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ABSTRACT

A field experiment was conducted during Rabi season of 2021-22 at the experimental field of the
Crop Research Farm, Department of Agronomy, Naini Agricultural Institute, Sam Higginbottom
University of Agriculture, Technology And Sciences, Prayagraj, Uttar Pradesh, India. The
Experiment was laid out in Randomized Block Design with Nine treatments replicated thrice. To
study the Response of Zinc and Bio-fertilizers on growth and yield of Wheat. The treatments consist
of zinc 5, 7.5, 10kg/ha and bio-fertilizers Azotobacter (20 g/kg seeds), Azospirillum (20 g/kg seeds),
Azotobacter (10 g/kg seeds) + Azospirillum (10 g/kg seeds). The soil of experimental plot was
sandy loamy in texture, nearly neutral in soil reaction (pH 7.8), low in organic carbon (0.35%). The
results revealed that treatment-9 with application of [Zinc (10 kg/ha) + Azotobacter (10 g/kg seeds)
+ Azospirillum (10 g/kg seeds)] was recorded significantly higher Plant height (96.10 cm), higher
plant dry weight (20.31 g/plant), higher number of spikes/m® (371.84), higher number of
grains/spike (55.17), higher grain yield (5.697 t/ha), higher straw yield (12.59 t/ha) and highest
harvest index (31.14 %). Higher gross returns (INR 152544.4/ha), higher net returns (INR
108712.4/ha) and higher B:C ratio (2.48) were also recorded in treatment-9 [Zinc (10 kg/ha) +
Azotobacter (10 g/kg seeds) + Azospirillum (10 g/kg seeds)].

Keywords: Wheat; zinc; bio-fertilizers; azotobacter; azospirillum; growth parameters; yield attributes
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1. INTRODUCTION

Wheat is cultivated in most of parts of the world.
It is staple diet for majority of the population in
both developed and developing countries. Wheat
compares well with other important cereals in the
nutritive value. It contains more protein than
other cereals. The nutritive values of wheat are
starch (60-68%), protein (8-15%), fat, sugar,
cellulose, minerals, vitamins, etc. [1].

In India wheat crop is cultivated in Rabi season.
It is normally sown during November and
harvested between March and April. The
cultivated area under wheat at national level has
shown increasing trend, from 29.04 million
hectare to 30.54 million hectare with a magnitude
of 1.5-million-hectare (5%) net gain in terms of
area. Uttar Pradesh has largest share in area
with 9.75 million hectare (32%), followed by
Madhya Pradesh (18.75%), Punjab (11.48%),
Rajasthan (9.74%), Haryana (8.36%) and Bihar
(6.82%). The national productivity trend for wheat
showed a marginal improvement, which has
increased from 3009 kg/ha to 3100 kg/ha from
2012-2013 to 2017-2018. The rise in productivity
is due to adoption of high-yielding varieties
coupled with other inputs [2].

According to the fourth advance estimates of
production of major crops for 2021-22 released,
record food grains production of 315.72 million
tonnes estimated in the country, which is higher
by 4.98 million tonnes than the production of food
grains during 2020-21. Production of wheat
during 2021-22 is estimated at 106.84 million
tonnes. It is higher by 2.96 million tonnes than
the last five years average wheat production of
103.88 million tonnes [3].

Wheat is known to respond to the application of
several macro and micronutrients during its
growing stages and results in enhanced output in
terms of yield. Micronutrients comprising zinc,
copper, iron, manganese, boron, molybdenum
and chlorine are though required by plants in
much smaller amounts, yet are as essential as
the major nutrients such as nitrogen,
phosphorus, potassium etc. [4].

Zinc has diverse physiological functions in
biological systems. It interacts with a large
number of enzymes and other proteins in the
body and performs critical structural, functional
and regulatory roles. It is estimated that about
10% of all the proteins in the human body,
corresponding to nearly 3000 proteins, are

Zn-dependent. About a third of the world’s
population is estimated to be at risk of Zn
deficiency. Deficiencies of Zn and other
micronutrients in developing countries are also
reported to cause great economic losses and
have a considerable effect on the gross national
product by decreasing productivity and
increasing the health care costs [5].

