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Abstract: A field experiment wac conducted at recearch farm of Tirhut College of
Agriculture, Dholi, Bihar during winter (Rabi) ceacon of 201617 on candy loam coil
to otudy the effect of integrated nutrient management on coil propertieq, yield and
quality of Indian muctard (Brassica juncea L.). The experiment wac laid out in
randomized block decign (RBD) with eleven treatmentcand three applications. The
reaultc indicated that application of 75% RDF+40kg S+ 5t vermicompoct
ha'+A4zotobacter+PSB produced the highect grain (1.79 t ha"), otover yield (6.17t
ha"), oil content (40.86%) and protein content in ceed (14.60 %). The free fatty acid
content ranged from 1.28 to 1.59%, in different treatmentowhich did not croooed the
permicoible limit of 2% while erucic acid varied from 44.66 to 51.34% in the muctard

oil.
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Introduction

Rapeceed -muctard are the major Rabi oiloeed
cropo of India and contributec 28.6 per cent in the total
production among the ceven edible oils cultivated in
India. Domectic production of edible oilc meetc only
50% of'the total requirementcand rect need to be fulfilled
by imported oiloeedo. The gap between the conoumption
and domectic production of edible oilccan be filled up by
either increacing the area under oiloeed cropo like
rapecced and muctard, cunflower and ocoybean or
increacing production per unitarea. The imbalanced and
inadequate cupply of fertilizercalong with rectricted uce
of organic manurec not only leads to limit the yield
potential but coilc aloo get deficient in the nutriento
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which deteriorate the ooil health with decline in crop
reogponce (Anonymoucs 2006). The uce of organic
fertilizerc and their proper management can cupply the
nutrientc to crop for longer period of time. Among the
organic courcec, poultry manure icalco a good cource of
nutriento particularly nitrogen and phoophoruc (Zamil et
al. 2004), which enhancec the oeed yield of muctard.
Nutrient management ic very ecoential approach which
maintainc coil quality and cuctainchigh crop production
over the yearc(Pracad ef al. 2010; Pal and Pathak 2016).
Application of culphur wac reported to increace yield
attributecand yield of Indian muctard (Patel ez al. 2009)
and aloo increaced S uptake (Sharma et al. 2009) acwell
acoil content (Kumar and Trivedi 2012). Application of
oulphur had reported a cignificant effect on oil, fatty acid
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(Ahmad and Abdin 2000) and glucoainolatec content in
muctard ceed (Falk et al. 2007). It icnow time to explore
the poaaibility of cupplementary organicowith chemical
onecthat are eco—friendly and coct effective.

The major fatty acidoc of rapeceed-muctard oil
are oleic, linoleic, linolenic, ecocenoic and erucic acid in
oil of Indian muctard variety icquit high (Chauhan et a/.
2007). The objective of thic ctudy were examined the
effect of integrated nutrient management on yield and
yield attributes, oil content and quality of Indian
muotard.

Materials and Methods
Experimental site and observations method

A field experiment wacconducted during winter
(Rabi) ceacon at recearch farm of Tirhut College of
Agriculture, Dholi, Muzaffarpur, a campuc of Dr.
Rajendra Pracad Central Agricultural Univeraity, Puaa,
Bihar cituated on the couthern bank of the river Burhi
Gandak (25.98°N; 85.60°F) at, an elevation of 52.18
meter above mean oea level. It hac cemi-arid, cub—
tropical climate with hot dry cummer, moderate rainfall
and cool winter. The experimental candy loam occurcon
flat topography and had pH (8.4), EC 0.44 dSm" and
organic carbon 5.3 gkg', available nitrogen 162 kgha,
phoophoruc 8.6 kg ha', potaccium 96.4 kg ha' and
available culphur 10.8 kg ha'. The experiment wac laid
out in randomized block decign (RBD) compricing
eleven treatmentci.e. T,-Aboolute Control: T, RDF (N,
P, K) @ 80:40:40+40 kg Sha'; T, RDF+40kg Sha'+5t
vermicompoot ha'; T,RDF+40 kg S ha'+5 t
vermicompoat ha '+ Azotobacter +PSB; T, RDF+40 kg
S ha'+2 t poultry manure ha; T, RDF+40 kg S ha™+2 t
poultry manure ha'+ Azotobacter+PSB; T,75%
RDF+40 kg S ha'; T,75% RDF+40 kg S ha'+5 t
vermicompoct ha'; T,75% RDF+40 kg S ha'+5 t
vermicompoot ha'+ Azotobacter +PSB; T,;75% RDF
+40 kg S ha'+2 t poultry manure ha'; T,,75% RDF+40
kg S ha'+2 t poultry manure ha'+Azotobacter+PSB
with three replicationc. The muctard ceedo (Rajendra
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Suphlam) were inoculated with Rhizobium and PSB ac
per treatmentc.  Plant height wacmeacured from bace of
the plant to tip of the main choot randomly at 30, 60 and
90 dayoc after cowing (DAS) and average height wac
exprecced in centimeterc(cm).

