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ABSTRACT 

A field experiment was conducted during rabi seasons of 2015-16 and 2016-17 at Panwari Village of 
Agra district (U.P.) to study the effect of fertilizer, bio-fertilizers and FYM on yield and nutrient uptake in mustard 
[Brassica jincea (L.) Crernj Cosson]. Four levels each of fertilizers and bio-fertilizers and two levels of FYM 
were tested in split plot design with three replications. Results revealed that the highest level of NPK (N100 + P60 
+ K40 kg ha

-1
) increased the seed (19.74 q ha

-1
) and stover (65.16 q ha

-1
) yield by 52.9 and 54.1%, respectively 

over control. Improvement in N, P, K, and S uptake in seed and stover was also noticed with N100 P60 K40 kg ha
-

1
 treatment. Significant enhancement in seed (13.8%) and stover (14.1%) yields was recorded with dual 

inoculation of Azotobacter + PSB over no inoculation. Application of 5 t FYM ha
-1

 alone significantly increased 
the seed and stover yields by 12.7 and 10.2 %, respectively over control. Addition of FYM to the soil also 
significantly increased the uptake of N, P, K and S by seed and stover of mustard over control. About 25% 
requirement of inorganic fertilizers can be supplemented through FYM. The crop quality in respect of oil and 
protein content was improved significantly with the use of fertilizers, FYM and bio-fertilizers. The status of 
organic carbon, available N, P, K and S was also improved significantly with fertilizers and FYM application. 
Available N content in post harvest soil was improved with inoculation of bio-fertilizers. 
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INTRODUCTION 
 

Indian mustard (Brassica juncea L.) is the 
third most important oil seed crops after ground 
nut and soybean in India. The productivity of 
mustard is quite low mainly due to sub-optimal 
application of fertilizers and cultivation on 
marginal lands under rain fed conditions. 
Further, the quality of mustard oil and its cake is 
an important aspect affected greatly by mineral 
nutrition. Nutrient management is one of the 
most important agronomic factors that affect the 
yield of all the crops. Fertilizer is the key for 
increasing agricultural productivity by enhancing 
the land productivity. As the mineral fertilizers 
alone can not meet the requirements of crops 
complementary use of organics and bio-
fertilizers with inorganic fertilizers is desired. 
FYM also improves soil physical characteristics 
such as structure, porosity and water holding 
capacity through increased organic matter 
content of the soil. FYM when applied in 
conjunction with bio-fertilizers, supplies energy 
to beneficial micro-organisms including 
Azotobacter and PSB. Bio-fertilizers offer a low 
cost, low capital intensive and eco-friendly route 
to boost the farm productivity depending upon 

their activity of mobilizing different nutrients. Use 
of bio-fertilizers in crop not only fixes the 
biological nitrogen but also solubilizes the 
insoluble phosphates in soil and thus improves 
fertilizer use efficiency. Biofertilizers also 
promote seed germination and give initial vigour 
of plant by producing growth promoting 
substances (Yadav et al 2010). Keeping these 
facts in view, the present investigation was 
undertaken to find out the effect of fertilizers, 
biofertilizers and FYM on productivity and 
nutrient uptake in mustard. 
 
MATERIALS AND METHODS 
 

A field experiment was conducted during 
2015-16 and 2016-17 at Panwari Village of Agra 
district (U.P.). The site was situated at 27°2’ N 
latitude, 77° 9’ E longitude and an altitude of 
168m above mean sea level. The experimental 
site is characterized by semi- arid climate with 
hot dry summer (46 to 48°C) and very low 
temperature during winter (as low as 2° C). The 
probability of onset of monsoon is first week of 
July and it ends by third week of September. The 
average rainfall is about 650mm, of which a 



 

