Effect of Nitrogen and Sulphur Fertilization on Growth, Yield, and Economics of Late-Sown Indian Mustard (Brassica juncea L.) under Central India Conditions 
 
 
 
Abstract 
The study investigated the impact of nitrogen and sulphur levels on the growth, yield, and economic performance of late-sown Indian mustard (Brassica juncea L.) in Bhopal, Madhya Pradesh. The experiment was conducted during the Rabi season of 2024-25 at the School of Agriculture, Sanjeev Agrawal Global Educational (SAGE) University, Bhopal. Eight treatment combinations were tested, with nitrogen levels (0, 40, 80, and 120 kg ha⁻¹) and sulphur levels (0 and 20 kg ha⁻¹). The results showed that both nitrogen and sulphur significantly influenced growth parameters, such as plant height, number of branches, and plant population. The combined application of 120 kg N ha⁻¹ and 20 kg S ha⁻¹ (Treatment T8) was the most effective in enhancing all observed parameters. The study also highlighted the importance of balanced nutrient management in optimizing nitrogen and sulphur use efficiency, improving economic returns, and maintaining soil health. The treatment resulted in the highest seed yield, straw yield, and net returns, with the best benefit-cost ratio. Soil analysis post-harvest revealed improved residual fertility in plots receiving higher doses of nitrogen and sulphur. 
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1. Introduction 	Comment by hp: Suggestion: Instead of listing, write a coherent literature review that specifically fills the research gap (late planting in Central India).
Indian mustard, a crucial winter rabi oilseed crop, is one of the world's largest mustard-growing countries, ranking first in area and third in production. It accounts for 28.6% of total oil seed crop production in India. Rapeseed and mustard are the world's third most significant oilseed crops, accounting for 28.6% of total oil seed crop production. Mustard is grown in Rajasthan, Gujarat, Madhya Pradesh, Uttarakhand, Uttar Pradesh, Bihar, West Bengal, and Assam. It is produced on an estimated 35.95 million hectares worldwide, with production and productivity of 71.49 million tonnes and 1990 kg ha-1. India heavily relies on these crops for edible oil, biofuels, medicinal uses, and animal feed (Chandrashekar et al., 2013). 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. 
Indian mustard thrives in loam soils with 25-40 cm rainfall, adapting well to tropical and temperate climates. It requires cool temperatures and follows the C3 carbon fixation pathway, achieving maximum photosynthetic efficiency at 15-20°C (Shekhawat et al., 2012). Fertilizers are crucial for crop productivity, especially in oilseeds with high nutrient demand. However, nutrient-use efficiency is low, with only 30-40% of applied fertilizers utilized and 60% lost. Less than 15% of nutrients are absorbed, with nitrogen being the most limiting factor due to high demand and soil deficiency in Indian soils (Hashem et al., 2014). 
The impact of nitrogen on mustard yield is evident in several growth parameters, such as an increase in stem length, number of branches, total plant weight, and seed production (Elewa et al., 2014). However, with only 30-40 % nitrogen-use efficiency, most applied nitrogen is lost through leaching, volatilization, and runoff, requiring better nitrogen management strategies. 
Leaf area index, crop growth rate, relative growth rate and dry matter per plant with corresponding increase in nitrogen level up to 150 kg ha-1 (Singh et al. 2010). The study found that nitrogen application increased plant height, branches, siliquae number, and seeds per siliqua, thousand seed weight, and siliqua length significantly over the control period from 50-150 kg ha-1(Keivanrad et al. 2012).  
Nitrogen doses from 60-140 kg ha-1 significantly improved pod characteristics in Muzaffarnagar, Kumar et al. 2012. Maximum plant height and yield attributes with 80 kg N ha-1, while Singh et al. 2008 and 2012) observed a 223% seed yield increase with 90 kg N ha-1 over control. Nitrogen application, achieving maximum nutrient content with 2g N pot-1 and optimal oil content with 1g N pot-1 , Kovacs et al. 2009.  
Research indicates that higher nitrogen application increases seed yield, with a maximum of 2.21 tons ha-1 at 180 kg N ha-1 (Solamani et al., 2015). The Mustard varieties, Pusa bold exhibited greater plant height, while RGN-73 had superior attributes including seed yield and heat use efficiency Lal et al. 2020. Indian mustard yield traits improved significantly with sulphur application up to 40 kg ha-1, leading to earlier flowering and podding, but maturity time remained unaffected (Kumar et al., 2008). 
