


Effect of Different Levels of Nitrogen and Sulphur on yield, quality and Economics of Indian Mustard (Brassica juncea L.)



ABSTRACT
A field experiment entitled “Effect of Different Levels of Nitrogen and Sulphur on yield, quality and Economics of Indian Mustard (Brassica juncea L.)” was carried out at the Agronomy Research Farm of S.D.J. Post Graduate College Chandeshwar, Azamgarh affiliated with Veer Bahadur Singh Purvanchal University, Jaunpur (U.P.) during Rabi (winter) seasons of 2020-21 and 2021-22. The experiment comprised of four nitrogen levels (0, 40, 80 and 120 kg ha-1) and four sulphur levels (0, 15, 30 and 45 kg ha-1) tested in Randomized Block Design and replicate three times. The result revealed that the seed yield (23.11and 23.15 q ha-1), stover yield (78.79 and 79.2 q ha-1), harvest index (22.66 and 23.57%) and quality attributes viz., oil content (39.88 and 41.47%), Iodine value (106.8 and 111.07) was recorded at 120 kg N ha-1. In case of sulphur application, the maximum seed yield (21.34 and 21.49 q ha-1) and stover yield (73.5and 73.47 kg ha-1) and harvest index (22.64 and 23.55%) and quality attributes like oil content (40.7 and 42.33%), Iodine value (105.85 and 110.08) was recorded at 45kg S ha-1. The combination of 120 kg N with 45 kg S ha-1 proved to be cast effective leading to increased net return and higher B:C ratio (2.85 and 3) compared to other nitrogen and sulphur level in both year (2020-21 and 2021-22).  It may be concluded that 120 kg N with 45kg S ha-1 is possible to produce more yield, better quality and cost effective in mustard crops under the agro-climatic condition of Eastern U.P.
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INTRODUCTION
Indian mustard (Brassica juncea L.) is an essential oilseed crop, which widely cultivated for edible oil, rich in essential fatty acids. The yield and quality of mustard are closely linked to the availability of key nutrients, particularly nitrogen (N) and sulphur (S). Nitrogen is essential for plant growth, as it is a component of amino acids, chlorophyll, enzymes and proteins. It improves the vegetative growth and photosynthesis, but a deficiency tends to stunted growth and decrease yield, while excess amount of nitrogen can lead lodging and delayed maturity (Ladha et al., 2005; Sharma et al., 2013). Optimizing nitrogen application is essential for better yield. Sulphur, although required in smaller amounts, is also important for mustard. It is involved in the synthesis of amino acids, coenzymes, vitamins, and play a key role for plant growth and stress resistance. The sulphur deficiency leads to reduced poor growth, chlorosis, and oil content in seeds, at the end lowering both yield and quality (Saha et al., 2022). Furthermore, sulphur plays a role in enhancing nitrogen uptake and reducing nitrogen leaching, making it critical for balanced fertilization (Rashid et al., 2017). An optimal balance of nitrogen and sulphur is necessary to maximize mustard growth and oil quality. This study aims to investigate the effects of varying nitrogen and sulphur levels on mustard’s growth, yield, and oil content. The objective is to identify the optimal nutrient combination to improve both productivity and seed quality (Fageria et al., 2010). The findings will provide valuable insights into nutrient management strategies that can enhance the sustainability and profitability of mustard cultivation.
MATERIALS AND METHODS
	A field experiment was carried out to “Effect of Different Levels of Nitrogen and Sulphur on yield, quality and Economics of Indian Mustard (Brassica juncea L.)” was carried out at the Agronomy Research Farm of S.D.J. Post Graduate College Chandeshwar, Azamgarh affiliated with Veer Bahadur Singh Purvanchal University, Jaunpur (U.P.) during Rabi (winter) seasons of 2020-21 and 2021-22.  The soil of experimental field was Clay loam in texture, and having pH of 8.20 determined in a 1:2.5 soil-to-water suspension, EC 0.35 dS/m, organic carbon 3.7%, available nitrogen 194.25 kg/ha, available phosphorus 18.0 kg/ha., available potassium 250.25 kg/ha and available sulphur 10.50 kg/ha The experiment comprised of four nitrogen levels (0, 40, 80 and 120 kg ha-1) and four sulphur levels (0, 15, 30 and 45 kg ha-1) tested in Randomized Block Design with three replications. Nitrogen and sulphur were supplied through urea and single super phosphate respectively. As per treatment half dose of nitrogen and full dose sulphur was applied as basal dressing. The remaining half dose of nitrogen was applied after first irrigation. Full dose of P and K was applied at the time of sowing. The crop was timely sown. The yield was recorded at harvest, quality parameters and economics was recorded after harvesting.
RESULTS AND DISCUSSION
Effect of nitrogen and sulphur on yields of mustard
Seed Yield (q ha⁻¹)
Nitrogen application significantly increased seed yield during both years of experimentation (2020–21 and 2021–22). The highest seed yield (23.11 and 23.15 q ha⁻¹) was recorded with the application of 120 kg N ha⁻¹, whereas the lowest seed yield was observed under control (0 kg N ha⁻¹). The increase in seed yield with higher nitrogen levels may be attributed to improvement in yield attributes such as number of siliqua per plant, seeds per siliqua and test weight, along with enhanced photosynthetic efficiency. This leads to greater accumulation and efficient partitioning of assimilates towards reproductive organs. These findings are in agreement with Jat et al. (2020) and Kumar et al. (2018).
Similarly, sulphur application significantly enhanced seed yield. The maximum seed yield (21.34 and 21.49 q ha⁻¹) was recorded under 45 kg S ha⁻¹, while the lowest was observed under control. The increase in seed yield with sulphur application may be due to improved nutrient utilization, enhanced synthesis of proteins and oils, and better source–sink relationship. Sulphur plays a vital role in oilseed crops, particularly in increasing seed size and development. These results are in conformity with Aulakh and Malhi (2017) and Verma et al. (2021).
Table 1: Effect of nitrogen and sulphur on yields of mustard
	 
