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ABSTRACT 
A field experiment was conducted at research farm of Tirhut College of Agriculture, Dholi, Muzaffarpur 

(Bihar) during winter (Rabi) season of 2015-16 on sandy loam soil to study the effect of integrated nutrient 
management on yield, oil content and quality of Indian mustard (Brassica junceaL.).The experiment was laid out 
in randomized block design (RBD) with eleven treatments and three applications. The results revealed that 
application of 75% RDF+40kg S+ 5t vermicompost ha

-1
+Azotobacter+PSB produced the highest seed (1.78 t 

ha
-1

) and stover yield (6.1t ha
-1

). The lowest quantity of seed (1.58 and 1.56 t ha
-1

) and stover (5.30 and 5.34 t 
ha

-1
) yield were noticed in treatment with RDF (80:40:40)+40kg S ha

-1
and 75% RDF+40kg S ha

-1
 except control 

plot. The highest oil content (43.93%) and oil yield of mustard  (729.5kg ha
-1

) and protein content in seed (14.63 
%) and stover (3.38%) were noted with the application of 75% RDF+40kg S+5t vermicompost ha

-1
+ 

Azotobacter + PSB. The effect of different treatments on free fatty acid content ranged from 1.28 to 1.59%, 
which did not crossed the permissible limit of 2% of recommended level. The essential fatty acid is an important 
component of fats and oil found in form of linoleic acid and linolenic acid considered as a poly unsaturated fatty 
acid which ranged from 26.85 to 30.85% and the highest percentage was noticed with 75% RDF +40kg S+2t 
poultry manure ha

-1
.  PUFA present in appropriate quantities in mustard seed oil as essential fatty acid is good 

for human health as because it can synthesized in humans while SFA and MUFA are synthesized as well as 
obtained from the diet. The mustard oil contained balanced proportion of various fatty acids essential for growth 
and development of human beings. 
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INTRODUCTION 
 
 Rapeseed-mustard major Rabi oilseed 
crops of India stand next to groundnut. The 
contribution of rapeseed-mustard to the total 
oilseed production in India is 26.0 percent. 
Domestic productions of edible oils meet only 
50% of the total requirements, while rest is 
imported. The huge gap between the 
consumption and domestic production of edible 
oils can be filled up by either increasing the area 
under oilseed crops like rapeseed and mustard, 
sunflower and soybean or increasing production 
per unit area.  To produce the additional quantity 
of oilseed, the only option to enhance 
productivity under limited resource conditions. 
The imbalanced and inadequate supply of 
fertilizers accompanied by restricted use of 
organic manures not only leads to limit the yield 
potential but soils also get deficient in the 
nutrients which deteriorate the soil health with 
decline in crop response. In order to bring the 
soil well supplied with all the essential plant 
nutrients, the organic manures being cheaper 
and eco-friendly could be alternative to fertilizers 

for improving both crop productivity and 
sustainability of the systems. Integration of 
vermicompost with fertilizers, not only supply 
macronutrients but also meet the requirement of 
micronutrients, besides improving soil health. 
Poultry manure is also a good source of organic 
matter and play a vital role in improving soil 
fertility and contains higher nitrogen and 
phosphorus showed better performance in 
producing seed yield of mustard. Integrated use 
of nutrient is very essential approach which is 
not only sustains high crop production over the 
years but also improves soil health and ensures 
safer environment (Pal and Pathak, 2016). 
Application of sulphur was reported to increase 
yield attributes and yield of Indian mustard and 
also increased S uptake as well as oil 
content.The major fatty acids of rapeseed-
mustard oil are oleic, linoleic, linolenic, 
ecosenoic and erucic acid in oil of Indian 
mustard variety is quit high (Chauhanet al. 
2007). Each gram of fats and oil supplies 9 
kilocalories of energy, whereas, per gram of 
carbohydrate/ protein supplies about 4 
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 kilocalories of energy (Alamet al. 2014). Fat and 
oils are also a source of essential fatty acids. 
Fats and oils are used to synthesize 
phospholipid, which are important components 
of active tissues viz. brain, nerves and liver of 
human beings and other animals. The objectives 
of this study were toexamine the effect of 
integrated nutrient management on yield, oil 
content and quality of Indian mustard. 
 
