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Abstract

Background and Objective: Biofertilizers are cost-effective and eco-friendly while chemicals fertilizer are not only costly but also pollutes
our natural resources. The objective of this study was to search out a better combination of PGPR with chemical fertilizer that can reduce
the inorganic fertilizer requirement for wheat crops. Materials and Methods: This pot study was carried out in a greenhouse of NARC
Islamabad in a completely randomized design. Three nitrogen levels, Zero (ON), 75% (75 N) and 100% (100 N) of recommended dose
(120kg/N/ha) and three PGPR, WPR-32 (Azotobacten, WPR-42 (Azospiriflum) and WPR-51 (Azospirillum) were used in four treatments
(T, = No inoculum, T, = WPR-32, T, = WPR-42, T, = WPR-51 and T, = WPR-32+42+51). Results: The results of all treatments showed
improvementin various growth and yield parameters of wheat (Shoot Length (cm), Shoot dry weight (g/plant), Root dry weight (g plant),
GrainYield (g/plant), Straw yield (g/plant), Grain nitrogen (% plant), Grain phosphorus (%), Grain protein contents (% plant). The combined
application of isolates (WPR-32+WPR-42+WPR-51) gave 41%, 27% and 4.68%, respectively higher yield over control at three levels of
fertilizer. Whereas, the single application of isolates gave an average increase of 18% and 24%, respectively over control at two levels of
fertilizer (ON, 75 N). While, an increase of 16% was recorded over control at 100 N. The combined inoculation of isolates at 75% (75 N) gave
the grain yield at par to 100 N application. Conclusion: It was concluded that nitrogen fertilizer application can be reduced by at least
25% without compromising on the yield of the wheat crop. The PGPR application is economical for the farmer and also environmentally
friendly as well.
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INTRODUCTION

Wheat (7riticum aestivum L.) is grown in a major portion
of the world’s cultivated area. This crop is harvested
somewhere in the world every month of the year. In most
areas of the world, it is the principal food of man. At the world
level, 80% of wheat production comes from these countries
namely Australia, China, Canada, European Union, Pakistan,
India, Turkey, Russia, the United States and Ukraine. Pakistan
contributes 3.17% of world wheat production and is the
8th largest wheat producer country. The wide use of synthetic
fertilizers and pesticides on crops and vegetables are currently
under discussion because of environmental pollution and fear
for human health. One of the reason for static crop yields is
inadequate and imbalanced use of fertilizers and the country
faces challenges toimprove crop productivity per unit of land.
Biofertilizers consist of different strains of soil microorganisms.
These microbes through biological processes convert the
unavailable form of an element into an available form which
is nutritionally important for plants'. Microorganismsimprove
root systems asa result in more uptake of water and nutrients
from the soil. The beneficial plant-microbes interactions in the
rhizosphere are determinants of plant health, soil fertility and
recycling of nutrients*3.The use of biofertilizers has several
benefits over inorganic chemicals for agricultural purposes:
(i) These fertilizers are more environment friendly than many
of the in-use conventional chemicals, (i) Neither noxious
matters from microorganisms nor themselves add to the food
chain and (iii) Self and rapid multiplication of microbe avoids
the need forcontinualapplications*>.

The objective of this study was to search out a better
combination of PGPR with chemical fertilizer that can reduce
the inorganic fertilizer requirement for the wheat crops.

MATERIALS AND METHODS

This study was carried out during 2013-2014 in
greenhouse of National Agriculture Research Center,
Islamabad-Pakistan and designed to record the response of
wheat (7riticum aestivum L.) to different combinations of
PGPR strains at three levels of nitrogen 0, 75% (75 N), 100%
(100 N) of the recommended dose (120 kg/N/ha). The
microorganisms used in this study was obtained from the
Soil Biology and Biochemistry Laboratory of Land Resources
Research Institute of NARC. Single super phosphate (SSP) and
Sulphate of Potash (K,SO,) were applied as P and K sources
whereas urea was used as N-source. The experiment was laid
outusing atwo-factor factorial completely randomized design
with threereplications. The wheat variety (GA-2002) was sown
in pots having 8 kg sterilized soil per pot.
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Data were recorded at the harvesting stage. Sterilized soil
was used in the pots to avoid contamination from any
indigenous microorganisms. Soil analysis was done before
filling pots. Three best PGPR isolates were selected based
their nitrogenase ability and phytohormone production i.e.,
WPR-32 (Azotobacten, WPR-42 (Azospirillum) and WPR-51
(Azospirillum).These bacterial strains were cultured in LB broth
in 250 mL flasks. These were incubated for 2-3 days (according
to requirement). The total numbers of cells in each inoculum
were 10 X 1078 maintained by optical density at 550 nm. These
cultures were shifted to the carrier (soil rich inorganic matter)
of biofertilizer at NARC. Wheat seeds were coated with slurry,
which was prepared by mixing 10% sugar solution in a
biofertilizer packet. The combinations of PGPR with carrier
were made as desired in treatments. Control was treated with
carrier alone. Six seeds were sown per pot at a depth of 1.3cm.
Plant to plant distance was maintained by thinning and four
seedlings were kept in each pot. Fertilizer was applied at
sowing, phosphorus and potassium were used in a single
dose whereas nitrogen was used in two split doses, first at
sowing and second after 30 days. There were five treatments
including control, 03 N rates and three replications.
Altogether, 30 pots were used in the study. After germination,
plants were irrigated with tap water when required.

