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A field experiment was conducted in Rabi 2011-12 to study the effect of different
N levels with and without P and K on growth, yield and acquisition of nutrients by
mustard (Brassica juncea L). The experiment was laid out in randomized block design
(RBD) with 12 treatments. The results revealed that highest significant grain yield of
20.78 q ha-1 were recorded in the treatment T,, (N, P, K, ) as compared to all other
treatments. Addition of different N levels with and without P and K, caused significant
increase in plant height, number of branches plant® (primary and secondary), number of
siliquae plant?, number of seed siliquae?, 1000-seed weight, biological yield, seed yield,
stover yield q ha?, nutrient content and uptake. On the basis of results obtained it can be
concluded that the balanced fertilization and high dose of nitrogen with P and K was
found superior than alone application of treatments due to synergetic effect of N with P
and K by mustard in terms of growth and yield parameters significantly.
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Indiaisamongst the largest vegetable oil
economies in the world, next to USA and China.
The oilseed formsan essential part of human diet.
Besides, it produces basic raw material for agro-
based industries. The present average per capita
consumption of oils and fats has not been more
than 119 /day as against the nutritional standard
of 30g /day for a balanced diet. Currently, India
accounts for about 13% of world’s oilseeds area,
7% of world’s oilseed output and 10% of world’s
edible oil consumption. At global level rape-seed
mustard crops are cultivated in 53 countries
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spreading over to 6 continents. In India, mustard
occupies annually 6.51 million hectare area
contributing to 7.67 million tons with average
productivity of 1182 kg per hectare. Production of
mustard in Indiahasincreased from 2.7 million tons
in1986-87 to 7.67 million tonsin 2010-11, whilethe
estimated demand for vegetable oilseeds is
expected to bearound 34 milliontonsby 2020 AD.
To meet out thisdemand, the production of mustard
has to be increased to at least 14 million tons for
mai ntai ning aminimum nutritional requirement of
12.0 kg per capita per year as against present 8.5
kg per capita per year by 2020 AD (Anonymous,
2010).

Brassica junceaisoneof theoil yielding
and promising crop in India. According to state
wise, Rajasthan have the largest area and Uttar
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Pradesh have the third place in rape-seed mustard
with area 0.6 mhawith production of 0.68 million
tonsand productivity of 1113 kg ha (Agriculture
statistics, 2011). India oilseed scenario recently
presented a picture of virtual stagnation. The
technology mission on oilseed (TMO) launched
by government of Indiain 1986 has impacted to
overall production of oilseed significantly. The
oilseed production whichwasonly 12.8 milliontons
in 1984-85 increased to 24.35 million tonsin 1996-
97, this has been achieved not only through
increasein productivity from 684kghat in 1884-85
t0 926 kg ha'in 1996-97 and 1182 kg hat* in 2009-
10. The transformation in rapeseed-mustard
scenario is commonly known as “Yellow—
Revolution” the quantum jump in production of
rapeseed- mustard is to be attributed to the
development of improved technology.

Thedecline sail fertility isthe main cause
of low productivity of the cultivated lands. The
adequate and balanced supply of plant nutrients
is of critical importance in improving the
productivity of oilseeds, whichinIndiaisonly 935
kg ha'as compared to the world level of 1632 kg
ha'dueto the prohibitive cost of chemical fertilizer.
Nitrogen is the most important nutrient, which
determines the growth of the mustard crop and
increases the amount of protein and the yield.
Phosphorus and potash are known to be efficiently
utilized in the presence of nitrogen. It promotes
flowering, setting of silliquaand increasethe size
of silliqguaand yield (Singh and Meena, 2004).

