


Review Article
Assessment of Sulphur nutrition on productivity, quality and profitability of rapeseed-mustard: A review



ABSTRACT
Rapeseed-mustard (Brassica spp.) constitutes one of the most important groups of oilseed crops cultivated in India and across many parts of the world. These crops are recognized not only for their substantial contribution to edible oil production but also for their role in enhancing soil health and providing nutritional fodder. However, achieving the full genetic potential of rapeseed-mustard remains a challenge due to various constraints, among which nutrient management—particularly sulphur (S) nutrition—plays a pivotal role. Sulphur, an essential secondary macronutrient, is increasingly being recognized as a limiting factor in oilseed crop production due to its crucial role in physiological, biochemical, and metabolic functions in plants. Sulphur is integral to the synthesis of amino acids (cysteine and methionine), vitamins (biotin and thiamine), co-enzymes, and glucosinolates, and is vital in chlorophyll formation and photosynthesis. Integration of S with balanced nitrogen, phosphorus, and micronutrients has shown synergistic effects, indicating that S application should be a component of an integrated nutrient management strategy for sustainable productivity. Apart from agronomic benefits, sulphur nutrition also influences the economic returns of mustard cultivation. This review synthesizes research findings related to the impact of sulphur nutrition on the productivity, quality parameters, and profitability of rapeseed-mustard. In conclusion, sulphur nutrition plays a multifaceted role in enhancing the productivity, quality, and profitability of rapeseed-mustard cultivation. Its significance is amplified in the context of sustainable agriculture, nutrient use efficiency, and climate-resilient farming. The integration of sulphur in nutrient management practices is not only agronomically beneficial but also economically viable, especially in sulphur-deficient regions. Future research should focus on precision S-nutrition, sulphur use efficiency, and the interaction of S with other nutrients under varying agro-ecological scenarios to further optimize rapeseed-mustard production systems. This review also highlights the growing concern of sulphur deficiency in Indian soils, primarily attributed to declining organic matter, reduced use of S-containing fertilizers, and intensive cropping systems.
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 Introduction
In history, the Brassicas are one of the earliest cultivated crop plants by man. It is mentioned in several ancient scripture and literature and might have been cultivated as early as 5000 BC. There is evidence of its cultivation in Neolithic age [1]. Rapeseed-mustard (Brassica sp.) is a Rabi season crop which thrives best in light to heavy loam soils in semi-arid climates [2]. Worldwide, it is grown on 41.95 m ha area and add 88.35 m ton in oilseed basket with average yield of 2110 kg/ha [3]. India is fourth biggest vegetable oil economy in the world next to USA, China and Brazil [4]. In India it is cultivated on 7.99 m ha area and add 11.96 m ton in production with average yield of 1497 kg/ha [5]. Rapeseed-mustard is also an important oilseed crop of India giving out second position in area (25%) and third in production (24%) among total oilseeds [6]. Indian mustard holds sizable contribution, however, the productivity levels are 2/3rd of the world level due to large scale cultivation under rainfed situation, biotic and abiotic stresses, and resources crisis [7-9]. It is principally cultivated in the states of Rajasthan, Uttar Pradesh, Madhya Pradesh, Haryana, Gujarat, Punjab and Bihar. Its cultivation is also being extended to non-traditional areas of southern states like Karnataka, Andhra Pradesh during Rabi season depending on availability of water and suitable cropping system. Being more responsive to fertilizers, it gives higher returns under irrigated conditions [10].	Comment by husamalsarhan2021@gmail.com: mentioned in several ancient scriptures and literature, it might have been cultivated as early as 5000 BC	Comment by husamalsarhan2021@gmail.com: 
Rapeseed-mustard is nutritionally rich and its oil content varies from 37-49%, oil is considered to be an important constituent of Indian diet and its oil is used as main cooking medium especially in northern India. The seed and oil are used as condiments in preparation of pickles, flavoring, curries and vegetables as well as for cooking and frying purposes. Apart from this, oil is also utilized for preparation of hair oils, medicines and soap making. The cake is mostly used for cattle feed and manure. Green stem and leaves are good source of fodder for cattle [11]. The leaves of young plants are used as green vegetables as Saag which is prominent food in Punjab, Haryana and Western Uttar Pradesh. The productivity of mustard is low; though there is ample scope for increasing production in India through S and N fertilization. Mustard responds to S and N are positively both in term of seed yield and oil content. S is involved in oil synthesis and in many physiological functions like amino acid synthesis in addition to productivity. Application of S is also important in increasing the efficiency of other nutrient. Presently, S deficiency is widespread in Indian soils and is increasing. Alluvial soils of Rajasthan, Bihar and Haryana, lateritic soils of West Bengal, vertisols of Gujarat and Karnataka are potential oilseed growing areas, and suffer from S deficiency. The response of S application ranging from 15 to 62 kg S/ha in oilseed crops is marked. Among the various S sources, readily soluble sources like ammonium sulphate are ideal for correcting S deficiency in standing crops.	Comment by husamalsarhan2021@gmail.com: add reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: add reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: add reference that mention to the s percentage 
	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: add reference	Comment by husamalsarhan2021@gmail.com: 
Sulphur is an essential nutrient for the production of oilseeds. It is the 13th most plentiful element in the earth’s crust with an average concentration of 0.06 percent. S is increasingly familiar as the fourth major plant nutrient after N, P, and K [12]. Oilseeds of one ha remove about10 to 25 kg S/year, depending on the crop, soil and environmental factors. In India, more than 41 percent of the soils are deficient in S. Since rapeseed has a high required for S, it is particularly sensitive to S deficiency compared to other crops such as cereals or legumes [13].	Comment by husamalsarhan2021@gmail.com: requirement	Comment by husamalsarhan2021@gmail.com: 

