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Abstract

Scarce availability of chemical fertilizers threatens sustainability of wheat
production in Nepal. Combined application of chemical and biofertilizer can
reduce chemical fertilizer and enhance the yield under limited fertilizer
availability. A field experiment was carried out to assess the combined
application of chemical and biofertilizer on the growth and yield of spring
wheat at Rampur, Chitwan from November 2020 to April 2021. The experiment
was laid out in strip plot design with four nitrogen and P20s levels (0, 50, 75
and 100% of recommended dose) in vertical plots and three biofertilizer
application methods (not applied, seed applied and soil applied) in horizontal
plots with three replications. The research results revealed significant
interaction between nitrogen and P20s levels and biofertilizer application
methods. The highest grain yield (4624.48 kg ha') of wheat was obtained with
100% levels of N and P2Os with soil applied biofertilizer at par with 75% levels
of N and P20s with soil applied biofertilizer (4457.54 kg ha). The total
nitrogen uptake was higher in biofertilizer applied wheat as compared with no
application of biofertilizer although statistically not significant. The yield
increment in 100% and 75% N and P20s levels with soil applied biofertilizer
over same level N and P20s with no biofertilizer application were 10.96% and
29.60% respectively. The higher gross return, net return and B:C ratio were
obtained with 75% and 100% N and P20s levels with soil and seed applied
biofertilizers. The result indicates that 25% recommended dose of N and P20s
could be reduced by soil application of biofertilizer without compromising the
grain yield of wheat.

Keywords: Biofertilizer, Chemical fertilizer, Seed application, Soil application, Spring wheat

Introduction

only 32% of farmer use organic fertilizers (Velayudhan et

The current global demand for nitrogeneous, phosphatic
and potassic fertilizer are 111.59 million mt, 49 million mt
and 40.23 million mt respectively and the supply is in
positive balance with total world capacity of fertilizer
production 264 million mt for agricultural use (FAO, 2022).
The Indo-Gangetic Plains in Bangladesh, India, Pakistan
and Nepal comprise an area of 13.5 million ha of wheat,
feeding population of about a billion. The region comprises
of about 30% of global synthetic fertilizer consumption, and

al., 2021).

Profitability from wheat production is declining primarily
due to higher prices and non-availability of synthetic
chemical fertilizer in time in Nepal. Out of tendered
5,20,000 mt of chemical fertilizers in 2019/20, 298,000 mt
of fertilizer has been imported which shows severe fertilizer
crisis is in Nepal (MoF, 2021). At present, there is no any
chemical fertilizer industry in Nepal (Shrestha, 2010). In
2021 AD, record highest sum of US $ 117.9 million was
allocated for procurement of chemical fertilizer by

This paper can be downloaded online at http://ijasbht.org & http://nepjol.info/index.php/IJASBT 245


http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
https://doi.org/10.3126/ijasbt.v10i4.49857
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-8615-0648
https://orcid.org/0000-0003-1385-5107
https://orcid.org/0000-0001-9575-9228
https://orcid.org/
https://creativecommons.org/licenses/by-nc/4.0/

R. Khadka et al. (2022) Int. J. Appl. Sci. Biotechnol. Vol 10(4): 245-253.

government and the budget is still deficit by US $ 39.31
million (Prasain, 2022). Regulating inorganic chemical
fertilizer price by subsidy on price or transportation cannot
stimulate fertilizer use in Nepal since price response and
returns to inorganic chemical fertilizer is relatively low in
hills and mountains (Takeshima et al., 2016). This presents
huge potentiality of alternative fertilizers sources like
biofertilizers to mitigate these dual problems of synthetic
fertilizer unavailability and low returns to price on synthetic
fertilizer.

Therefore, the present investigation was carried out with
following objectives:

General objective

e  To reduce the amount of chemical fertilizer for
sustained wheat production in Nepal

Specific objective
e To evaluate different levels of nitrogen,
phosphorus, biofertilizer application and their
interaction on growth, yield attributes, yield and
economics of wheat

Methodology

Experiment site

The experiment was conducted in research block of
Agronomy farm of Agriculture and Forestry University
(AFU) Rampur, Chitwan from November 2020 to April
2021. The research site lies in the subtropical humid zone
of Nepal at an altitude of 288 meters above sea level.
Geographical coordinate of the research site is 27°38 North
latitude and 84° 19 East longitudes. The experimental plot
was under rice-wheat cropping system for past three years.
The texture of the soil of research site was sandy loam. The
soil was acidic in nature with low in organic matter (2.35%),
available phosphorus (20.9 kg ha') and available potassium
(87.10 kg ha!) and medium in total nitrogen (0.15%).

