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Abstract 

The experiment was carried out at Soil Science and Agricultural chemistry research farm SHUATS, 

Allahabad during rabi season (October-March) 2017-18. The experiment was laid out in 32 factorial 

randomized block design with three replications, consisting of nine treatments. Treatment T8 (@ 40 

Phosphorus kg ha-1 + 30 kg Sulphur ha-1) was found to be best in pH, EC, O.C (%), available Nitrogen 

(kg ha-1), Phosphorus (kg ha-1), Potassium (kg ha-1), and Sulphur (ppm) of which the results are 7.44, 

0.24, 0.48, 245.22, 23.14, 201.10, 14.88 respectively. Soil chemical properties such as pH, EC, O.C (%), 

available nitrogen, available phosphorus and sulphur were found to be significant. Soil physical 

properties such as bulk density (Mg m-3), particle density (Mg m-3) and pore space (%) were found to be 

non-significant. 
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Introduction 

Mustard is an important rabi season oilseed crop in north India. Mustard is the major source of 

edible oil of the country. India is one of the largest rapeseed‐ mustard growing countries in the 

world, occupying the first rank in area and second in production next to China. The oil content 

in mustard is varies from 37-49 percent. The seed and oil are used as condiment in the 

preparation of pickles and for flavouring curries and vegetables. The oil is utilized for human 

consumption throughout northern India in cooking and frying purpose. It is also used in the 

preparation of hair oil and medicines. It is used in soap making, in mixtures with mineral oils 

for lubrication. The oil cakes are used as a cattle feed and manure. Green stems and leaves are 

a good source of green fodder for cattle. The leaves of young plant are used as green vegetable 

as they supply enough Sulphur and minerals in the diet. In the tanning industry, mustard oils 

are used for softening leather (Singh, 2001) [14]. 

Mustard is rich in minerals like calcium, manganese, copper, iron, selenium, zinc, vitamin A, 

B, C and proteins. 100 g mustard seed contains 508 kcal energy, 28.09 g carbohydrates, 26.08 

g protein, 25-35 percent total fat and 12.2 g dietary fibre (Anonymous, 2016) [2]. Phosphorus 

plays a great role in enhancing and sustaining crop productivity worldwide. Soil Phosphorus is 

a finite, non-renewable and limited resource. Continuous supply of Phosphorus through 

manure and fertilizer is indispensable for crop production sustenance. While good agronomic 

management requires use of fertilizer Phosphorus to optimize crop growth, excessive 

application of Phosphorus may degrade water quality. It is also responsible for synthesis of 

certain vitamins (B12, biotin and thiamine), metabolism of carbohydrates, proteins and oil 

formation of flavoured compounds in crucifers. Brassica has the highest sulphur requirement 

owing to the presence of sulphur rich glucosinolates (Bharose et al., 2011) [4].  

The leaves of Phosphorus deficient fruit trees are frequently finged with brownish colour. The 

Phosphorus contents in the Phosphorus deficient plants are usually low with about 0.1 percent 

Phosphorus or less in the dry matter and in cereals and herbage about 0.3 to 0.4% during the 

vegetative growth stage. Under conditions of Phosphorus deficiency, Phosphorus is withdrawn 

form order tissue and translocated to meristematic tissue, where metabolism is more rapid. 

Sulphur is the 13th most abundant element in the earth’s crust, averaging between 0.06-0.10 

percent and an essential secondary plant nutrient, is required by plant and animals in approximately 
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the same amount as phosphorus. However, recently Sulphur is 

gaining importance for crop production in the balanced 

fertilization programme. Sulphur, like phosphorus, potassium 

and calcium is of terrestrial origin, resulting from the 

decomposition of rocks. Because of its volatile nature, a large 

amount of Sulphur has become dispersed in the atmosphere. 

Such atmospheric fraction contributes significantly to the 

plant growth and nutrition (Das, 2004) [4]. 