According to recent, deficiency of zinc is
widespread and covers about 48% area in the
country. Zinc deficiency is a very important
nutrient problem in the Indian soils. Total Zn
concentration is sufficient in many agricultural
areas, but available Zn concentration is deficient
because of different soil and climatic conditions.
Zinc was one of the first micronutrients,
essentiality of which for plant growth has been
confirmed. Zinc also plays a role in nucleic acid
and protein synthesis and helps in the utilization
of phosphorus and nitrogen, as well as in seed
formation. Zinc is an important element for
terrestrial life since it is required as either a
structural component or reaction site in
numerous proteins Zinc deficiency in wheat
resulted in severe reduction in growth, grain yield
and seedling vigour, and enhances sensitivity of
plants to pathogens. Decrease in grain quality is
another typical consequence of zinc deficiency in
wheat [4].

To correct Zn deficiency and prevent yield losses
in crop plants, Zn is applied to deficient sail,
typically in the form of ZnSO4, at rates that range
typically from 5 to 25 kg Zn/ha. The rates of soil
Zn application vary depending on the crop
species, soil characteristics and method of
application; higher rates are associated with
crops sensitive to Zn deficiency, alkaline or
calcareous soil and broadcasting rather than
banding. Development of Zn-rich cultivars or the
use of Zn-fertilizers is significant practices to
enrich the Zn-contents of grains [5].

Azotobacter is a free living N” fixing bacterium. It
can successfully grow in the rhizospheric zone of
wheat, maize, rice, sorghum, sugarcane, cotton,
potato and many others and fix 10-20kg N/ha
cropping season. Besides N° fixation,
Azotobacter synthesizes and secretes
considerable amounts of biologically active
substances like vitamin B, nicotinic acid,
pantothenic acid, biotin, heteroauxins,
gibberellins, etc. which enhance root growth of
plants. Another important characteristic of
Azotobacter association with crop improvement
is excretion of ammonia in the rhizosphere in the
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presence of root exudates; which helps in
modification of nutrient uptake by the plants.
Azotobacter has the ability to produce antifungal
antibiotics and fungistatic compounds against
pathogens like Fusarium, Alternaria,
Trichoderma [6,7].

Azospirillum is a diazotrophic bacteria that play a
valuable role in the rhizosphere of many plants,
fixes atmospheric dinitrogen and converts it into
plant-available form [8]. Inoculation of wheat
seeds with Azospirillum spp. has been widely
applied to promote crop yields on different soils
[9]. Inoculation of seed with Azospirillum give
host plant drought tolerance and disease
resistance benefits apart from nitrogen fixation
[10]. The bacterium obtains the nutrients
necessary to replicate and survive from the plant
and the plant benefits from the association with
the bacterium because the bacteria produce
hormones that increase the volume of the roots
bulk thereby leading to improved plant nutrition.
The beneficial effects of Azospirilum on plant
growth have been applied in agricultural
practices and inoculants containing A. brasilense
have been used as biofertilizer for cereals all
over the world [6].

Increasing and extending the role of biofertilizers
can reduce the need for chemical fertilizers and
decrease adverse environmental effects. They
can play a significant role in fixing atmospheric N
and production of plant growth promoting
substances. Therefore, in the development and
implementation of sustainable agricultural
techniques, biofertilization has great importance
in alleviating environmental pollution and
deterioration of nature. Azotobacter sp. and
Azospirillum sp. are used as biofertilizers in the
cultivation of many agricultural crops. The
estimated contribution of these free-living N fixing
prokaryotes to the N input of soil ranges from 0—
60 kg/ha per vyear. Existence of microbial
communities like Azotobacter sp. and
Azospirillum sp. in the rhizosphere promotes the
growth of the plant through the cycling and
availability of nutrients, increasing the health of
roots during the growth stage by competing with
root pathogens and increasing the absorption of
nutrients and water [11,12,13]. Kandil et al. [14]
studied the effects of inoculation with
Azotobacter sp. and Azospirillum sp. on wheat
and observed that inoculated wheat plants gave
higher plant height, spike per unit of area, grains
per spike, grain weight, biological yield, grain
yield and straw yield compared to non-inoculated
cultivars. Zorita and Canigia [15] found that seed