	Seed yield (q ha-1)
	Stover yield (q ha-1)

	
	2020-21
	2021-22
	2020-21
	2021-22

	Nitrogen levels (kg ha-1)

	0
	15.86
	15.97
	55.98
	56.35

	40
	17.82
	17.94
	61.69
	62.75

	80
	21.01
	21.15
	72.14
	72.63

	120
	23.11
	23.15
	78.79
	79.2

	CD (p=0.05)
	0.81
	0.84
	2.58
	2.93

	Sulphur (kg ha-1)

	0
	17.34
	17.45
	60.86
	61.27

	15
	18.58
	18.71
	64.24
	65.18

	30
	20.55
	20.56
	70
	71.11

	45
	21.34
	21.49
	73.5
	73.47

	CD (p=0.05)
	1.05
	1.09
	3.33
	3.78




Stover Yield (q ha⁻¹)
Stover yield was also significantly influenced by nitrogen levels. The highest stover yield (78.79 and 79.20 q ha⁻¹) was recorded with 120 kg N ha⁻¹, while the lowest was recorded under control treatment. The increase in stover yield may be attributed to enhanced vegetative growth, increased plant height, leaf area and biomass accumulation due to higher nitrogen availability. Nitrogen promotes vigorous plant growth, resulting in higher dry matter production.
Sulphur application also significantly increased stover yield. The maximum stover yield (73.50 and 73.47 q ha⁻¹) was recorded with 45 kg S ha⁻¹. This increase may be due to improved metabolic activity, enhanced chlorophyll synthesis and better nutrient uptake, leading to increased biomass production. Similar findings were reported by Aulakh and Malhi (2017).
Harvest Index (%)
Nitrogen application showed a slight increase in harvest index; however, the effect was statistically non-significant during both years. The harvest index ranged from 22.14 to 22.66% in 2020–21 and 23.02 to 23.57% in 2021–22. The non-significant variation indicates that both economic yield (seed yield) and biological yield increased proportionately with nitrogen application.
Similarly, sulphur application also showed a marginal increase in harvest index, but the effect was non-significant. This suggests that sulphur improved overall plant growth without disproportionately affecting partitioning of assimilates between seed and stover.
Table 2: Effect of nitrogen and sulphur on harvest index (%) of mustard
	Harvest index (%)

	 
	2020-21
	2021-22

	Nitrogen levels (kg ha-1)

	0
	22.14
	23.02

	40
	22.29
	23.18

	80
	22.56
	23.46

	120
	22.66
	23.57

	CD (p=0.05)
	N.S.
	N.S.

	Sulphur (kg ha-1)

	0
	22.21
	23.1

	15
	22.33
	23.23

	30
	22.46
	23.36

	45
	22.64
	23.55

	CD (p=0.05)
	N.S.
	N.S.





