N80 S40
	13.80
	133.53
	174.00
	173.67
	6.87
	8.53
	10.47
	14.40
	20.07
	19.90
	21.13
	36.33
	118.33
	331.967
	83.2
	5.0
	4,158.28

	 
	C.D.
	18.04
	11.02
	12.06
	16.61
	2.36
	2.17
	1.79
	1.45
	3.89
	3.09
	3.74
	2.78
	2.71
	46.791
	11.363
	0.772
	570.352

	 
	SE(m)
	5.97
	3.65
	3.99
	5.49
	0.78
	0.72
	0.59
	0.48
	1.29
	1.02
	1.24
	0.92
	0.90
	15.474
	3.758
	0.255
	188.62

	 
	SE(d)
	8.44
	5.15
	5.64
	7.77
	1.11
	1.01
	0.84
	0.68
	1.82
	1.45
	1.75
	1.30
	1.27
	21.88
	5.31
	0.36
	266.74

	 
	C.V.
	10.1
	5.26
	5.35
	7.30
	30.4
	23.1
	17.1
	7.03
	16.1
	11.3
	12.4
	3.96
	1.22
	13.51
	9.37
	9.91
	14.32

	




Table: 2. Effect of nitrogen, sulphur on growth and yield in Indian mustard.




RESULTS AND DISCUSSION
This study, conducted at conducted during the rabi season of 2024 - 2025 at the Agricultural Research Farm, R.B. (PG) College, Agra (U.P.). The effects of various treatments on crop growth and yield were statistically analyzed and are presented here. Key findings related to nitrogen requirements, nitrogen levels, and their interactions are discussed, focusing on statistically significant trends in the data.  The plant height in mustard was initially slow, with a rapid increase between 30 and 60 DAS. Among all treatments, the highest plant height at 30 DAS (165.80 cm) was recorded in T7 (N80 S30), while T6 (N80 S0) showed the maximum height at 60 DAS (176.47 cm). At 90 DAS, T1 (N0 S30) recorded the highest plant height (184.60 cm), and at 120 DAS, T4 (N60 S30) attained the maximum height (185.53 cm). In contrast, the control treatment T0 (N0 S0) consistently showed reduced growth throughout all stages. These findings are in line with Patel et al., (2024). Number of branches per plant proliferation at successive growth stages (30, 60, 90, and harvest) under varying N and S treatments. At 30 DAS, the highest number of branches (7.867) occurred under T2 (N0 S40), rising further to 9.800 in T5 (N60 S40) and peaking at 8.533 under T8 (N80 S40) by 60 DAS. By 90 DAS, treatments with 40 kg S (T2, T5, T8) showed the greatest branching (10.800, 10.667, and 10.467 respectively), while at harvest, T8 (N80 S40) achieved the most substantial branching with 14.400 branches per plant. Contrarily, the control (T0) remained markedly lower throughout. Similar results were reported by Pandey et al., (2024). Days to maturity in mustard under different nitrogen (N) and sulphur (S) treatments, demonstrating a clear trend: higher nutrient levels accelerated crop maturity. The control (T0: N0 S0) matured the latest at 133.67 days, whereas increasing N and S levels progressively shortened the maturity period - from 131.67 days in T1 (N0 S30) to just 118.33 days in T8 (N80 S40). Notably, the most rapid maturity was observed under the highest fertility treatment, indicating synergistic effects of high N (80 kg ha⁻¹) and S (40 kg ha⁻¹). These findings align with Dolaskar et al., (2024). The number of leaves per plant was significantly influenced by nitrogen and sulphur applications at successive crop growth stages. At 30 DAS, the control (T0: N0 S0) recorded the lowest number of leaves (6.07), while the maximum number was found under T8 (N80 S40) with 20.07 leaves, followed by T5 (N60 S40) and T2 (N0 S40), indicating the beneficial effect of sulphur even in the absence of nitrogen. Similar trends continued at 60 DAS, where T4 (N60 S30) and T7 (N80 S30) showed 22.00 and 21.33 leaves, respectively, and at 90 DAS, T7 recorded the highest number of leaves (26.27), followed by T4 (23.67). These results align with findings by Sharma et al., (2023). Days to 50% flowering in exhibit a clear trend. The control (T0: N0 S0) attained 50% flowering at 45.0 days, whereas treatments with higher nutrient supply flowered earlier - T1 (N0 S30) at 44.0 days, T2 (N0 S40) at 41.7 days, T3 (N60 S0) at 41.0 days, and further reductions were observed with combined N and S applications: T4 (N60 S30) at 39.3 days and T5 (N60 S40) at 38.7 days. The earliest flowering occurred under high-fertility treatments: T6 (N80 S0) at 37.0 days, T7 (N80 S30) at 38.0 days, and T8 (N80 S40) at 36.3 days. These findings reported by, Dubey et al., (2023), Verma and Singh (2024). The number of siliqua per plant under varying nitrogen (N) and sulphur (S) treatments .A clear upward trend is observed, with siliqua count rising significantly from the control (T0: N0 S0) at 109.03 siliqua per plant to a maximum of 331.97 siliqua in T8 (N80 S40). Treatments T7 (N80 S30) and T3 (N60 S0) also recorded high siliqua numbers (285.80 and 215.20, respectively). Similar findings were reported by Dongarkar et al., (2024). The number of seeds per siliqua, positive response to increasing nitrogen (N) and sulphur (S) levels. The control (T0: N0 S0) recorded 58.67 seeds per siliqua, which increased modestly with sulphur alone (e.g., T2: N0 S40 at 64.13 seeds). Notably, the combination of high N and S (T8: N80 S40) yielded the maximum of 83.20 seeds per siliqua, with T6 (N80 S0) and T7 (N80 S30) also showing substantial values of 80.93 and 80.60, respectively. Similar trends were observed by Godara et al., (2025). The Test weight (g) was significant influence of nitrogen and sulphur levels on control treatment (T0: N0 S0) recorded the lowest test weight of 3.767 g, whereas the maximum value of 5.000 g was observed in T8 (N80 S40), where the highest levels of both nutrients were applied. Intermediate treatments such as T4 (N60 S30) and T7 (N80 S30) also exhibited higher values of 4.833 g and 4.900 g, respectively. These findings are supported by Ali et al.,(2023),Sukirtee et al., (2022). The seed yield (kg/ ha⁻¹) of mustard as influenced by different levels of nitrogen and sulphur clear and progressive increase in seed yield was observed with increasing levels of nitrogen and sulphur. The minimum seed yield (1441.44 kg/ ha⁻¹) was recorded in the control treatment (T0: N0 S0), while the highest yield (4158.28 kg/ha) was obtained under treatment T8 (N80 S40). Treatments T7 (N80 S30) and T6 (N80 S0) also recorded higher yields of 3619.33 kg/ ha⁻¹ and 2600.78 kg/ ha⁻¹, respectively.These findings are consistent with the results reported by Bairwa et al., (2021), Meena et al., (2020).
Conclusion
The findings of the present study clearly demonstrate the beneficial, Integrated nutrient management using nitrogen and sulphur significantly improved growth parameters, yield attributes, and seed yield in mustard under the semi-arid conditions of Agra. Treatment T8 (80 kg N + 40 kg S ha⁻¹) recorded the highest seed yield (41.582 q/ ha⁻¹), number of siliqua (331.97), seeds per siliqua (83.20), and test weight (5.000 g), indicating superior productivity under combined N and S application. Plant growth (height, leaves, branching) and early flowering and maturity were markedly improved under integrated nutrient treatments, particularly in T8.
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