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Abstract

A field study was conducted during 2015 and 2016 to eval uate the response of the nutrient sources and sowing dates on
dry matter accumulation pattern of the Indian mustard (Brassica juncea L.). The treatments consisted three sowing
dates (November 17, November 27 and December 7) and eight nutrient sources (Control, 100% RDF, 100% RDF +
Azotobactor, 100% RDF + PSB, 100% RDF + Azotobactor + PSB, 75% RDF + 25 % N through Pressmud+ Azotobactor,
75% RDF + 25 % N through PM + PSB, 75% RDF + 25 % N through PM + Azotobactor + PSB). Resultsreveal ed that
interaction effect of sowing dates and nutrient sources was observed significant on dry matter accumulation. The
application 75% RDF and 25% N through pressmud + Azotobactor + PSB on November 17 highest dry matter was
recorded at 45 DAS(14.1, 13.4and 13.8 g plant?), 90 DAS(49.2, 45.3 and 47.3 g plant™®) and at harvest (53.9,48.9and 51.4
g plant?), during both the years and in pooled analysis, respectively. Moreover, higher dry matter accumulation was
observed at thetime of harvesting (59.7, 62.5, 61.1 per cent) on 17 November sowing with the application of 75% RDF and
25% N through pressmud + Azotobactor + PSB over control of all three sowing dates during both the years, respectively.
The present study highlighted the practical importance of the sowing dates and nutrient sources combination effect on

dry matter accumulation of Indian mustard.
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I ntroduction

Indiais the third largest country in edible oil economy
after USA and China. Oilseed crops, such as soybean,
mustard, groundnut and sunflower are the major source
of edible oils (Uikey, 2017). In India, total oilseeds
production is 320.83 lakh tons, and the contribution of
rapeseed-mustard is 79.77 lakh tons that ranks |1™ after
soybean (137.94 |akh tons) in the India’ s oil seed economy.
Indian mustard (Brassica juncea L.) is predominantly
cultivated in the states of Rajasthan, Uttar Pradesh,
Haryana, Madhya Pradesh, Gujarat, West Bengal, Assam,
Bihar and Punjab (DES, 2017). Indian mustard is a
temperate aswell astropical climate crop suited adry and
cool weather conditions to attain satisfactory growth
parameters. Dry matter is the important parameter for
achieving better growth and yield in the crop which
mostly influences by the adopting changing management
viz., sowing dates and soil fertility management practices
under changing the climate (Singh et al., 2014). Indian
mustard is highly sensitive to climate change and soil
fertility (Mandal and Sinha, 2004). Sowing timeisanon-
monetary input for optimizing the maximum dry matter
accumulation and to provide most congenial conditions

for maximum light interception and the best utilization of
moisture and nutrients to the better plant growth and
seed yield (Pattam, 2017, Singh et al., 2011, Meenaand
Yadav, 2015).

The human induced degradation of natural resources,
including soils, represents a major concern for
sustainability and is imposing the adoption of organic
inputs with chemical fertilizers to mitigate the harmful
effectsand to sustain the soil health for better crop growth
(Banjaraetal., 2017). Sincetheindustrial era(1880), the
amount of greenhouse gases viz; CO,, nitrous oxide
(N,0), and methane (CH,) significantly increasesin the
amosphere (IPCC, 2001), which risestheaverage surface
temperature of Earth (IPCC, 2001). However, theincreased
temperature deteriorates the soil fertility by faster
decomposition of organic matter from the soil and nutrient
losses (Kumar and Meena, 2016). While, for thisnumber
of emission sources are responsi ble among them one of
the factor is undecomposed pressmud, a byproduct of
sugar industry (L ehmann, 2007). Carbon sequestrationis
thetransferring of CO, into pools of C that can be stored
for long periods of time (Lehmann, 2007; Lal, 2004).