Experiment Details

The experiment was laid out in strip plot design with three
replications with three Biofertilizer treatment as horizontal
factor (1. BO: No biofertilizer, 2. BSE: Biofertilizer applied
through seed treatment and 3. BSO: Biofertilizer through
soil) and four levels of Nitrogen and Phosphorus as vertical
factor (1. NPO: 0% Nitrogen and Phosphorus, 2. NP50: 50%
recommended dose of Nitrogen and Phosphorus, 3. NP75:
75 % recommended dose of Nitrogen and Phosphorus and
4. NP100: 100% recommended dose of Nitrogen and
Phosphorus). Recommended dose of fertilizer for wheat
120:50:50 N, P20s, K»O was used through Urea, Single
Super Phosphate and Muriate of Potash respectively. Full
dose of phosphorus and potassium was applied as basal
while nitrogen fertilizer was applied in 3 splits with 50%
nitrogen fertilizer applied at basal and remaining 50% was
applied at two splits during Crown Root Initiation (CRI)
stage and before heading respectively.

The field was ploughed two times right before sowing of
wheat and weeds were removed manually. Fine tilth of the

soil was made one day before sowing at the time of final
land preparation. Seeds of variety Gautam were sown on
25™ of November at the rate of 120 kg ha™. Spacing of 25
cm between rows and continuous planting within rows were
maintained. 2, 4-D ethyl ester was applied for control of
weed at the rate of 0.5 kg a.i. ha® at 25 days after sowing.
Two irrigations were given during the entire crop growth at
Crown Root Initiation (CRI) stage and flowering stage.
Cholopyrifos (50% EC) and Cypermethrin (5% EC) were
used at the rate of 3 ml per litre of water for pest control 50
days after sowing.

The mean maximum temperature of the experiment ranged
from 10°C to 34°C, with April recording the highest and
November the lowest values. Relative humidity ranged
from 59% in April to 96% in November. The average
minimum temperature ranged from 7°C (November) to 15
°C (April). Only 34 mm of rain was recorded in the month
of April.

Liquid biofertilizer prepared in glycerine consisting of
Azotobacter sp., Bacillus amyloliquefaciens and
Pseudomonas fluorescens was procured from Om Krishi
Udhyog Private Limited Khairehani -1, Chitwan on 15M
November. The procured biofertilizer had Azotobacter
(CFU count 5x10° ml?* minimum), Bacillus
amyloliquefaciens (CFU count 2x10* ml* minimum) and
Pseudomonas fluorescens (CFU count 2x10* mi?
minimum).

A 10 % jaggery solution was prepared in water by boiling.
The 10% jaggery solution was used as sticker for liquid
biofertilizer inoculants to seed. The contents were cooled
and liquid based biofertilizer inoculant was mixed in 10%
jaggery solution. The slurry thus prepared was coated
uniformly over the wheat seeds spread on a cemented floor
such that a thin layer was formed around the wheat seed.
The inoculated seeds were dried in shade for 30 minutes
before sowing into the plots. Biofertilizer seed treatment
was applied at the rate of 100 ml for 5 kg seed.

A 10% jaggery solution was prepared by boiling in water.
After the cooling of the content, Biofertilizer was mixed in
10% jaggery solution. The solution was left undisturbed for
few days. After appearance of foams in the solution due to
Bacillus, the solution was stirred 2-3 times per day. After
15 days the slurry was ready to be incorporated in
vermicompost. The slurry thus prepared was mixed along
with vermicompost (1000 ml liquid inoculum per 25 kg
vermicompost). The mixture prepared was stored for 1
week under sterile condition for inoculum multiplication
and 50% moisture was maintained during entire period. The
mixture was used for soil application in rows by thoroughly
mixing with the soil inside treated plot (600 g per plot).
Irrigation was provided immediately after mixing with soil
as the plots were dry. Equal amount of vermicompost (600
g per plot) without biofertilizer was added to untreated and
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seed treated plot to provide uniform condition as described
by Khandare et al. (2020).

The complete recorded data were subjected to analysis of
variance and Duncan's Multiple Range Test (DMRT) for
mean comparison at probability level <0.05 from the
reference of Gomez and Gomez (1984). Considering the
software programs, Microsoft word 2016 was used for word
processing, MS excel for table, statistical analysis was
carried out by using R Studio. For estimating total nitrogen
content of straw and grain samples were digested with
concentrated sulphuric acid and digestion mixture in micro
Kjeldahl's assembly.

Results and Discussions

Yield attributing characters

Effective tillers m, sterility percentage, thousand grain
weight and number of grains per spike were statistically
non-significant as affected by biofertilizer application
methods (Table 1). Although these vyield attributing
parameters were statistically non-significant, there was
slight improvement in biofertilizer applied plots either soil
or seed applied than without biofertilizer application.

Sterility percentage and thousand grain weight was
statistically non-significant for different nitrogen and
phosphorus levels but with higher levels of nitrogen and
phosphorus sterility percentage was relatively lower (Table

2). Effective tillers m2 and number of grains spike* were
significantly influenced by different levels of nitrogen and
phosphorus with statistically higher values with increasing
nitrogen and phosphorus levels. Kushare et al. (2009) stated
that because of increasing dry matter accumulation with
each increasing level of nitrogen and phosphorus,
partitioning of dry matter into reproductive parts resulted in
significantly higher number of spikes m= and number of
grains spike. Similar results were also obtained by El-
Gizawy (2009) ; El-Razek and El-Sheashtawy (2013) and
Shende et al. (2020).