Mustard cultivation, findings indicate the positive impact of sulfur fertilization on plant yield and development, Rahimi et al. 2012. The increasing sulfur levels from 30 to 45 kg ha-1 enhanced primary and secondary branching, forage yield, and plant height, Rajput et al. 2018. Demonstrated that sulfur application up to 60 kg ha-1 significantly improved yield attributes such as the number of siliquae per plant, siliqua length, seed numbers per siliqua, and test weight, Verma et al. 2020. Aapplication of zinc (10 kg ha-1) and sulfur (50 kg ha-1) seed germination and seedling vigor. Furthermore, Yadav et al. 2017. The sulfur application up to 60 kg ha-1 significantly boosted seed and stover yield, correlating with an increase in siliqua and seed weight per plant. 
The total biological, grain and straw yield and harvest index were significantly affected with different levels of sulphur. 60 kg ha-1 sulphur gave significantly higher total biological, grain and straw yield and harvest index as compared to 0, 20 and 40 kg ha-1 sulphur. The maximum grain yield with 60 kg ha-1 sulphur was primarily due to increased siliquae per plant, seed yield, and seed length, influenced by enhanced photosynthesis and carbohydrate metabolism, Singh et al. (2012b). 
Effect of different levels of nitrogen and sulphur on seed yield and other characters on ‘Pusa bold’ variety of Indian mustard and concluded that increasing the rates of nitrogen from 40 to 120 kg ha-1 and sulphur from 15 to 45 kg ha-1 increased siliquae per plant, siliquae length and number of seed siliquae-1, Kumar et al. (2016). Sulphur and nitrogen significantly affected growth and yield attributes of Indian mustard. Maximum plant height (155.9 cm), number of siliqua per plant (283.4) and number of seeds per siliqua (23.95) were recorded for treatment (60kg N ha-1 +120 kg S ha-1) that were statistically at par with (40kg N ha-1 +120 S ha-1) while minimum number of siliqua per plant and number of seeds per siliqua were recorded in case of control (0 N ha-1 +0 kg S ha-1) having the value of 226.2 and 12.62, respectively. 
In several studies on mustard cultivation, findings indicate the positive impact of sulfur fertilization on plant yield and development, Rahimi et al. 2012 noted that increasing sulfur levels from 30 to 45 kg ha-1 enhanced primary and secondary branching, forage yield, and plant height. Rajput et al. (2018) demonstrated that sulfur application up to 60 kg ha-1 significantly improved yield attributes such as the number of siliquae per plant, siliqua length, seed numbers per siliqua, and test weight, Verma et al. 2020.  Application of zinc (10 kg ha-1) and sulfur (50 kg ha-1) promoted optimal seed germination and seedling vigor.  
Results revealed that higher yield, higher available nutrient status in soil can be secured by the application of 75 kg N ha-1 along with 50 kg P2O5 ha-1 and 40 kg S ha-1 in loamy sand soil of North Gujarat Agro-climatic conditions, (Chauhan et al. 2020 and Kumar et al., 2011). Maximum net return of Rs 30941 ha-1 was registered with the application of 120kg N ha-1 +20 kg S ha-1. This gave the cost- profit ratio of 1:2.58. (Singh et al. 2017) from Varanasi, concluded that the benefit: cost ratio improved with increasing levels of sulphur application up to 40 kg S ha-1. Application of 40 kg S ha-1 recorded significantly higher B:C ratio (1.55) over control (1.04) followed by 20 kg S ha-1 (1.11). 
2. Materials and Methods 	Comment by hp: .1Soil type is not mentioned. The initial soil characteristics are not provided. Please add a subsection on “Experimental Soil’’ describing the initial physicochemical properties.
2. The statistical analysis method is not fully described (e.g., software name).
This study, conducted at the School of Agriculture, Sanjeev Agrawal Global Educational (SAGE) University College Campus farm in Bhopal, Madhya Pradesh, India, during the 2024-2025 rabi season, Field lying at a latitude of 22.63°N and longitude of 75.85°E, with an elevation of approximately 427-523 meters above mean sea level. The chapter outlines the materials and methods used in the experiment. The experimental plot covered a total area of 288 m², characterized by a relatively uniform topography, consistent soil fertility, and homogenous soil texture across the site. Investigated the response of late-sown mustard to nitrogen application. These attributes ensured the reliability of experimental observations and minimized variability due to edaphic factors. The Aashirwad variety is often used in research experiments to evaluate mustard's response to various treatments. The experiment was laid out in RBD (Factorial) in 03 replications. The details of layout plan and treatments are given as follows: 
Table 1: Experimental details. 
	S. No. 
	Experimental details 
	Treatments 