Effect of nitrogen and sulphur on quality of mustard
Oil Content (%)
Oil content decreased slightly with increasing levels of nitrogen, although the effect was statistically non-significant. The highest oil content (41.08 and 42.72%) was recorded under control (0 kg N ha⁻¹), while the lowest was observed under 120 kg N ha⁻¹. This reduction may be due to increased protein synthesis at higher nitrogen levels, resulting in a dilution effect on oil content. In contrast, sulphur application showed a slight increase in oil content, with maximum values (40.70 and 42.33%) recorded at 45 kg S ha⁻¹. This improvement may be attributed to the role of sulphur in fatty acid synthesis and oil formation. However, the differences were non-significant. These findings are supported by Singh et al. (2019).
Table 3: Effect of nitrogen and sulphur on quality of mustard
	 
	[bookmark: RANGE!C77]Oil content (%)
	Iodine value

	
	2020-21
	2021-22
	2020-21
	2021-22

	Nitrogen levels (kg ha-1)

	0
	41.08
	42.72
	103.68
	107.82

	40
	40.68
	42.3
	104.7
	108.89

	80
	40.28
	41.89
	105.83
	110.06

	120
	39.88
	41.47
	106.8
	111.07

	CD (p=0.05)
	N.S.
	N.S.
	N.S.
	N.S.

	Sulphur (kg ha-1)

	0
	40.2
	41.81
	104.53
	108.71

	15
	40.4
	42.02
	105.05
	109.25

	30
	40.6
	42.22
	105.58
	109.8

	45
	40.7
	42.33
	105.85
	110.08

	CD (p=0.05)
	N.S.
	N.S.
	N.S.
	N.S.




Iodine Value
The iodine value showed an increasing trend with increasing levels of nitrogen, although the differences were statistically non-significant. The highest iodine value (106.80 and 111.07) was recorded with 120 kg N ha⁻¹. This may be due to improved fatty acid composition under higher nitrogen availability.
Similarly, sulphur application also increased iodine value, with maximum values (105.85 and 110.08) recorded at 45 kg S ha⁻¹. The increase may be attributed to enhanced metabolic activity and improved synthesis of unsaturated fatty acids. However, the effect remained non-significant.
Economics (Cost, Return and B:C Ratio)
The economic analysis revealed that nitrogen and sulphur application significantly influenced profitability. The cost of cultivation increased slightly with increasing fertilizer levels; however, gross return, net return and benefit–cost ratio increased substantially. The highest gross return (₹141,704 and ₹147,394 ha⁻¹), net return (₹104,854 and ₹110,544 ha⁻¹) and B:C ratio (2.85 and 3.00) were recorded under the combined application of 120 kg N ha⁻¹ and 45 kg S ha⁻¹ (N₃S₃).
Table 4: Effect of nitrogen and sulphur on economics of mustard
	Treatment
	Cost of cultivation
	Gross return
	Net Return
	                  B:C Ratio

	
	
	(Rs. /ha)
	(Rs. /ha)
	

	
	