Treatments:

T, = (Ctrl) Noinoculum

T, = WPR-32 (Azotobacter)

T, = WPR-42 (Azospirillum)

T, = WPR-51 (Azospirillum)

Ts = PR-32+42+51 Azotobacterand Azospirillum

Seed phosphorus content (%): The finely ground seed sample
(0.25 g), was taken in a conical flask and 10 mL mixed acid
(perchloric and nitricacid in 2:1) was added. These flasks were
heated on a hot plate at a temperature of 100-300°C until the
solution samples (about 2-3 mL) were colourless. Flasks were
removed from hot plates and cooled. The digest was
transferred into a 50 mL volume tric flask and a volume
(50 mL) was made with distilled water®. For P estimation, 5 mL
extract was taken in a test tube and 5 mL color-developing
reagent (@mmonium molybdate+ammonium vanadate+nitric
acid)wasadded. The tubes were stirred in a mechanical stirrer,
Hamilton Beach (Scovill), Virginia USA.

Then 25 mL boric acid (4%) solution was transferred to a
250 mL receiver flask and distillation was done. After 3 min
when distillation was completed digestion tube was removed
and the sample was titrated with 0.1 N HCI. The volume of HC|
used was recorded® and nitrogen was calculated by the
following formula:
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N (%) = 14.0067x (mL of titrant for sample-mL of titrant for
blank)xNormality of acid weight of samplex10

Seed nitrogen content (%): Dry ground seed samples (0.5 g)
were transferred in digestion tubes One Kjeldahl tablet and
10 mL conc. H,SO, was added to the tubes. These tubes were
placed in digester at 420°C under a fume hood (HEMCO
Corporation, 711 South Powell Road, Independence, USA).
After 1 hr these tubes were removed from the digester (Hot
plate, Barnstead, Thomas Scientific P.O. Box 99, Swedesboro,
NJ 08085) was taken in a test tube and 5 mL color developing
reagent (ammonium molybdate+ammonium vanadate+ nitric
acid) was added. The tubes were stirred in a mechanical stirrer
(Hamilton Beach (Scovill), Virginia USA) carefully and cooled.
Distilled water (75 mL) was added to each digestion tube and
mixed well.

Plant sampling: Seed samples were taken at the harvest
stage for nitrogen and phosphorus content from each pot.
The readings were taken on a spectrophotometer, (PG
Instruments T60 UV/VIS spectrophotometer, Wood way
Lane, Alma Park, Leicestershire LE17 5FB, United Kingdom)
at 882 nm’.

RESULTS

Shoot length (cm): The effect of PGPR, N fertilization and the
interaction of inoculants and fertilizers on shootlength were
presented in Fig. 1. By taking the average values of different N
treatments including control, the calculated values showed
the mean effect of strains on shoot length. Results indicated

that PGPR had a significant effect on shoot length. In the
control i.e., soil without PGPR inoculation, shoot length was
66.2 cm, which increased significantly to 73.7 cm following
the application of WPR-32, WPR-42, WPR-51 and a mixture of
these three PGPR. The PGPR strains, WPR-32, WPR-42 and
WPR-51 alone did not show any significant increase in plant
height. The maximum shoot length (79.1 cm) was recorded in
a mixture of three PGPR, which was 9.9% higher than the
height of the control. Effect of two N rates on plant height
was also significant (p<0.05). The average shootlength in
unfertilized control was 69.7 cm. Application of N at the
rates of 75 and 100 kg/N/ha significantly increased the height
to73and 75 cm, respectively. The difference between the two
N rates was also significant. By taking the average of two
N rates, the height of the plant was 74 cm as compared to
69 cm in unfertilized soil showing a 6% increase over run
fertilized soil. The interactive effect of the isolates and N rates
showed significantly higher shoot length relative to the
values recorded for individual treatments of eitherisolates
or N rates. The maximum shoot length (80 cm) was
recorded for a mixture of WPR-32, WPR-42, WPR-51 at 100 N,
which was statistically at par with the mixture treatment at
75 N.