	1. 
	 Experimental design 
	 Randomized block design (RBD) 

	2. 
	 Number of treatments 
	 08 

	3. 
	 Replications 
	 03 

	4. 
	 Total number of plots 
	 24 

	5. 
	 Plot size, A) Gross plot 
	 5.00 m x 3.15 m 

	
	 B) Net plot 
	 4.00m x 3.00m 

	6. 
	 Method of sowing                                 
	 Line sowing 

	7. 
	 Crop 
	 Mustard 

	8. 
	 Variety 
	 Aashirwad 

	9. 
	 Recommended fertilizer dose 
	 60:30:20 kg NPK ha-1 

	10. 
	 Season 
	 Rabi-2024 


 
The city experiences average annual rainfall of 1146 mm, with significant rainfall during the monsoon season. Winters are relatively dry. The maximum temperature recorded during cropping can reach 38-40°C in March-May, while minimum temperatures can drop to 5-10°C in December-January. For specific temperature data during the 2024-25 Rabi season, detailed meteorological records are given in figure 1. 
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Fig 1. Weekly meteorological data from (Nov. 2024 to Mar. 2025). 
The observations on the growth and yield parameters of the mustard crop were systematically recorded under the following subheads. Plant population, Plant height (cm), Number of primary and secondary branches per plant, Number of siliquae per plant, Length of siliqua (cm), Number of seeds per siliqua, Test weight, Seed yield per plant, Yield, Harvest index, Seed yield per hectare, Stover yield per hectare, Harvest index (HI), Nitrogen and sulphur use efficiency Economic analysis, Cost of cultivation (per hectare), Gross monetary returns (per hectare), Net monetary returns (per hectare) and Benefit-Cost Ratio (per Rs. invested). 
3 Results and discussion 	Comment by hp: Please Strengthen the discussion. Relate the findings to physiological and biochemical foundations (e.g., the role of sulfur in protein synthesis and better nitrogen efficiency). Discuss further the lack of significance of the N and S interaction.
This study, conducted at SAGE college campus farm in Bhopal, Madhya Pradesh, during the 2024-25 rabi season, examined the response of late-sown mustard to application. The effects of various treatments on crop growth were statistically analysed and are presented here. Key findings related to nitrogen requirements nitrogen levels, and their interaction are discussed, focusing on statistically significant trends in the data. 
3.1 Plant population  
The study evaluated mustard plant populations across three growth stages: 10 days after sowing, 30 days after thinning, and at harvest. Sulphur application did not significantly affect early growth stages but demonstrated significant impact later, particularly after thinning and at harvest, with the highest population seen at 20 kg S ha⁻¹. Nitrogen application positively influenced plant populations, with optimal establishment at 120 kg N ha⁻¹. The lowest counts were under control nitrogen levels. No significant interaction was found between sulphur and nitrogen effects on plant population, indicating their individual roles in population dynamics. 
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Fig. 2 Mustard crop photo for different stage 
3.2 Number of primary and secondary branches plant 
The study evaluated how sulphur and nitrogen levels affect branch development in mustard plants. It found that applying sulphur significantly enhanced branch development, particularly in the treatment of 20 kg S ha⁻¹ + 120 kg N ha⁻¹ (T8), which produced the most branches. In contrast, the lowest branch counts occurred in the treatment without sulphur (T1). Nitrogen also positively influenced branch counts, with the highest observed in the 0 kg S ha-1 + 120 kg N ha⁻¹ treatment (T3). The interaction between sulphur and nitrogen was not significant, indicating that their individual effects were more impactful than any combined influence. 
3.3 Number of siliqua per plant: The study found that sulphur and nitrogen levels significantly influenced seed number per siliqua. The highest seed count was observed under 20 kg S ha⁻¹ with 80 kg N ha⁻¹ (T7), followed by 57.31 seeds under (T8). Nitrogen application also significantly influenced seed count, with 80 and 120 kg N ha⁻¹ resulting in higher seed numbers. 
 Length of siliqua (cm): The study found that sulphur and nitrogen levels significantly influenced the length of siliqua, with nitrogen increasing siliqua length, especially in treatments without sulphur.  
Number of seeds siliqua⁻¹: The study found that sulphur application significantly enhanced seed density in siliquae, especially when combined with nitrogen. The highest seed was observed in treatment (T8) 20 kg S ha-1 + 120 kg N ha-1, indicating a synergistic effect of nutrients on reproductive efficiency. Nitrogen alone did not significantly contribute to seed density. 
Test weight (g): The study found that higher nitrogen levels significantly improve seed weight, with treatments with 20kg S ha-1 + 120 kg N ha-1 achieving maximum seed weight of 3.25g. Even intermediate nitrogen levels were effective, and sulphur alone did not significantly affect seed weight unless combined with sufficient nitrogen. 
Seed yield per plant (g): The maximum yield was 2.97 g from treatment (T8) 20 kg S ha-1 + 120 kg N ha-1, followed by 2.59g and 2.17g. The highest yield was recorded in treatment (T4) 1.73g, while the lowest was 1.59g in the control (T1). The results emphasize the importance of balanced fertilization for optimal yield performance in mustard cultivation. 
3.4 Harvest index (%) 
The study found that sulphur application significantly influenced the harvest index (HI) in mustard, with the highest index (36.94%) observed under S1N2 (20 kg S ha⁻¹ + 120 kg N ha⁻¹). The lowest HI (26.83%) was recorded under the control treatment S0N0. The application of 20 kg S ha⁻¹ (S1) significantly improved the harvest index. However, differences among nitrogen treatments were not statistically significant. 
Table 2. Effect of Nitrogen levels on seed yield (q ha-1), stover yield (q ha-1) and harvest index (%) of mustard. 
	 
Treatment 
	No. of siliqua plant-1 
	Length of siliqua (cm) 
	No. of seeds siliqua-1 
	1000 seed weight 
(g) 
	Seed yield 
(g plant-1) 
	Seed yield (q ha-1) 
	Stover yield  
(q ha-1) 
	HI (%) 