 
 VIPIN KUMAR and SANDEEP SINGH 26 

 

major portion of 546 mm (84%) receiving from 
July to September and only 104 mm (16%) is 
received in the remaining part of the year.  The 
soil was sandy loam, low in organic carbon (3.1 
g kg-1), low in available N (170 kg ha-1), low in P 
(9.0 kg ha-1), medium in potash (128 kg ha-1) and 
low in S (16.0 kg ha-1) with pH 7.9. The 
treatments consisted of four levels of fertilizers 
(control, N50, P30 K20, N75 P45 K30 and N100 P60 K40 
kg ha-1) and four inoculations (no inoculation, 
Azotobacter, PSB and dual inoculation of 
Azotobacter + PSB) and two levels of farmyard 
manure (0 and 5t ha-1). These treatments were 
evaluated in split plot design, allotting FYM and 
fertilizers in main plots and bio-fertilizers in sub 
plots and replicated three times. Mustard variety 
(Bio-902) was sown in furrows using a seed rate 
of 6 kg ha-1. Application of fertilizers was applied 
as per treatments. Half dose of N and full dose 
of P and K were applied basal at the time of 
sowing and remaining half dose of N at 30 days 
after sowing. FYM (N 0.45%, P 0.25% and K 
0.55%) was mixed in soil at the time of field 
preparation as per treatments. Seeds were 
uniformly coated with Azotobacer inoculums 
using 500g ha-1 and Pseudomonas striata at the 
rate of 5g kg-1 seed as per treatments. The crop 
was harvested at physiological maturity and yield 
data were recorded. The seed and stover 
samples were digested with di acid mixture of 
HNO3 and HClO4 in 9 : 1 ratio. Phosphorus was 
determined in the digest by vanadomolybdo 
phosphoric acid yellow colour method (Jackson 
1973), S by turbid- metric method (Chesnin and 
Yien 1951), K by flamephotometer. Nitrogen in 
seed and stover was determined by modified 
micro Kjeldahl method. Oil content in the whole 
seed of mustard was determined by employing 
non destructive method of oil estimation using 
nuclear magnetic resonance spectroscope 
Newport analyzer model MK 111A. The nutrient 
uptake was calculated by multiplying the 
concentration values with the respective seed 
and stover yield data. Post harvest soil samples 
collected were analysed for organic carbon and 
available nutrients by adopting standard 
procedures (Jackson 1973).   
 

RESULTS AND DISCUSSION 
 

Fertility levels 
 

Successive levels of fertilizers 
significantly increased the seed and stover yield 

of mustard over control. Significantly highest 
seed and stover yields to the tune of 19.74 q ha-1 
and 65.16 q ha-1 were recorded with 100% NPK 
fertilizers while the lowest in control. Application 
of 100% NPK resulted in 52.9 and 54.1% 
increase in seed and stover yield over control, 
respectively. This increase in seed and stover 
yields due to 100% NPK addition may be 
attributed to the fact that these nutrients are 
main yield limiting plant nutrients in the deficient 
soil (N, P and K). Applied nutrients (NPK) is 
reported to enhance the absorption of native as 
well as added major nutrients and thereby 
improves overall growth and development of 
plant and ultimately the seed and stover yield. 
Similar results were reported by Kumawat et al. 
(2014) and Chandan et al. (2018) in mustard. 