Importance of sulphur in rapeseed-mustard 	Comment by husamalsarhan2021@gmail.com: put the numbered on the paragraph 	Comment by husamalsarhan2021@gmail.com: 

The importance of S as a plant nutrient has been recognized since the middle of the last century. Plants meet their S requirements for soil, air, irrigation water and the application of S containing pesticides. Appropriate supply of S to plants can increase crop yield and quality of oils. S represents 0.1 to 0.5% by dry weight in mustard where it is present in both organic and inorganic compounds. S plays a specific and essential role in the growth and development of rapeseed-mustard. To achieve 90%   of   its possible yield, rapeseed-mustard plants need their leaves to contain around  0.33%  to 0.40% S content [14]. For    superlative    growth    and    production, it is suggested  that  plant  tissues  should  have  a S-to-N  ratio  of  about  1:15  to 1:20. S plays a predominant role in improving the quality of mustard seeds as well as in the efficient use of N and P [6]. S helps in the synthesis of cysteine, cystine and methionine, chlorophyll, vitamins B1 and B7, carbohydrate metabolism, oil content and protein content and also connected with growth and metabolism, in particular for its effect on protolytic enzymes [15]. Applications of S along with other nutrients appreciably increased the oil content 15-30% and speeds up the process of protein synthesis in the plant [16-17]. The most important factor in the quality of rapeseed is its oil content, which is directly proportional to its protein content [18].The protein content correlates negatively with the oil content. The quality parameter studied namely crude protein content and oil content and yield increased with increasing levels of S. In rapeseed and mustard the S caused an increase of 16, 9 and 20 percent increase of cystine, cysteine and methionine, respectively [19].	Comment by husamalsarhan2021@gmail.com: Sulphur	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Plants meet their S requirements for soil, air, irrigation water, and the application of S containing pesticides	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Sulphur	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Sulphur	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Sulphur	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Sulphur	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Full name	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: The quality parameter studied, namely crude protein content and oil content, and increasing yield,  with rising levels of S	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: deleted	Comment by husamalsarhan2021@gmail.com: 

Physiology of S nutrition in oilseeds	Comment by husamalsarhan2021@gmail.com: Full name Sulphur	Comment by husamalsarhan2021@gmail.com: 

Sulphur is absorbed mainly by plants roots from sulfate form, but it can also be absorbed by leaves in the form of SO2 gas from the atmosphere. However, this S gas must be transformed into sulfate. After absorption, the sulfate is transported to the endoderm where it is secreted in the xylem and transported to the leaf by the flow of respiration. In chloroplast, sulfate is reduced first to sulfide and then included into cysteine. Plants contain a wide range of organic S compounds such as thiol and secondary S compounds viz. allins and glucosinolate, which serve important roles in their physiology and offer protection against environmental hassle [20].  When S is lacking in plants, it leads   to   the   accumulation of amides and carbohydrates.  As a result, this hinders the creation of chlorophyll, resulting in diminutive plant growth and the   development of pale green leaves in young plants [21]. S is crucial for the formation of proteins, enzymes, vitamins, and chlorophyll in rapeseed-mustard. Remarkably, about 90% of the total S in plants is found in this amino acids viz. cystine, cysteine and methionine [22]. Cysteine serves as the precursor for glutathione, a water-soluble thiol compound that functions in protecting plants against oxidative stress, heavy metal toxicity, and harmful environmental substances. S activates definite enzyme systems and is a component of certain vitamins like thiamine and biotin. In   plants like   mustard, S is found in mustard oil glycosides,   which   instruct   distinct odor and flavor to these plants. Several plant species of Brassicaceae family, use S in the synthesis of a variety of secondary compounds, such as desulfoglucosinolates, flavonolsulfation, choline, and gallic acid glucosides [23].	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Removed 	Comment by husamalsarhan2021@gmail.com: 

