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A field experiment was carried out during the winter (rabi) seasons of 2010-
2011 and 2011-2012 at Banaras Hindu University, Varanasi, to study the effect of nutrient
management practices on the productivity and profitability of Indian mustard [Brassica
juncea (L.) Czernj. & Cosson] under irrigated condition. The experiment was laid out in
randomized block design comprised eight treatment combinations in three replications.
The study revealed that conjunctive use of Azotobacter + PSB seed treatment + 100% (N
+ P,0,) recorded maximum growth parameters viz. plant height, number of functional
leaves, dry matter accumulation and number of branches, yield attributes viz. number of
siliquae, length of siliqua, seeds/siliqua and 1000-seed weight and seed as well as stover
yields remained at par with 50% (N + P,0,), Azotobacter + PSB seed treatment 75%
(RDNP). The maximum gross return (‘ 29,680 and 43,282) and net return (‘ 15,717 and
25,600) were obtained with Azotobacter + PSB + 100% RDNP, however maximum output:
input ratio (1.16 and 1.50) was recorded under Azotobacter + PSB + 75% RDNP.
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Inspiteof cultivation of number of oilseed
crops, country meets 50% of its domestic
requirements through import. One of the main
reasons for this inadequate carrying capacity is
their low productivity and stagnation or declinein
area under principal oilseed crops such as,
rapeseed-mustard and groundnut. With
burgeoning population, improved living standard
and purchasing power of the people, the demand
of vegetable oil in the country isincreasing at the
rate of about 4-6% (Agarwal, 2007).Therefore, there
is urgent need to improve the productivity of
oilseed crops to bridge up the current demand-

supply gap.
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Mustard is the second most important
oilseed crop after soybean in the country and has
also been cultivated on significant area in north
India since last one decade. Sustainability of
increased mustard production is as important as
improving the production. Sustainable production
requires efficient use of inputsincluding adequate
and balanced fertilization, whileregression analysis
shows that the partial factor productivity of
fertilizers has been continuously declining. The
efficiency of fertilizer nitrogen is only 40-50%,
phosphorus 15-20% and sul phur 10-12% and this
could be enhanced by efficient use of inputs (Hegde
and SudhakaraBasu, 2004). Thedifferential trends
in seed yield of Indian mustard under a particular
agro-climatic condition have been noticed due to
varying moisture and nutrient status of soil. It is
responsive to plant nutrients especially nitrogen,
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phosphorus and sulphur. Application of bio-
fertilizers results in increased mineral and water
uptake, root development, vegetative growth and
nitrogen fixation. Azotobactor is non-symbiotic
nitrogen fixing agro-microbe having potential to
fix considerabl e quantities of atmospheric nitrogen
in the rhizosphere of non-legumes. Azotobacter
also showed maximum response to various yield
attributesaswell asdiseaseintensity for Altenaria
blight, whiterust and stage head formation (Narula
et al., 1993). Phosphate Solublising Bacteria (PSB)
provides alternative biotechnology solution in
sustainable agriculture to meet the P demand of
the plant. These organismsin additionto providing
P to the plants also facilitate plant growth by
different mechanism (Dubey et al., 2000). Besides
biofertilizers, major nutrients like nitrogen and
phosphorous play important rolein increasing the
quality of mustard. Nitrogen affects the uptake of
other essential nutrients and it helps in the better
partitioning of photosynthates to reproductive
parts which increase the seed: stover ratio (Tomar
et al., 1997). Keeping this in view, the present
investigation was carried out to study the effect of
nutrient management practices on productivity and
profitability of Indian mustard under irrigated
condition.