The oil content in seeds increased 
significantly from 38.0% at control to 39.4% with 
100% NPK. Thus, addition of NPK fertilizers 
might have activated the enzymes responsible 
for producing oil and caused higher oil content 
(Singh and Pal, 2011). Amongst the fertility 
levels, 100% NPK recorded maximum and 
significantly higher oil yield (777.7 kg ha-1) of 
mustard seed over control. Oil yield is a function 
of oil content and seed yield and both the 
parameters increased with different levels of 
NPK fertilizers. Thus, resulted in a significant 
increase in oil yield. Similar findings were 
reported by Tripathi et al. (2010) and Bonde et al 
(2017). Increasing levels of NPK fertilizers 
significantly increased the protein content in 
mustard seed from 18.8 to 23.9 percent with 
100% NPK. The increase in protein content 
owing to NPK fertilizer might be attributed to 
their involvement in the nitrogen metabolism 
(Sharma et al. 2017). Corresponding application 
of 100% NPK fertilizer also increased the protein 
yield from 242.7 to 471.7 kg ha-1. Since variation 
in protein content has genetic and bio-chemical 
limitation, the protein yield is more influenced by 
seed yield and thus followed almost trend similar 
to seed yield, Chandan et al. (2018) also 
reported similar results. The uptake of N, P, K 
and S by mustard seed increased from 35.0 to 
67.5, 6.9 to 11.8, 8.0 to 13.6 and 6.4 to 10.8 kg 
ha-1, respectively with increase in the level of 
NPK from 0 to 100%. The corresponding 
increases in N, P, K and S uptake by mustard 
stover were from 32.2 to 59.4, 14.5 to 24.5, 20.8 
to 36.4 and 12.6 to 20.8 kg ha-1. 
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Table 1: Effect of fertilizers bio-fertilizers and FYM on yield and quality of mustard (mean of 2 years) 
 

Treatment Yield (q ha
-1

) Oil content 
(%) 

Oil yield 
(kg ha

-1
) 

Protein content 
(%) 

Protein yield 
(kg ha

-1
) Seed Stover 

Fertilizers (kg ha
-1

) 
Control 12.91 42.28 38.0 490.5 18.8 242.7 
N50 P30 K20 15.49 52.17 38.4 594.4 20.1 311.3 
N75 P45 K30 18.00 62.66 38.6 698.4 22.6 406.8 
N100 P60 K40 19.74 65.16 39.4 777.7 23.9 471.7 
CD (P=0.05) 1.18 2.15 0.64 38.0 0.51 16.5 
Bio fertilizers 
Control 15.34 51.31 38.3 587.5 21.1 323.6 
PSM 15.96 53.57 38.6 616.0 21.1 336.1 
Azotobacter 16.51 52.45 38.7 639.0 21.5 355.0 
PSM + Azotobacter 17.46 58.56 39.0 680.7 21.5 375.4 
CD (P=0.05) 1.06 2.03 0.57 27.1 NS 14.7 
FYM (t ha

-1
)       

0 15.37 52.01 38.4 590.7 21.0 322.7 
5 17.32 57.30 38.9 673.0 21.5 372.3 
CD (P=0.05) 0.84 1.52 0.45 21.4 0.36 11.4 

 

The uptake of these nutrients increased 
with progressive increase in the supply of NPK in 
the crop because of higher availability of these 
nutrients resulting in higher biomass (seed + 
stover) yield. The impact of higher uptake of 
plant nutrients under these treatments has been 
reflected in the growth and yield performance of 
the crop as well (Kumawat et al., 2014, Chandan 
et al., 2018). 
 
Bio-fertilizers 
 

Highest seed and stover yield of mustard 
was recorded in co-ino-culation of Azotobacter + 
PSB which were 13.8 and 14.1% higher over no 
inoculation (17.46 and 58.56 q ha-1) respectively. 
Azotobacter was found superior to PSB for 
improving seed and stover yields. The microbial 
inoculants bring about improvement in the 
nutrients availability either by fixation of 
atmospheric nitrogen in the rhizosphere 
(Azotobacter) or transformation of native 
unavailable phosphorus (PSB) in to plant 
utilizable P. Bio-fertilizer, on the other hand, 
transform fixed and insoluble forms in to soluble 
forms and make them readily available to plants. 
Similar results were reported by Yadav et al. 
(2010) and Jakhar et al (2018). The oil content of 
mustard seeds was influenced markedly by the 
inoculation of bio-fertilizers over no inoculation. 
The oil content in seeds increased from 38.3% at 
control to 39.0% with PSM + Azotobacter 
inoculation indicating no beneficial effect of bio-
fertilizer on oil content. Application of bio-

fertilizers (PSM + Azotobacter) increased the oil 
yield of mustard seeds by 14.1% over control. 
This increase in oil yield may be attributed to 
increased seed yield due to dual inoculation of 
bio-fertilizers. Enhanced P availability increased 
better root growth and absorption of N and S. 
Increased N and S absorption is responsible for 
improved synthesis of protein and oil in mustard 
seed (Solanki et al. 2017). 