Number of effective tillers per square meter

There was significant interaction between levels of nitrogen
and P,0s and biofertilizer application for effective tillers per
square meter (Table 2). With 75% and 100% nitrogen and
P,Os level, effective tiller per m? didn’t vary among
biofertilizer application methods. At 50% nitrogen and P,Os
level, soil applied biofertilizer had significantly higher
effective tillers per m? (277.33) followed by no application
(244) and seed applied biofertilizer (216.67). While at 0%
nitrogen and P,0s level, seed applied biofertilizer had
highest effective tillers per m? (205.67) statistically at par
with no biofertilizer application (191) but significantly
higher than soil applied biofertilizer (166). This result was
in line with Al-Shamma and Al shahwany (2014); Hussain
et al. (2016) and Taha et al.( 2016).

Table 1: Yield attributes of Wheat as influenced by biofertilizer application methods and different levels of nitrogen and phosphorus at Rampur,

Chitwan in 2020-21

Treatments Effective

tillers per m?

Thousand grain weight Number of

Sterilitypercentage

grains spike!

Horizontal Factor: Biofertilizer application methods

Biofertilizer not applied 251.25 47.82 38.25 37.31
Biofertilizer seed applied 250.00 48.27 38.92 35.75
Biofertilizer soil applied 261.25 49.11 39.75 35.62
LSD (0.05) NS NS NS NS
SEm+ 6.31 0.61 0.62 0.90
CV (%) 8.59 4.38 5.51 8.59
Vertical Factor: NP levels

NPO 187.56¢ 49.61 35.22¢ 37.23
NP50 246.00° 49.34 38.11° 37.97
NP75 289.782 47.98 37.67° 35.21
NP100 294.89° 46.66 44 892 34.50
LSD (0.05) 19.44 NS 2.13 NS
SEm+ 5.62 0.76 0.62 1.02
CV (%) 6.62 4.72 4.74 8.48
Grand Mean 254.56 48.40 38.97 36.23

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5% level of significance.

Number of grains per spike
Interaction between nitrogen and P,Os levels and
biofertilizer application methods was significant in case of

number of grains per spike (Table 3). At 0% nitrogen and
P2Os level, no biofertilizer plots had significantly higher
number of grains per spike (36.67) than soil applied
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biofertilizer (35) but statistically at par with seed applied
biofertilizer (34). Biofertilizer application had statistically
similar number of grains per spike with 50% and 75%
nitrogen and P,Os level. At 100% nitrogen and P,Os level,
soil applied biofertilizer had significantly higher number of
grains per spike (46.33) than no biofertilizer application
(43.33) but at par with seed applied biofertilizer (45). This
result was in conformity with Cisse et al. (2019); Hussain
et al. (2016) and Mahato and Kafle (2018).

Grain yield, Straw yield and Harvest index

Grain yield

Grain yield was not influenced by different biofertilizer
application methods but were relatively higher for
biofertilizer application (Table 4). Grain yield in soil
applied biofertilizer and seed applied biofertilizer were
8.45% and 4.67% higher than without biofertilizer
application respectively. Taha et al. (2016) stated that
biofertilizers enhances biological activity of soil with better

mobilization of nutrient from fertilizer sources.
Biofertilizers also regulate dynamics of organic matter
decomposition and the availability of plant nutrients along
with increased fixation of nitrogen. Relatively higher yield
in soil applied biofertilizer might be due to effect of carrier
based biofertilizer effectively increasing growth and
maintaining osmotic balance with increment in antioxidant
enzymes activity and yield parameters (Hassan and Bano,
2016). Grain yield was significantly influenced by main
effect of different levels of nitrogen and P,Os (Table 4).
Higher grain yield at higher levels might be due to
cumulative effect of yield attributes like effective tiller m2,
number of grains spike™, spike length, spike weight and
grain weight spike. Mohanta et al. (2020) reported that
when levels of nitrogen and P20Os were increased from
control, effective tillers per m?2 and number of grains per
spike also increased in ascending order. Kushare et al.
(2009) reported that recommended dose of fertilizer was
more efficient and high yielding.

Table 2: Effective tillers per square meter of wheat as influenced by interaction between biofertilizer application methods
and nitrogen and P20s levels at Rampur, Chitwan, 2020-2021

Effective tillers per square meter

NP levels
Biofertilizer application methods
Biofertilizer not applied Biofertilizer seed applied Biofertilizer soil applied

NPO 191« 205.67° 166.00¢

NP50 244 216.67°¢ 277.332

NP75 283.672 282.002 303.672

NP100 289.00% 297.672 298.00%

LSD (0.05) 26.25

SEm (1) 8.52

CV (%) 5.80

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5%
level of significance. NPO, No application of N and P,Os; NP50, 50% of recommended dose of N and P,Os; NP75, 75% of recommended
dose of N and P,Os; NP100, 100% of recommended dose of N and P,Os,

Table 3: Number of grains per spike of wheat as influenced by interaction between biofertilizer application methods and
nitrogen and P20Os levels at Rampur, Chitwan, 2020-2021