Application of pressmud in terms of organic C and
nutrients shows 150% increase in organic carbon after
first application and help to maintain soil fertility and
helpin reducing theimpact of global warming asreleasing
toxic gases in environment (Padalkar and Raut, 2016).
Likewise, pressmud as organic manure enhances mustard
growth in changing climatic scenario and is critical for
realizing higher dry matter production (Tripathi et al.,
2011, Meena et al., 2016). Due to intensive cultivation
and use of imbalanced high analysis fertilizers most of
the Indian soilsare deficientin N, P, and K alongwith S.
Under such situation organic manures can be exploited
to boost the soil health condition with the production of
cropsand to improvefertilizer use efficiency. A balanced
combination of pressmud, biofertilizers and chemical
fertilizersfacilitate profitable and sustainable production
(Kumar et al., 2017). Today’s intensive crop cultivation
not only requiresthe optimum use of chemical fertilizers
with organic manures but also requires high fertilizer use
efficiency to reduce the fertilizer losses, which can be
achieved by inclusion of bio-fertilizers. Azotobactor and
phosphorus solubilizing bacteria can help in reducing
therequirement of chemicd fertilizers(Meenaet al., 2017).
They are cheaper, pollution free and renewable (Gudadhe
et al., 2005). Hence, the objective of the present study
was to elucidate the physiological basis of dry matter
accumulation variations in Indian mustard through
accommodate on sowing dates and balanced nutrition
through inclusion of organic source, chemical fertilizers
and bio-inoculants.

Materialsand Methods

A field experiment was conducted during winter seasons
of 2015 and 2016 at the Agricultural Research Farm,
Department of Agronomy, Institute of Agricultural
Sciences, Banaras Hindu University, Varanasi, Uttar
Pradesh, India. Thesoil of the experimental field was sandy
clay loam having pH 7.85, 7.62, organic carbon 0.42%,
0.45%, availablenitrogen 205.7, 210.3kg N ha?, available
phosphorus 19.4, 21.1 kg ha?, available potassium 210.2,
219.9kg ha' and availablesulphur 20.8, 22.6 mg kg* during
both the years, respectively. The experiment consisted
of 24 treatments combinationsviz., Main plot treatment—
three sowing dates(November 17, November 27, December
7) and Sub-plots treatment—eight levels of nutrient
sources(Control, 100% RDF, 100% RDF + Azotobactor,
100% RDF + PSB, 100% RDF + Azotobactor + PSB, 75%
RDF + 25 % N through Pressmud+ Azotobactor, 75%
RDF + 25 9% N through PM + PSB, 75% RDF + 25 % N
through PM + Azotobactor + PSB).Furrowswere opened
in each plot at adistance of 45x15 cm for the sowing of
mustard variety ‘Ashirwad’ with seed rate of 5 kg ha.
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The half of N and full doses of P and K were appliedin
furrows after mixing with moist soil. Thesourcesof NPKS
were applied through urea, DAP, MOP and elemental
sulphur, respectively. The rest half of the nitrogen was
top-dressed through urea at early vegetative stage after
40 days. Pressmud compost was applied beforel5 days
of sowing by mixinginsoil manually. Biofertilizersapplied
as seed treatment before sowing with routine procedure.
All the agronomic operationswere kept uniforminall the
plots. Pendimethalin 30 EC @ 1 kg ha' was applied as
pre-emergence spray. Observations on the dry matter
accumulation were recorded as per the established norms.
The maturity days of crop was observed in first (114,
117), second (110, 114), and third (105, 112) sowing during
both the years, respectively. The datawere analyzed as
per the standard procedure for “Analysis of Variance”
(ANOVA) (Gomez and Gomez, 1976).

