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ABSTRACT
The field experiment was conducted during two contbee rabi seasons of 2009-10 and 2010-11 to
study the effect of levels of NPK fertilizers, FYM bio-inoculants (PGPR + VAM) on growth and
Kevwords: yield of wheat in an Inceptisol of Varanasi. The resshowed that, the application of 100% NPK,
[eywords. FYM and bio-inoculants significantly increased gratraw yield and quality parameter of wheat. 100%
Eé'\;RN\S\); . and 75% NPK level increased the yield of wheat ov@¥5NPK which in turn was significantly
, vwheat,

superior over control. In case of yield, combinatiorfiasmyard manure (10 t/ha) along with 75% NPK
Yield showed statistically at par with 100% NPK alone. t#dlatments greatly increased growth, yield and
yield attributes wheat. Based on our results, we resemd using PGPR and/or FYM in combination
with NPK to minimize chemical fertilizer dose undeteimsive cropping system. Crop yield values
showed significant difference between 100% and 999K levels. Application of FYM showed
increased yield over the control. PGPR and VAM helpesignificant increase of the grain and straw
yield of wheat. The interaction of these componeatgstered better performance, thus inferring the
importance of integrated nutrient supply system. Theltesevealed that application of optimum doses
of NPK in combination with FYM @ 10 t/ha recordedjmest grain and straw yields followed by 100%
NPK. However, the yield responses were high with #ilariced application of NPK with FYM and bio-
inoculants in comparison to sub optimal and supén@l doses of NPK.

INTRODUCTION

Wheat {riticum aestivum L.) is second most
important cereal crops of India. Its rank first tiee world
cereal production with the productivity of 2.98 lih
tons/ha and is a staple food of about one thirthefworld’s
population. India is the second largest producemvbtat
(94.90 million tons) next only to China (125.60 lioih tons)
and cover the largest area under its cultivatich§2 m ha),
which is about 13.53 % of the world wheat area (B1ha)
(FAOSTAT, 2014). In recent year the food grain proiibn
have been stagnated or even declined for botharidewheat
crops (Dawe and Dobermann, 1999) and there has &een
wide gap between the target and actual produckath@ket
al., 2003). There are many reasons of low productieity
wheat out of which imbalance and excess fertilizer
application is major one and changes in physiconite
composition of the soil, a depletion and diminutiam
bioavailability of soil nutrients, a scarcity of ab
groundwater, build up of pests and attack of varidiseases
of wheat greatly affected its yield and quality rifina and

Connor, 2001; Ruskt al., 2005). Excessive use of chemical
fertilizers not only harms the biological powersgil but also
decreases the soil fertility and crop productivity.

An optimum soil biota population must be maintained
in the soil for higher nutrient use efficiency. Niagle source
of plant nutrients can meet the entire nutrientnefecrops in
modern agriculture; rather they need to be usedann
integrated manner following a management technotbgyis
appropriate, economically viable, eco-friendly kn1998).
FYM are the source of energy to the soil microdland
organic carbon content is considered to be an infiéxe soil
health (Chand, 2008). Introduction of efficientasts of
PGPR in soils may help in boosting up productiomuigh
increased microbial population and consequentlgtizn of
more atmospheric nitrogen and more solubilizatioh o
insoluble phosphorus from the soil. Hence presemtyswas
undertaken to know the effect of NPK fertilizer éés;, FYM
and bio-inoculants on the yield and quality of wherap.
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The integrated nutrient management advocates
balanced and conjoint use of inorganic fertilizerganic
manure, green manure and PGPR in order to mairntenam
adjustment of soil fertility and plant nutrient @iy to an
optimum level for sustaining desired crop produttiv
Fertilizers are very important sources of plantrieats for
increasing agricultural production. The inorganartifizer
could supply only one, two or three nutrients miegrated
use of inorganic fertilizers, FYM and PGPR woulayde
macro and micronutrients to plant and soil and stesi
occurrence of multiple nutrient deficiencies. Ifffmient
quantity of organic manures is added along withrgaaic
fertilizers then perhaps there would be no needdtling
micronutrients (Parsad, 1999). There is a gread feemore
research on biological nitrogen fixation and phasph
solubilization for energy conservation. Most sails Uttar
Pradesh are low in organic matter content and poor
nitrogen and phosphorus. Hence introduction ofcieffit
strains of PGPR in such soil may help in boosting u
production through fixation of more atmosphericragen
and solubilization of insoluble phosphorus in sdiarmyard
manure favorably improves the physical, chemicall an
biological environment (Chard al., 2004).