Number of grains per spike

NP levels Biofertilizer application methods
Biofertilizer not applied Biofertilizer seed applied Biofertilizer soil applied

NPO 36.67% 34.00¢ 35.004

NP50 38.00° 37.67° 38.67°

NP75 35.004 39.00° 39.00°

NP100 43.33P 45,00 46.332

LSD (0.05) 2.42

SEm (z) 0.79

CV (%) 3.49

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5%
level of significance. NPO, No application of N and P,Os; NP50, 50% of recommended dose of N and P,Os; NP75, 75% of recommended
dose of N and P,Os; NP100, 100% of recommended dose of N and P,Os,
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Table 4: Grain yield (kg ha't), straw yield (kg hal) and harvest index (%) of wheat as influenced by biofertilizer application
methods and different levels of nitrogen and phosphorus at Rampur, Chitwan in 2020-21

Treatments Grain Yield Straw yield Harvest
(kg ha!) (kg hat) Index (%)
Horizontal factor: Biofertilizer application methods
Biofertilizer not applied 3416.47 5429.67 35.59
Biofertilizer seed applied 3651.92 5551.72 36.59
Biofertilizer soil applied 3720.06 5681.00 36.23
LSD (0.05) NS NS NS
SEmz 123.64 131.96 0.62
CV (%) 11.91 8.23 5.97
Vertical Factor: NP levels
NPO 2299.85¢ 3842.37°¢ 34.45P
NP50 3715.40° 5356.22° 37.90?
NP75 4030.45° 6326.11° 35.86%
NP100 4338.90° 6692.44° 36.33%
LSD (0.05) 236.31 0.46 2.22
SEmz 68.32 133.86 0.64
CV (%) 5.70 7.23 5.31
Grand Mean 3596.15 5554.32 36.14

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5%
level of significance.

Table 5: Grain yield of wheat as influenced by interaction between biofertilizer application methods and different levels of nitrogen
and phosphorus at Rampur, Chitwan in 2020-21

Grain yield (kg ha™)

NP levels Biofertilizer application methods
Biofertilizer not applied Biofertilizer seed applied Biofertilizer soil applied
NPO 2302.84¢ 2442.83¢ 2153.87¢
NP50 3755.46°¢ 3746.41° 3644.34°¢
NP75 3439.62°¢ 4194.20° 4457 542
NP100 4167.96° 4224.25P 4624.482
LSD (0.05) 373.96
SEm () 121.25
CV (%) 5.84

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5% level
of significance. NP0, No application of N and P,0s; NP50, 50% of recommended dose of N and P,Os; NP75, 75% of recommended dose of N

and P,Os; NP100, 100% of recommended dose of N and P,Os,

Grain yield was also significantly influenced by interaction
effect between biofertilizer application methods and
different levels of nitrogen and P,Os (Table 5). The highest
grain yield (4624.48 Kg ha') was obtained for 100%
nitrogen and P,Os level with soil applied biofertilizer which
was statistically at par with 75% nitrogen and P,Os level and
soil applied biofertilizer (4457.54 Kg ha'). 75% nitrogen
and P,Os level with biofertilizer soil applied was
statistically at par with 100% nitrogen and P,Os level
without biofertilizer application. This might be due to
different root stimulating hormones like auxin, gibberellins,
cytokinin etc, mechanisms of N fixation, ammonia
excretion, phosphate solubilization by inoculated
microorganisms and their reaction (Narula et al. 2011; Sood
et al. 2019). Furthermore, microorganism is supplemented
by vermicompost as carrier in enhancing biological
properties of soil to increase nutrient mabilization from
applied nutrients (Kumar et al., 2014; Rady et al., 2016).
This result was also in agreement with those obtained by
Abdel - Lateef, (2018); Cisse et al. (2019) and Kumar et al.
(2014).

Straw yield

Straw yield was significantly influenced by different levels
of nitrogen and P.Os (Table 3). Straw yield was found
higher when nitrogen and P,Os rate was increased from 0%
to 100% of recommended dose. Higher straw yield at higher
levels of nitrogen and P,Os might be due to higher dry
matter production (EI-Gizawy, 2009).

Harvest index

Harvest index was significantly influenced by different
levels of nitrogen and P,Os (Table 3). Harvest index was
also found higher when nitrogen and P,Os rate was
increased from 0% to 100% of recommended dose. Higher
harvest index might be due to higher grain yield due to well
utilization of nitrogen and P,Os in metabolism and
meristematic activity (EI-Gizawy, 2009).