MATERIALS AND METHODS 
 

A field experiment was carried out during 
winter (Rabi) season of 2015-16 at research 
farm of Tirhut College of Agriculture, Dholi, 
Muzaffarpur (Bihar) situated at 25.980N latitude 
and 85.600E longitude and 52.18 meter above 
mean sea level. The experimental soil was 
sandy loam in texture, soil pH 8.6, EC 0.43 dSm-

1, CaCO3 274 g kg-1, organic carbon 5.6 g kg-

1,available nitrogen 162 kg ha-1, Phosphorus 8.6 
kg ha-1, potassium 96.4 kg ha-1 and available 
sulphur 10.8 kg ha-1. The experiment was laid 
out in randomized block design (RBD) with 
eleven treatments i.e. T1-Absolute Control, T2-
RDF(N,P,K)@80:40:40 + 40 kg S, T3- RDF + 40 
kg S+5t vermicompost ha-1, T4-RDF+40kg S+5t 
vermicompost ha-1+ Azotobacter+PSB, T5-
RDF+40kg S+2t poultry manure ha-1, T6-
RDF+40kg S+2t poultry manure ha-1+ 
Azotobacter+PSB, T7-75% RDF+40kg S, T8-75% 
RDF+40kg S+5t vermicompost ha-1, T9-75% 
RDF+40kg S+5t vermicompost ha-1+ 
Azotobacter +PSB, T10-75% RDF +40kg S+2t 
poultry manure ha-1, T11-75% RDF+40kg S+2t 
poultry manure ha-1+Azotobacter+PSB and three 
replications. The mustard seeds were inoculated 
with Rhizobium and PSB as per treatments.  The 
crop variety was RajendraSuphlam used as a 
test crop. The crop was sown on 17th December 
and harvested on 31st March, 2016. Oil content 
in grains of mustard was determined by using 
Soxhlet. Protein content was calculated by 
multiplying the total nitrogen content of seed by 
a factor (6.25). The fatty acid composition were 
determined using oil samples for methyl esters 
preparation (IUPAC, 1979) with boron trifloride 
and it was quantified by GC 5765 Gas- 
Chromatograph (NUCON) equipped with Flame 
Ionization Detector (FID). Chromatograph 
separations were performed with a column 1/8’’ 
x 2mtr. S.S, i.d 2mm, mess size 100-120. Pure 
nitrogen was used as a carrier gas at a flow rate 

20 mL min-1, an injector temperature 2300C, 
detector temp. 2400C and the column oven 
temperature were programmed: initial temp. 
1200C and then heated at 50C min-1 to the final 
temperature 2100C, the total run time was 15 
minutes. Peaks were identified on the integrator 
by retention time. The free fatty acid was 
determined by directly titrating the oil in an 
alcoholic medium against standard potassium 
hydroxide/sodium hydroxide solution. The acid 
value was calculated by multiplying the percent 
fatty acid (as oleic) x 1.99.  
 
RESULTS AND DISCUSSION 
 

Application of different treatments had 
significant influence on the seed and stover yield 
of mustard over control (Table-1). The highest 
seed (1.78 t ha-1)  and stover yield (6.1t ha-1)  
were recorded with application of 75% 
RDF+40kg S+5t vermicompost ha-1+ 
Azotobacter +PSB followed by  (1.72 and 1.70t 
ha-1) and (5.86 and 5.92t ha-1) with 75% 
RDF+40kg S+5t vermicompost ha-1 and 
RDF+40kg S+5t vermicompost ha-1+ 
Azotobacter+PSB. The lowest quantity of seed 
(1.58 and 1.56 t ha-1) and stover (5.30 and 5.34 t 
ha-1) was noticed with RDF @ 80:40:40+40kg S 
ha-1and 75% RDF + 40 kg S ha-1 except control 
plot. The supply of nutrients through integrated 
nutrient management received higher seed and 
straw yield in comparison to recommended dose 
of fertilizers (Table 1). The highest seed and 
straw yield was obtained with 75% RDF+40kg 
S+5t vermicompost ha-1+ Azotobacter +PSB  
(Jamliya et al.2018).  The use of RDF and 
organic manure along with sulphur reported 
highest grain yield by Singh et al. (2017). The 
increment in seed yield might be due to 
improvement in soil quality with the application of 
vermicompost and poultry manures and instant 
availability of nutrients from inorganic fertilizers. 
The results corroborate with the finding of 
Kumaret al. (2011) and Sharma et al. (2017). 
Perusal of data (Table 1) revealed that the 
integrated nutrient management practices 
significantly influenced the oil content and oil 
yield in mustard. The oil content in mustard seed 
significantly increased in each treatment over 
control. There marked variations among 
treatments might be due to the application of 
sulphur fertilizer with organics and bio-fertilizes. 
Oil content in mustard seed ranged from 37.2 to 
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40.9 percent.  The corresponding range of oil 
yield was from 322.9 to 729.5 kg ha-1. The 
highest oil content (43.9%) and oil yield of 
mustard  (729.5kg ha-1) were noted with 75% 
RDF+40kg S+5t vermicompost ha-1+ 
Azotobacter +PSB, which was at par (40.8 & 
40.1% oil content and 682.8 & 683.7 kg ha-1)with 
RDF+40kg S+2t poultry manure ha-1+ 
Azotobacter+PSB and RDF+40kg S+2t poultry 
manure ha-1. Increase in oil content might be due 