Inoculation of PSB + Azotobacter did not 
affect the protein content in mustard seeds 
significantly over no inoculation. However, there 
was a significantly beneficial effect of bio-
fertilizers on protein yield and maximum value of 
protein yield (375.4 kg ha-1) was noted under 
dual inoculation (PSB + Azotobacter) inoculation. 
Inoculation of bio-fertilizers increased the uptake 
of nutrients by seed and stover of mustard over 
no inoculation. Among the bio-fertilizers, 
maximum uptake of N (57.6 kg ha-1), P (10.5 kg 
ha-1), K (12.3 kg ha-1) and S (9.4 kg ha-1) by seed 
was recording in Azotobacer + PSB treatment. 
The corresponding values of uptake of N, P, K 
and S       by stover were 50.1, 22.7, 32.7 and 
16.7 kg ha-1. The minimum values of uptake of 
nutrients were recorded under no inoculation 
treatment. Bio-fertilizers have been identified as 
a good supplement to chemical fertilizers to 
increase soil fertility and crop production in 
sustainable farming. The use of bio-fertilizers 
results in the highest biomass and increased the 
nutrient uptake by plants. Similar results were 
reported by Chandan et al. (2018) 
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Table 2: Effect of fertilizers, FYM and bio-fertilizers on uptake of nutrients (kg ha-1) by mustard crop 
(mean of 2 years) 

 

Treatment 
Nitrogen Phosphorus Potassium Sulphur 

Seed Stover Seed Stover Seed Stover Seed Stover 

Fertilizers (kg ha
-1

) 
Control 35.0 32.2 6.9 14.5 8.0 20.8 6.4 12.6 
N50 P30 K20 45.9 40.8 8.7 18.2 10.2 27.6 7.9 15.6 
N75 P45 K30 63.4 55.6 11.4 23.6 13.2 34.8 9.3 19.4 
N100 P60 K40 67.5 59.4 11.8 24.5 13.6 364.8 9.3 20.8 
CD (P=0.05) 1.66 1.90 0.76 1.03 0.63 2.12 0.72 0.92 
Bio-fertilizers 
Control 47.5 41.8 8.7 18.2 10.0 26.4 7.9 15.9 
PSM 50.5 44.1 9.9 20.0 10.8 28.5 8.2 16.6 
Azotobacter 54.0 47.4 9.3 19.6 11.4 30.3 8.7 16.7 
PSM + Azotobacter 56.7 50.1 10.5 22.2 12.3 32.7 9.4 18.7 
CD (P=0.05) 1.26 1.77 0.71 0.96 0.52 1.73 0.59 0.75 
FYM (t ha

-1
) 

0 49.5 43.0 9.1 18.9 10.6 28.0 8.0 16.4 
5 55.2 49.8 10.2 22.0 11.7 32.3 9.1 18.9 
CD (P=0.05) 1.35 1.55 0.62 0.84 0.43 1.0 0.41 0.52 

 