Resultsand Discussion
Interaction effects of sowing dates and
nutrient sources

An examination of datain table 1 & 3 indicated that the
interaction effect of sowing date and nutrient sources
were significantly observed on dry matter accumulation
of Indian mustard during both the years and in pooled
analysis. Resultsindicated that on 17 November sowing
was produce maximum dry matter at 45 daysafter sowing
(14.1,134and 13.8gplant?), 90 DAS(49.2,45.3and 47.3g
plant®) and at harvest stage (53.9, 48.9 and 51.4 g plant?)
with the application of 75% RDF + 25 % N through
pressmud + Azotobactor + PSB followed by 27 November
sowing and 75% RDF + 25 % N through pressmud +
Azotobactor + PSB during both the years and in pooled
analysis. While the minimum dry matter accumulation at
45DAS(5.1,4.8,and 4.9 gplant?), 90DAS(17.6,14.9and
16.3 g plant?) and at harvest stage (19.3, 16.2and 17.8g
plant) was observed on 7 December sowing in control
plot during both the years and in pooled analysis.
Therefore, the application of 75% RDF + 25 % N through
pressmud + Azotobactor + PSB on sowing date 17
November wasincreased the dry matter accumulation at
harvest 61.1, 64.0 and 65.5 per cent over date of sowing
17 November, 27 November, 7 December with the control
plotsin pooled analysis, respectively. Appropriate nutrient
(mix of inorganic and organi ¢ sources of nutrients) supply
with optimumtimeof sowing increased the higher dry matter
accumulation as indicated by higher light interception,
biomass production and nutrient uptake.

The significant dry matter accumulation increase under
thefirst sowing on November 17 wasdueto earlier sowing
provide more daysto maturity (114 and 117 daysduring



Journal of Oilseed Brassica, 9 (1) January, 2018

74

Jaquesad = 98 ‘BgUBAON =
"NON ‘PNUISSaid =INd ‘e liedeq Buizijignios snioydsoud = 9Sd -Inyd NS pue winisselod ‘snioydsoyd ‘UsbBolliN =S MdN Si9z1|1184 J03sop papuswillodsy =40y

9T 8T Yird (Goo=d)ad

90 90 60 U
9%6g oey el ASS g6e £gp 8z Sor Z6r  9Sd + 1010eqo10zy+ N UBNoIyl N % G2 + 4aH %G/
ote €68 vey 8Te 09 9Zr S/e 9Zr 474 g3d + INd YBnouyy N % SZ +4ay %S,
THE L8 Sy vTE TG oy 89 e oy 101900102V +|Ad YBnoJyy N % Sz + 4dH %G/
02 6 8Ty 862 ¥ 0E LTy THE /€ ozy gSd + 1010800107V + (SHMAN) 4aH %00T
00g 8T¢ TOY S/2 6 =104 GZe e 8%6E a3d + (SMdN) 4a4 %00T
662 LTE 96g v/ 62 Zovy €z TYE 06g 1010eqo102y + (SHAN) 4ay %00T
L2 082 62 €5 GSe 0€e T0E 90e 8¢ (SMdN) a4 %00T
€91 69T €81l 61T GSr 69T 9/T €8r 86T (SMdN ‘0eZ)[01u0D
yReo=lq /ZNON /T AON ,%2d /CNON /T AON ,%2d /ZNON /T AON JusweaI L

pajood LT910¢ 9T-GT0C

pJeIsnwu LRIpU | UISYA 06 18 YIBUS| MeJ LU UO T2 |Ntundde )Ll AJp U0 S80IN0S JUa 1INU pue Sajep BUIMOS JO 19844 9ANJRIBIU| (2 3|0l

Jequieda( = "8 ‘“PqUBAON =
"NON ‘pPhussald =|Ad ‘e lke1deq Buizijign|os snioydsoyd = 95 :Inyd|ns pue wnisseiod ‘snioydsoyd ‘UaBolliN =SMAN SI8zi|11e} J03sop papusluwiodssy = 4ay

S0 L0 80 (Goo=d)ao

20 €0 €0 U

0z1 0€T 8¢l LTI Yira) v'ET €zI 43 TYT  9Sd + 1010800102+ INd UBNOJUY N % SZ + 4aY %S,
50T 61T vr zot 9TT 12T 80T za Yira) €5d + INd UBnouyy N % G2 + 40y %S,
1)) 8TI 12T 00T STT LTT 90T 12T vZr 1019600107V +|\d YBNnoys N 9% Sz + 4Q4 %S/
96 0)8 8Tl €6 Zot STT 86 L0t 12T €Sd + 1010270102y + (SHAN) 4a4 %00T
16 96 TTT 638 6 60T €6 86 vTT g5d + (SMdN) 4aH %00T
16 96 60T 88 €6 90T €6 86 ZTI 1010600102 + (SHMAN) 4A4 %00T
'8 98 Z6 Z8 8 06 98 88 6 (SYdN) a4 %00T
61 TS 95 8t 0S5 4 TS €5 LS (SMdN ‘0eZ)[01u0D
ke=la [ZMON /T AON ,%d /2NN /TAON 1%d /CNON  /T/ON Juewieal |