Number of ailliquae waccounted from the tagged
plantcexprecsacnumber of ciliqua plant ' and total length
meaoured in centimeter. The leaf area index of two plantc
from each plot wac determined by ucing leaf areca
meter.1000 ceedo from bulk ceed yield of each treatment
were taken for meacured tect weight. Nitrogen,
phoophorus, potacoium and oulphur of ceedo were
analyced following otandard procedure and uptake wac

computed for regpective treatmenta.
Oil content in grainc wac determined by ucing

Soxhlet unitc according to A.O.A.C. (1995). The fatty
acid compoaition were determined ucing oil camplec for
methyl ecterc preparation (IUPAC 1979) with boron
trifloride and it wac quantified by GC 5765 Gac-
Chromatograph (NUCON) equipped with Flame
Ionization Detector (FID). Free fatty acid wac
determined by titrating the oil in an alcoholic medium
againot otandard NaOH oolution. The acid value wac
calculated by multiplying the per cent fatty acid (acoleic)
x 1.99.

The proceared coilowere analyced for pH (ucing

potentiometric method) and total coluble ltc by
electrical conductivity (Jackoon 1973). The oxidizable
ooil organic carbon content (g kg ') were analyzed by the
method propoced by Walkley and Black (1934). The
available N, P, K and S in coilowere analyzed (Subiah and
Adija 1956) for available N, 0.5 M NaHCO, (pH 8.5)
extractable P (Oleen's et al. 1954), 1 N NH,OA
extractable K by Flame Photometer and 0.15% CaCl,
extractable oulphur (Cheonin and Yien 1951)
recpectively.

Results and Discussion
Yield and yield attributes

The influence of different treatments on plant
height (Table 1) wacnon—ocignificant at 30 DAS but plant
height at 60 DAS it ranged from 88.0 to 108.16cm being
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79.83 cm in control. The treatmentocompricing of 100%
RDF+S@40 kg ha'+vermicompost @ 5 t ha'+
Azotobacter+PSB and 75% RDF+S @ 40 kg ha
"+vermicompoct @ 5 t ha' had 10.23 to 35.49 per cent
increace in plant height at 60 DAS over control.
Application of culphur might have promoted the cell
divicion reculting in increaced height of choot in
muctard.

The maximum plant height (131.83cm) at 90
DAS and wac obcerved with treatment 75% RDF+S@
40 kg ha'+Vermicompoat @5t ha '+Azotobacter+PSB
over control. Rundala et al. (2013) reported that the
integrated nutrient management gave cignificant impact
on all growth parameterc including plant height. The
increace in frech and dry weight of plant wac clocely
acoociated with plant height.

Nutrient uptake differed ocignificantly due to
application of different treatments. The recommended
doce of fertilizercincreaced nitrogen uptake up to 35.19
(kg ha') over aboolute control 18.39 (kg ha') in ceed.
The oeed of muctard utilized higher amount of N than of
atover. The higheat nitrogen uptake wac recorded with
the application of 60 Kg S ha' at all the growth ctagec
and by aceedo. Phoophorug, potacoium and culphur uptake
in grain and otover increaced aignificantly with
application of recommended doce of fertilizerc or with
conjunctive uce of organic and inorganic fertilizerc
(Table 2).

The effect of integrated nutrient management
on length of ciliqua wac not ocignificant. The ailiqua
length ranged from 4.37 to 4.63cm (Table 3) in different
treatmento organicg, involving chemical fertilizerc and
bio-fertilizers, Piri et al. (2012) reported that the
increaaing level of aulphur not only increaced the ciliqua
length but aloo gave higher yield of otraw, more leaf area
index, high growth rate and higher acoimilation rate at all
the growth atageo of crop growth. The higheot number
of ailiqua plant’ (275.0) wac recorded in treatment
having 75% RDF+S@40kg ha +vermicompoct @5t ha
"+Azotobacter+PSB, followed by 75% RDF+ S@ 40 kg
ha" + vermicompoat @ 5 t ha". The higheat no. of ceedo
aliqua’ (12.48) wacrecorded with 75% RDF+S @40 kg
ha'+vermicompoat @ 5 t ha'+Azotobacter+PSB  wac
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15.51% more than 100% RDF+S @ 40 kgha'. The reculto
are in conformity with the finding of Rundal ez al. (2013)
and Bhati et al. (2014)

The teat weight of oeedo varied from 4.78 to
5.70g in the treatmentc having of organicc, inorganic
fertilizerc and bio-inoculantc (Table 3). The maximum
teot weight wacrecorded with application of 100% RDF +
S @ 40 kg ha'+ poultry manure @ 5 tha'+Azotobactor +
PSB followed by 100% RDF+S @ 40 kg ha'+poultry
manure @ 2 t ha'. The grain yield ranged from 0.87 to
1.79 tonnec and the highect yield wac found with 75%
RDF+ S @ 40 kg ha'+vermicompoct @ 5 t ha
"+Azotobacter+PSB which wac 1.7 per cent than control.
The conjunctive uce of organicg, inorganic fertilizercand
biofertilizer aloo had cignificant effect on Stover yield
and aloo on harveat index (Table 3). The harvecdt index
ranged from 21.32 to 23.77 per cent and it wacaignificant
over to aboolute control. Lepcha et al. (2015) evaluated
the combined effect of organic and inorganic courcecof N
and obcerved aimilar recultc for harvect index. The
maximum (2.44) LAI waoc reported in the treatment
having 75% RDF+S @ 40kg ha +vermicompoct @ 5 tha
"+Azotobacter+PSB followed by 75% RDF+ S @ 40kg
ha'+poultry manure @ 2 t ha' while lowect (1.86) wac
acoociated with control.