to use of sulphur in balance nutrition of crop 
(Singh et al. 2017). The micro and micronutrients 
supplied through chemical fertilizers and organic 
manures helped in synthesis of fatty acid and 
their esterification by accelerating biochemical 
reactions in glyoxalate cycle. The similar results 
have been reported by Shubhangi and 
Kachhave (2008),Sharma et al. (2017) and 
Saren and Saha (2018). Oil and protein content 
are most important quality traits of mustard crop. 

 
Table: 1 Effect of integrated nutrient management on yield and quality of Indian mustard 
 

Treatments Seed yield 
(t ha

-1
) 

Stover yield 
(t ha

-1
) 

Oil content 
(%) 

Oil yield 
(kg ha

-1
) 

Protein content 
in seed (%) 

Protein content 
in stover (%) 

Protein yield of 
seed (kg ha

-1
) 

T1 0.87 3.27 37.2 322.9 13.2 2.53 114.9 
T2 1.58 5.30 39.4 622.3 13.4 2.88 219.4 
T3 1.67 5.53 39.6 664.0 14.2 2.98 238.7 
T4 1.72 5.86 39.8 683.7 14.2 3.25 243.5 
T5 1.64 5.59 40.1 659.6 14.3 2.93 235.3 
T6 1.67 5.83 40.8 682.8 14.4 3.25 241.6 
T7 1.56 5.34 39.5 615.6 13.9 2.80 216.0 
T8 1.70 5.92 39.7 676.5 14.4 3.25 245.1 
T9 1.78 6.15 40.9 729.5 14.6 3.38 260.6 
T10 1.63 5.60 39.3 642.9 14.1 3.19 230.9 
T11 1.66 5.64 39.6 656.2 14.2 3.19 235.3 

SEm 0.023 0.09 0.28 9.63 0.10 0.07 3.70 

CD (P=0.05) 0.059 0.26 0.85 28.60 0.30 0.23 10.98 
 

Integrated nutrient management 
practices significantly affected protein content 
and protein yield of mustard seed and straw 
(Table 1). Application of nutrients through 
vermicomposting and poultry manures produced 
seed having significantly higher protein content 
as compared to use of recommended dose of 
fertilizers only. The maximum protein value in 
seed (14.6%) and straw (3.38%) was recorded 
with 75%RDF+S@40 kg+5tvermicompost ha-

1+Azotobacter+PSB. The minimum quantity of 
protein content in seed (13.4%) and (13.9%) was 
recorded with RDF (NPK) @ 80:40:40 + 40 kg 
Sand 75% RDF+40kg Sexcept absolute control. 
Again used of FYM, vermicompost and poultry 
manures make available mineralized nitrogen. 
The results of the investigation are at par with 
the earlier works (Shukla et al. 2002; Singh and 
Pal, 2011) which help to produce more protein.    

 

 
 

Figure 1: Effect of integrated nutrient management on free fatty acid and acid value.
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Figure 2: Effect of integrated nutrient management on saturated fatty acid (%) 
 

Similar result was also reported Application of 
75%RDF+S@40kg+ 5tvermicompost ha-

1+Azotobacter+PSB accounted 4.9% and 5.4% 
increase in comparison to 100% RDF @ 
80:40:40 (N,P,&K)+S@ 40kg and 75%RDF+ 
S@40kg. Incorporation of nitrogen through 
chemical fertilizers or integrated use with 
organics and bio-fertilizers significantly 
enhanced the protein content in seed(Paliwal 
and Singh 2014).  The similar trend was also 
observed in case of protein yield of seed (Table 
1). The protein yield in mustard increased might 
be due to additional supply of nitrogen through 
organics along with the chemical fertilizers 
(Sharma et al. 2017). 