Shoot dry weight (g/plant): Effect of PGPR, N fertilization and
the interaction of inoculants and fertilizers on shoot dry
weight were presented in Fig. 2. By taking the average values
of different N treatments including control, the calculated
values showed the mean effect of strains on shoot dry weight.
Resultsindicated that PGPR had significant effect on shoot dry
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Fig. 1: Combine effect of nitrogen fertilizer and PGPR on wheat shoot length
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Fig. 2: Combine effect of nitrogen fertilizer and PGPR on wheat shoot dry weight
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Fig. 3: Combine effect of nitrogen fertilizer and PGPR on root dry weight of wheat

weight. In the control soil without PGPRinoculation, shoot dry
weight was 1.47 g, which increased significantly to 2.49 g
following the application of WPR-32, WPR-42, WPR-51 and
mixture of these three PGPR. The PGPR strains, WPR-32,
WPR-42 and WPR-51 alone did not show any significant
increase in shoot dry weight. The maximum shoot dry weight
(2.49 g) was recorded in mixture of three PGPR, which was
69.3% higher than the weight of the control. Effect of two N
rates on shoot dry weight was also significant (p<0.05). The
average shoot dry weight in unfertilized control was 1.04 g.
Application of N at the rates of 75 and 100 kg/N/ha
significantly increased the shoot dry weight to 1.82 and
3.10 g, respectively. The difference between the two N rates
was also significant. By taking the average of two N rates, the
height of the plant was 2.46 g as compared to 1.47 gin
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unfertilized soil showing 67.3% increase over unfertilized soil.
The interactive effect of the isolates and N rates showed
significantly higher shoot dry weight relative to the values
recorded forindividual treatments of eitherisolates or N rates.
The maximum shoot dry weight (3.80 g) was recorded for
mixture of WPR-32, WPR-42, WPR-51 at 100 N.

Root dry weight (g/plant): Effect of PGPR, N fertilization and
the interaction of inoculants and fertilizers on root dry weight
presented in Fig. 3. By taking the average values of different N
treatments including control, the calculated values showed
the mean effect of strains on root dry weight.

Results indicated that PGPR had significant effect on root
dry weight. In the control soil without PGPR inoculation,
root dry weight was 66.2 ¢cm, which increased significantly
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Fig. 4: Combine effect of nitrogen fertilizer and PGPR on wheat grain yield (g/plant)

to 73.7 cm following the application of WPR-32, WPR-42,
WPR-51 and mixture of these three PGPR. The PGPR strains,
WPR-32, WPR-42 and WPR-5Talone did not show any
significantincrease in root dry weight. The maximum root dry
weight (79.1 cm) was recorded in mixture of three PGPR,
which was 9.9% higher than the root dry weight of the control.
Effect of two N rates on root dry weight was also significant
(p<0.05). The average root dry weight in unfertilized
control was 69.7 cm. Application of N at the rates of 75 and
100 kg/N/ha significantly increased the weight to 73 and
75 cm, respectively. The difference between the two N rates
was also significant. By taking the average of two N rates, the
root dry weight was 74 cm as compared to 69 c¢cm in
unfertilized soil showing a 6% increase over unfertilized soil.
The interactive effect of the isolates and N rates showed
significantly higher root dry weight relative to the values
recorded for individual treatments of either isolates or N
rates. The maximum root dry weight (75 cm) was recorded
for a mixture of WPR-32, WPR-42, WPR-51 at 100 N, which
was statistically at par with mixture treatment at 75 N.

Grain yield (g/plant): Effect of PGPR, N fertilization and the
interaction of inoculants and fertilizers on grain yield were
presented in Fig. 4. By taking the average values of different N
treatments including control, the calculated values showed
the mean effect of strains on grain yield.

Results indicated that PGPR had a significant effect on
grain yield. In the control soil without PGPR inoculation, grain
yield was 5.4 g, which increased significantly to 7.4 g following
the application of WPR-32, WPR-42, WPR-51 and a mixture of
these three PGPR. The PGPR strains, WPR-32, WPR-42 and
WPR-51alone also show significant increase in grain yield.
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The maximum grain yield (7.4 g) was recorded in mixture
of three PGPR, which was 37% higher than the grain yield of
the control. Effect of two N rates on grain yield was also
significant (p<0.05). The average grain yield in unfertilized
control was 5.6 g. Application of N at the rates of 75 and
100 kg/N/ha significantly increased the grain yield to 7.1 and
7.3 g, respectively. The difference between the two N rates
was also significant. By taking the average of two N rates, the
grain yield was7.2 g as compared to 5.6 g in unfertilized soil
showing 28.5% increase over unfertilized soil.

The interactive effect of the isolates and N rates showed
significantly higher grain yield relative to the values recorded
for individual treatments of either isolates or N rates. The
maximum grain vyield (7.5 g) was recorded in mixture of
WPR-32, WPR-42, WPR-51 at 75 N.