 

Materials and Methods 

The experiment was conducted in the research farm of 

Department of Soil Science and Agricultural Chemistry, Sam 

Higginbottom University of Agriculture, Technology and 

Sciences Allahabad which is situated about six km away from 

Allahabad city on the right bank of Yamuna river. The 

experimental site is located in the sub-tropical region with 

250 24’8” N latitude 81051’3” E longitudes and 98 meter the 

mean sea level altitudes. The experiment was laid out in a 32 

RBD factorial design with three levels of phosphorus and 

sulphur with nine treatments, each consisting of three 

replicates. The total number of plots was 27. Mustard 

(Brassica juncea L.) Cv. Varuna” was sown in rabi season, of 

plots size2x2 m with row spacing 30 cm and plant to plant 

distance 10 cm. The Soil of experimental area falls in order of 

Inceptisols and is alluvial in nature. Both the mechanical and 

chemical analysis of soil was done before starting of the 

experiment to ascertain the initial fertility status (Table 01 and 

02). The soil samples were randomly collected from 0-15cm 

depths prior to tillage operations. The treatment consisted of 

nine combination of inorganic source of fertilizers T0 (@ 0 P 

kg ha-1 + 0 S kg ha-1), T1 (@ 0 P kg ha-1 + 15 S kg ha-1), T2 

(@ 0 P kg ha-1 + 30 S kg ha-1), T3 (@ 20 P kg ha-1 + 0 S kg ha-

1), T4 (@ 20 P kg ha-1 + 15 S kg ha-1), T5 (@ 20 P kg ha-1 + 30 

S kg ha-1), T6 (@ 40 P kg ha-1 + 0 S kg ha-1), T7 (@ 40 P kg 

ha-1 + 15 S kg ha-1), T8 (@ 40 P kg ha-1 + 30 S kg ha-1) the 

source of phosphorus and sulphur was Di-Ammonium 

phosphate and zinc sulphate respectively. 

 

Physical and chemical analysis of soil samples (Pre-

Sowing) (Table 01 and 02) Response on bulk density, 

particle density and pore space of soil after crop harvest 

The result depicted in table 3 shows that the maximum bulk 

density of soil (Mg m-3), was found for T0 (@ 0 P kg ha-1 + 0 

S kg ha-1) which was 1.48 and minimum was found for T7 (@ 

40 P kg ha-1 + 15 S kg ha-1) which was 1.38 (Mg m-3). The 

interaction effect of phosphorus and sulphur on bulk density 

(Mg m-3) of soil was found non-significant. 

The results show that the maximum particle density of soil 

(Mg m-3), was found for T7 (@ 40 P kg ha-1 + 15 S kg ha-1) 

which was 2.64 and minimum was found for T0 (@ 0 P kg ha-

1 + 0 S kg ha-1) which was 2.59 (Mg m-3). The interaction 

effect of phosphorus and sulphur on particle density (Mg m-3) 

of soil was found non-significant.  

The results show that the maximum pore space (%) of soil, 

was found for T8 (@ 40 P kg ha-1 + 30 S kg ha-1) which was 

49.45 and minimum was found for T0 (@ 0 P kg ha-1 + 0 S kg 

ha-1) which was 44.53. The interaction effect of phosphorus 

and sulphur on pore space (%) of soil was found non-

significant. 

 

Chemical properties 

Response on pH and EC at 25˚C (dS m-1) of soil after crop 

harvest  
The result depicted in table 3 shows that the pH and EC of  

soil in which the maximum pH and EC at 25˚C (dS m-1) was 

found for T0 (@ 0 P kg ha-1 + 0 S kg ha-1) which were 7.79 

and 0.28 and minimum was found for T6 (@ 40 P kg ha-1 + 0 

S kg ha-1) which were 7.43 and 0.21. The interaction effect of 

phosphorus and sulphur on pH and EC was found significant. 

 

Response of organic carbon (%), available nitrogen, 

phosphorus, potassium and sulphur (kg ha-1) of soil after 

crop harvest  
The result depicted in table 3 shows that the Maximum 

Organic carbon (%), available nitrogen, phosphorus, 

potassium and sulphur (kg ha-1) in soil were found for T8 (@ 

40 P kg ha-1 + 30 S kg ha-1) which were 0.48, 245.22, 23.14, 

201.10, 14.88 kg ha-1 respectively and minimum was found 

for T0 (@ 0 P kg ha-1 + 0 S kg ha-1) which were 0.26, 222.85, 

13.00, 170.80, 06.21 kg ha-1 respectively. The interaction 

effect of phosphorus and sulphur on available nitrogen and 

potassium was found significant and the interaction effect of 

phosphorus and sulphur on organic carbon (%), available 

phosphorus and sulphur was also found significant. Combined 

application of phosphorus and sulphur were bringing 

significant increase in available nitrogen and available 

potassium. The results are similar with the finding of Gauttam 

et al., 2013 [19]. 