MATERIALS AND METHODS

The field experiment was conducted in
rabi season of 2011-2012 at Crop Research Centre,
Chirori of Sardar Vallabhbhai Patel University of
Agriculture and Technology, Meerut (U.P) India,
to evaluate the effect of different N level with and
without P and K on growth and yield attributes of
mustard. The experiment was arranged in
randomized block design with three replications,
each plot size being 4.5m x 3m (Table 1). Soail
collected from research farm was analysed for
variousinitial physic-chemical propertiesgivenin
parentheses, viz. bulk density (1.57 g cm3), particle
density (2.39gcm?), pH (1:2; 8.18), EC (0.18 dSnr
1), organic C (0.34%), porosity (35%), available N
(155.84 kg hat), available P (15.76 kg hat) and
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available K (148.96 kg ha?') was analysed by
standard procedure. All the treatments comprising
of differentlevelsof N, PandKi.e.N @0, 80 and
120 kg hat, Pand K @ 0 and 50 kg ha* respectively,
were applied to mustard through urea, single super
phosphorus and Mureate of potash, respectively.
Full dose of P, K, and half dose of N were surface
applied as basal dose and incorporated in the soil.
Theremaining half of the dose of N wasapplied as
top dressing at 30 and 60 DA S after compl etion of
the first weeding. Intercultural operations viz.,
weeding, irrigation, and insecticide spray were
done as and when required. The height of plant,
number of branches plant* (primary & secondary),
pod plant, seed pod?, 1000-seed weight and yield
and yield contributing characters were recorded
from all plots at pertinent stages.

The grain and stover samples from each
plot were chemically analyzed for N, P and K
concentration. Micro kjeldahl method (H,SO,,
digestion) was followed for N determination
(Subbiah and Asija, 1956) and the HNO, - HC10,
(4:1) digestion was made for P and K (Jackson,
1973). Nitrogen concentration was determined by
titration method, the P concentration by
colorimetric method and K concentration by flame
photometer method. The nutrients uptake was
calculated from the crop yield and nutrients
concentration data. All obtained data from
experiment were statistically analyzed by analysis
of variance (ANOVA) according to randomized
block design as prescribed by (Panse and
Sukhatme, 1978). Standard error of mean in each
case and critical difference only for significance
cases were computed at 5% levels of probability.

RESULTS AND DISCUSSION

Growth attributes
Plant height

The plant height was significantly
highestintreatment T , during all the growth stages
of mustard (Table 2). In genera plant height picked
up with advancement in crop age and increases
with increasing nitrogen levels. The highest plant
height at 30, 60 and 159 DASS, wasrecorded 30.46,
139.73 and 187.70 cm, respectively and found
statistically at par with treatment T, (NP, K )
and significantly superior to rest of the treatments.
Plant height increases by 10.80, 24.42, 16.80 and
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24.60% in T, T, T, and T over control due to
application of 80 kg N ha! with different
combination of P and K application. With the
furtherincreasein N, the plant height also increases
by 34, 36.30, 26.90and 37.02%in T, T,,, T andT,,
under different treatments. Plant height increases
with application of N levels at every observation.
Minimum plant height 22.23, 100.56 and 157.53cm
were recorded in T, (control) at all the stages,
respectively. Thesimilar resultswere also reported
by (Khanetal., 2000; Jat et al., 2000; Saleemet al.,
2000; Cheema et al., 2001; Oad et al., 2001 and
Dongarkar et al., 2005).
Number of branchesplant*

The maximum number of primary
branchesrecorded in T, (N K, a 30and 60

120 PSO
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DASwas 2.73 and 8.45 significantly superior to
rest of the treatments, respectively (Table 2). The
Numbersof primary branchesat 30 DASincreases
by 28.79, 32.46,29.84 and 42.93%in T, T, , T  and
T,,» similarly at 60 DAS the numbers of primary
branches increases by 36.37, 45.45, 39.27 and
53.63%inT, T, T, and T, respectively over
control due to application of 120 kg N ha® with
alone and different combination of P, K and PK.
The primary branches increases with application
of N levelsat every observation. Minimum primary
branches 1.91 and 5.50 wasrecorded in T, (control)
at both stagesrespectively. Thesimilar resultswere
also reported by (Parihar and Tripathi, 1989; Patil
etal., 1996; Khan et al., 2000; Pandey and Bharti,
2005 and Jat et al., 2000).