Nitrogen Uptake in Grain and Straw

The main effect of biofertilizer application was statistically
non-significant for nitrogen uptake in grain and straw as
well as total nitrogen uptake (Table 6). Patra and Singh
(2018) also found non-significant effect of biofertilizer
application on nitrogen uptake as compared to no
inoculation. Despite not being significant, nitrogen uptake
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in grain for soil applied biofertilizer and seed applied
biofertilizer were 16.4% and 9.74% higher than biofertilizer
not applied plot respectively. Similarly, nitrogen uptake in
straw were 13.92% and 9.13% higher than biofertilizer not
applied treatment. Abbasi and Yousra (2012) found that
bacterial strains like Pseudomonas, Azospirrillium and
Agrobacterium produces plant growth regulators like indole
acetic acid and increases root length, area and biomass
which enhances nutrient uptake. Bangash et al. (2021); El-
Zeky (2019) and Mohanta et al. (2020) also found higher
nitrogen uptake in grain and straw of wheat due to
biofertilizers Azotobacter, Pseudomonas and Bacillus.

Grain nitrogen uptake, straw nitrogen uptake and total
nitrogen uptake were significantly influenced by different
levels of nitrogen and P2Os. Total nitrogen uptake in 100%
nitrogen and phosphorus level were 14.20%, 29.10% and
162.15% higher than 75%, 50% and 0% nitrogen and
phosphorus level respectively while grain nitrogen uptake
in 100% nitrogen and phosphorus were 14.31%, 27.09%
and 140.09% higher than 75%, 50% and 0% of nitrogen and
phosphorus uptake respectively. Similar results were also
obtained by Mohanta et al. (2020); EI-Gizawy (2009) and
Harfe (2017).

Economics

Cost of cultivation increased as levels of nitrogen and P20s
increased (Table 7). This might be due to increased nitrogen
and P,Os fertilizer cost for purchasing additional amount.
Gross returns were significantly higher in 100% nitrogen
and P,Os level followed by 75%, 50% and 0% of
recommended dose of nitrogen and P2Os. Net returns were
statistically at par for 100% and 75% of nitrogen and P,Os
followed by 50% and 0% of nitrogen and P,Os level. Higher

gross and net returns at higher level of nitrogen and P2Os is
due to more grain and straw yield which fetched more
financial returns than at lower levels of fertilizer (Abdel -
Lateef, 2018; Behera and Rautaray, 2010). 100%, 75% and
50% of recommended dose of nitrogen and POs had
statistically similar B:C ratio than no nitrogen and P,Os
treatment.

B:C ratio, Net returns and Gross returns were significantly
influenced by interaction effects between biofertilizer
application methods and different levels of nitrogen and
P,Os (Table 8 and 9). Significantly higher gross returns
(184.81 thousand ha™), net returns (111.92 thousand ha™)
and B:C ratio (2.54) were obtained from interaction of 75%
nitrogen and P2Os level with soil applied biofertilizer
(Figure 8, 9 and 10). It might be due to higher grain and
straw yield along with reduced nitrogen and phosphatic
fertilizer requirement. Similar results were also obtained by
Kushare et al. (2009); Pannu et al. (2022) and Singh et al.
(2017).

B:C ratio was also found higher for 50% nitrogen and P,0s
level with biofertilizer application. Behera and Rautaray
(2010) stated that combined application of biofertilizers and
50% of the recommended dose of fertilizer was not as
effective as 100% recommended dose of fertilizer but poor
farmers with low purchasing power may choose combined
use of biofertilizers along with lower fertilizer rates for
obtaining higher net returns. Narula et al., 2005) reported
net saving of 25-30 kg nitrogen by using biofertilizer in
wheat. Hussain et al. (2016) also reported saving of 30%
fertilizer in wheat if Pseudomonas and Bacillus spp. is
combined with lower levels of chemical fertilizer.

Table 6: Nitrogen uptake in grain and straw of wheat as influenced by biofertilizer application methods and different levels of

nitrogen and phosphorus at Rampur, Chitwan in 2020-21

Treatments

Grain nitrogen

Straw nitrogen Total nitrogen

uptake (kg ha) uptake (kg ha') uptake (kg hal)

Horizontal factor: Biofertilizer application methods
Biofertilizer not applied 55.52 21.90 77.42
Biofertilizer seed applied 60.93 23.90 84.83
Biofertilizer Soil applied 64.63 24.95 89.59
LSD (0.05) NS NS NS
SEmz 2.70 1.20 371
CV (%) 15.47 17.66 15.33
Vertical Factor: NP levels
NPO 32.67¢ 9.58¢ 42.25¢
NP50 61.72°¢ 24.27¢ 85.79¢
NP75 68.62° 28.37° 96.98°
NP100 78.442 32.322 110.762
LSD (0.05) 5.42 3.14 5.12
SEmz 0.17 0.91 1.48
CV (%) 7.80 11.53 5.28
Grand Mean 60.36 23.58 83.94

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5%

level of significance.
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Table 7: Profitability of wheat as influenced by biofertilizer application methods and different levels of nitrogen and
phosphorus at Rampur, Chitwan in 2020-21

Treatments Cost of cultivation Gross returns Net returns B:C
(NRs. 000 hat) (NRs. 000 hat) (NRs.000 ha't) ratio
Horizontal factor: Biofertilizer application methods
Biofertilizer not applied 62.61 142.75 80.58 2.28
Biofertilizer seed applied 64.40 151.67 88.19 2.37
Biofertilizer soil applied 68.49 142.74 85.99 2.21
LSD (0.05) NS NS NS
SEm+ 5.147 5.147 0.09
CV (%) 11.91 20.10 13.67
Vertical Factor: NP levels
NPO 51.52 95.84¢ 44.31° 1.86°
NP50 63.24 153.97¢ 90.73b 2.443
NP75 69.11 167.54° 98.44% 2.422
NP100 76.20 181.182 106.212 2422
LSD (0.05) 10.225 10.225 0.17
SEm+ 2.955 2.955 0.05
CV (%) 5.92 10.44 6.78
Grand Mean 149.63 84.92 2.28

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5%
level of significance.