Sdeficient oilseeds growing soils of India	Comment by husamalsarhan2021@gmail.com: Sulphur  deficient	Comment by husamalsarhan2021@gmail.com: 
In coarse-textured soils, where the oilseed crops are mainly grown, total S content is low than the fine textured soils. Low content of organic matter in coarse textured soils results in S deficiency [26]. Major oilseed growing states in India are Gujarat, Andhra Pradesh, Madhya Pradesh, Maharashtra, Tamil Nadu, Karnataka Uttar Pradesh, Rajasthan, Orissa, and Punjab etc. 40.7 per cent S deficient soil samples from a mixture of part of the country. [27] Were reported by ICAR based on their project on micronutrient in which S was integrated (Table 1). Out of total S, only 10 percent fraction is in available form but it varies from soil to soil. Organic S is the major source of available S for crop uptake. 10 ppm available is the critical limits, below which the soils are stated to be deficient in S [28].	Comment by husamalsarhan2021@gmail.com: fine-textured soils	Comment by husamalsarhan2021@gmail.com: 
Table 1: Percentage of deficient sulphur samples in different districts of states collected by ICAR [29].
	State
	District
	S deficiency

	Punjab
	Ferozepur, Faridkot, Bathinda and Patiala
	< 20%

	
	Sangrur and Kapurthala
	20% - 40%

	
	Amritsar, Hoshiarpur, Ludhiana and Ropar
	> 40%

	Bihar and Jharkhand
	Muzaffarpur, Bhagalpur, Jehanabad and Munger
	Less than 20%

	
	Samastipur, Gopalganj, Gaya, Patna, Darbhanga, Nalanda, Aurangabad, W. Champaran, Bhojpur, Palamau, Dumka and Rohtas
	20% - 40%

	
	Laxmipur, Navada, Ranchi and Singhbhum
	Over 40%

	Rajasthan
	Jaipur, Jodhpur and Nagaur
	Less than 20%

	
	Bharatpur, Sriganganagar, Bikaner, Udaipur, Jhunjhunu and Kota
	20% - 40%

	
	Banswara, Dholpur, Chittorgarh
	Over 40%

	Uttar Pardesh and Uttarakhand
	Jalaun, Farukhabad, Nainital, Almora, Gaziabad, Meerut
	Less than 20%

	
	Lucknow, Banda, Ballia, Hardoi, Varanasi, Pratapagarh, Faizabad, Kanpur, Gazipur, Mirzapur
	Over 40%

	
	Allahabad, Sitapur, Hamirpur, Jhansi, Lalitpur, Bulandshahr, Agra, Fatehabad, Firozabad, Mainpuri, Aligarh, Moradabad
	20% - 40%

	Haryana
	Rohtak, Reawari, Sirsa and Kurukshetra
	Less than 20%

	
	Gurgaon, Jind, Panipat, Sonipat, Mohindergarh, Bhiwani and Kaithal
	20% - 40%

	
	Ambala, Faridabad and Hisar
	Over 40%



Deficiency symptoms of S in oilseeds

The illustration symptoms of S deficiency in mustard crops are very specific and can be treated in the field throughout the growing period [30]. During flowering, the characteristic of S deficiency is the changes in color and shape of the petals [31]. A deficiency of S leads to an amassing of amino acids, which is supposed to regulate the absorption and assimilation of N [32]. S deficiency also leads to a 40 percent reduction in the quality and quantity of rapeseed-mustard [33]. S deficiency results in the production of pale green, yellowish-green or solid yellow. Symptoms of S deficiency look like N but appear first in younger leaves due to less mobility in the plant than N, while in the case of N; they appear first in the older leaves. The S stored in older leaves in the form of sulfate is easily mobilized and transfer to the other parts of plant to some extent. However, this type of S is not enough to maintain normal growth, therefore the young leaves remain small and pale green due to a lack of protein and chlorophyll. Interruption of protein metabolism in the synthesis of chloroplasts and chlorophyll leads to sharp deficiency. Cell division is also reduced due to an S deficiency which causes the plant to atrophy [34].	Comment by husamalsarhan2021@gmail.com: The illustrative symptoms of S deficiency	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Although it results in the production of pale green
Table2. Sulphur containing fertilizers [29].
	Products
	Nutrient content (%)

	
	S
	N
	P2O5
	K2O
	Zinc

	Ammonium sulphate
	24
	21
	
	
	

	Ammonium phosphate sulphate
	15
	16-20
	20
	
	

	Gypsum
	13-18
	
	
	
	

	Elemental S
	85-100
	
	
	
	

	SSP
	12
	
	16
	
	

	Potassium sulphate
	18
	
	
	50
	

	Iron pyrite
	18-22
	
	
	
	

	Zinc sulphate
	15
	
	
	
	33



Table3. Sulphur fertilizer recommendations based on available S status of soils [35].