In respect of mustard oil quality 
assessment, free fatty acid is considered as an 
important quality parameter where, low quantity 
of free fatty acid in edible oils indicates generally 
good quality of oil of health point of view.  The 
content of free fatty acid always is an increase in 

acidity with time during transport and storage 
(Syam et al., 2009).  Variations in free fatty acid 
content in percentage of mustard oil as 
influenced by the effect of integrated use of 
nutrients have been showed in Fig. 1. The 
International Specifications for top grade edible 
oils usually are set at 2% free fatty acids for 
human health purposes. The results indicated 
(Figure 1) that the effect of different treatments 
on free fatty acid content ranged from 1.28 to 
1.59%, which did not cross the permissible limit 
as mentioned in the specification. The minimum 
value of free fatty acid (1.28%) was obtained 
with 100%RDF+40 kg S +2t Poultry manure ha-1. 
Similar trend of results was also observed in 
respect of acid value of mustard oil (Figure-1). 
The maximum acid value (3.17%) was noticed 
with RDF+40kg S+2t poultry manure ha-1+ 
Azotobacter+PSB whereas, the lowest acid 
value was noticed in RDF+40kg S+2t poultry 
manure ha-1.   

 

 
Figure 3: Effect of integrated nutrient management on monounsaturated fatty acid
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  The content of saturated fatty acids i.e. 

palmitic, stearic and arachidic acid in mustard oil 
ranged from 1.67 to 2.68, 0.34 to 0.92 and 0.56 
to 1.12% respectively. The variations in quantity 
of saturated fatty acid were noticed with different 
treatment. Maximum saturated fatty acid content 
(3.44%) was recorded with 75% RDF +40kg 
S+2t poultry manure ha-1and minimum value 
(2.26%) with 75% RDF+40kg S ha-1. The 
mustard oil is nutritionally good quality oil 
because it has almost all fatty acid composition. 

The mustard oil contained erucic acid as a major 
monounsaturated fatty acid, followed by oleic, 
and eicosanoid acid. On the other hand, mustard 
oil contained higher amount of erucic acid 
ranging from 44.69 to 51.31. The highest amount 
of erucic acid  (51.3%) was recorded with 
RDF+40kg S+2t poultry manure ha-1+ 
Azotobacter+PSB which was at par of  
RDF+40kg S (Fig.3). The erucic acid was 
representing the large amount among fatty acid 
composition. 

 

 
Figure 4: Effect of integrated nutrient management on unsaturated fatty acid 

 
Comparing to unsaturated fatty acid like, 

oleic acid also contained high concentration than 
eicosanoid acid and it ranged from 8.81 to 
12.81%, whereas, highest value (12.81%) was 
recorded with  RDF+40kg S+5t vermicompost 
ha-1. The concentration of eicosanoid acid 
ranged from 5.75 to 7.86% with mean value of 
6.65 percent. Mustard oil contained 
approximately 30% of polyunsaturated fatty 
acids in which linolenic acid ranged from 10.17 
to 13.18% with mean value 11.88% (Fig. 4). The 
maximum quality of linoleic and linolenic acid 
was recorded with RDF+40kg S+2t poultry 
manure ha-1, and RDF+40kg S+2t poultry 
manure ha-1+ Azotobacter+PSB. The higher 
yielding of SFA reduces the quality from health 
point of view and its excessive intake may be 
culprit of chronic disease. The data (Fig 5) 
revealed that about 68% MUFA were present in 
mustard oil. The range of monounsaturated fatty 
acid value was recorded approximately 65.46 to 
68.52% in mustard seed oil. The essential fatty 

acid is an important component of fats and oil 
found in the form of linoleic acid and linolenic 
acid considered as a poly unsaturated fatty acid 
which was ranged from 26.85 to 30.85% and the 
highest percentage was noticed with 75% RDF 
+40kg S+2t poultry manure ha-1

. The highest 
ratio of SFA:MUFA was recorded with 75% 
RDF+40kg S followed by, RDF+40kg S+2t 
poultry manure ha-1, RDF+40kg S+5t 
vermicompost ha-1+ Azotobacter+PSB, 75% 
RDF+40kg S+5t vermicompost ha-1 and 75% 
RDF+40kg S+5t vermicompost ha-1+ 
Azotobacter +PSB respectively and rest of the 
treatments had less than 1:10 ratio. PUFA 
present in appropriate quantities in mustard seed 
oil is essential fatty acid (EFA) for human beings 
because it cannot be synthesized in humans, 
while SFA and MUFA are synthesized as well as 
obtained from the diet. The balance proportion of 
various fatty acids is essential for growth and 
development of human beings. 
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Figure 5: Effect of integrated nutrient management on fatty acid ratio 
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