Table 8. Gross income of wheat (NRs. 000 ha) at harvest as influenced by interaction between biofertilizer application methods
and different levels of nitrogen and phosphorus at Rampur, Chitwan in 2020-21

Gross income (NRs. 000 hat)

NP levels Biofertilizer application methods
Biofertilizer not applied  Biofertilizer seed applied Biofertilizer soil applied
NPO 95.96¢ 101.63¢ 89.92¢
NP50 155.64¢ 154.99¢ 151.29¢
NP75 143.42¢ 174.40° 184.81%
NP100 175.97° 175.65° 191.922
LSD(0.05) 15.18
SEm () 4.92
CV (%) 5.70

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at
5% level of significance. NPO, No application of N and P,Os; NP50, 50% of recommended dose of N and P,Os; NP75, 75% of
recommended dose of N and P,0s; NP100, 100% of recommended dose of N and P,Os,

Table 9. Net returns ratio of wheat as influenced by interaction between biofertilizer application methods and nitrogen and P20s
levels at Rampur, Chitwan, 2020-2021

Net returns (NRs. 000 ha?)

NP levels Biofertilizer application methods
Biofertilizer not Biofertilizer seed Biofertilizer soil applied
applied applied
NPO 46.99¢f 51.34¢ 34.63f
NP50 94,94bc 92.98b¢ 84,27«
NP75 76.86¢ 106.52% 111.932
NP100 103.542 101.90% 113.182
LSD(0.05) 15.18
SEm (1) 4.93
CV (%) 10.05

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at 5%
level of significance. NPO, No application of N and P,Os; NP50, 50% of recommended dose of N and P,Os; NP75, 75% of recommended
dose of N and P,0s; NP100, 100% of recommended dose of N and P,Os,
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Table 10: Benefit cost ratio of wheat as influenced by interaction between biofertilizer application methods and nitrogen and P20s
levels at Rampur, Chitwan, 2020-2021

B:C ratio
NP levels Biofertilizer application methods
Biofertilizer not applied Biofertilizer seed applied Biofertilizer soil applied

NPO 1.96¢ 2.02¢ 1.63¢

NP50 2.562 2.502 2.26%%¢

NP75 2.15b 2.578 2.542

NP100 2.43» 2.38® 2.44%
LSD(0.05) 0.28

SEm () 0.09

CV (%) 7.03

Note: Treatments means in columns followed by common letter (s) are not significantly different from each other based on DMRT at
5% level of significance. NPO, No application of N and P,Os; NP50, 50% of recommended dose of N and P,Os; NP75, 75% of

recommended dose of N and P,Os; NP100, 100% of recommended dose of N and P,0s,

Conclusion

Chemical fertilizer like nitrogen and P,Os application can
be reduced by 25% (30 kg ha and 12.5 kg ha P,Os)
without compromising yield by combining biofertilizer
with 75% Nitrogen and P.Os as compared with 100%
Nitrogen and P»Os application. The benefit cost ratio can be
increased by combining 75% N and P,Os application with
biofertilizer as compared with 100% N and P»Os application
without biofertilizer.

Authors’ Contribution

Rabin Khadka & Shrawan Kumar Sah_designed the research
plan and analysed the data; Rabin Khadka, Anil Balchhaudi,
Amrit Aryal performed experimental works & collected the
required data and prepared the manuscript. Final form of
manuscript was approved by all authors.

Conflict of Interest
The authors declare that there is no conflict of interest with
present publication.

References

Abbasi MK & Yousra M (2012). Synergistic effects of biofertilizer
with organic and chemical N sources in improving soil
nutrient status and increasing growth and yield of wheat
grown under greenhouse conditions. Plant Biosystems
146(Kannaiyan 2002): 181-189. DOIl:
10.1080/11263504.2012.695296

Abdel - Lateef A. (2018) Effect of Mineral and Bio - Fertilizers on
Productivity of Wheat (Triticum astivum L.) under South
West Suez Canal Conditions. Journal of Plant Production
9(2): 173-179. DOI: 10.21608/jpp.2018.35366

Al-Shamma U & al shahwany A (2014) Effect of Mineral and Bio-
fertilizer Application on Growth and Yield of Wheat
Triticum aestivum L. Triticum aestivum L. . Iraqgi Journal
of Science 55(4): 1484-1495.