	Available S in soil (mg/ kg)
	S fertility class
	Increase in yield (%)
	Soil deficiency class
	Amount of S fertilizer added (kg/ha)

	
	
	
	
	Cereal
	Oilseeds
	Pulses

	<5
	Very low
	25-85
	Very high
	60
	40
	30

	5-10
	Low
	20-50
	High
	45
	30
	20

	10-15
	Medium
	5-20
	Moderate
	30
	20
	15

	15-20
	High
	1-5
	Low
	15
	10
	10

	>20
	Very high
	0
	Very low
	0
	0
	0



Effect of sulphur on growth
The effect of S on growth and developmental parameters of rapeseed-mustard has been a subject of considerable research, enlighten on key findings. According to [36] application of 150 kg N/ha and 50 kg S/ha brought about significant increase in production of growth attributing characters viz. plant height, no. of leaves/plant, no. of branches/plant and dry matter accumulation. [37] Reported that the consecutive increase in the N and S levels significantly improved the growth parameter. All the growth parameters  of Indian mustard viz. plant height,  leaf/plant and branches/plant, increased  significantly  with  increasing  rates of S upto 45 kg/ha. However, the differences between 30 and 45 kg S/ha for growth parameters were non-significant. [38] Found that plant height at different stages of plant growth as influenced by various N and S levels. Among the different S levels, the highest plant height, stem girth, primary and secondary branches/plant was recorded at 90 DAS with the application of 60 kg S/ha which was closely followed by 40 kg S/ha. The maximum leaf area index was recorded at 60 DAS and marginally reduction in LAI was recorded at 90 DAS in all treatments. S @60 kg/ha recorded maximum leaf area index which was closely followed by 40 kg/ha. The highest no. of leaves and SPAD chlorophyll meter reading (SCMR) was recorded with the application of 60 kg S/ha and control treatment recorded least leaves/plant. Interaction between N and S levels on SCMR was found significant. [39] Reported that the highest LAI and dry matter  accumulation/plant significantly  improved  with   the application of 150 kg N, 60 kg S and 1.0  kg Zn EDTA/ha. [40] Conducted an experiment at Chandra Bhanu Gupta krishi Mahavidyalaya, Lucknow (Uttar Pradesh) and reported that significantly maximum plant height, leaf area index at 90 DAS, no. of branches/plant and dry matter accumulation was recorded with the application of 90 kg N/ha + 60 kg S/ha over the rest levels of N and S. [41] Reported that the highest plant height and no. of branches/plant was recorded with S level of 45 kg/ha in NRCHB-101 as compared to rest of the treatments. The minimum plant height and no. of branches/plant was recorded in the control treatment. Dry matter accumulation and LAI of mustard as influenced by different sources and doses of S. Application of 60 kg S/ha by phosphogypsum registered maximum dry matter accumulation and LAI which was at par with 40 kg S/ha by SSP and showed statistically superior over remaining S doses 0 and 20 kg S/ha which exhibited significant differences among themselves. The lowest was recorded from control (0 kg S/ha) which showed statistical inferior over rest of the S doses reported by [42]. [43] Reported that the plant height, no. of primary and secondary branches/plant, dry-matter accumulation of mustard was recorded at the time of harvest. Significantly taller mustard plants, higher primary and secondary branches/plant as well as maximum dry-matter accumulation were obtained when S was applied to mustard at 60 kg/ha followed by 30 kg/ha and both were significantly superior to control. However, the difference between 30 and 60 kg S/ha did not turn significant during the investigation. Increasing levels of S up to 30 kg/ha significantly increased leaf chlorophyll. Although, the maximum value of chlorophyll (SPAD) content was observed with the application of 60 kg S/ha. [44] studied the effect of S levels on growth attributes of yellow mustard like plant height, no. of branches/plant, dry matter accumulations, crop growth rate (CGR) (g/m²/day) and relative growth rate (RGR) (g/g/day) were significantly influenced with increasing the levels of S. The highest plant height was achieved with application of 50 kg S which was significantly superior over all the treatment combination but found to be statistically at par with 40 kg S/ha. No. of branches/plant and dry matter accumulations/plant were significantly