pajood /T-9T0¢ 9T-GI0Z

pJeIsnul LeIpu| UulSvA S 1e Yibus| Mel ;.U UoITe [NWwindde Js)ell AJp U0 S30IN0S 1US LIINU pue Sa1ep BUIMOS J0 109)J0 9ANdeRIU| (T 3|0l



Indian mustard

Table 3: Interactive effect of sowing dates and nutrient sources on dry matter accumulation mr raw length at harvest in

Pooled

2016-17
Nov 27
169

201516

Nov 27

Nov 27 Dec7

Nov 17

Dec7

Nov 17

Dec7

Nov 17

Treatment

30.2
326
328
349
373
378
432

178

185
306
346
A7
370
22
430
469

200
b9
432
438
457
464
474
514
06
17
Phosphorus solubilizing bacteria, PM

162
275
28
300
R4
A2
34.6
3095

318
319
331
3B1
3092
429

217

0.7
20

183
b9
437
1
454
457
464
489

193
329
3H4
356
374
403
411
469

21
335
374
376
409
46.3
6.7
509

10

29
Nitrogen, Phosphorus, Potassium and Sul phur; PSB

217
369
27
436
460
471
485

Control(Zero, NPKS)

100% RDF (NPKS)

100% RDF (NPK S) + Azotobactor

100% RDF (NPK S) + PSB

100% RDF (NPKS) + Azotobactor + PSB

75% RDF + 25 % N through PM + Azotobactor

75% RDF + 25 % N through PM + PSB

75% RDF + 25 % N through PM +Azotobactor + PSB 539
CD (p=0.05)

Pressmud, Nov.

Recommended dose of fertilizers; NPKS

RDF =

December

November, Dec. =
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both the years, respectively) and more growing degree
days, which a so provide optimum soil moisture condition
and relatively suitable temperature during vegetative
phase which help in sufficient photosynthesis to
accumulate higher dry matter inthecrop (Ozer, 2003, Kumar
etal., 2013, Meenaand Meena, 2017). Among the nutrient
sources 75% RDF and 25% N through pressmud +
Azotobactor + PSB increases dry matter accumulation
up to maximum during both the years at all the growth
stages. It may be due to addition of pressmud as source
of organic matter and chemical fertilizersin combination
toimprove soil fertility by supplying major and anumber
of micro nutrients and having positive influence on
physical and biological properties of soil (Kumar et al.,
2017, Mandal and Sinha, 2004). Among biofertilizers,
Azotobacter helps in provide nitrogen to crop and
phosphorus solubilizing bacteria helps in providing
sufficient phosphorus to fulfill the crop requirement
(Pattam et al., 2017). While, later sown crop (November
27 and December 7) decreased dry matter accumulation
with delay in sowing date dueto facing low temperature
a thetimeof emergenceaswell asat growth stage. Hence,
the interactive effect of combining sowing dates and
nutrient sources proved more advantageous than use of
each component, independently.

Conclusion

Industrial by-products are the major sources of GHGs
emission. While, their recycling can mitigate CO,, N,O
and CH, emissions through composting and use as
manurein agriculture, ascarbon sequestration. Therefore,
there is need for use byproducts eco-friendly, cost-
effectivethough availability to farmersusesin agriculture
and awareness of institutional, social, and economic
importance. Theresult of the experiment showed that the
sowing first (Nov 17) and nutrient source (75% RDF and
25% N through pressmud + Azotobactor + PSB) gave
higher dry matter accumulation than other combinations.
By the application of pressmud with inclusion of
biofertilizers farmers can reduce the dose of chemical
fertilizers, cost of cultivation, maintain soil health and
increasetheir income.
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