Table 1. Details of the pot experiment and treatment

Experimental details

Crop

Experimental design

Number of treatments 112

Number of replication 13

Number of plots 136 (12x3)
Spacing 140 % 15¢cm
Treatment

Treatments details

T, (N

120

: Control plot T (NP,
TS(N80POKO)’ TB(NSOPS

: Mustard (Brassica Juncia L.) Cv. Kranti
: Randomized Block Design (RBD)

:N-0,80&120 kg ha', P-0&50kgha'and K - 0& 50 kg hat
Ko TN P Ky, TL(NPK
OKO)’ T7(N80POK50)’ T8(N80P50K50)’ TQ(N].ZOPOKO)’
PSOKO)’ Tll (NlZOPOKSO)’ and T12 (N120P50K50) kg hal

), T4(N0P50K50)'

50

Table 2. Effect of different N levels with and without P and K on plant height,
numbers of primary and secondary branches

Treatments Plant height (cm.) Primary branches Secondary branches
30DAS 60DAS At harvest 30DAS 60DAS 60DAS At harvest
T1 22.23 100.56 157.53 191 5.50 11.33 12.50
T2 24.43 109.80 166.66 217 6.46 13.55 16.00
T3 23.36 105.63 162.96 2.07 6.30 12.83 15.16
T4 24.93 111.96 173.93 222 6.83 14.40 17.66
T5 24.63 118.50 174.13 2.25 6.33 14.00 16.45
T6 27.66 117.70 176.03 2.32 7.13 17.35 20.00
T7 25.83 116.10 174.86 2.30 6.50 16.07 18.83
T8 27.70 123.73 181.70 2.45 7.75 17.65 21.66
T9 29.89 124.96 180.70 2.46 7.50 17.88 20.91
T10 30.30 128.50 183.73 253 8.00 21.44 24.33
T11 28.23 125.06 181.36 2.48 7.66 20.03 22.85
T12 30.46 139.73 187.70 2.73 8.45 25.90 29.58
SEm+ 0.670 1.440 2.151 .025 0.026 0.535 0.871
CD (0.05) 1.977 4.252 6.348 .073 0.078 1.580 2.570
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The data of secondary branches counted
at 60 and 159 DAS (harvest) were affected
significantly arepresentedin (Table 2). It isapparent
from the result show in the table that the
significantly higher number of secondary branches
at 60 DASwas 25.90 increasesby 89.23, 76.78 and
128.59%inT,, T,  and T , over control and at 159
DASwas29.58i ncreases by 94.64, 82.80 and 136%
inT,, T, and T, over control due to application
of 120 kg N ha®with different combination of P, K
and PK, while significantly lowest number of
secondary branches per plant (11.33) at 60 and
(12.50) a 159 DASwererecordedin T, (control). The
result issupported by (Parihar and Tripathi, 1989;
Patil et al., 1996; Jat et al., 2000; Tripathi and
Tripathi, 2003; Pandey and Bharti, 2005).

Yield attributes
Pod plant*

Pod planttisavery important parameter
because of its association with other important
yield components such as number of grains and
1000 grain weight. Pod plant varied significantly
under different treatments. The maximum number
of pod plant* was 510.54 recorded in T,
(NP, K, at harvest, increases by 115.07, 106.42
and 128 70%inT,, T, and T , over control dueto
application of 120 kg N ha with different
combination of B, K and PK, respectively wasfound
significantly superior to rest of the treatments.

KUMAR et a.: STUDY OF DIFFERENT PARAMETERS & NUTRIENTS BY MUSTARD

Minimum and significantly lower numbers of pod
plant™ 223.23 wererecorded in T, (control).
Number of seedspod*

The number of seeds pod? significantly
maximum (14.75) recorded in T, (leo Ky at
harvest was found significantly supenor to rest of
the treatments The Numbers of seed siliqua?
increases by 14.43, 24.43, 22.26 and 28.26%in T,
T, T, and T, over control due to application of
120 kg N hat al one and with different combination
of B, K and PK respectively. Where significantly
minimum numbers of seed siliqua® (11.50) was
found in T, (control).Similar results were also
reported by (Singh and Dixit, 1989; Parihar and
Tripathi, 1989; Khan et al., 2000; Saleem et al.,
2000; Reager et al., 2006 and Mir et al., 2010).
1000 - Seed weight

The maximum 1000-seed weight (5.81gm)
recordedinT,, (N, P, K,) after harvest wasfound
significantly superior to rest of the treatments
(table).Most of thetreatmentsrel ated to 1000-seed
weight was found statistically differ to each other.
The 1000-seed weight increasesby 5.58, 9.24, 7.70
and 11.94%inT, T ,, T,, and T , over control due
to application of 120 kg N ha1 alone and with
different combination of P, K and PK respectively.
While Minimum and significantly lower 1000-seed
weight (5.19gm) wasrecorded in T, (control).