MATERIALSAND METHODS

A field experiment was conducted durirgpbi season
of 2009-10 and 2010-2011 at Agricultural Researent;
Banaras Hindu University, Varanasi (Uttar Prade$hg soil
of experimental field was sandy loam in textureihgMow
soil organic carbon (0.43%), low available N (20§Ha),
medium available P (18.0 kg/ha) and K (237 kg/hajl a
contents with neutral pH 7.3 (Table-1). A total 8R
treatments combinations comprising of four levéltedilizer
(0, 50, 75 and 100% NPK/ha), two levels of FYM (@al0
t/ha) and four plant growth promoting rhizobactgiflGPR)
strains used included no PGPR, two strain belorigeN,-
fixing (Azotobacter chroococcum W5 and Azospirillum
brasilense Cd), one strain Pseudomonas fluorescens
BHUPSBO06 belonged to promoting of root growth and
antibiotic agent and P-solubilizingBdcillus megaterium
BHUPSB14), vesicular arbuscular mycorrhiz&ldmus
fasciculatum) and PGPR + VAM, were replicated thrice under
spilt-split plot design and assigned in main platap plot and
sub-sub plots, respectively. The 100% NPK recomreénd
dose of fertilizer for wheat was 120 kg N, 60 kgPand 60
kg K,O/ha, respectively. The farmyard manure (FYM) was
obtained from dairy farm of Banaras Hindu Universithe
FYM @ 10 t/ha was incorporated one month beforersgas
per treatments. Total N, P and K contents of thé/IFR¥ere
0.47, 0.24, and 0.46 %, respectively. Half dos&l and full
dose of P and K were applied as basal in the fdrovea, di-
ammonium phosphate and muriate of potash manually b
placement method into open furrows, respectively.

The remaining N was applied in two equal splits at
tillering and flower initiation stages, respectiveluring both

the years. Seeds were inoculated withzotobactor
chroococum W5 + Azospirillum brasilence Cd +
Pseudomonas fluorescens BHU PSB06 + Bacillus

megaterium BHU PSB14 in 1:1:1:1: ratio. Inoculum of VAM,
Glomus fasciculatum was drilled below seeds in soil. Wheat
var. HUW-234 @ 100 kg/ha was sown at 22.5 cm sgacin
The pure culture oA. chroococcum W5, A. brasilence Cd
and mycorrhiza were obtained from Division of
Microbiology, Indian Agricultural Research InstiéutNew
Delhi. Bacillus megaterium BHUPSB14 andPseudomonas
fluorescens BHUPSBO06 were obtained from Department of
Soil Science and Agricultural Sciences, Institutd o
Agricultural Sciences, Banaras Hindu University. FFG
producing bacterial inoculums was prepared in @rflasks
and each flask containing 250 mL nutrient broth was
inoculated with selected strains of bacteria araitiated for