	2020-21
	2021-22
	2020-21
	2021-22
	2020-21
	2021-22

	N0S0
	35,050
	81245.8
	84521.3
	46,196
	49,471
	1.32
	1.41

	N0S1
	35,170
	90618.7
	94232.9
	55,449
	59,063
	1.58
	1.68

	N0S2
	35,290
	105203
	109435
	69,913
	74,145
	1.98
	2.1

	N0S3
	35,410
	114712
	119284
	79,302
	83,874
	2.24
	2.37

	N1S0
	35,530
	86959.6
	90459.5
	51,430
	54,930
	1.45
	1.55

	N1S1
	35,650
	98446.7
	102398
	62,797
	66,748
	1.76
	1.87

	N1S2
	35,770
	114247
	118817
	78,477
	83,047
	2.19
	2.32

	N1S3
	35,890
	123787
	128805
	87,897
	92,915
	2.45
	2.59

	N2S0
	36,010
	92978.4
	96704.1
	56,968
	60,694
	1.58
	1.69

	N2S1
	36,130
	104570
	108747
	68,440
	72,617
	1.89
	2.01

	N2S2
	36,250
	121310
	126161
	85,060
	89,911
	2.35
	2.48

	N2S3
	36,370
	133178
	138480
	96,808
	1,02,110
	2.66
	2.81

	N3S0
	36,490
	98329.6
	102281
	61,840
	65,791
	1.69
	1.8

	N3S1
	36,610
	112022
	116481
	75,412
	79,871
	2.06
	2.18

	N3S2
	36,730
	129903
	135088
	93,173
	98,358
	2.54
	2.68

	N3S3
	36,850
	141704
	147394
	1,04,854
	1,10,544
	2.85
	3



The increase in economic returns may be attributed to higher seed and stover yield, better nutrient use efficiency and improved crop performance. The results indicate that balanced application of nitrogen and sulphur is economically viable and profitable. These findings are in line with Meena et al. (2018) and Sharma et al. (2021).
Interaction Effect of Nitrogen and Sulphur
The interaction between nitrogen and sulphur showed a synergistic effect on yield and economics. The combined application resulted in better performance compared to individual applications. Sulphur enhances nitrogen use efficiency by improving protein synthesis and metabolic activity, which leads to better utilization of applied nitrogen. Thus, the combined application of nitrogen and sulphur improves assimilate partitioning, enhances crop productivity and increases profitability.
CONCLUSION
The study revealed that nitrogen and sulphur significantly improved yield and economics of Indian mustard (Brassica juncea L.). Application of 120 kg N ha⁻¹ and 45 kg S ha⁻¹ recorded the highest seed and stover yield along with maximum profitability. Quality parameters remained largely unaffected, though oil content decreased slightly with higher nitrogen and improved with sulphur. Overall, balanced application of nitrogen and sulphur proved most effective for enhancing productivity and profitability of mustard.
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Fig 3: Effect of nitrogen and sulphur on quality of mustard

Oil content (%)	2020-21	Nitrogen levels (kg ha-1)	0	40	80	120	Sulphur (kg ha-1)	0	15	30	45	41.08	40.68	40.28	39.880000000000003	40.200000000000003	40.4	40.6	40.700000000000003	Oil content (%)	2021-22	Nitrogen levels (kg ha-1)	0	40	80	120	Sulphur (kg ha-1)	0	15	30	45	42.72	42.3	41.89	41.47	41.81	42.02	42.22	42.33	Iodine value	2020-21	Nitrogen levels (kg ha-1)	0	40	80	120	Sulphur (kg ha-1)	0	15	30	45	103.68	104.7	105.83	106.8	104.53	105.05	105.58	105.85	Iodine value	2021-22	Nitrogen levels (kg ha-1)	0	40	80	120	Sulphur (kg ha-1)	0	15	30	45	107.82	108.89	110.06	111.07	108.71	109.25	109.8	110.08	



Fig 4: Effect of nitrogen and sulphur on economics of mustard

 B:C Ratio	2021-22	N0S0	N0S1	N0S2	N0S3	N1S0	N1S1	N1S2	N1S3	N2S0	N2S1	N2S2	N2S3	N3S0	N3S1	N3S2	N3S3	1.41	1.68	2.1	2.37	1.55	1.87	2.3199999999999998	2.59	1.69	2.0099999999999998	2.48	2.81	1.8	2.1800000000000002	2.68	3	 B:C Ratio	2020-21	N0S0	N0S1	N0S2	N0S3	N1S0	N1S1	N1S2	N1S3	N2S0	N2S1	N2S2	N2S3	N3S0	N3S1	N3S2	N3S3	1.32	1.58	1.98	2.2400000000000002	1.45	1.76	2.19	2.4500000000000002	1.58	1.89	2.35	2.66	1.69	2.06	2.54	2.85	




Fig 1: Effect of nitrogen and sulphur on yields of mustard

Seed yield (q/ha)	2020-21	Nitrogen levels (kg/ha)	0	40	80	120	Sulphur (kg/ha)	0	15	30	45	15.86	17.82	21.01	23.11	17.34	18.579999999999998	20.55	21.34	Seed yield (q/ha)	2021-22	Nitrogen levels (kg/ha)	0	40	80	120	Sulphur (kg/ha)	0	15	30	45	15.97	17.940000000000001	21.15	23.15	17.45	18.71	20.56	21.49	Stover yield (q/ha)	2020-21	Nitrogen levels (kg/ha)	0	40	80	120	Sulphur (kg/ha)	0	15	30	45	55.98	61.69	72.14	78.790000000000006	60.86	64.239999999999995	70	73.5	Stover yield (q/ha)	2021-22	Nitrogen levels (kg/ha)	0	40	80	120	Sulphur (kg/ha)	0	15	30	45	56.35	62.75	72.63	79.2	61.27	65.180000000000007	71.11	73.47	



Fig 2: Effect of nitrogen and sulphur on harvest index (%) of mustard

Harvest index (%)	2020-21	Nitrogen levels (kg/ha)	0	40	80	120	Sulphur (kg/ha)	0	15	30	45	22.14	22.29	22.56	22.66	22.21	22.33	22.46	22.64	Harvest index (%)	2021-22	Nitrogen levels (kg/ha)	0	40	80	120	Sulphur (kg/ha)	0	15	30	45	23.02	23.18	23.46	23.57	23.1	23.23	23.36	23.55	