	T1 (S0N0) 
	54.02 
	3.13 
	10.92 
	2.31 
	1.59 
	8.13 
	22.19 
	26.83 

	T2 (S0N1) 
	56.36 
	3.22 
	11.51 
	2.55 
	1.70 
	9.58 
	23.48 
	28.95 

	T3 (S0N2) 
	56.44 
	3.74 
	10.61 
	2.73 
	1.68 
	10.92 
	26.34 
	29.32 

	T4 (S0N3) 
	56.96 
	4.13 
	11.73 
	2.85 
	1.73 
	13.34 
	28.58 
	31.81 

	T5 (S1N0) 
	54.02 
	3.13 
	10.48 
	2.71 
	1.61 
	10.99 
	26.81 
	29.86 

	T6 (S1N1) 
	56.36 
	3.38 
	13.83 
	2.72 
	2.17 
	14.68 
	29.06 
	33.56 

	T7 (S1N2) 
	56.44 
	3.74 
	15.29 
	2.93 
	2.59 
	17.28 
	30.03 
	36.50 

	T8 (S1N3) 
	57.31 
	4.69 
	15.77 
	3.25 
	2.97 
	17.86 
	30.74 
	36.94 

	SEm ± 
	0.145 
	0.036 
	0.112 
	0.010 
	0.033 
	0.012 
	0.010 
	0.020 

	CD at 5% 
	0.443 
	0.110 
	0.342 
	0.029 
	0.100 
	0.038 
	0.031 
	0.060 

	S= Sulphur levels, N= Nitrogen levels, NS= Non –significant 
	 
	 
	 
	 


3.5 Nitrogen use efficiency  
The nitrogen use efficiency (NUE), represented as agronomic efficiency (AEN), and varied significantly across treatments. The highest NUE in treatments without sulphur (S0) was under T4 (S0N3), with 120 kg N ha-1 yielding an AEN of 0.0436 kg seed kg N-1. In contrast, sulphur-applied treatments (S1) exhibited notably higher NUE, peaking in T6 (S1N1) at 40 kg N ha-1 and 20 kg S ha-1, resulting in an AEN of 0.0923 kg kgN-1. T7 (S1N2) and T8 (S1N3) followed with AEN values of 0.0786 and 0.0547 kg kgN-1 respectively. These findings indicate that moderate nitrogen levels combined with sulphur improve NUE, while higher nitrogen doses are less efficient due to diminishing returns. 
Table 3: Nitrogen and Sulphur use efficiency under different treatments 
	Treatment 
	NUE 
 (kg grain kg-1 of N) 
	SUE 	Comment by hp: kg grain kg-1 of S
(kg grain kg-1 of N) 