MATERIALS AND METHODS

SiteDescription

A field experiment was carried out during
thewinter (rabi) seasons of 2010-2011 and 2011-
2012 at Agricultural Research Farm, BanarasHindu
University, Varanasi is situated at 25°18' North
latitudes, 83°03' East longitudesand at an altitude
of 128.93 meter above the mean sealevelsin the
north-eastern plains zone. The soil was sandy |loam
intexture, neutral inreaction (pH 7.3), low in organic
carbon (0.42%) and available nitrogen (187.72 kg/
ha) and medium in available phosphorus (18.50
kg/ha). The total rainfall received during crop
season 2010-11 and 2011-2011 was 22.10 and 23.00
mm. The experiment was laid out in randomized
block design comprised eight treatment
combinations[T,- Control, (without N and P), T -
50%(N+P,0,), T,-75%(N+P,0), T,-100% (N +
P,0,), T.-Azotobacter + PSB seed treatment, T -
Azotobacter + PSB seed treatment + 50% (N +
P,0,), T-Azotobacter + PSB seed treatment + 75%
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(N+P,0,), T,-Azotobacter + PSB seed treatment +
100% (N + P,0,)] and replicated thrice. The
recommended dose of fertilizer for the mustard was
N, P,O, .- Urea and dia-ammonium phosphate
were used as sources of nitrogen and phosphorus,
respectively. The seeds were inoculated with
Azotobactor and PSB as per treatment and sown
in earmarked plots. Indian mustard variety
‘Ashirwad’ wastreated with Azotobacter and PSB
as per treatment and sown manually by using a
seed rate of 5 kg/haon 15 and 16 November of the
first and second year of experiments, respectively
in thefertilized row at row spacing of 30 cm. The
crop was grown under irrigated condition and two
irrigationswere applied to one month interval after
sowing to maintain optimum soil moisturefor plant
growth. To protect crop from aphid (Lipaphis
erysimi) Dimethoate was sprayed @ 250 mi/ha
during pod formation stage. Two weeding was
donemanually at 30 and 45 DAS. The observation
recorded wereyield attributes, yield and economics
at harvest. The organic carbon, available N, P, K
and S in soil were determined as per standard
procedures. The crop was harvested at 80 per cent
siliquaeturn yellowish brown on the second week
of March both the year to prevent shattering. The
economics was calculated by considering the
marketing price of mustard and cost of cultivation
during 2011 and 2012. Data obtained from various
observations were analysis as per the standard
analysis of variance (ANOVA) procedure for
randomized block design given by Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

Growth, Yidd and Quality

Successive increase in the biofertilizers
andfertility levelssignificantly improvethe growth
parametersviz. plant height, number of functional
leaves/plant, leaf area index, dry matter
accumulation, number of braches (Table 1).
Increase in plant height, number of primary and
secondary branches, number of functional leaves,
leaf area index, dry matter accumulation,
chlorophyll content were recorded more under
combineinoculation of Azotobacter + PSB +100%
N and P,O, remained at par with 100% (N + P,O,)
and Azotobacter + PSB seed treatment + 75% (N +
P,0,) over rest of thetreatments. Theseresultsare

J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.



245

SINGH et a.: STUDY OF INDIAN MUSTARD UNDER IRRIGATED CONDITIONS

192 6 LT 16°061 v/T 8.1 250 790 960 60T 8v'0 670 T2 16TT  (S00)=ad
680 660 a4 11°19T 65 19 8T0 220 €e0 LE0 LT0 LT0 YTy L0V was
€zez eTee 18€S ¥£Es 291 09T 0T'S 6y 0S¥l €8°€T oT'S 86  0L96T €961 8l
1922  90°€C 2925 0861 evsT 18T 00'S LY 082l  €572I 00°S /8%  O0SS.T  Ov6rT L1
16'0C z0e T0St 6L 68TT €eTT oLy (4% 06TT  /9TI 06t 8/  00€ST  86°/2T 9L
186T  ST0C geey L¥6E 8v0T €66 (a4 €Ty 00TT  €L0T oLy G5y 08TVl 08'LTT Gl
A A A v G/25 ¥21S T6ST 95T 00°S 8L OL€T /82T 00'S 88  06S.T  €£0ST vl
1522 e L6t 798y ST 68€T 08 0S¥ orer  erel 06t 08  0S69T €SV el
86T 6102 S 0ST¥ T0TT 90T 09 (0158 0STT  0ZTI 06t Gl 0TV STZeT zL
8e'GT  ZT6I 8ZTy g68¢ 0S. 226 00t 08'€ 00°0T /86 (0158 STy  0S9ET LTIl TL
ZI-T10Z  TT-0T0C 2I-TI0Z TI-0T0Z 2I-TT0Z TI-0T02 2ZI-TT0Z TTI-0T0Z ZI-TT0¢ TTI-0T0Z ZI-TT0Z TT-0T0Z ZTI-TT0Z TT-0TOZ

(%)xepul 1sonreH  (ey/bx)ppRIA A0S  (BY/BX) pRIAPSRS  (B) Wb em pess-000T enbiis/pees  (wo) yibus|enbiis weideenbiis  uBwWIeal |