Quality parameters

The oil content in ceed cignificantly increaced
with each treatmentc over control might be due to the
application of culphur fertilizer with organicc and bio—
fertilizeo. The highect oil content (40.0%) wac recorded
with the application of 75% RDF+40kg S ha'+5t
vermicompoat ha '+ Azotobacter +PSB, followed by T,
and T, treatmentc. Application of nutrients through
vermicompoct and poultry manurec produced ceed with
oignificantly higher protein content ac compared to
recommended doce of fertilizers. The maximum protein
in ceed (14.60 %) wacrecorded with the treatment having
75% RDF+S @ 40 kg ha'+Vermicompoat @ 5 t ha
"+Azotobacter+PSB than otherctreatmenta.

The content of free fatty acid alwayc ic an
increace in acidity with time during tranoport and ctorage.
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Variationo in free fatty acid content of muctard oil ac
influenced by the different treatment icchow in table 4.
The International gpecificationcfor top grade edible oile
uoually are cet at 2% free fatty acido for human health
purpocec. The minimum value of free fatty acid (1.28%)
wac recorded with treatment, having 100% RDF+S @
40 kg ha" +poultry manure @ 2 t ha', however it ranged
from 1.28 to 1.59%.

The content of caturated fatty acido includec

palmitic, otearic acid and arachidic acid in muctard oil
ranged from 1.69 to 2.72, 0.35 t0 0.93 and 0.54 to 1.13
per cent. Maximum caturated fatty acid content (4.20%)
waorecorded in treatment involving 75% RDF +40 kg S
ha'+2 t poultry manure ha", while minimum (2.26%)
wacobtained with application of 75% RDF+40 kg Sha .
The muctard oil icnutritionally good quality oil becauce
it hac almoot balance proportion of all fatty acid
compooaition. The muctard oil contained erucic acid aca
major monounaaturated fatty acid, followed by oleic,
and eicocanoid acid. On the other hand, muctard oil
contained high amount of erucic acid which ranged from
44.66 to 51.34 oleic acid percentage. The highect
amount of erucic acid (51.3%) wac recorded with
treatment compricing of 100% RDF+40 kg S ha'+2 t
poultry manure ha'+ Azotobacter +PSB which wac at
parwith RDF+40kg Sha.

Soil parameters

The ooil pH at harvect ranged from 8.46 to
8.55(100% RDF+40 kg S ha'+2 t poultry manure ha '+
Azotobacter+PSB). The decreace in pH might be due to
the application of culphur along with vermicompoct and
poultry manurec. Thicreoult icin conformity with Yadav
et al. (2010). The treatments did not have cignificant
effect on electrical conductivity of ooil: water
ouopenaion (1:2.5 w/v) at crop harvect (Table 5). The
organic carbon in coil ranged from 0.52 to 0.78 per cent
and variation wac due to typec of organico applied.
Pathak et al. (2015) aloo reported the integrated uce of
nutrientc helpo to increace the organic carbon. The
treatmentc brought ocignificant increace in available
nitrogen and maximum nitrogen content (198.40 kg
ha') wac recorded in 75% RDF+S @ 40 kg

ha'+vermicompoat @ 5 t ha'+A4zotobacter+PSB while
minimum (168.0 kgha') wacacoociated with control.

The highect quantity of available phoophoruc
(14.54 kg ha") and potacoium and (111.90 kg ha') were
obcerved with the application of 100% RDF+S @ 40 kg
ha'+ vermicompoot @ 5 t ha'+Azotobacter+PSB
followed by 75% RDF+S @ 40kg ha'+vermicompoot @
5 t ha'+Azotobacter+PSB. The higher available
phoophoruc wac noticed in thoce plotc which had bio—
fertilizero(PSB).

The buildup of P might alco be due to the releace
of organic acido during microbial decompoaition of
organic matter leading to increaced colubility of native
phoophoruc. Similar recultc were reported by
Balaguravaiah et al. (2005). The combined uce of
chemical and organic fertilizerc inoculated with bio—
fertilizer recorded oignificantly higher amount of
potacoium in coil after harveat than recommended doce of
fertilizers. Shilpa and Dongale (2011) reported
aignificant increace in available nutriento(NPK) with the
application of organic and inorganic cource of nutrientc.
Application of NPK and S along with vermicompoat and
poultry manure had poaitive influence on available S in
ooil at harvect content over control.

Conclusion

It may concluded that the yield of grain and
ctover, oil and protein content in Indian muctard were
found maximum with the application of 25% reduced
amount of NPK combined with culphur, FYM and
microbial inoculante. The minimum free fatty acid wac
noticed with treatmentc having 100% RDF, culphur and
poultry manure.
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