	T1 (S0N0) 
	0 kg S ha-1 + 0 kg N/ha-1 
	NS 
	NS 

	T2 (S0N1) 
	0 kg S ha-1 + 40 kg N ha-1 
	0.036 
	NS 

	T3 (S0N2) 
	0 kg S ha-1 + 80 kg N ha-1 
	0.0349 
	NS 

	T4 (S0N3) 
	0 kg S ha-1 + 120 kg N ha-1 
	0.0436 
	NS 

	T5 (S1N0) 
	20 kg S ha-1 + 00 kg N ha-1 
	NS 
	60.00 

	T6 (S1N1) 
	20 kg S ha-1 + 40 kg N ha-1 
	0.0923 
	56.00 

	T7 (S1N2) 
	20 kg S ha-1 + 80 kg N ha-1 
	0.0786 
	71.50 

	T8 (S1N3) 
	20 kg S ha-1 + 120 kg N ha-1 
	0.0547 
	78.50 

	  S= Sulphur levels, N= Nitrogen levels, NS= Non –significant 
	 


3.6 Sulphur use efficiency 
The data indicates that sulphur use efficiency (SUE) in mustard cultivation varies significantly with different treatments of sulphur and nitrogen application. Treatments without sulphur (T1 to T4) registered a SUE of 0.00 kg grain kg⁻¹ of S. In contrast, treatments with sulphur application (T5 to T8, with 20 kg S ha-1) demonstrated increased SUE, peaking at 78.50 kg grain kg⁻¹ of S for T8 (20 kg S ha-1 + 120 kg N ha-1). This trend shows that higher nitrogen levels enhance the SUE, indicating a synergistic interaction between sulphur and nitrogen in boosting mustard yield efficiency. 
3.7 Economics of the different treatments 
The grain and straw return ha-1 was significantly influenced by different sulphur application. All the fertilizer treatments significantly increased the total returns in mustard. The data on cost of cultivation, gross monetary return, net return and BC ratio are presented in Table 6. 
3.8 Cost of cultivation: The cost of cultivation remained constant within each nutrient group. Treatments without sulphur (T1 to T4) had a uniform cost of ₹25,980 ha-1. On the other hand, treatments with sulphur (T5 to T8) showed a slightly higher cost of cultivation at ₹26,944 ha-1, due to the additional sulphur input. This marginal increase in investment was consistent across all sulphur-applied treatments, indicating that sulphur application added roughly ₹964 ha-1 to the overall cost. 
Gross return: Gross returns increased consistently with higher levels of nitrogen, and were significantly higher in sulphur-treated plots. The lowest gross return was recorded in T1 (₹51,737 ha-1) where no nutrients were applied. Among treatments without sulphur, gross returns ranged from ₹51,737 ha-1 (T1) to ₹62,940 ha-1 (T4). However, in sulphur-applied treatments, the returns were substantially higher, reaching a peak in T8 (₹95,124 ha-1), followed by T7 (₹93,521 ha-1). This demonstrates a clear advantage of integrating sulphur with nitrogen for enhancing crop value. 