4 days under shaking (120 rpm) conditions at 28G: 1

RESULTSAND DISCUSSION
Fertilizer levels

Plant height and yield attributes of wheat cropvst
apparent influence of the varying levels of feztlis
(Tablel). The improvement in growth and yield pasters
was might be due to the supply of available formN&fK
fertilizers. Beside that plant processés cell division and
root elongation in merismatic tissues and constitwé ADP
and ATP in plant followed by a large canopy devaiept
under the increased levels of fertilizer seemsaeha greater
absorption and utilization of radiant energy reagltin high
growth and vyield attributing characters by crop ngga
(Sharmaet al., 2012).Application of fertilizer levels from
control to 100 % NPK significantly increased thaigrand
straw yield of wheat during both the years (TableThe
values of grain yield (49.29 and 51.16 g/ha respelgd and
straw yield (69.23 and 72.13 g/ha, respectivelyjrduboth
years were significantly higher in treatment 100 NBK
which in turn was statistically superior to thetre$ the
treatment. The increase in yield could be atteduto
profound influence of N, P and K fertilization oegetative
and reproductive growth; and their translocationawls the
yield formation (Patidar and Mali, 2004).

Application of increasing levels of NPK fertilizer,
FYM and bio-inoculants significantly increased tigtake of
N, P and K by wheat (Table-2). The significant ioy@ment
in uptake of these nutrients was might be due taexmount
of nutrients supplied by fertilizer and FYM, whicktimately
providing conductive physical environment facilitat better
root growth and absorption of nutrients from thdiveaas
well as applied sources which favored the highestient
uptake (Bharadwagt al., 1994; Singh and Singh, 2012).
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Table 1 Effect of fertility levels, FYM and bio-inoculantson growth, yield attributes and yield of wheat

Plant height (cm) No. of ear head/m  No. of grains/ear Ear head length Test weight Grainyield Straw yield
row (cm) () (g/ha)
Treatment g g g g g g g g g g g g g o
[e2] o [e2] o [e2] o [e2] o [e2] o (o] o [e2] o
3 g 3 g 3 g 3 3 3 3 ] 3 3 3
N N N N N N N N N N N N N N

Fertility levels (kg N, P,Os, and K,O/ha)

Control 73.20 74.30 62.83 63.88 30.18 30.79 6.86 6.92 35.20 35.31 16.25 16.55 25.27 25.77
NPK 50% 79.76 81.37 74.46 76.00 34.46 35.33 7.78 7.93 39.01 40.17 25.42 27.11 39.40 41.27
NPK 75% 96.64 98.27 84.33 86.08 37.55 38.50 8.19 8.42 41.38 41.80 40.29 41.75 58.12 60.22
NPK 100% 101.65 102.42 94.33 96.67 39.87 41.29 8.68 8.93 1442, 4251 49.29 51.16 69.23 72.13
CD (P=0.05) 1.381 1.445 2.368 2.615 1.370 1.494 0.140 0.146 590.2 0.281 0.944 1223 1.425 1.710

FYM levels (t/ha)

FYMO 84.67 85.87 77.23 78.25 34.68 35.08 7.61 7.77 38.79 39.23 29.01 30.14 43.36 45.00
FYM10 90.96 92.31 80.75 83.06 36.35 37.88 8.15 8.33 40.07 40.67 36.60 38.14 52.65 54.69
CD (P=0.05) 0.753 0.869 1.837 1.866 0.550 0.977 0.101 0.106 480.2 0.255 0.339 0.551 0.483 0.697

Bio-inoculants

Uninoculated 86.24 87.56 75.29 75.67 34.00 34.79 7.64 7.78 39.30 39.83 31.09 32.15 46.12 47.66
PGPR 87.64 88.94 79.21 81.00 35.51 36.33 7.89 8.06 39.48 39.99 32.95 34.66 48.04 49.88
VAM 88.23 89.24 78.88 81.67 35.85 36.21 7.94 8.07 39.38 39.90 32.45 33.87 47.61 49.30
PGPR +VAM 89.15 90.62 82.58 84.29 36.70 38.58 8.05 8.28 39.57 40.07 34.74 35.88 50.24 52.55
CD (P=0.05) 1.119 1.054 2.043 2.075 0.664 1.007 0.119 0.117 NS NS 0.518 0.610 0.574 0.625

Significant increase in protein and carbohydrate the wheat crop to ensure an almost continuous guppl

content of grain was recorded upto 100% NPK dubioth nutrients efficiently throughout the growth period crop
the years. The increase in quality parameter wahthie due (Patil et al., 1998) and besides this it improved the solil
to stimulating effect of NPK nutrients on chlorofihy physical, chemical and biological properties. Samitesults
formation and consequently photosynthesis. Simyilathe were also reported by Kumar and Singh, (2010).

vital role of K in carbohydrate synthesis and itsmslocation
to storage organs of grain (Agameyal., 2012; Diaconaet
al., 2013; Sharmat al., 2013).