inoculation can increase the number of harvested
grains by 6.1% and grain yield by 260 kg ha—1
(8.0%) in wheat. Piccinin et al. [16] suggested
that the combination between chemical fertilizers
and microbial strains Azotobacter sp. and
Azospirillum sp. caused an enhancing in plant
growth parameters and yield component in wheat
plants.

Therefore, the objective of the present work was
to assess the effects of different levels of zinc in
combination with bio-fertilizer (Azotobacter sp.,
Azospirillum sp.) on growth parameters, vyield
attributes and economic analysis of wheat.

2. MATERIALS AND METHODS

The experiment was conducted during Rabi
season of 2021-22 at the Crop Research Farm,
Department of Agronomy, Naini Agricultural
Institute, Sam Higginbottom  University of
Agriculture, Technology And Sciences, Prayagraj
(U.P.) India, which is located at 25° 30" 42”N
latitude, 81° 60’ 56" E longitude, and a height of
98 metres above sea level. The soil of
experimental plot was sandy loamy in texture,
nearly neutral in soil reaction (pH 7.8), low in
organic carbon (0.35%). The crop was sown on
11 December 2021 using variety HD-2967. The
experiment was set up in a Randomized Block
Design with three replications and nine
treatments in total Viz., T;: Zinc (5 kg/ha) +
Azotobacter (20 g/kg seeds), T,: Zinc (5 kg/ha) +
Azospirillum (20 g/kg seeds), Ts: Zinc (5 kg/ha) +
Azotobacter (10 g/kg seeds) + Azospirillum (10
g/kg seeds), T4 Zinc (7.5 kg/ha) + Azotobacter
(20 gl/kg seeds), Ts: Zinc (7.5 kg/ha) +
Azospirillum (20 g/kg seeds), Te: Zinc (7.5 kg/ha)
+ Azotobacter (10 g/kg seeds) + Azospirillum (10
g/kg seeds), T Zinc (10 kg/ha) + Azotobacter
(20 g/kg seeds), Tg Zinc (10 kg/ha) +
Azospirillum (20 g/kg seeds), Tq: Zinc (10 kg/ha)
+ Azotobacter (10 g/kg seeds) + Azospirillum (10
g/kg seeds). The growth parameters and yield
attributes were recorded at harvest from
randomly selected plants in each plot. The data
were subjected to statistical analysis by analysis
of variance method Gomez and Gomez [17].

3. RESULTS AND DISCUSSION

3.1 Effect of Zinc and Bio-fertilizers on
Growth Parameters of Wheat

Plant height (cm): At 100 DAS the significantly
and higher plant height (96.10 cm) [Table 1] was
observed in treatment-9 [Zinc (10 kg/ha) +
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Azotobacter (10 g/kg seeds) + Azospirillum
(10 g/kg seeds)]. However, treatment-7 [Zinc
(10 kg/ha) + Azotobacter (20 g/kg seeds)] and
treatment-8 [Zinc (10 kg/ha) + Azospirillum
(20 g/kg seeds)] were statistically at par with
treatment-9 [Zinc (10 kg/ha) + Azotobacter
(10 g/kg seeds) + Azospirillum (10 g/kg seeds)].
Significant and higher plant height was recorded
with the application of Zinc (10 kg/ha) may be
due to the Zn major role in the shoots and roots
elongation due to auxin hormones activation in
the wheat crop plant. Similar findings were
obtained by Arshad et al. [18] and Khan et al.
[19]. Further, inoculation with biofertilizer
Azotobacter (10g/kg seeds) and Azospirillum
(10g/kg seeds) increased plant height about
6.04% compared to other treatments. These
results are in line with the findings of Namvar and
Khandan [11], Zorita and Canigia [15],
Daneshmand et al. (2012) and Namvar et al.
[12]. Further, Azospirillum (10g/kg seeds)
inoculation have suggested that Nitrogen fixation
was major mechanism of plant growth. This
increase in the soil nutrient level was responsible
for plant growth and development. Similar
findings were obtained by Reddy and Singh [6].