UoN1puUod PRl LI JBpun pJeIsNLW LeIpU| Jo SpRIA pue saIng L peIA uo seondeld uswsfeuewl U LINU JO 19914F Z 9|qel

eTT A 08'€ 6L°€ 8T0 9T'0 6T'T ST'T 62T ST A 0Z'T 9/°¢ L€ (500 =d)ad
8€0 LE0 12T ST 900 G500 (0740) 80 €70 70 70 (0740) ST 2T W3S
oT'ey 120V 0£'99 0€79 Sy Y 86'6T ¥'8T 59°L €19 €8 192 9'6/T v'.T 8l
A 09'6€ G279 €°09 6V €Y 96'8T 96'LT 899 €19 r4WA /89 291 L'G/T L1
95'sE TGe /8'9G 19°9G ¥9'€ £9°¢ Gi'9T LT'9T Sb'S IT'S 86'S €6'S 89971 69T 9l
98'62 G562 £2'SG €515 6T°E ITE 86T 08V /87 197 89'S V'S v'EET TZET Gl
S9'TY 96'6€ Zr'e9 0€'T9 oy LY 98'6T L0'8T rAWA 0£'9 €28 1T ST Z9.T an
€0'.E 16'9€ A £2'85 68°€ 98'c 6.°9T ov'9T 95's 0g's 6.9 €29 2897 ¥'29T el
68°€E TE'€E Zr'9s 00'SS 65°E Sh'e €097 L6'ST 167 167 98's 0L'S 8191 19T zl
¥1'6C €062 /8°€S 00'€S 90°€ 10°€ 89YT oY 86°E /8'€ /8'S /TS TLTT T9TT Tl
ZT-TT10Z TT-0T0Z <ZI-TT0Z TT-0T0Z ZI-TT0Z TT-0T0Z <ZI-TT0Z TT-0T0Z <ZI-TT0Z TT-0T0Z <ZI-TT0Z TT-0T0Z <ZI-TT0Z TT-0T0Z
Svaaoo e 1oAY e
(eneA avds) (e d/6) Svaog Svaos
U0 uole nwinaJe Svaooe e ue|d/ Te Jue|d/ sayouelq Svaos e (wo)
[IAydoioyd Jorew Aig Xapuleale jea] S9Aed| [euo11ouNS Arepuodss we|d/ ssyoueq Arewid Wby wed Juswireal |

uonIpuod patebilill Jspun preisn Ueipu| Jo siepewered Yimolb uo seondeid uswisfeuel U LINU J0 109113 ‘T 9|qel

J PURE APPL MICROBIO, 9(SPL. EDN.), NOVEMBER 2015.



246 SINGH et a.: STUDY OF INDIAN MUSTARD UNDER IRRIGATED CONDITIONS

2 9
= :
Sz 3 |T
= o
=8 |
o ®
as g
QL S [Te)
o =
§|° «
=
= o~
2 Py A
6 | &4 | ®
8|28 32 | &
80 O
-8 S5 o N
B | @<
[e)) O -
£ |22 3 |8
b = O ™
= o SEI
o) < Q
= «
e | O
5 o~
° <~
] b T
%) o ©
2 0L «
mEH
ks It
S )
c b= =)
2| 0
8 — E
0 :
E | € d | o
) =] Is¢)
c | B® &
§ oS
T
- |27 9|y
® Q| @
g |
o R
E
£ S| o
1 (V]
— [o0]
5 g &R
Q S =
> | 8@
2 |12c 4
T |g< % | @
z | © o | o
c |6 315
) Q|
B o
2 < | o
=
—
g S
= c O o0}
o S5 N
- N n—
5 T8 o
= o
5§ 182 2 (%
5 o
& o 3 |®
= «
e N
2 D
5| £ 98
£ 28|°7
E < N
S A
S| 0wl 9| o
+= 5> 9 | 9
3 = o |
= |85 g
o |
: o~
™ 89 o
[} oy Q
o > = V)
8 | £ o S | 3
= gEN
Q
(OS] < |9
= O :
V)
c g |8
«
1
g 5
—
o
F E |-