Table 3. Effect of different N levels with and without P and K on silliqua plant, seed silliqua?,
1000-Seed weight, grainyield, stover yield, biological yield and harvest index

Treatments Silliqua Seed  1000-Seed Grainyield  Stoveryield Biologica HI
plant?* dilliqua® weight (g) (qha?) (qhat) yield (g ha?) %
T1 223.23 11.50 5.19 10.10 45.24 55.34 18.24
T2 262.91 12.50 531 11.39 51.97 63.36 17.97
T3 241.58 12.14 5.30 11.06 50.65 61.71 17.92
T4 281.14 12.66 5.36 12.11 55.13 67.24 18.01
T5 329.92 12.83 5.35 12.53 57.26 69.79 17.93
T6 386.80 13.50 5.43 13.75 62.30 76.05 18.08
T7 349.88 13.25 5.39 13.11 60.04 73.15 17.92
T8 427.13 14.41 551 15.22 68.82 84.05 18.10
T9 432.08 13.16 5.48 15.42 70.80 86.23 17.87
T10 489.32 14.31 5.67 17.98 78.77 96.75 18.58
T11 461.93 14.06 5.59 17.42 77.16 94.58 18.41
T12 510.54 14.75 5.81 20.78 89.17 109.96 18.89
SEm+ 4.976 0.209 .016 0.103 0.461 0.564 0.199
CD (0.05) 14.689 0.618 .046 0.303 1.361 1.664 0.586
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Yied
Grainyidd

Itisclear fromtheresult yield characters
weresignificantly affected by by different N levels
with and without P and K levels are presented in
(Table 4). The grain yield increased ranging from
10.10 to 20.78 q ha' under different treatments.
The highest grain yield (20.78) gha? recorded in
T, (N120 P, Ky, a harvest wasfound significantly
superior to rest of the treatments. The grain yield
increasesby 52.67, 78.01, 72.47 and 105.74%in T,
T,» T, and T, over control due to application of
120 kg N hat al one and with different combination
of P,K and PK, whileminimumgrainyield (10.10q
ha') wasfoundinT, (control). The positive effect
of N, Pand K application on mustard grain yield
had been reported by (Roy et al., 1981; Singh et
al., 1985; Kulia et al,. 1992; Thakuria and Gogoi
1996; Khan et al., 200; Singh et al. 2002; Khan et
al., 2011; Mozaffari etal., 2012 and Mir et al ., 2010).
Sover yield

The Stover yield was also found
significantly superior over control in all the
treatments, the yield of Stover increased ranging
from 45.24t0 89.17gha™ under different treatments.
The highest Stover yield (89.17gha?) recorded in

(N120 Ky, a harvest was found statistically

supenor torest of thetreatments. The Stover yield
increasesby 56.49, 74.11, 70.55and 97.10% in T,
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120 kg N ha alone and with different combination
of BKandPK respectively , whileminimum Stover
yield (45.24 gha') wasfoundin T, (control). These
results are supported by (Verma et al., 2011;
Dongarkar et al., 2005 and Reager et al., 2006).
Biological yield

The biological yield was found
significantly, and maximum biologicd yield (109.96
gha*) recorded in T, (N_,P, 5 K,,) a harvest was
found statistically varl ed ands gnificantly superior
to rest of the treatments. The biological yield
increasesby 74.82, 70.90 and 98.69%inT , T,  and
T, over control dueto application of 120 kg N ha
L with different combination of P, K and PK
respectively, whileminimum biological yield (55.34
gha')was recorded in T, (control). All the
treatmentsdiffer significantly among themselves.
Nutrientscontent and uptake
NPK Content

Nitrogen content of grain varied from 2.31
to 2.80% under different treatments. The maximum
N content (2.80%) was found in T, (N,,,P,,K,)
Which was statistically at par to T (NSOPSOKO) T,

80 SOKBO) TlO(N12O 50 )andT 120 0 50) and

sgn|f|cantly superior to rest of the treatments,
whileminimum N content (2.31%) wasrecorded in
T, control. Phosphorus content of grainalso varied
significantly under different treatments and it
ranged from 0.29 to 0.48% the highest being