Plant dry weight (g): At 100 DAS, the
significantly higher dry weight (20.31 g) [Table 1]
was observed in treatment-9 [Zinc (10 kg/ha) +
Azotobacter (10 g/kg seeds) + Azospirillum (10
o/kg seeds)]. However, treatment-8 [Zinc (10
kg/ha) + Azospirilum (20 g/kg seeds)] was

statistically at par with treatment-9 [Zinc (10
kg/ha) + Azotobacter (10 g/kg seeds) +
Azospirillum (10 g/kg seeds)]. Significant and
higher plant dry weight was recorded with the
application of Azospirillum (10 g/kg seeds) may
be due to Azospirillum inoculation on wheat,
sorghum and panicum, significantly increased
the total shoot and root weight, plant and leaf
length which were ultimately increased dry
matter accumulation and in winter wheat
inoculated with Azospirillum brasilense
showed significantly increase in the number of
fertile tillers, shoot and root dry weight and
root to shoot ratio. Similar results were reported
by Reddy and Singh [6], Kapulnik et al. [20]
and Warembourg et al. [21]. Further, application
of Azotobacter (10 g/kg seeds) and Azospirillum
(10 g/kg seeds) significantly increased dry
matter accumulation at harvest over other
treatments, may be due to partly owing to their
additive effect of nitrogen fixed atmosphere and
partly owing to synthesis of biologically active
substances like vitamins, auxin, and gibberellin
etc, which in turn might have stimulated the
plant growth parameters. These results are akin
to the findings of Singh et al. [22], Kachroo
and Razdan [23]. Further, application of zinc (10
kg/ha) resulted in significantly more dry
matter production. It may be due to the
involvement of zinc in auxin metabolism which
results in improvement in overall biomass.
Similar findings were obtained by Sharma et al.
[24].

Table 1. Influence of zinc and bio fertilizers on growth parameters of wheat at 100 days after

sowing
SI. No. Treatments Plant height Plant Dry
(cm) weight
(g/plant)
1. Zinc 5 kg/ha + Azotobacter at 20 g/kg seeds 93.17 17.69
2. Zinc 5 kg/ha + Azospirillum at 20 g/kg seeds 93.37 17.72
3. Zinc 5 kg/ha + Azotobacter at 10 g/kg seeds + 94.07 18.24
Azospirillum at 10 g/kg seeds
4, Zinc 7.5 kg/ha + Azotobacter at 20 g/kg seeds 94.62 18.42
5. Zinc 7.5 kg/ha + Azospirillum at 20 g/kg seeds 94.96 18.91
6. Zinc 7.5 kg/ha + Azotobacter at 10 g/kg seeds + 95.13 19.07
Azospirillum at 10 g/kg seeds
7. Zinc 10 kg/ha + Azotobacter at 20 g/kg seeds 95.76 19.44
8. Zinc 10 kg/ha + Azospirillum at 20 g/kg seeds 95.92 19.68
9. Zinc 10 kg/ha + Azotobacter at 10 g/kg seeds +  96.10 20.31
Azospirillum at 10 g/kg seeds
F test S S
SEd () 0.14 0.23
CD (P=0.05) 0.43 0.68
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3.2 Effect of Zinc and Bio-fertilizers on
Yield and Yield Attributes of Wheat