influenced by the increment of S levels. Maximum branches/plant and dry matter accumulations were observed with the application of 50 kg S/ha which were found to superior over rest of the treatments. No any treatment found to statistically at par among them. [45] Reported that various levels and sources of S, the maximum plant height and no. of branches/plant was recorded significantly at 100% RDF along with 40 kg S through SSP, which were at par with 100% RDF along with 40 kg S through S bentonite and 100% RDF along with 40 kg S through phosphogypsum at all the crop growth stages. The minimum plant height was obtained at 100% RDF (control). [46] Found that the plant height of rapeseed increased significantly with the application of 45 kg S/ha as compared to control. [47] Reported that the dry matter accumulation was significantly higher with S application than control at the three growth stages. At rosette and flowering stages, application of 30 and 45 kg S/ha produced statistically same but significantly higher dry matter than application of 15 kg S/ ha. At ripening stage, both of 15 and 45 kg S/ha produced statistically the same but significantly lower dry matter than 30 kg S/ha. The increase in dry matter from rosette to flowering, and flowering to ripening was statistically the same in control and S treated plots. However, the increase in dry matter from rosette to flowering with S application was almost doubled than control. [48] Reported that the LAI were minimum at 30 DAS, increased till the maximum at 60 DAS and decreased there-after due to leaf shedding and senescence. The values were minimum in absence of the S application and higher with increase in S levels with the maximum values at 60 kg S/ha. The dry matter accumulation increased with advancement in growth stages till harvest. Application of 60 kg S/ha recorded the maximum dry matter and both are proved significantly superior to the rest of the treatments. Also find that the crop growth rates (g/m2/day) was a progressive increase from 30 to 90 DAS and declined thereafter. During the period 60-90 DAS, application of 40 kg S/ha recorded the highest CGR value, being at par with CGR at 20 and 60 kg S/ha. [49] Studied different nutrient management practices on mustard growth and found that the maximum value of plant height, no. of branches/plant with the application of 15 kg S/ha. According to [50] the combined effect of S and Mg on growth parameter viz. plant height, plant population, dry matter accumulation, no. of branches and no. of leaves/plant are significantly influenced and recorded maximum with application of 40 kg S + 20kg Mg/ha. [51] Found that the highest plant population/m2 with the application of 10 kg S/ha in granular form (90% WDG) at the time of sowing using the broadcast method and the maximum plant height was recorded with application of 8 kg S/ha. [52] Reported that the application of humic acid and S resulted in significantly increased plant height and no. of primary and secondary branches of Indian mustard. [53] Observed that the significantly maximum plant height, dry matter accumulation, primary branches, secondary branches and chlorophyll content with the application of 40 kg S/ha [54] Reported that the employing a S treatment @60 kg/ha resulted in notably greater plant height, no. of leaves/plant, dry matter accumulation and branches/plant compared to lower level of S application. Experiment conducted by [24] reported that the growth attributing characters of mustard enhanced significantly with increasing levels of S. [25]  also reported  that the chlorophyll synthesis in mustard improved by S fertilization.	Comment by husamalsarhan2021@gmail.com: sulphur	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: enlightening	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: correct the font size	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: sulphur	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: deleted	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: full name	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: add full name	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: full name	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: full name	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: correct  the font size	Comment by husamalsarhan2021@gmail.com: 


