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ABSTRACT

A field experiment was carried out at Chaudhary Chhotu Ram Post-Graduate College, Muzaffarnagar, Uttar
Pradesh during 2009-10 and 2010-11 on sandy loam soil, to evaluate the appropriate fertilizer level of NPK in
conjunction with integrated nutrient management schedule for Indian mustard [Brassica juncea (L.) Czernj. &
Cosson]. Twelve treatment combinations consisting of 2 fertilizer levels, viz. 75% RDF and 100% recommended
dose of fertilizer (RDF) (80.0 + 25.8 + 33.2 kg N + P + K/ha), and 6 INM schedules, viz. N, P, K alone and its suc-
cessive combinations with vermicompost (VC), sulphur (S), zinc (Zn), boron (B) and Azotobacter, were studied in
randomized block design (RBD) with 3 replications. Application of 100% RDF not only increased the growth and
yield attributes but also increased the seed yield and nutrient uptake significantly, which resulted in higher net re-
turns and benefit: cost ratio in comparison to 75% RDF. On an average, seed yield of Indian mustard increased to
the tune of 7.4% under 100% RDF over 75% RDF. However, higher dose of inorganic fertilization had adverse ef-
fect on oil and favourable effect on glucosinolate contents and therefore, the highest values were registered under
75% RDF. Significantly higher growth, yield and yield components and nutrient uptake were recorded when N, P,
K was integrated with VC 2 t/ha + sulphur 40 kg/ha +zinc sulphate 25 kg/ha + boron 1 kg/ha and seed inoculation
with Azotobacter 10 g/kg seed, which was closely followed by the treatment N, P, K+ VC + S + Zn + B. The in-
crease in mean seed yield under the application of N, P, K+ VC + S + Zn + B + Azotobacter was 28.14% higher
over the NPK alone. Combined application of N, P, K+ VC + S + Zn + B + Azotobacter also resulted in the maxi-
mum oil content, net returns and benefit: cost ratio, whereas the maximum glucosinolate content was observed

with integrated use of N, P, K+ VC + S.
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Quality

After cereals, oilseeds being the second largest agricul-
ture commaodity share 13.5 and 5% of gross cropped area
and national product respectively. Amongst the oilseed
crops, rapeseed—mustard group ranks next to soybean oc-
cupies 7.28 m ha area with production of 8.13 million
tones and productivity of 1,117 kg/ha jointly in Uttar
Pradesh and Uttrakhand. On the other hand, to bridge the
gap of domestic demand and supply in edible oil, India
would need 58 M T of oilseeds by 2020 in which the share
of rapeseed—mustard would be 24.2 MT.

Based on a part of Ph.D. thesis of the first author submitted to
Chaudhary Chhotu Ram Post-Graduate College, Muzaffarnagar,
Uttar Pradesh (unpublished)

2Corresponding author Email: sandeepkail @yahoo.com

1Ph.D. Student, 2Associate Professor, Lecturer, “Assistant Profes-
sor, Department of Agronomy, Chaudhary Chhotu Ram Post-Gradu-
ate College, Muzaffarnagar, Uttar Pradesh 251 001

Apart from improved crop varieties and irrigation with-
out concomitant use of nutrients leads to nutrient mining
and nutrient imbalance, resulting in present-day crisis for
low soil fertility, hidden hunger and low factor productiv-
ity. Indian soils are becoming deficient in sulphur (S), zinc
(Zn), boron (B) and other secondary/micro-nutrients due
to intensive cultivation and use of high-analysisfertilizers.
Rapeseed—mustard requires relatively large amount of
macro- and micro-nutrients from the soil. None of the
sources of nutrients alone can meet the total plant nutrient
need of crop adequately. Restricted or no application of
organic manures has further aggravated the situation. To
enhance productivity of this crop, integrated use of nutri-
ents through inorganic, organic and biofertilizer is the
most efficient way to supply plant nutrients for sustained
crop productivity and improvement of soil fertility. Appli-
cation of vermicompost (VC) improves soil health by im-
proving nutrient availability, soil physical properties and
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microbial activity. Azotobacter chroococcum is a non-
symbiotic nitrogen-fixing agro-microbe having potential
to fix considerable quantities of atmospheric nitrogen in
the rhizosphere of non-legumes. Besides nitrogen fixation,
Azotobacter synthesizes various growth hormones, anti-
fungal substances and siderophores that favourably affect
crop growth. Hence present investigation was planned to
find out the appropriate fertilizer level and integrated nu-
trient management strategy for Indian mustard.