Number of Spikes/mz: The significant and
higher number of spikes/m” (371.84) [Table 2]
was observed in treatment-9 with [Zinc (10
kg/ha) + Azotobacter (10 g/kg seeds) +
Azospirilum (10 g/kg seeds)]. which was
significantly higher over rest of the treatments
and treatment-8 [Zinc (10 kg/ha) + Azospirillum
(20 g/kg seeds)], was statistically at par with
treatment-9 [Zinc (10 kg/ha) + Azotobacter (10
o/kg seeds) + Azospirillum (10 g/kg seeds)].
Significant and higher number of spikes/m2 was
recorded with application of Zinc (10kg/ha), the
increase in the number of spikes per unit area

was due to the higher number of fertile tillers per
plant at the end of the cycle. The lowest Zn
supply to wheat plants promotes reduction in the
number of tillers mainly because stems become
thinner and lose their turgidity, a phenomenon
called soft stems. The emergence, development
and survival of tillers are of extreme importance
for the crop. Similar results were reported by Zoz
et al. [25] and Seadh et al. [26]. Further, with the
inoculation of Azotobacter (10 g/kg seeds) and
Azospirillum (10 g/kg seeds) showed no
significant effects on number of spike per unit of
area but the plants that were treated with these
biofertilizer showed more values of this trait than
other treatments. Similar results were reported
by Namvar and Khandan [11].

Table 2. Influence of zinc and bio fertilizers on yield attributes of wheat

Sl.  Treatments Number Number of Grain Straw Harvest
No. of Grains/Spike yield yield index (%)
spikes/m” (t/ha) (t/ha)

1. Zinc 5 kg/ha + Azotobacter  324.70 43.03 4.257 10.36 29.12
at 20 g/kg seeds

2. Zinc 5 kg/ha + Azospirillum  332.81 43.48 4.433 10.58 29.52
at 20 g/kg seeds

3. Zinc 5 kg/ha + Azotobacter  343.40 45.06 4.640 10.83 30.00
at 10 g/kg seeds +
Azospirillum at 10 g/kg
seeds

4, Zinc 7.5 kg/ha + 340.50 47.17 4.957 11.28 30.53
Azotobacter at 20 g/kg
seeds

5. Zinc 7.5 kg/ha + 346.15 49.48 5.143 11.44 31.02
Azospirillum at 20 g/kg
seeds

6. Zinc 7.5 kg/ha + 348.25 50.58 5.280 11.72 31.06
Azotobacter at 10 g/kg
seeds + Azospirillum at 10
g/kg seeds

7. Zinc 10 kg/ha + 355.58 52.25 5.417 12.23 30.69
Azotobacter at 20 g/kg
seeds

8. Zinc 10 kg/ha + 364.73 54.73 5.570 12.44 30.93
Azospirillum at 20 g/kg
seeds

9. Zinc 10 kg/ha + 371.84 55.17 5.697 12.59 31.14
Azotobacter at 10 g/kg
seeds + Azospirillum at 10
g/kg seeds
F-Test S S S S
SEm+ 5.35 0.37 0.06 0.07 0.24
CD (P=0.05) 16.03 1.12 0.18 0.22 0.71
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Number of Grains / Spike: The significant and
higher number of grains/spike (55.17) [Table 2]
was observed in treatment-9 with [Zinc (10
kg/ha) + Azotobacter (10 g/kg seeds) +
Azospirilum (10 g/kg seeds)], which was
significantly higher over rest of the treatments
and treatment-8 [Zinc (10 kg/ha) + Azospirillum
(20 g/kg seeds)], was statistically at par with
treatment-9 [Zinc (10 kg/ha) + Azotobacter
(10 g/kg seeds) + Azospirillum (10 g/kg seeds)].
Significant and higher number of grains/spike
was observed with the application of Zinc
(10kg/ha), might be due to zinc play a significant
role  in enzyme activation, chlorophyll
biosynthesis, pollen tube formation and pollen
viability, starch utilization ensuing in greater seed
set. Similar results were reported by Arif et al.
[27]. Further, Azotobacter (10 g/kg seeds) and
Azospirillum (10 g/kg seeds) inoculated wheat
plants had statistically more number of grains per
spike than other treatments. Inoculation with
biofertilizer increased this trait by 5.54%
compared to other treatments. Azotobacter sp.
and Azospirillum sp. increased the available
nitrogen in the soil which could enhance the
grain number. Similar results were reported by
Namvar and Khandan [11] and Vessey [13].