Bangash N, Mahmood S, Akhtar S & Tahir M (2021)
Environmental Technology & Innovation Formulation of
biofertilizer for improving growth and yield of wheat in
rain  dependent farming system. Environmental
Technology & Innovation 24(July,2021): 1-10. DOI:
10.1016/j.€ti.2021.101806

Behera UK, Rautaray SK (2010) Effect of biofertilizers and
chemical fertilizers on productivity and quality parameters
of durum wheat (Triticum turgidum) on a Vertisol of
Central India. Archives of Agronomy and Soil Science
56(1): 65-72. DOI: 10.1080/03650340902911889

Cisse A, Arshad A, Wang X, Yattara F, Hu Y (2019) Contrasting
impacts of long-term application of biofertilizers and
organic manure on grain yield of winter wheat in north
China plain. Agronomy 9(6): DOI:
10.3390/agronomy9060312

El-Gizawy NKB (2009) Effect of planting date and fertilizer
application on yield of wheat under no till system. World
Journal of Agricultural Sciences 5(6): 777-783.

El-Zeky MM (2019) Response of Wheat To Biofertilizer
Inoculation Under Different Response of Wheat To
Biofertilizer Inoculation Under Different Sources and
Levels of. Journal of Agricultural Sciences Mansoura
University 30(June 2014): 701-710.

FAO (2022) World fertilizer trends and outlook to 2022. In FAO
(Issue 8.5.2017).

Harfe M (2017) Response of bread wheat ( Triticum aestivum L .)
varieties to N and P fertilizer rates in Ofla district ,. African
Journal of Agricultural Research 12(19): 1646-1660.
DOI: 10.5897/AJAR2015.10545

Hassan TU, Bano A (2016) Biofertilizer: A novel formulation for
improving wheat growth, physiology and yield. Pakistan
Journal of Botany 48(6): 2233-2241.

Hussain M, Asgher Z, Tahir M, ljaz M, Shahid M, Ali H, Sattar A
(2016) Bacteria in combination with fertilizers improve
growth, productivity and net returns of wheat (Triticum
aestivum L.). Pakistan Journal of Agricultural Sciences
53(3): 633-645. DOI: 10.21162/PAKJAS/16.4901

Khandare RN, Chandra R, Pareek N, Kiran P (2020) Carrier-based
and liquid bioinoculants of Azotobacter and PSB saved
chemical fertilizers in wheat ( Triticum aestivum L .) and
enhanced soil biological properties in Mollisols. Journal
of Plant Nutrition 43(1): 1-15. DOI:
10.1080/01904167.2019.1659333

Kumar S, Bauddh K, Barman SC, Pratap R (2014) Amendments
of microbial biofertilizers and organic substances reduces
requirement of urea and DAP with enhanced nutrient

This paper can be downloaded online at http://ijasbht.org & http://nepjol.info/index.php/IJASBT 252


http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
https://doi.org/10.1080/11263504.2012.695296
https://doi.org/10.21608/jpp.2018.35366
https://doi.org/10.1016/j.eti.2021.101806
https://doi.org/10.1080/03650340902911889
https://doi.org/10.3390/agronomy9060312
https://doi.org/10.5897/AJAR2015.10545
https://doi.org/10.21162/PAKJAS/16.4901
https://doi.org/10.1080/01904167.2019.1659333

R. Khadka et al. (2022) Int. J. Appl. Sci. Biotechnol. Vol 10(4): 245-253.

availability and productivity of wheat ( Triticum aestivum
L .). Ecological Engineering 71: 432-437. DOI:
10.1016/j.ecoleng.2014.07.007

Kushare BM, Kushare YM, Sandhan VS (2009) Effect of N and P
levels and biofertilizers on the growth and yield of wheat
under late sown irrigated conditions. International Journal
of Agriculyural Sciences 5(2): 424-427.

Lawlor DW, Al H (2002) Carbon and nitrogen assimilation in
relation to yield : mechanisms are the key to understanding
production systems. Journal of Experimental Botany
53(370): 773-787.

Mahato S, Kafle A (2018) Comparative study of Azotobacter with
or without other fertilizers on growth and yield of wheat in
Western hills of Nepal. Annals of Agrarian Science 16(3):
250-256. DOI: 10.1016/j.aasci.2018.04.004

Ministry of Finance (2021) Economic Survey 2020/21
Government of Nepal Ministry of Finance 147

Mohanta S, Banerjee M, Shankar T (2020) Influence of Nutrient
Management on the Growth, Yield and Nutrient Uptake of
Wheat (Triticum aestivum. L) in Lateritic Belt of West
Bengal. International Journal of Current Microbiology
and Applied Sciences 9(6): 1389-1396. DOI:
10.20546/ijcmas.2020.906.173

Narula N, Kumar V, Singh B (2011) Impact of Biofertilizers on
grain yield in spring wheat under varying fertility
conditions and wheat-cotton rotation. Archives of
Agronomy and Soil Science September 2014: 37-41. DOI:
10.1080/03650340400029382

Narula N, Kumar V, Singh B, Bhatia R, Lakshminarayana K
(2005) Impact of biofertilizers on grain yield in spring
wheat under varying fertility conditions and wheat-cotton
rotation. Archives of Agronomy and Soil Science 51(1):
79-89. DOI:10.1080/03650340400029382

Pal R, Murty NS, Nageswara M, Malasala R, Oceanic N (2012)
Evaluation of Yield , Dry Matter Accumulation and Leaf
Area Index in Wheat ( Triticum aestivum L .) Genotypes
as Affected by Different Sowing Environments Evaluation
of Yield , Dry Matter Accumulation and Leaf Area Index
in Wheat ( Triticum aestivum L .). Environment and
Ecology 30 (4A)(April 2015): 1469-1473.