Net return: Net returns, which represent actual profit after subtracting costs, followed the same trend as gross returns. The highest net return was achieved under T8 (₹68,180 ha-1), showing the best profitability. Treatments T7 and T6 also yielded high net profits of ₹66,577/ha and ₹48,789 ha-1 respectively. In contrast, the lowest net return of ₹25,767 ha-1 was observed in T1, the control treatment. These results show that nutrient management, especially with sulphur and nitrogen, greatly improves profitability in mustard farming. 
Benefit-Cost (B:C) Ratio: The B:C ratio, an indicator of return per rupee invested, ranged from 2.01 to 3.53. The highest B:C ratio was recorded in T8 (3.53), followed by T7 (3.47) and T6 (2.81), all of which had both sulphur and nitrogen applied. This clearly illustrates the economic efficiency of balanced nutrient application. The lowest B:C ratio was in T5 (2.01) and T1 (2.09), where either sulphur or nitrogen was missing. Thus, a combined application of both nutrients optimizes the return on investment in mustard cultivation. 
Table 4: Effect of Sulphur levels and Nitrogen levels on Cost of cultivation, Gross return, Net return and BC ratio of mustard. 
	Treatment 
	Cost of cultivation (Rs. ha-1 ) 
	Gross returns  
(Rs. ha-1 ) 
	Net returns  
(Rs. ha-1 ) 
	B:C ratio 

	T1 (S0N0) 
	25,980 
	51,737 
	25,767 
	2.09 

	T2 (S0N1) 
	25,980 
	57,296 
	31,326 
	2.21 

	T3 (S0N2) 
	25,980 
	60,138 
	34,168 
	2.32 

	T4 (S0N3) 
	25,980 
	62,940 
	36,970 
	2.42 

	T5 (S1N0) 
	26,944 
	54,233 
	27,286 
	2.01 

	T6 (S1N1) 
	26,944 
	75,733 
	48,789 
	2.81 

	T7 (S1N2) 
	26,944 
	93,521 
	66,577 
	3.47 

	T8 (S1N3) 
	26,944 
	95,124 
	68,180 
	3.53 

	SEm ± 
	NA 
	13.214 
	13.214 
	0.032 

	CD at 5% 
	NA 
	40.469 
	40.469 
	0.097 

	S= Sulphur levels, N= Nitrogen levels, NS= Non –significant 


3.9 Soil analysis under different treatments 
The study found that sulphur application significantly impacts soil nutrient content. Treatments with 20 kg S ha-1 (T5 to T8) showed higher levels of nitrogen, phosphorus, and potassium compared to those without sulphur. Treatment T8 had the maximum nutrient availability, while treatments without sulphur had lower concentrations. The study found that soil sulphur content varied significantly across different treatments, primarily influenced by sulphur application. Treatments with 20 kg S ha-1 (T5 to T8) had higher sulphur concentrations than those without sulphur application (T1 to T4). The highest sulphur content was found in sulphur-applied plots, while the lowest was in the control treatment without sulphur. Nitrogen application had no consistent effect on soil sulphur availability, with the maximum sulphur content found in T4 (0 kg S ha-1 + 120 kg N ha-1). 
Table 5: Effect of Sulphur and Nitrogen levels on available N, P, K, S (kg ha-1), organic carbon (%) and soil pH. 
	Treatment 
	Available N  
(kg ha-1) 
	Available P  
(kg ha-1) 
	Available K  
(kg ha-1) 
	Available 
S (kg ha-1) 
	Organic carbon 
	pH 