 

Conclusion 

It is concluded from the experiment that Treatment 

combination T8 (@ 40 P kg ha-1 + 30 S ha-1) was found to be 

best for pH, EC (dS m-1), organic carbon (%), available 

nitrogen (kg ha-1), phosphorus (kg ha-1), potassium (kg ha-1) 

and sulphur (ppm) which were as 7.44, 0.24, 0.48, 245.22, 

23.14, 201.10, 14.88 respectively. Soil chemical properties 

such as available N, P, K and S were found to be significant 

as well as pH, EC were also found to be significant. But in 

case of physical properties of soil as bulk density (Mg m-3), 

particle density (Mg m-3) and percent pore space (%) were 

found to be non-significant. 
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Table 1: Physical analysis of pre-sowing soil sample 

 

Particulars Result Method employed 

Sand (%) 62 

Bouyoucous (1927) [5]. 
Silt (%) 23 

Clay (%) 15 

Textural class Sandy loam 

Bulk density (Mg m-3) 1.36 Muthuval (1992) [12]. 

Particle density (Mg m-3) 2.42 Muthuval (1992) [12]. 

Pore space (%) 53 Muthuval (1992) [12]. 

 
Table 2: Chemical analysis of pre-sowing soil sample 

 

Particulars Results Methods employed 

pH (1:2) 7.70 Jackson, 1958 [10]. 

EC (dS m-1) 0.28 Wilcox, 1950 [20]. 

Organic carbon (%) 0.35 Walkley and Black, 1947 [19] 

Available nitrogen (kg ha-1) 254.45 Subbaih and Asija, 1956 [16]. 

Available phosphorus (kg ha-1) 23.41 Olsen et al., 1954 [12]. 

Available potassium (kg ha-1) 108.78 Toth and Prince, 1949 [17]. 

Available sulphur (ppm) 18.48 Chesnin and Yien, 1960 [6]. 
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Table 3: Soil properties 
  

Treatment 
pH 

 (w/v) 

EC 

(dS m-1) 

B.D 

(Mg m-3) 

P.D 

(Mg m-3) 

P.S 

(%) 

O.C 

(%) 
Nitrogen (Kg ha-1) Phosphorous (Kg ha-1) 

Potassium 

(Kg ha-1) 

Sulphur 

(ppm) 

T0 7.79 0.28 1.48 2.59 44.53 0.26 222.85 13.00 170.80 06.21 

T1 7.63 0.27 1.42 2.60 45.08 0.33 227.64 13.98 174.50 07.42 

T2 7.70 0.24 1.43 2.62 45.27 0.32 242.02 18.45 177.20 10.33 

T3 7.50 0.23 1.44 2.61 45.33 0.29 233.09 16.20 175.40 08.98 

T4 7.71 0.28 1.38 2.63 46.23 0.30 238.77 17.35 180.60 10.35 

T5 7.53 0.26 1.42 2.62 46.95 0.43 243.36 19.96 185.40 11.34 

T6 7.43 0.21 1.40 2.62 46.58 0.27 224.36 16.23 187.10 10.67 

T7 7.67 0.23 1.38 2.64 46.76 0.39 235.34 20.82 194.90 13.37 

T8 7.44 0.24 1.39 2.62 49.45 0.48 245.22 23.14 201.10 14.88 

F-test S S NS NS NS S S S S S 

S. Em. (±) 0.056 0.008 0.015 0.008 0.773 0.023 1.711 0.527 0.889 0.364 

C.D. (at 5 %) 0.168 0.023 - - - 0.069 5.173 1.595 2.718 1.101 

Note: The soil pH, EC, B.D, P.D, P.S, O.C, NS, S and ppm long form’s as potential of hydrogen ion, Electrical conductivity, Bulk density, 

Particle density, Pore space, Organic carbon, Non-Significance, Significance, parts per million respectively. 