MATERIALS AND METHODS

A field experiments was conducted at Agricultural Re-
search Farm of the Chaudhary Chhotu Ram Post-Graduate
College, Muzaffarnagar, Uttar Pradesh, during winter
(rabi) seasons of 2009-10 and 2010-11 on a fixed site.
Thefarm is situated at 28°N and 77°E, with an €l evation of
245.83 m above mean sea-level. Soil was sandy loam in
texture (Entisols), dightly alkaline (pH 7.6) and medium
in organic carbon (0.47%) with electrical conductivity of
0.41 dS/m. Available nitrogen (N), phosphorus (P), potas-
sium (K) and sulphur (S) were 152.0, 16.0, 191.0, 8.9 kg/
ha, whereas the available zinc (Zn) and boron (B) were
0.34 and 0.47 ppm, respectively. The required quantity of
vermicompost containing 1.86% N, 0.72% P, 0.91% K and
0.24% S, 28 ppm Zn and 3.6 ppm B was incorporated into
the soil 15 days prior to sowing of crop as per treatment.
The total rainfall received during the rabi seasons of
2009-10 and 2010-11 was 94.3 and 104.1 mm respec-
tively.

Twelve treatments comprising 2 fertilizer levels (75 and
100% of recommended dose of fertilizer, i.e. 80.0 + 25.8
+ 33.2 kg N+ P + K/ha) and 6 schedules of nutrient man-
agement, viz. N, P, K alone; N, B K +VC; NPK +VC +
SNPK+VC+S+Zn;N,PK+VC+S+7Zn+B and
N, P K +VC+ S+ Zn+ B + Azorobacter were eval uated
in randomized block design with 3 replications. Mustard
variety ‘Kranti’ was sown in rows, 30 cm apart, on 15
October 2009 and 10 October 2010 respectively. The
amount of supplementary nutrients sourceswere VC @ 2
t/ha, sulphur @ 40 kg/ha, zinc sulphate @ 25 kg/ha, boron
@ 1 kg/haand Azotobacter chroococcum @ 10 g/kg seed.
Urea, diammonium phosphate, muriate of potash, gypsum,
zinc sulphate and borax were used to suppliment N, P, K,
S, Zn and B respectively. Full dose of phosphorus, potas-
sium, sulphur, zinc sulphate, borax and half of nitrogen (as
per treatment) were applied at sowing. Remaining nitro-
gen was applied after first irrigation in ear-marked plots.
Thinning was done 15 days after sowing to maintain plant-
to-plant distance of 15 cm. All standard agronomic and
required plant-protection practices were followed to har-
vest good crop yield. The oil content was estimated by
non-destructive approach (Nuclear Magnetic Resonance
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method) using Newport Analyzer-4,000. Total
glucosinolate content was estimated in defatted seed
samples obtained after oil extraction by determining the
glucose released by ‘Myrosinase hydrolysis’ (Wang and
McGregor, 1991). Monetary returns were computed using
the prices of inputs and outputs as per prevailing market
rates.

RESULTS AND DISCUSSION

Growth parameters

Growth parameters of Indian mustard, viz. crop-growth
rate (CGR) and leaf-areaindex (LALI), at successive stages
differed significantly due to application of fertilizer treat-
ments (Table 1). The maximum values for CGR and LAI
were recorded with 100% recommended dose of fertilizer
(RDF) against 75% RDF during both the seasons. Such
improvement was owing to increased availability of nutri-
ents leading to high accumulation of net photosynthates
and better proliferation of roots with 100% RDF. The
growth parameters like CGR and LAI were also affected
significantly by nutrient integration during both the years.
The highest CGR and LAI were observed with the appli-
cation of NPK + VC + S+ Zn + B + Azotobacter, being at
par with NPK + VC + S+ Zn + B. The lowest values of
the above parameters were recorded under application of
NPK alone. The addition of nutrient elements from
inorganics, organics and biofertilizer might have resulted
in better availability of nutrients for growth, which might
helps in absorption and translocation of nutrients in plant
that seems to have promoted CGR by way of active cell-
division and elongation. Higher LAl may also be due to
production of more number of leaves/plant and better |eaf
growth owing to favourable effect of fertilization on plant
growth. Giri et al. (2005) were also of similar view.