T,» T, and T, over control due to application of recorded in T, while lowest in control. The
Table 4. Effect of different N levels with and without P and K on nutrients acquisition by mustard
Treatments Nutrients content Nutrients uptake Nutrients content Nutrients uptake
(%) ingrain ingrains (kg ha) (%) in stover (kg ha?) in stover
N P K N P K N P K N P K
T1 231 029 058 2340 303 584 029 0100 104 1377 454 4716
T2 239 035 061 2731 407 694 034 0113 111 1790 587 5795
T3 237 036 067 2625 400 740 034 0111 121 1738 563 6146
T4 248 039 073 3013 480 884 036 0116 129 2028 6.14 71.46
T5 250 038 062 3132 483 775 042 0108 116 2429 620 66.43
T6 266 042 068 3466 580 934 042 0125 128 2672 7.78 80.09
T7 252 042 079 3269 557 1034 042 0116 137 2541 698 8247
T8 266 044 084 4051 681 1278 044 0128 145 3080 882 100.36
T9 262 043 070 4047 674 1079 044 0118 131 3176 837 9282
T10 270 046 076 4855 833 1366 045 0129 141 3569 1017 111.52
T11 267 045 085 4663 793 1479 045 0128 146 3533 986 112.92
T12 280 048 089 5820 10.09 1849 048 0132 149 4294 11.82 132.94
SEm+ 0.050 0.001 0.014 0.261 0.046 0.221 0.001 0.001 0.002 0.212 0.081 0.588
CD (0.05) 0.147 0.003 0.042 0.770 0.135 0.651 0.004 0.004 0.007 0.626 0.240 1.737
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maximum P content (0.48%) was found in T,
(N,,,P,Ks,) Which was statistically at par to T
(NP Kpand T, (N,PK.) and srgn|f|cantly
superror torest of thetreatments but treatment T,
(Ng,PsK,) was found statistically at par to
treatment T, (N4 P K), while minimum P content
(0.29%) was recorded in T, (control) which
significantly lower than all other treatments. The
potassium content in grain at harvest increased
from 0.58 to 0.89%. The maximum potassium
content (0.89%) in grain was found in T,
(N,0PsoKso) WhICh was statistically at par to
treatment T, (NP, K,) and followed by all other
treatments respectrvely L owest potassium content
(0.58%) was found in T, (control). The result are
supported by (Reddy and Sinha, 1989; Jahan et
al., 1992; Patel etal., 1992; Jainet al., 1995; Patel et
al., 1996; Shuklaand Kumar, 1997; Puri et al., 1999;
Bhartendu and Gajendra, 2004; Malik et al., 2006
and Reager et al., 2006).

It is clear from the data that the NPK
content in stover were affected significantly by
different N levelswith and without Pand K. Stover
N content varied by 0.29 to 0.48% significantly
under different trestments. Themaximum N content
(0.48%) was found in T,, (NP, K,) which
significantly higher by all other treatments, while
minimum (0.29%) recordedin T, (control). Most of
thetreatmentsrelated to nitrogen content in Stover
were found statistically at par. Stover phosphorus
content ranges from 0.10 to 0.132% significantly
under different treatments. Maximum phosphorus
content (0.132%) was found in T, (N120 o Ky
followed by all other treatments, Whl|e minimum
phosphorus content (0.100%) was found in T,
(control). Most of the treatments related to
phosphorus content in Stover were found
statistically at par. The potassium content in stover
ranges from 1.04 to 1.49% significantly under
different treatments. The maximum potassi um
content (1.49%) wasfoundin T, (N, P, K.) and
minimum (1.04%) recorded inT, (control)
respectively. The result are supported by (Reddy
and Sinha, 1989; Jahan et al., 1992; Patel et al.,
1992; Jainet al., 1995; Patel et al., 1996; Shuklaand
Kumar, 1997; Puri et al., 1999; Bhartendu and
Gajendra, 2004; Malik et al., 2006 and Reager et
al., 2006).