Effect of sulphur on yield attributes 

According to [37] successive increase in the N and S levels significantly improved the yield attributing characters. All the yield attributing characters of Indian mustard viz. siliqua/plant, siliqua length, seeds/siliqua and test weight, increased  significantly  with  increasing  rates  of  S upto 45 kg S/ha. However, the differences between 30 and 45 kg S/ha for yield attributes parameters were non-significant. [46] Found that no. of siliqua/plant and test weight of rapeseed increased significantly with application of 45 kg S/ha as compared to control. [55] Reported that the application of 60 kg/ha S with spacing of 60×20 cm resulted significantly higher no. of siliqua/plant, no. of seeds/siliqua and test weight, which were statistically at par with 60 kg/ha S with spacing of 40×20 cm. [39] Reported that the increasing S level up to 60 kg/ha significantly increased siliqua/plant, seeds/siliqua and test weight up to 30kg/ha. [38] Reported that the application of 60 kg S/ha recorded highest no. of siliqua/plant, length of siliqua, seeds/siliqua and test weight followed by 40 kg S/ha and 20 kg S/ha. Whereas control treatment recorded minimum yield attributes. [40] Conducted an experiment at Chandra Bhanu Gupta krishi Mahavidyalaya, Lucknow (Uttar Pradesh) reported that significantly maximum no. of siliqua/plant, length of  siliqua, no. of  seeds/siliqua and test weight was recorded with the application of 90 kg N/ha + 60 kg S/ha over the rest levels of N and S. [41] Reported that the maximum no. of siliqua/plant, seeds/siliqua, test weight, was recorded with S level of 45 kg/ha in NRCHB-101 as compared to other treatments. However, it was statistically, at par with the application of 30 kg S/ha. The minimum no. of siliqua/plant, seeds/siliqua and test weight was recorded in the control treatment. [42] Reported that the no. of siliqua/plant,  length of siliqua, no. of seed/siliqua and test weight of mustard as influenced by different sources and doses of S. Application of 60 kg S/ha by phosphogypsum registered maximum no. of siliqua/plant, length of siliqua, no. of seed/siliqua  and test weight  during 2018-19 and 2019-20 which was at par with 40 kg S/ha by SSP and showed statistical superior over remaining S doses 0 and 20 kg S/ha which exhibited significant differences among themselves. The lowest was recorded from control (0 kg S/ha) which showed statistical inferior over rest of the S doses. [45] Reported that the no. of siliqua/plant and length of siliqua increased significantly with increasing levels of S. The maximum no. of siliqua and length of siliqua was recorded with 100% RDF + 40 kg S/ha through SSP, being at par with 100% RDF+40 kg S/ha through S bentonite and 100% RDF+40 kg S/ha through phosphogypsum, which was significantly superior over rest of the treatments. The minimum no. of siliqua and length of siliqua was recorded with 100% RDF (control). [56] Observed that the levels of S had significant effect on no. of siliqua/plant, no. of seed/siliqua and test weight, mean values of data indicated that plots treated with 45 kg S/ha produced maximum no. of siliqua/plant, no. of seeds/siliqua and test weight while minimum no. of siliqua/plant, no. of seeds/siliqua and test weight was recorded in control plots. [57] Reported that S induced significantly in siliqua/plant and no. of seeds/siliqua when S applied up to 80 kg/ha. [46] Found that no. of siliqua/plant and test weight of rapeseed increased significantly with the application of 45 kg S/ha as compared to control. [58] Reported that the S fertilization 45 kg/ha significantly increase no. of siliqua/plant and seeds/siliqua, siliqua length and test weight over control. [48] Reported that different S levels significantly influenced the yield attributes of mustard. The application of 60 kg S/ha recorded the highest siliqua/plant, placing 40 kg S/ha at par and proved significantly superior to 0 and 20 kg S/ha. Application of 60 kg S/ha recorded the highest seeds/siliqua and test weight, keeping 40 and 20 kg S/ha statistically at par. According to [50] the combined effect of S and Mg on yield attributing characters viz. no. of siliqua/plant, no. of seed/siliqua and test weight are significantly influenced and recorded maximum with application of 40kg S + 20kg Mg/ha. [54] Reported that the application of S up to 60 kg/ha, there was a notable increase in yield-attributing characteristics such as the no. of siliqua, siliqua length, seeds/siliqua and 1000 seed weight. [49] Reported that response of different nutrient management practices on yield attributing characters and found that the maximum observed values of no. of siliqua/plant, siliqua length, no. of seed/siliqua and test weight with the application of 15 kg S/ha. [51] Found that the highest no. of flowering branches and no. of siliqua/plant with the application of 8 kg S/ha where initial dose (50%) of S in granular form (90% WDG) at the time of sowing using the broadcast method and the latter portion involved the meticulous blending of the S fertilizer with water, followed by the application of the resulting mixture via a foliar spray during the flowering stage. [52] Reported that the application of humic acid and S resulted in significantly increased weight of siliqua/plant and test weight of Indian mustard. [48] Reported that different S levels significantly influenced the yield attributes of mustard. The application of 60 kg S/ha recorded the highest siliqua/plant, placing 40 kg S/ha at par and proved significantly superior to 0 and 20 kg S/ha. Application of 60 kg S/ha recorded the highest seed/siliqua and test weight, keeping 40 and 20 kg S/ha statistically at par. Increase in test weight due to an increase in S levels was due to the role of S in synthesis of oil and protein. [44] Reported that the yield attributes of yellow mustard were significantly influenced with increasing the levels of S. Significantly maximum no. of siliqua/plant, no. of seed/siliqua and test weight was obtained with the application of 50 kg S/ha which was significantly superior over all treatment and showing at par with application of 40 kg S/ha.	Comment by husamalsarhan2021@gmail.com: check	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference or deleted it 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 
Effect of sulphur on yield 