Yield attributes and yield

Response of Indian mustard to fertilizer levelsreveaed
that 100% RDF produced significantly more number of
siliqua/plant and 1,000-seed weight than 75% RDF, but in
case of seeds/siliquae, both the fertilizer levels could not
bring statistical difference (Table 2). The per cent increase
under 100% RDF was 13.69 and 15.75 in siliqua/plant and
7.87, 8.20 in 1,000-seed weight over 75% RDF during
2009-10 and 2010-11 respectively. The significant in-
crease in yield parameters, viz. siliqua/plant and 1,000-
seed weight, under 100% RDF might be possibly owing to
higher availability of N, P and K in soil solution resulted
in overall improvement in the yield-contributing charac-
ters which increased protoplasmic constituents and accel-
erated the process of cell-division, cell-elongation and
expansion which in turn increased the values of yield at-
tributes. Such positive and beneficia effects of higher lev-
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els of RDF on different yield attributes of Indian mustard
crop are in accordance with those reported by Jain and
Sharma (2000).

Seed yield increased significantly with application of
increasing dose of inorganic fertilizers from 75% to 100%
RDF. The increase in seed yield under 100% RDF over
75% RDF was 7.37%. Increase in seed yield with 100%
RDF was largely a function of improved growth and the
consequent increase in different yield components owing
to sufficient supply of major plant nutrients under succes-
sive increase in nutrient doses. Though the higher stover
yield and harvest index were also recorded with 100%
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RDF, the difference was non-significant over 75% RDF.
The maximum number of siliqua/plant, seeds/siliquae
and 1,000-seed weight were observed under the applica
tion of NPK + VC + S+ Zn + B + Azotobacter followed
by NPK + VC + S+ Zn + B (Table 2). On the other side,
the above yield components were registered lowest at ap-
plication of NPK alone. The highest values obtained could
be attributed to better nutrient supply and synthesis of
growth-promoting substances as a result of combined ap-
plication of inorganic fertilizers, organic manures and
biofertilizer. Rana et al. (2005) also reported positive ef-
fect of supplementary nutrients on yield attributes of In-

Table 1. Influence of fertilizer levels and integrated nutrient-management practices on growth parameters of Indian mustard (pooled data of

2 years)
Treatment Crop-growth rate (g/m?/day) Leaf-area index
30-60 DAS 60-90 DAS 30 DAS 60 DAS 90 DAS
Fertilizer level
75% RDF 1.77 3.79 0.40 1.61 1.60
100 % RDF 2.18 4.45 0.48 1.94 1.92
SEm+ 0.05 0.11 0.01 0.01 0.02
CD (P=0.05) 0.14 0.31 0.03 0.03 0.06
Integrated nutrient management
NPK aone 1.64 3.81 0.41 1.48 1.46
NPK +VC 1.85 4.07 0.42 1.65 1.64
NPK +VC+ S 1.96 4,16 0.43 1.76 1.75
NPK +VC+ S+ 7Zn 2.05 4,22 0.45 1.87 1.86
NPK +VC+S+2Zn+B 2.15 4.27 0.45 1.92 191
NPK +VC + S+ Zn+ B + Azotobacter 2.20 4.39 0.46 1.97 1.95
SEm+ 0.10 0.18 0.04 0.03 0.04
CD (P=0.05) 0.28 0.51 NS 0.08 0.11

DAS, Days after sowing; RDF, Recommended dose of fertilizers; VC, Vermicompost

Table 2. Influence of fertilizers levels and integrated nutrient-management practices on yield attributes and yields of Indian mustard (pooled

data of 2 years)

Treatment Siliquae/ Seeds/ 1,000-seed Seed yield Stover Harvest
plant siliqua weight (g) (t/ha) yield (t/ha) index (%)
Fertilizer level
75% RDF 2535 133 3.79 234 7.75 235
100% RDF 291.2 13.7 4.10 251 8.03 23.9
SEmz+ 4.1 0.30 0.09 0.04 0.23 0.39
CD (P=0.05) 1.5 NS 0.25 0.11 NS NS
Integrated nutrient management
NPK aone 201.7 11.9 341 2.06 7.13 23.1
NPK +VC 263.2 131 3.90 2.26 7.50 232
NPK +VC+ S 278.3 13.6 4.01 244 7.97 234
NPK +VC+S+Zn 286.8 13.7 4.08 2.53 8.11 236
NPK +VC+S+2Zn+B 298.4 14.2 411 2.58 8.23 23.7
NPK +VC + S+ Zn+ B + Azorobacter 305.1 145 4.20 2.65 8.44 24.2
SEmz+ 7.1 05 0.15 0.08 0.49 0.69
CD (P=0.05) 20.3 14 0.42 0.22 NS NS

DAS, Days after sowing; RDF, Recommended dose of fertilizers; VC, Vermicompost
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dian mustard.