Pannu P, Singh D, Patel BT (2022) Impact of integrated use of bio
NP consortium and fertilizers on yield , economics ,
nutrient content and uptake by wheat in loamy sand of
Gujrat. The Pharma Innovation 11(2): 1108-1111.

Prasain S (2022) Government allocates record Rs15 billion to
ensure fertiliser supply. The Kathmandu Post. DOI:
2021/09/20/government-allocates-record-rs15-billion-to-
ensure-fertiliser-supply

Rady MM, Mounzer OH, Alarcon JJ, Abdelhamid MT, Howladar
SM (2016) Growth, heavy metal status and yield of salt-
stressed wheat (Triticum aestivum L.) plants as affected by
the integrated application of bio-, organic and inorganic
nitrogen-fertilizers. Journal of Applied Botany and Food
Quality ~ 89(November  2009): 21-28. DOl:
10.5073/JABFQ.2016.089.003

Shende G, Reddy MD, Pandey G, Singh AK (2020) Effect of
different levels of nitrogen and phosphorus on
performance of wheat (Triticum aestivum L.).
International Journal of Chemical Studies 8(2): 2019-
2022. DOI: 10.22271/chemi.2020.v8.i2ae.9051

Shrestha RK (2010) Fertilizer Policy Development in Nepal.
Journal of Agriculture and Environment 11: 126-137.
DOI: 10.3126/aej.v11i0.3660

Singh KK, Srivastava RK, Singh AK, Saha R, Singh SB (2017)
Performance of wheat ( Triticum aestivum ) crop as
influenced by varyong level of N P and biofertilizers.
Progressive Journal-An International Journal 12(2): 141
143.

Sood G, Kaushal R, Panwar G, Dhiman M (2019) Effect of
Indigenous Plant Growth-Promoting Rhizobacteria on
Wheat (Triticum Aestivum L.) Productivity and Soil
Nutrients. Communications in Soil Science and Plant
Analysis 50(2): 141-152. DOl:
10.1080/00103624.2018.1556282

Taha RS, Mahdi AHA, El-Rahman HAA (2016) Effect of
Biofertilizers as a Partial Substitute for Mineral Fertilizers
on Growth, Anatomical Structure, Mineral Elements and
Yield of Wheat under Newly Reclaimed Soil Conditions.
International Journal of Current Microbiology and
Applied Sciences 5(8): 458-469. DOl:
10.20546/ijcmas.2016.508.049

Takeshima H, Adhikari RP, Kaphle BD, Shivakoti S, Kumar A
(2016) Determinants of Chemical Fertilizer Use in Nepal:
Insights Based on Price Responsiveness and Income
Effects. SSRN Electronic Journal February: DOI:
10.2139/ssrn.2740540

E El-Razek UA, EIl-Sheshtawy AA (2013) Response of some
wheat varieties to bio and mineral nitrogen fertilizers.
Asian Journal of Crop Science 5(2):200-208.. DOI:
10.3923/ajcs.2013.200.208

Velayudhan PK, Singh A, Jha GK, Kumar P, Thanaraj KI,
Srinivasa AK (2021) What drives the use of organic
fertilizers? Evidence from rice farmers in indo-gangetic
plains, India. Sustainability (Switzerland) 13(17): 1-13.
DOI: 10.3390/su13179546

This paper can be downloaded online at http://ijasbht.org & http://nepjol.info/index.php/IJASBT 253


http://ijasbt.org/
http://nepjol.info/index.php/IJASBT
https://doi.org/10.1016/j.ecoleng.2014.07.007
https://doi.org/10.1016/j.aasci.2018.04.004
https://doi.org/10.20546/ijcmas.2020.906.173
https://doi.org/10.1080/03650340400029382
https://doi.org/10.1080/03650340400029382
https://kathmandupost.com/money/2021/09/20/government-allocates-record-rs15-billion-to-ensure-fertiliser-supply
https://kathmandupost.com/money/2021/09/20/government-allocates-record-rs15-billion-to-ensure-fertiliser-supply
https://doi.org/10.5073/JABFQ.2016.089.003
https://doi.org/10.22271/chemi.2020.v8.i2ae.9051
https://doi.org/10.3126/aej.v11i0.3660
https://doi.org/10.1080/00103624.2018.1556282
https://doi.org/10.20546/ijcmas.2016.508.049
https://doi.org/10.2139/ssrn.2740540
https://doi.org/10.3923/ajcs.2013.200.208
https://doi.org/10.3390/su13179546