According to [37] successive increase in the N and S levels improved the yields of mustard. Seed and stover yield increased significantly with increasing rates upto 45 kg S/ha. However, the differences between 30 and 45 kg S/ha were non-significant. Application of 45 kg S/ha, being at par with 30 kg S/ha, recorded significantly higher oil yield and protein yield than 15kg S/ha and control. Oil yield increased significantly with increasing level of S up to 45 kg S/ha. The interaction between N and S was significant on seed yield. At the same level of N, increase in the rate of S up to 45  ka/ha  significantly  increased  the  seed  yield and  thereafter  decreased  significantly  at  reducing rate of N (80 kg/ha) with 30 and 15 kg S/ha. [39] Reported that the increasing S rate manifested lucid effect on seed yield, stover yield, oil yield and harvest index increased significantly up to 30 kg S/ha. [38] Reported that the highest seed yield, stover yield and biological yield was recorded with the application of 60 kg S/ha which was followed by 40 kg S/ha and 20 kg S/ha. [40] Conducted an experiment at CBG krishi mahavidyalaya, Lucknow (Uttar Pradesh) and reported that significantly maximum grain yield and stover yield was recorded with the application of 90 kg N/ha + 60 kg S/ha over the rest levels of N and S. [41] Reported that the maximum seed yield and harvest index was recorded with S level of 45 kg/ha in NRCHB-101 as compared to other treatments. The minimum seed yield and harvest index was recorded in the control treatment. [42] Reported that the application of 60 kg S/ha by phosphogypsum registered maximum seed yield, stover yield, oil yield and harvest index during  which was at par with 40 kg S/ha by SSP and showed statistical superior over S doses 0 and 20 kg/ha which exhibited significant differences among themselves. The lowest seed yield, stover yield, oil yield and harvest index was recorded in control (0 kg S/ha) which showed statistically inferior over rest of the S doses. [43] Reported that the seed yield increased with increasing levels of S application up to 60 kg S/ha. Progressive increase in levels of S up to 60 kg/ha also resulted to significantly more seed yield, stover yield, biological yield and harvest index of mustard. However, S application at 30 and 60 kg/ha did not differ significantly during the experimentation. The extent of increase in seed yield of mustard by 30 and 60 kg S/ha application was 23.8% and 27.7% over the control, respectively. [44] Found that the highest seed and stover yield was recorded with application of 50 kg S/ha and which was significantly superior over all and found statistically at par with the application of 40 kg S/ha. [58] Reported that the S fertilization @45 kg/ha significantly increases seed yield and harvest index over control. [55] Reported that the application of 60 kg S/ha with spacing of 40×20 cm resulted maximum seed yield, stover yield and harvest index and which were statistically at par with 45 kg S/ha with spacing of 40×20 cm and 45 kg S/ha with spacing of 50×20 cm. [46] Found that seed yield of rapeseed increased significantly with application of 45 kg S/ha as compared to control. [59] Found that seed yield increased sharply with first 10 kg S/ha increment, and moderately with second increment. The increase in seed yield was small with the third S increment. [60] Reported that the application of NPS 90:45:10 kg/ha, recorded the highest seed yield /ha. [56] Reported that plots treated with 45 kg S/ha produced maximum seed yield, oil yield and harvest index while minimum was recorded in control plots. [57] Reported that S induced significantly in seed yield, oil yield and harvest index when S applied up to 80 kg/ha. [49] Reported maximum observed values of seed yield, stover yields and biological yield with the application of 15 kg S/ha. According to [61] the combined effect of S and Mg on seed yield, stover yield, biological yield and harvest index are significantly influenced and recorded maximum with application of 40 kg S + 20 kg Mg/ha. [54] Reported that the seed yield, stover yield, biological yield and harvest index demonstrated a steady increase from 20 to 60 kg S/ha, reaching its maximum at the latter rate of S application. [48] Reported that application of 60 kg S/ha recorded the highest seed yield, stover yield and production efficiency (kg/ha/day) keeping 40 kg S/ha at par and proved to be superior to other S levels. The extent of yield increase due to application of 40 kg S/ha over 20 kg S/ha and control were 34 and 58%, respectively, while the increase in seed yield due to 20 kg S/ha over the control was 19%. [53] Found that the maximum seed yield, stover yield and biological yield recorded with the application of 40 kg S/ha. [51] Reported that the maximum seed yield was recorded with the application of 8 kg S/ha. [52] Reported that the application of humic acid and S resulted in significantly increased grain yield, biological yield and harvest index of Indian mustard. 	Comment by husamalsarhan2021@gmail.com: Same reference to upper or not 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Full name	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: While 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 

Effect of sulphur on nutrient content and nutrient uptake

[39] Conducted a experiment on mustard and reported that the S  levels  significantly  increased  the  total NPK and  Zn  uptake  by  biological  produce  with the application  of  60  kg/ha. [37] Reported that the maximum uptake of N was recorded with the application of 80 kg N/ha and 45 kg S/ha which were significantly higher than all other treatments. Application of 45kg S/ha resulted in significant increased in the S uptake over that of 15 kg S/ha and control and it was at par with 30kg S/ha. [40] Reported that the application of S increased the content of N and S in grain significantly with successive increase in levels of S. Maximum content of N and S was recorded with the application of 60 kg S/ha followed by rest of the S treatments and the lowest content of N and S was recorded in control. [42] Reported that the NPKS uptake by mustard as influenced by different sources and doses of S. Application of 60 kg S/ha by phosphogypsum resulted in highest NPKS uptake, which was at par with 40 kg S/ha by SSP and showed statistical superiority over remaining S doses 0 and 20 kg S/ha which exhibited significant differences among themselves. The lowest NPKS uptake was recorded from control which showed statistical inferior over rest of the S levels. [45] Observed that the different levels and sources of S significantly affected the uptake of NPKS in grain and stover by mustard.  The maximum NPKS uptake by grain and stover was found with the application of 40 kg S/ha through SSP and being at par with 100% RDF+40 kg S/ha through S bentonite and 100% RDF+40 kg S/ha through phosphogypsum which was significantly superior over rest of the treatments. Uptake of NPKS through, grain and stover were increased significantly with increasing levels and sources of S up to 40 kg S/ha. 	Comment by husamalsarhan2021@gmail.com: The [39] Experimented on mustard and reported that the S  levels  significantly  increased  the  total NPK and  Zn  uptake  by  biological  produce  with the application  of  60  kg/ha	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: While 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: While the 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Whereas	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: , showing that	Comment by husamalsarhan2021@gmail.com: 