Treatment NPK +VC + S+ Zn + B + Azotobacter gave
the highest seed yield in both the years; however, it re-
mained at par with combined application of NPK + VC +
S+ Zn + B, while the lowest seed yield was recorded at
NPK alone. The stover yield and harvest index of Indian
mustard remained non-significant among different inte-
grated nutrient-management schedules (Table 2). The per
cent increase in seed yield with NPK + VC + S+ Zn+ B
+ Azotobacter was to the tune of 28.42 and 27.79 over
NPK alone during 2009-10 and 201011 respectively. The
yield is directly dependent on various growth and yield
parameters. Its expression was observed with integrated
and enhanced supply of essential nutrients, their availabil-
ity and acquisition, mobilization into plant tissues and thus
improved growth and yield components and finally yields.
These results confirm the findings of Singh and Sinsinwar
(2006).

Nutrient uptake

The nutrients uptake was affected due to fertility levels
in both the years. The uptake of N, P, K, S, Zn and B by
plants increased significantly with successive increase in
fertilizer level, which led to maximum uptake of these
nutrients at 100% RDF (80.0 + 25.8 + 33.2kg N + P + K/
ha) that was significantly higher when compared to 75%
RDF. The remarkable improvement in nutrient uptake by
applying 100% RDF seems to be by the maintenance of
congenial nutritional environment at the cellular level as
well asin the rhizosphere, which might have led to greater
availability of nutrients from the soil mass. However, nu-
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trient uptake is the function of yield and nutrient concen-
tration and yield is more deciding factor for higher nutri-
ent uptake.

Nutrient uptake by crop varied significantly due to dif-
ferent INM treatments (Table 3). The highest nutrient up-
take (N, P, K, S, Zn and B) by Indian mustard was ob-
served with the application of NPK + VC +S+Zn+B +
Azotobacter, which was found at par with NPK + VC + S
+ Zn + B. The lowest nutrient uptake was recorded under
NPK alone. The maximum values of nutrient uptake ob-
tained under the treatment could be due to consistent sup-
ply of nutrients and reduced rate of loss of releasing nutri-
ents during the process of decomposition of organic ma-
nure (VC) and also owing to improved root growth and its
functional activity which helped in greater extraction of
nutrients. Further, balanced nutrition also enhanced the
synergistic effect on uptake of other plant nutrients. These
findings were also similar to that of Ahmad et al. (2007).

Quality
The effect of fertilizer levels on the oil and

glucosinolate contents were very interesting wherein de-
crease in fertilizer level, i.e. 75% RDF could make slight
increase in the oil and glucosinolate contents in both the
years (Table 4). The oil content decrease with increasing
levels of fertilizer from 75% to 100% RDF, could be due
to increasing availability of nitrogen which increase the
proportion of proteinous substance in seed and hence ail
content was low and this was also suggested by Piri and
Sharma (2006). The glucosinolate content is one of the
important aspects related to seed quality of Indian mus-

Table 3. Influence of fertilizer levels and integrated nutrient-management trestments on nutrient uptake by Indian mustard (pooled data of 2

years)
Treatment N (kg/ha) P (kg/ha) K (kg/ha) S (kg/ha) Zn (g/ha) B (g/ha)
Seed Stover Seed Stover Seed Stover Seed Stover Seed  Stover Seed Stover
Fertilizer level
75% RDF 709 326 162 205 259 124.1 190 393 1282 3886 313 89.9
100% RDF 836 372 185 238 296 1404 212 440 1554 4498 418 1149
SEm+ 180 109 030 079 050 462 040 1.27 3.70 138 110 412
CD (P=0.05) 506 311 0.9 2.24 1.4 13.0 1.1 3.58 104 38.8 31 11.6
Integrated nutrient management
NPK aone 587 243 139 172 191 1055 156 331 1071 3228 279 78.2
NPK +VC 711 303 157 201 223 1196 178 368 1222 3637 315 93.0
NPK +VC+ S 788 346 174 221 276 1321 203 424 1376 4134 356 1008
NPK +VC+ S+ 7Zn 823 379 182 233 30.2 1387 213 441 1528 4516 378 104.8
NPK + VC+S+Zn+B 854 406 190 248 325 1472 223 462 1618 4816 427 116.9
NPK + VC+S+Zn+B + 869 418 197 255 339 1504 233 474 1695 4823 443 120.9
Azotobacter
SEm+ 31 19 0.6 1.37 1.1 8.01 0.7 2.19 6.5 239 2.0 7.14
CD (P=0.05) 8.8 5.4 1.7 3.9 3.1 22.7 1.9 6.2 184 68.1 5.6 20.1