Grain yield (t/ha): The significant and higher
grain yield (5.697 t/ha) [Table 2] was observed in
treatment-9 [Zinc (10 kg/ha) + Azotobacter (10
g/kg seeds) + Azospirillum (10 g/kg seeds)].
However, treatment-8 [Zinc (10 kg/ha) +
Azospirillum (20 g/kg seeds)], was statistically at
par with treatment-9 [Zinc (10 kg/ha) +
Azotobacter (10 g/kg seeds) + Azospirillum (10
g/kg seeds)]. Significant and higher grain yield
was observed with the application of Zinc
(10kg/ha), might be due to the greater
photosynthesis efficiency or more nutrients
availability due to increasing decomposition rate
of organic matter or improved individual plant
performance might the possible reasons for
higher grain yield in zinc applied plots compared
to other plots. These results are in conformity
with the findings of Arshad et al. [18] and Jan et
al. [28]. Further, Azotobacter (10 g/kg seeds)
and Azospirilum (10 g/kg seeds) inoculated
plants indicated higher grain yield than other
treatments. Biofertilizer inoculation increased
grain yield about 8.68% compared to other
treatments. The increase in the vyield
components, grain yield and protein content in
the inoculated plants could be attributable to the
exudation of plant growth regulators (PGRS)
such as auxins and gibberellin and cytokinin
by Azotobacter sp. and Azospirillum sp.

beside the increase of the nutrient availability.
Similar results were obtained by Namvar and
Khandan [11], Kizilkaya [29] and Vessey [13].

Straw yield (t/ha): The significant and higher
straw yield (12.59 t/ha) [Table 2] was observed in
treatment-9 [Zinc (10 kg/ha) + Azotobacter (10
g/kg seeds) + Azospirilum (10 g/kg seeds)].
However, treatment-8 [Zinc (10 kg/ha) +
Azospirillum (20 g/kg seeds)], was statistically at
par with treatment-9 [Zinc (10 kg/ha) +
Azotobacter (10 g/kg seeds) + Azospirillum (10
g/kg seeds)]. Significant and higher straw yield
was observed with the application of Zinc
(10kg/ha), could be associated to more zinc
content in the soil, which might have increased
the wheat straw yield. Increasing zinc application
dose increased the straw vyield. Similar results
were reported by Arshad et al. [18] and Curtin et
al. [30]. Further, the increase in straw yield with
increasing dose of zinc and boron application
(soil+foliar) might be due to increased
photosynthetic  efficiency and carbohydrate
metabolism resulting in superior vegetative
growth and yield attributes. Similar results were
reported by Singh et al. [4].

Harvest Index (%): From the observations the
significantly highest harvest index (31.14 %)
[Table 2] was recorded in treatment-9 [Zinc (10
kg/ha) + Azotobacter (10 g/kg seeds) +
Azospirilum (10 g/kg seeds)]. However,
treatment-4 [Zinc (7.5 kg/ha) + Azotobacter (20
g/kg seeds)], treatment-5 [Zinc (7.5 kg/ha) +
Azospirillum (20 g/kg seeds)], treatment-6 [Zinc
(7.5 kg/ha) + Azotobacter (10 g/kg seeds) +
Azospirillum (10 g/kg seeds)], treatment-7 [Zinc
(10 kg/ha) + Azotobacter (20 g/kg seeds)],
treatment-8 [Zinc (10 kg/ha) + Azospirillum (20
g/kg seeds)], were statistically at par with
treatment-9 [Zinc (10 kg/ha) + Azotobacter (10
g/kg seeds) + Azospirillum (10 g/kg seeds)].