NPK Uptake
The data on NPK uptake by grain of
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mustard significantly affected by different
treatments are presented in Table 4. The nitrogen
uptake of grain varied from 23.40 to 58.20 kg ha'
under different treatments. The maximum nitrogen
uptake (58.20 kg ha') was recorded in T,
(NP Ky, that was significantly higher by aII
other treatments. The minimum nitrogen uptake
(23.40 kg ha') was recorded in T, (control). The
uptake of phosphorus by mustard grain varied
significantly from 3.03 to 10.09 kg ha! under
different treatments. Maximum phosphorus uptake
(10.09 kg ha') was recorded in T, (N,,,P,,Ky,)
which was significantly higher by all other
treatments. The lowest (3.03 kg ha?) recorded in
T, (control). Most of the treatments differ
significantly among then selves in respect of
phosphorus removal by mustard grain, but some
treatmentswere found at par. Uptake of potassium
by mustard grain was also affected significantly
by different treatments. The datarevealed that the
potassium uptake increased significantly over
control (N P.K,) inal thetreatments. The potassium
uptake of grain varied from 5.84 to 18.49 kg hat
under different treatments. The maximum nitrogen
uptake (18.49 kg ha') was recorded in T,
(NP Ky,) which significantly higher by all other
treatment, but treatment T, (N, P.K ) was found
statistically at par to treatment T, (N, P,K ). The
minimum nitrogen uptake (5.84 kg ha') was
recorded in T, (control) respectively. The result
are supported by (Reddy and Sinha, 1989; Jahan
etal., 1992; Patel etal., 1992; Jain et al., 1995; Patel
et al., 1996); Shuklaand Kumar, 1997; Puri et al .,
1999; Bhartendu and Gajendra, 2004; Malik et al.,
2006 and Reager et al ., 2006).

The NPK uptake by mustard stover was
affected significantly by different treatments. The
result shows that the nitrogen uptake by mustard
stover varied from 13.77 to 42.94 kg ha?
significantly under different treatments. The
maximum N uptake by Stover (42.94 kg ha) was
recorded in T , (NP, ,K,,) Which significantly
higher torest of the treatments, while minimum N
uptake by Stover (13.77 kg ha') recorded in T,
(control). Most of thetreatmentsrelated to nitrogen
uptake by Stover werefound statistically differ to
each other respectively. It is apparent from the
results that the phosphorus uptake by mustard
stover increased significantly over T, (control).
The result shows that the phosphorus uptake by
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mustard Stover varied from 4.54 to 11.82 kg hat
significantly under different treatments. The
maximum phosphorus uptake (11.82 kg ha') was
obtained in T, (N, P, K., followed by all other
treatments, but treatment T, (N P, K,) was found
at par to treatment T, (NP, KBO) and treatment T,

(NP, K,,) at par to treatment T, (NP, O)
respectlvely Theminimum phosphorus uptakewas
found in T, (control) showing value 4.54 kg ha™.
The uptake of potassium by mustard Stover was
also affected significantly by different treatments.
The results show that the potassium uptake by
mustard Stover varied from 47.16 to 132.94 kg ha'
significantly under different treatments. The
maximum potassium uptake by Stover (132.94 kg
ha') was recorded in T, (N, P, K, ) which was
significantly higher to re;t of the treatments, but
treatment T, (N_,,P,,K ) wasfound statistically at
par to treatment T,, (N,PK) while minimum
potassium uptake by Stover (47.16 kg ha?)
recorded in T, (control). Most of the treatments
related to potassium uptake by stover were found
statistically differ to each other respectively. The
result are supported by (Reddy and Sinha, 1989;
Jahan et al., 1992; Patel et al., 1992; Jain et al.,
1995; Patel et al., 1996; Shuklaand Kumar, 1997;
Puri et al., 1999; Bhartendu and Gajendra, 2004;
Malik et al., 2006 and Reager et al ., 2006).

CONCLUSON

On the basis of the finding of present
investigation, it can be concluded that the treatment
T,, (NP Ky), where 120 kg N was applied with
50 kg P and K each, were found significantly
superior with highest grain yield 20.78 gha® among
all thetreatments, whileminimum grainyield 10.10
gha™* was recorded in the treatment T, (control).
Thecombination of N, Pand K wasfound superior
than alone application of treatments in terms of
growth, yield, uptake and other parameters of
mustard crop. The best result was found in
balanced fertilization and high dose of nitrogen
due to synergetic effect of N with Pand K.
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