 

References 
1. Anonymous. Munsell Soil Colour chart, Munsell colour 

Company Inc. 2441 N, Calvert Street, Baltimore 

Maryland 21212, USA, 1971. 

2. Anonymous. Agricultural Statistics at a Glance, 

Directorate of Economics and Statistics, Ministry of 

Agriculture, GOI, New Delhi, 2016. 

3. Bardsley CE, Lancaster JD. Determination of reserve 

sulphur and soluble sulphates in soil, Soil Sci. Soc.Amer. 

Proc. 1960; 24:265-268. 

4. Bharose R, Chandra S, Thomas T, Dhan D. Effect of 

different levels of phosphorus and sulphur on yield and 

availability of NPK protein and oil content in Toria 

(Brassica sp.) VAR. P.T.–303. ARPN Journal of 

Agricultural and Biological Science, 2011, (6)2. 

5. Bouyoucos GJ. The hydrometer as a new method for the 

mechanical analysis of soil. Soil Sci. 1927; 23:343-353. 

6. Chesnin L, Yien CH. Turbidimetric determination of 

sulphate. Soil Science Sciety Proceedings. 1950; 15:149-

151. 

7. Das DK. Nutrient transformation in relation to soils plant 

system from introductory soil science. Published by Usha 

Raj Kumar for Kalyani Publisher, NEW DELHI 

(INDIA), 2004. 

8. Dhruw SS, Swaroop N, Swamy A, Upadhayay Y. Effect 

of different level of NPK and sulphur on growth and 

yield attributes of Mustard (Brassica juncea L.) Cv. 

Varuna. International Journal of Current Microbiology 

and Applied Sciences. 2017; (6):1089-1098. 

9. Gauttam VK, Thomas T, Swaroop N. Effect of different 

levels of Phosphorus and Sulphur on soil properties, 

growth and yield of mustard (Brassica juncea L.) Var. 

Varuna, 2013. 

10. Jackson ML. Soil Chemical Analysis, Prentice Hall of 

India Private Limited, New Delhi, 1958. 

11. Kumar P, Singh RA, Singh B, Gaur LB. Effect of various 

levels of sulphur and varieties on yield and yield 

attributing characters, oil content and sulphur uptake in 

Indian mustard (Brissica juncea L. Czern & Coss.). Res. 

Environ. Life Sci. 2015; 0974-4908:435-437. 

12. Muthuval P, Udaysoorian C, Natesan R, Ramaswami PP. 

Introduction to Soil analysis, Tamil Nadu Agricultural 

University, Coimbatore-641002, 1992. 

13. Olsen SR, Cole CV, Watnahe FS, Dean LA. Estimation 

of available phosphorous in soil by extraction with 

sodium bicarbonate U.S. Dept. Agr. Cric. 1954, 939. 

14. Singh, Chhidda. Rapeseed and mustard from principles of 

agronomy. Oxford and IBH Publishing Co. Pvt. Ltd., 22-

A, Sarojani Naydu Marg, Allahabad (U.P.) INDIA, 2001. 

15. Singh D. Effect of integrated use of inorganic fertilizer 

and organic material on the distribution of different forms 

of nitrogen and phosphorus in soil. J Indian Soc. Soil Sci. 

2005; 53(1):80-84 

16. Subbiah BV, Asija CL. A rapid procedure for the 

estimation of available nitrogen in soil, Current Sci. 

1956; 25:259-260. 

17. Toth SJ, Prince AL. Estimation of cation exchange 

capacityand exchangeable Ca K and Na Content of Soil 

by Flame photometer technique. Soil Sci. 1949; 67:439-

445. 

18. Upadhyay Y, Swaroop N, Sahu YK, Dhruw SS, Verma 

PD. Interaction effects of different doses of sulphur and 

zinc with NPK on physic-chemical properties of soil in 

yellow mustard (Brassica compestris L.) Cv. Krishna 

Super Goldi. International Journal of Agricultural 

Science and Research (IJASR). 2016; (6):2250-0057.  

19. Walkley A. Critical examination of rapid method for 

determining organic carbon in soil, effect of variation in 

digestion condition and of inorganic soil constitutes. Soil 

Sci, 1947, 632-251. 

20. Wilcox LV. Electrical conductivity, Amer. water works 

assoc. J. 1950; 42:775-7 

 