3.3 Economic Analysis

Gross returns: Highest gross return (152544.4
INR/ha) [Table 3] was obtained in treatment-9
[Zinc (10 kg/ha) + Azotobacter (10 g/kg seeds) +
Azospirillum (10 g/kg seeds)] as compared to
other treatments.

Net Returns: Net returns (108712.4 INR /ha)
[Table 3] was found to be highest in treatment-9
[Zinc (10 kg/ha) + Azotobacter (10 g/kg seeds) +
Azospirillum (10 g/kg seeds)] as compared to
other treatments.
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Table 3. Influence of zinc and bio fertilizers on economics of wheat

S. No. Treatments Cost of Gross Net return B:C
cultivation return (INR/ha) Ratio
(INR/ha) (INR/ha)

1. Zinc 5 kg/ha + Azotobacter at 42968 116847.4 73879.4 1.719405
20 g/kg seeds

2. Zinc 5 kg/ha + Azospirillum at 42488 121074.0 78586.0 1.849603
20 g/kg seeds

3. Zinc 5 kg/ha + Azotobacter at 42728 125974.0 83246.0 1.948277
10 g/kg seeds +
Azospirillum at 10 g/kg seeds

4, Zinc 7.5 kg/ha + Azotobacter at 43528 133703.4 90175.4 2.071664
20 g/kg seeds

5. Zinc 7.5 kg/ha + Azospirillum at 43048 137939.5 94891.5 2.204317
20 g/kg seeds

6. Zinc 7.5 kg/ha + Azotobacter at 43288 141552.0 98264.0 2.270006
10 g/kg seeds + Azospirillum at
10 g/kg seeds

7. Zinc 10 kg/ha + Azotobacter at 44072 145822.4 101750.4 2.308731
20 g/kg seeds

8. Zinc 10 kg/ha + Azospirillum at 43592 149543.5 105951.5 2.430526
20 g/kg seeds

9. Zinc 10 kg/ha + Azotobacter at 43832 152544.4 108712.4 2.480206

10 g/kg seeds + Azospirillum at
10 g/kg seeds

Benefit Cost Ratio: Benefit Cost ratio (2.48)
[Table 3] was found to be highest in treatment-9
with [Zinc (10 kg/ha) + Azotobacter (10 g/kg
seeds) + Azospirilum (10 g/kg seeds)] as
compared to other treatments.

The statistically Maximum Gross returns
(Rs. 1,00,500 INR/ha), Net returns (Rs.
72,002.50 INR/ha) and B:C ratio (2.52) was
obtained with application of Azospirillum. These
results are supported by the findings of Reddy
and Singh [6] in wheat. Further, Applying Zn up
to 12 kg Zn/ha increased the net return, however
value cost ratio (VCR) was decreased by
increasing Zn doses and this may be due to the
fact that all applied Zn was not taken up by
wheat crop, so residual effect of Zn can affect the
yield next year. Soil application of Zn was
economical and had long-term effects on
enhanced wheat grain grown on Zn deficient
soils. These results are supported by the findings
of Abbas et al. [31] and Yilmaz et al. [32] in
wheat.

4. CONCLUSION

From the experimental findings, it is concluded
that with the application of Zinc (10 kg/ha) along
with Bio-fertilizers [Azotobacter (10 g/kg seeds) +
Azospirillum (10 g/kg seeds)] performs positively

and improves the growth parameters, vyield
attributes and economics of wheat. These
findings are based on one season therefore,
further trails may be required for further
confirmation.
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