132
201
225

71
118
132

10.01
13.13
14.47

9.51
12.63
13.96

0.95
135

1.40

0.68
1.02

1.04

14508
22159
24781

15446

7823
12977

29747
38599
42422
28321
31965
41195
43282

19343
25698
28416

11361
18199
25640
13085
17695
26567
23918

11519
12721
13923
9156
11559
12761
13963

433

411
533
573

39.40
38.46
37.36
34.64
40.35

39.31
38.40

37.33

34.61

N

556
595

™

14493

<

FF -

84 140
86 152
134 225
143 233

9.53
10.81
14.02
14.76

9.03
10.30
13.52
14.58

101 120
0.81 1.09
1.16 150
1.13 1.45

16686
24715
25600

9209
9405
14751
15717

18364
20964
27513
29680

363
480
589
600

344
456
567
592

36.95
0.64
193

38.16

40.29
38.12
36.93
0.64
193

19
56

16
50

corroboratingwith thefinding of Singh et al. (2010).
This might be due to the synergistic effect of
nitrogen on chlorophyll content, cell division,
photosynthetic rate and root activities of plants,
resulting higher removal of nutrient and thereby
increasing the growth and yield attributes. Nitrogen
and phosphorous plays an important role in
increasing the plant height and foliage devel opment
by providing the energy and stimulating cell
division and elongation (Devlin and Witham, 1986).
Seed inoculations of Azotobacter + PSB
significantly increase the growth viz. number of
branches of plant. Thefavorableeffect of bacterial
inoculation could be attributed to increase in N
supply ininoculated plotsdueto N-fixation ability
of theses bacteria. This explanation was given by
Singh and Sinsinwar (2006).

Siliquae/plant, length of siliqua, seed/
siliqua and 1000-seed weight and harvest index
were significantly more under dual inoculation of
seed with Azotobacter + PSB with 100% N and
P,O/hawhichisat par with 100% (N + P,0,) and
Azotobacter + PSB seed treatment + 75% (N + P,0O,)
(Table 2). The increase in siligae/plant may be
explained dueincreasein number of branches under
high fertility levels and biofertilizersinoculation.
Theincreaseinyield dueto application of nitrogen
and phosphorous may be attributed to cumulative
effect of increase in siliquae/plant, seed/siliqua,
siliqua length and 1000-seed weight. The results
arein conformity with Singh et al. (2010).

Application of higher rate of markedly
increased almost al the yield attributes and yield
due to optimum plant development and better
translocation of photosynthates to the site of pod
formation. This confirms the finding of Tomar et
al. (1997). Seed inoculation with Azotobacter +
PSB significantly increased yield attributes. The
seed and stover yield obtained higher due to
application of Azotobacter + PSB +100% N and
P,O,remain at par with 100% (N and P,O,) and
Azotobacter + PSB with 75% N and PO /hainboth
the years of the experimentation. It could be
ascribed to better transformation of growth and
yield attributes into yield. Similar result was
obtained by Aryaet al. (2007).

The oil percent in mustard seedstrend to
decrease with increase in level of fertility up to
Azotobacter + PSB seed treatment + 100% N +
P,O, (Table 3). Thereductioninoil isdueto higher
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rate of nitrogen appears to be due to conversion
of carbohydrates into protein. This seems to be
dueto more accumul ation of nitrogen in seed under
higher suppliesof nutrients. In general, application
of P has no significant effect on oil. This may be
due to less formation of lecithin a form of
phospholipids favored by P application. Oil yield
significantly increased by Plevels. Thisincreased
inoil yield wasattributed to increasein seed yield.
These results are conformity with the findings of
Bhat et al. (2006). The highest oil content wasfound
under the dual inoculation of seed with
Azotobacter + PSB seed treatment + 50% (N + P,0,)
and T,-50% ( N + P,0O.)/ha oil content of seed
increased due to dual inoculation of Azotobacter
+ PSB. Inoculation of PSB also increased the il
content of mustard. Thisresult isaccordance with
findings of Abraham and Lal (2002).
Economics

Among the nutrient sources, maximum
gross return, net return and B:C ratio crop
productivity and crop profitability were recorded
with Azotobacter + PSB +100% N and P,O,, closely
followed by 100% (N and P,O,), while B: Cratio,
crop productivity and crop profitability was also
at par with 75% RDF + seed inoculated of
Azotobactor + PSB (Table 3). This behavior of
economic parameters due to integrated use of
chemical fertilizers along with bio-fertilizers was
due to changes is marginal seed yield of the crop
with successive increase in fertilizer nutrient and
relative costs of inputsin relation to output. Thus,
incremental higher yield with low cost of bio-
fertilizers gave higher net return and B: C ratio.
Theseresultsarein agreement with the findings of
Singh and Sinsinwar (2006), Tripathi et al. (2010)
and Meenaet al. (2013).

CONCLUSIONS

Based on two years results, it isinferred
that integrated nutrient management practices in
mustard with 100% recommended dose of N and P
fertilizers superimposed with seed inoculation of
Azotobactor and PSB together is a viable option
for enhancing the productivity and profitability of
mustard in sustainable manner.
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