	T1 (S0N0) 
	219.49 
	9.29 
	355.55 
	12.11 
	0.33 
	7.43 

	T2 (S0N1) 
	243.56 
	12.25 
	417.62 
	14.92 
	0.38 
	7.49 

	T3 (S0N2) 
	266.29 
	14.08 
	420.19 
	14.30 
	0.41 
	7.49 

	T4 (S0N3) 
	277.36 
	14.99 
	446.94 
	14.96 
	0.42 
	7.48 

	T5 (S1N0) 
	219.49 
	9.28 
	350.55 
	16.03 
	0.33 
	7.45 

	T6 (S1N1) 
	243.56 
	12.95 
	437.62 
	16.33 
	0.38 
	7.45 

	T7 (S1N2) 
	276.29 
	14.58 
	449.19 
	16.21 
	0.40 
	7.45 

	T8 (S1N3) 
	283.86 
	15.98 
	486.94 
	16.86 
	0.42 
	7.45 


3.10 Organic carbon: The study found that soil organic carbon content was not significantly impacted by varying levels of sulphur and nitrogen application. Only minor variations were observed across all treatments. The highest organic carbon was recorded under treatments T4 and T8, both receiving 120 kg N ha-1, indicating a slight increase with higher nitrogen levels. Overall, the influence of sulphur and nitrogen application on soil organic carbon was minimal and statistically non-significant. 
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	Fig. 3: Effect of Organic carbon (%) in under different treatment. 
	Fig. 4: Effect of Soil pH under different treatment.  


The study examined soil pH values under different sulphur and nitrogen application combinations. Results showed that sulphur application significantly affected soil pH, while nitrogen levels had no statistically significant impact. Treatments without sulphur showed a higher pH of 7.49, while plots receiving 20 kg S ha-1 showed a slightly reduced pH of 7.45. Nitrogen treatments had the highest pH values (7.49) in T2 and T3, while T4 and T8 had slightly lower pH values. The lowest pH value (7.43) was recorded in the control treatment T1. 
3. Conclusion  	Comment by hp: Move the regression analysis results (optimum N dose, etc.) from the Conclusion to the Results and Discussion section.
The experimental findings clearly demonstrated that varying levels of sulphur and nitrogen had a significant impact on the growth, physiological traits, yield attributes, and yield of mustard. Among the sulphur treatments, the application of 20 kg S ha-1 (S₁) showed remarkable improvement in crop performance. This treatment recorded a sulphur use efficiency (SUE) of 73.26 kg grain kg S-1 and resulted in a 39.82% increase in seed yield compared to the control. In terms of nitrogen treatments, maximum seed and stover yields were observed with the application of 120 kg N ha-1 (N₃), which enhanced yield by 51.83% over the control. This was followed by the 80 kg N ha-1 (N₂) treatment, which also showed considerable improvement in growth and productivity. The combined application of 20 kg S ha-1 and 120 kg N ha-1 (T₈) proved most effective, resulting in the highest values for growth parameters, yield attributes, and final yield, though the interaction between sulphur and nitrogen was statistically non-significant across crop growth stages. Furthermore, treatments with higher doses of both sulphur and nitrogen enriched the soil with greater availability of nitrogen, phosphorus, potassium, sulphur, and organic carbon. These improvements in nutrient status and crop productivity translated into higher gross and net returns, as well as a better benefit-cost ratio when compared to the control. Regression analysis indicated the optimum nitrogen requirement for mustard to be 122.96 kg ha-1, producing an estimated grain response of 424.90 kg grain kg N-1 and 14.10 kg grain kg S-1. Overall, the study concluded that the individual application of 20 kg S ha-1 and 120 kg N ha-1 significantly enhanced the yield and profitability of mustard cultivation, confirming their agronomic and economic importance. 
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