FYM 
 

Significant effect of FYM on seed and 
stover of mustard was observed over no FYM 
(Table 1). Application of 5t FYM ha-1 increased 
seed and stover yield by 12.7 and 10.2%, 
respectively over no FYM. The increase in yield 
might be owing to beneficial effect of FYM in 
improving the soil environment resulting in better 
absorption of moisture, nutrients and thus 
resulting in higher yields Sharma et al. (2017) 
also reported similar findings in terms of crop 
yield performance in mustard with 
vermicompost.The oil content of mustard seed 
was significantly higher with application of 5 t 
FYM ha-1 over control. It might be due to the 
unique role of organic matter in improving the 
nutritional environment of rhizosphere via 
improvement in nutrient availability. Thus, the 
balanced nutrient uptake by plants owing to 
enhanced level of FYM probably favours 
enzymic activities responsible for oil synthesis 
(Sharma et al. 2017). Oil yield was significantly 
influenced by FYM application. Application of 5 t 
FYM ha-1 caused 13.5 per cent increase in oil 
yield of mustard over control. Both protein 
content and yield varied significantly with FYM 
application. Protein content ranged from 21.0 to 
21.5 percent. The corresponding range of 
protein yield was from 322.7 to 372.3 kg ha-1. 
Application of FYM resulted in more uptake of 
nutrients in seed and stover of mustard over no 
FYM (Table 2). The uptake of N, P, K and S in 
seed increased by 5.7, 1.1, 1.1 and 1.1 kg ha-1, 

respectively with 5t FYM ha-1 over no FYM. The 
corresponding increase in N, P, K and S uptake 
by stover were 6.8, 1.1, 4.3 and 2.5 kg ha-1. The 
increase in uptake of nutrients with FYM might 
be because of release of nutrients as a result of 
decomposition, which caused enhancement in 
growth characters, increasing rate of N, P, K and 
secondary and micro nutrients availability for 
longer period from FYM, which met the crop 
demand Singh and Pal (2011) also reported 
significant improvements in uptake of nutrients 
owing to organic mornuring. 
 

Soil fertility 
 

A perusal of the data (Table 3) reveals 
that organic carbon, available N, P, K and S 
content of post harvest soil increased 
significantly with the application of NPK 
fertilizers. The maximum values of organic 
carbon (3.5 g kg-1), available N (200 kg ha-1), P 
(8.9 kg ha-1), K (197 kg ha-1) and S (17.5 kg ha-1) 
were observed under 100% NPK and the 
minimum under control. It may be attributed to 
increased availability of N, P and K with their 
application (Sharma et al. 2017). Application of 
FYM also increased nthe organic carbon and 
available nutrients in post harvest soil over 
control. It may be ascribed to the beneficial role 
of FYM in mineralization of native as well as its 
own nutrient content by creating favourable 
conditions for microbial activities which 
enhanced the available nutrient pool of the soil. 
These results are in agreement with those of 
Sharma et al. (2017). 
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Table 3: Effect of fertilizers, FYM and bio-fertilizers on soil fertility status of post harvest soil (mean of 
2 years) 

Treatment Org. C (g kg
-1

) Avail. N (kg ha
-1

) Avail. P (kg ha
-1

) Avail. K (kg ha
-1

) Avail. S (kg ha
-1

) 
Fertilizers (kg ha

-1
) 

Control 2.9 145 7.8 120 14.1 
N50 P30 K20 3.2 162 8.0 153 16.0 
N75 P45 K30 3.4 180 8.2 173 16.5 
N100 P60 K40 3.5 200 8.9 197 17.5 
CD (P=0.05) 0.11 1.93 0.55 8.87 0.36 
Bio-fertilizer       
Control 3.3 167 8.0 159 15.8 
PSM 3.3 168 8.4 161 16.0 
Azotobacter 3.2 175 8.5 162 16.0 
PSM + Azotobacter 3.3 177 8.8 164 16.2 
CD (P=0.05) NS 1.70 0.35 NS NS 
FYM (t ha

-1
) 

0 3.1 162 8.0 152 15.6 
5 3.4 180 8.4 170 16.4 
CD (P=0.05) 0.07 1.22 0.23 6.27 0.25 

 

The investigation reveals that inoculation 
of bio-fertilizers resulted in slight increase in soil 
organic carbon. Available N content of the soil 
increased from its initial level under Azotobacer 
+ PSB inoculation. Inoculation of Azotobacter + 

PSB increased the status of available P in post 
harvest soil due to increased availability of P in 
soil. Inoculation slightly improved the status of 
available K and S over no inoculation (Yadav et 
al. 2010).  
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