Bio-inoculants
The investigation result could be revealed thatisee
inoculation of wheat with bio-inoculants encouragies plant

Farmyard manure (FYM) height and yield attributes. Seed inoculation WiRGPR +
The results indicate that FYM @ 10 t/ha sigaifitly VAM recorded significantly higher plant height, nbem of
influenced the plant height, yield attributes, grand straw ear head, number of grain aread, ear head length and test
yield and nutrient uptake over control both year of weight over control. This may be due to the eftddGPR +
experiment (Table-land 2). Application of FYM @ tBa VAM which plays an important role in the nutrient
significantly increased plant height (90.96 and322cm), acquisition, stimulation of growth by producing oth
number of ear head/m (80.75 and 83.06), number of hormone, so that wheat plants reflected on enhamdbe
grains/ear (36.35 and 37.88), ear head length (&nth58.33 growth and vyield characteristic. Phytohormones, likiA
cm), test weight (40.07 and 40.67 g), grain yi€dd.60 and and GA which promote the plant growth, cell divisio
38.14 q hd), straw yield (52.65 and 54.69 q Haand breaking the special dominances, hence encouratiing
similarly other parameters during both the yearspectively. photosynthesis and assimilates accumulation (Emiasaand
The result revealed that increasing application FdM Adachi, 1999). Such improvements in yield attrilsuteve
increased all the above parameters as comparentmotb¢no also been observed by Namvar and Khandan (2@ih8)

FYM) might be due to its successive decompositioabéed Lavakushet al. (2014).
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Table 2 Effect of fertilizerslevels, FYM and PGPR on total nutrients uptake of wheat

Nitrogen (kg/ha)

Phosphorous (kg/ha)

Potassium (kg/ha)

Treatment

2009-10 2010-11 2009-10 2010-11 2009-10 2010-11
Fertility levels (kg N, P,Os, and K,O/ ha)
Control 29.61 30.2¢ 4.2t 4.3¢ 34.5¢ 35.3%
NPK 50% 52.0¢ 55.7% 7.71 8.4% 57.94 61.1¢
NPK 75% 88.0¢ 91.2¢ 13.4% 14.3¢ 92.07 96.0(
NPK 100% 110.0¢ 114.9¢ 17.5¢ 18.92 118.5( 123.9:
CD (P=0.05) 2.9t 3.4¢ 0.67¢ 0.282 1.811 2.05¢
FYM levels (t/ha)
EYMO 60.7¢ 63.3] 9.1¢ 9.9t 67.3¢€ 70.1%
FYM10 79.1t 82.7¢ 12.2¢ 13.0¢ 84.4¢ 88.0¢
CD (P=0.05) 1.317 0.982 0.29¢ 0.27% 0.61% 1.03¢
Bio-inoculants
Uninoculated 65.62 68.1% 9.8¢ 10.51 72.4¢ 75.2¢
PGPR 70.4C 73.8¢ 10.7¢ 11.5% 75.82 79.3%
VAM 69.37 72.6¢ 10.72 11.5¢ 75.1¢ 78.3(
PGPR+VAM 74.4¢ 77.5¢ 11.5¢ 12.4¢ 79.61 83.4¢
CD (P=0.05) 1.52¢ 1.852 0.247 0.55¢ 0.817% 0.92:

Inoculation of composite PGPR + VAM significantly
increased grain and straw yield (Table-1). Use iobgen
fixing and phosphate solubilizing and mobilizing
microorganism increased grain yield by 11.74 and0%
and straw yield by 8.93 and10.26% over no inocoiati
during 2009-10 and 2010-11, respectively. Combinsel of
PGPR + VAM showed highest value of grain yield {34.
and 35.88 g/ha) and straw yield (50.24 and 52.5&)g/
respectively, over no inoculation because theseRP&Rply
a part of nutrient demand of crop by fixing the agpheric
nitrogen or mobilizing fixed form of phosphorus and
production of plant growth promoting substanceshsas
IAA, GA and cytokinins-like substances (Vétial., 2005).