Effect of S on quality
The composition of oil, acetyl-CoA and acetyl-CoA carboxylase in oilseeds also get effected through S nutrition. The quantity of different fatty acids in mustard determines its use. S also speeds up the process of protein synthesis in the plant [17]. S plays an important role in specialized peptides, such as glutathione and thioredoxins, in redox reactions [18]. [36] observed that increasing rates of S application from 0 to 50 Kg/ha resulted in obvious improvement in oil and protein content. The protein content correlates negatively with the oil content, so the effect of S on the oil content of winter rapeseed is ambiguous [62]. The quality parameters, namely crude protein content and oil content increased with increasing levels of S [63]. [37] Reported that the application of 45 kg S/ha, being at par with 30 kg  S/ha,  recorded  significantly  higher  oil and protein content than 15 kg S/ha and control. [40] Reported that the application of S enhanced the oil content in mustard seed and its production, however, being highest with 60 kg S/ha and reduced with decreasing levels of S. [41] Reported that the maximum oil content in seed was recorded with the application of 45 kg S/ha in NRCHB-101 as compared to other treatments. However, it was statistically, at par with S level of 30 kg/ha. The lowest oil content in seed was recorded in the control. Applications of S along with other nutrients significantly increased the oil content (15-30%). [16] Found that the oil content in seed of mustard as influenced by different sources and doses of S. Application of 60 kg S/ha by phosphogypsum registered maximum oil content which was at par with 40 kg S/ha by SSP and showed statistical superior over remaining S doses 0 and 20 kg S/ha which exhibited significant differences among themselves. The lowest oil content was recorded from control (0 kg S/ha) which showed statistical inferior over rest of the S doses. [60] reported that the application of NPS 45:22.5:10 kg/ha recorded the highest oil content, highest protein content, allylisothiocyanate content, free fatty acid content and iodine value. [52] Reported that the application of humic acid and S resulted in significantly increased oil content in Indian mustard. [54] Observed that the application of S had a substantial impact on increasing oil content in mustard seeds, with the maximum effect observed at 60 kg S/ha. S plays a crucial role in activating enzymes and promoting the production of glycosides and glucosinolates, contributing to heightened oil production during hydrolysis and biochemical reactions within the plant. Additionally, S influences the generation of alkyl isothiocyanate, responsible for the pungency of mustard.	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Check the 	Comment by husamalsarhan2021@gmail.com: Check that	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Whereas 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Any reference 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: While 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Check that 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference 	Comment by husamalsarhan2021@gmail.com: 
Effect of S on economics
According to [38] highest net return and B:C ratio was recorded with the application of 60 kg S/ha in mustard. Application of 120 kg N/ha with 60 kg S/ha has been reported economically most profitable. [40] Reported that net income and B:C ratio was increased with increasing supply of N and S to crop. Crop fertilized with 90 kg N/ha + 60 kg S/ha achieved maximum net income and B:C ratio which was followed by 60 kg N/ha + 40 kg S/ha and 30 kg N/ha + 20 kg S/ha and no N and S treatment. The higher net income and B: C ratio with increasing levels of N was due to higher grain and stover production. [37] Reported that the maximum agronomic efficiency and apparent recovery percentage was observed with the application of 60 kg N and 15  kg S/ha, further increased in the level of N and S the sharp decline was observed in agronomic efficiency and recovery percentage of N and S. The net returns and B: C ratio increase with increasing levels of N and S. Application of 45 kg S/ha also gave the maximum net returns and B: C ratio, followed by 30 and 15 kg S/ha and control, respectively. [41] Reported that the net income, gross income and B: C ratio of mustard as influenced by different varieties and doses of S and highest was recorded under NRCHB-101 with the application of 30 kg S/ha. According to [61] combined effect of S and Mg on cost of cultivation, gross return, net return and B: C ratio in both years 2022-23 and 2023-24 are significantly influenced and recorded maximum with application of 40 kg S + 20 kg Mg/ha and which was statistically at par with 40 kg S + 10 kg Mg/ha. [55] Reported that the application of 60 kg S/ha with spacing of 40×20 cm recorded higher gross returns, net returns and B: C ratio and minimum with 30 kg S/ha with spacing of 60×20 cm. [54] Reported that the maximum variable cost, total cost of cultivation, gross return, net return, recorded with the application of 60 kg S/ha. [48] Reported that the gross return was the minimum in the absence of S application. Application of S @ 20, 40 and 60 kg/ha increased gross return, over 0 kg S/ha and application of 60 kg S/ha accrued the maximum gross return, keeping 40 kg S/ha with gross return at par. The maximum net return, B: C ratio and economic efficiency (Rs./ha/day) was recorded with application of 40 kg S/ha which was statistically at par with the application of 60 kg S/ha. The treatment-wise economic efficiency was determined by dividing the value of produce, i.e., seed yield (kg/ha) x minimum support price (Rs./kg), by the duration of the crop. [44] Reported that economic performance of different treatment combination and found highest cost of cultivation, gross return, net return and B:C ratio with the application of 50 kg S/ha). 	Comment by husamalsarhan2021@gmail.com: ,	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: While 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: , gave	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: In addition, that	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Whereas 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Add reference	Comment by husamalsarhan2021@gmail.com: 
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