DAS, Days after sowing; RDF, Recommended dose of fertilizers; VC, Vermicompost
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Table 4. Influence of fertilizer levels and integrated nutrient-management practices on oil and glucosinolate content and economics of Indian

mustard (pooled data of 2 years)

235

Treatment Qil (%) Glucosinolate Cost of Net returns Benefit:
(1 mole/g seed) cultivation (x 10°%¥/ha) cost ratio
(x 10°%/ha)
Fertilizer level
75% RDF 39.6 1145 21.70 40.1 1.85
100% RDF 39.2 105.6 22.55 439 1.94
SEmz+ 1.08 0.98 0.61 0.01
CD (P=0.05) NS 2.80 1.76 0.03
Integrated nutrient management
NPK aone 35.6 113.1 20.36 35.2 1.73
NPK +VC 36.0 105.2 21.56 38.6 1.78
NPK +VC+ S 40.8 120.2 22.26 42.3 1.90
NPK +VC+ S+ Zn 41.1 113.6 22.66 43.8 1.94
NPK +VC+S+2Zn+B 41.3 105.5 22.96 45.3 1.98
NPK +VC + S+ Zn+ B + Azorobacter 415 102.7 22.99 46.8 2.04
SEmz+ 1.86 1.29 0.89 0.03
CD (P=0.05) 5.2 3.63 234 0.08

DAS, Days after sowing; RDF, Recommended dose of fertilizers; VC, Vermicompost

tard. Glucosinolate content in seed decreased with increas-
ing levels of fertilizer from 75% to 100% RDF (Table 4).
This may be owing to dilution effect as higher fertility
enhanced the growth and dry-matter production. Inte-
grated application of NPK coupled with VVC, sulphur, zinc,
boron and seed inoculation resulted in the highest oil con-
tent; however, reverse trend of oil content in seed was reg-
istered at application of NPK aone during the experimen-
tation (Table 4). The oil content increased from 35.6%
under NPK alone to 41.5% under the application of NPK
+VC + S+ Zn+ B + Azotobacter. Such alarge variation
in oil content on addition of sulphur was also reported by
Singh et al. (2013). Theincreasein oil content under NPK
+VC + S+ Zn + B + Azotobacter treatment might be at-
tributed to increased availability of Sand Zn that involved
in an increased conversion of primary fatty acids metabo-
lites to the end products of fatty acids, as reported by
Tripathi et al. (2010). Further, sole use of higher levels of
chemical fertilization improved N availability that helped
more production and made potential deficiency of carbo-
hydrates vis-avis ' Acetyl co-enzymeA’, precursor of fatty
acids, resulting into low oil content. The glucosinolate
content in seed decreased with successive increase in vari-
ous nutrient integration packages. The maximum
glucosinolate content was observed with combined appli-
cation of NPK +VC + S. It was mainly owing to the role
of sulphur in increasing the content of S-containing amino
acids which are precursors for the biosynthesis of gluco-
sinolates. Tripathi et al. (2010) had also similar opinion.
The lowest glucosinolate was recorded in NPK + VC + S
+Zn+ B + Azotobacter, followed by NPK +VC + S+ Zn

+ B. This may be due to the fact that addition of zinc, bo-
ron and seed inoculated with Azotobacter reduced the
glucosinolate content on account of simple dilution effect
resulting from increased dry-matter production and diver-
sion of more N and S for protein synthesis. Yang e al.
(1993) also reported decrease in glucosinolate content
with boron application.

Economics

The maximum net return and benefit: cost ratio were
obtained from 100% RDF, while the lowest values from
75% RDF (Table 4). This was mainly owing to dight in-
crease in the cost of cultivation and higher productivity
under 100% RDF. Among the various INM treatments,
the minimum cost of cultivation was recorded under the
application of NPK alone, whereas it was the maximum
when it combined with all the supplementary nutrients.
The highest net return and benefit: cost ratio were noted
under NPK integrated with all the supplementary ingredi-
ents, viz. VC, sulphur, zinc, boron and seed treatment with
Azotobacter, during both the years, which might be owing
to production of higher seed yield.

It was concluded that nutrition of Indian mustard with
NPK combined with 2 tonnes VC/ha, 40 kg S/ha, 25 kg
zinc sulphate/ha, 1 kg boron/ha and seed inoculation with
Azotobacter chroococcam isaviable option for enhancing
growth, yield, seed quality and net returns on Entisols
under irrigated conditions of western Uttar Pradesh.
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