Seed treatments with bio-inoculants have also shown
significantly increase in total N, P and K uptake Wwheat
during both the years as compared to no inoculafibe use
of composite cultures of PGPR + VAM significantly
increased the total N (74.46 and 77.56 kg/ha), P5@Land
12.46 kg/ha) and K (79.61 and 83.49 kg/ha) uptakech
were significantly higher over no inoculation asllves over

individual treatments of PGPR or VAM during 2009-40d
2010-11, respectively.

I nteraction effect of fertilizers and farm yard manures

Combined application of inorganic fertilizer and
FYM produced significantly higher plant height, Idie
attributes, grain and straw yield, nutrient uptake/heat than
application of individuals. The data (Table-3yvéalearly
shown that combined application of 75% NPK + FYM1@
t/ha gave significantly higher plant height dgriboth the
years and test weight during 2010-11 as compareiD®96
NPK fertilizer alone without application of FYM. Meover,
ear head length were found at par with applicabbr’5%
NPK + FYM @ 10 t/ha as compared to 100% NPK
application alone during both the years. Similarthe
Combined application of 75% NPK and FYM @ 10 t/ha
recorded grain and straw yield and N and P upttbamthat
recorded by application of 100% NPK alone withotM~
application during both the years.
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Table 3 Interaction effect of fertilizer levelsand FYM on plant height (cm) of wheat during 2009-10 and 2010-11

2009-10
Treatment Plant height Ear head length (cm) Test weight (g)
Control NPK 505 NPK 759 NPK 1009 Control NPK 5096 NPK 759 NPK 1009 Control NPK 590 NPK 759 NPK 100
FYM, 71.4: 76.8¢ 91.8¢ 98.5:% 6.3€ 7.5¢ 8.1t 8.3t 34.4¢ 38.2: 41.11 41.3¢
FYMyo 74.9¢ 82.6¢ 101.4: 104.77 7.3€ 7.9¢ 8.2 9.01 35.9¢ 39.7¢ 41.6¢ 42.9]
CD (P=0.05=1.50¢ CD (P=0.05= 0.20¢ CD (P=0.05=0.49¢
2010-11
Plant height Ear head length (cm) Test weight (g)
FYM, 72.5¢ 78.01% 93.01 99.82 6.47 7.7¢ 8.3€ 8.4t 34.4¢ 39.4¢ 41.4C 41.6]
FYMyo 76.0% 84.61 103.5: 105.0: 7.37 8.07 8.47 9.41 36.1¢ 40.9( 42.2( 43.4]
CD (P=0.05=1.73¢ CD (P=0.05=0.21: CD (P=0.05= 0.51:
CONCLUSION by Division of Microbiology and Center for

Increasing cost chemically fertilizers and unstabl
crop production call for substituting part of theoiganic
fertilizers by using as locally available low castganic
sources viz, manures, and bio-inoculantgtc in an
integrated manner to sustain production and sailthelt is
recognized that neither organic manure nor chemical
fertilizers alone can maintain yield sustainabilismder
modern farming where nutrient turnover is quite hhig
However, due to paucity of organic sources andr thei
inability to meet total nutrient requirement in &ising
high level productivity, to meet the demands of taswing
population of the country and to safe guard thé tsealth,
their integrated use with chemical fertilizers issential.
Keeping this in view, the present investigation was
conducted to monitor the effect of integrated aggtion of
inorganic, organic sources and bio-inoculants aidyand
quality of wheat.
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