Straw yield (g/plant): Effect of PGPR, N fertilization and the
interaction of inoculants and fertilizers on straw yield were
presented in Fig. 5. By taking the average values of different N
treatments including control, the calculated values showed
the mean effect of strains on straw yield. Resultsindicated that
PGPR had significant effect on straw yield. In the control soil
without PGPR inoculation, straw yield was 23.7 g, which
increased significantly to 28.6 g following the application of
WPR-32, WPR-42, WPR-51 and mixture of these three PGPR.
The PGPR strains, WPR-32, WPR-42 and WPR-51 alone did
notshow any significantincrease in straw yield. The maximum
straw yield (28.6 g) was recorded in mixture of three PGPR,
which was 20.6% higher than the straw yield of the control.
Effect of two N rates on straw yield was also significant
(p<0.05). The average straw vyield in unfertilized control was
17.5 g. Application of N at the rates of 75 and 100 kg/N/ha
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Fig. 5: Combine effect of nitrogen fertilizer and PGPR on wheat straw yield) g/plant

Table1: Effect of PGRR and nitrogen rates on grain protein, phosphorus and protein content (of wheat)

Nitrogen levels (120 kg ha™")

Treatments ON 75N 100N
Grain nitrogen (% plant)

Control (without inoculation) 1241 1.444 1.279"
WPR-32 (Azotobacten 1.299 1.54b¢ 1.33¢f0
WPR-42 (Azospirillum) 1.329 1.56°¢ 1.48¢
WPR-51 (Azospirillum) 1.384 1.44d 1.55b¢
WPR-32+42+51 1.5b¢ 1.72* 1.68°
Grain phosphorous (% plant)

Control (without inoculation) 0.22% 0.359M 0.487%
WPR-32 (Azotobacter 0.31hi 0.42¢f 0.55¢
WPR-42 (Azospiriflum) 0.30Mi 0.45¢ 0.54<
WPR-51 (Azospiriflum) 0.38f" 0.49¢ 0.582
WPR-32+42+51 0.41¢f 0.520¢ 0.62°*
Grain protein contents (% plant)

Control (without inoculation) 7.25 9.0d 7.939"
WPR-32 (Azotobacter) 8.06%" 9.62b¢ 8.31¢f9
WPR-42 (Azospirillum) 8.25% 9.75b¢ 9.25¢
WPR-51 (Azospirillum) 8.31¢f9 9.0de 10.5%
WPR-32+42+51 8.87%f 10.7#* 9.68°¢

Every entry in the table is the mean of three repeats and values with *Means significantly (p<0.05) different

significantly increased the straw yield to 30.1 and 31.8 g,
respectively. The difference between the two N rates was also
significant. By taking the average of two N rates, the straw
yield was 30.6 g as compared to 17.5 g in unfertilized soil
showing 74.8 % increase over unfertilized soil. The interactive
effect of the isolates and N rates showed significantly higher
straw yield relative to the values recorded for individual
treatments of either isolates or N rates. The maximum straw
yield (33.8 g) was recorded for mixture of WPR-32, WPR-42 and
WPR-51 at 100 N, which was statistically at par with mixture
treatment at 75 N.
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Grain nitrogen (% plant): Effect of PGPR, N fertilization and
the interaction of inoculants and fertilizers on grain
nitrogen was presented in Table 1. By taking the average
values of different N treatments including control, the
calculated values showed the mean effect of strains on grain
nitrogen.

Resultsindicated that PGPR had significant effect on grain
nitrogen. In the control soil without PGPR inoculation, grain
nitrogen was 1.3%, which increased significantly to 1.6%
following the application of WPR-32, WPR-42, WPR-51 and
mixture of these three PGPR.
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The PGPR strains, WPR-32, WPR-42 and WPR-51 alone did
not show any significant increase in grain nitrogen. The
maximum grain nitrogen (1.6%) was recorded in mixture of
three PGPR, which was 23% higher than the height of the
control.

Effect of two N rates on grain nitrogen was also
significant (p<0.05). The average grain nitrogen in
unfertilized control was 1.32%. Application of N at the rates of
75 and 100 kg/N/ha significantly increased the grain nitrogen
to 1.56 and 1.47%, respectively. The difference between the
two N rates was also significant. By taking the average of two
N rates, the grain nitrogen was 1.5% as compared t01.32% in
unfertilized soil showing 13.6% increase over unfertilized soil.
The interactive effect of the isolates and N rates showed
significantly higher grain nitrogen relative to the values
recorded forindividual treatments of either isolates or N rates.
The maximum grain nitrogen (9.75%) was recorded for
mixture of WPR-32, WPR-42, WPR-51at 75 N.

Grain phosphorus (%): Effect of PGPR, N fertilization and the
interaction of inoculants and fertilizers on grain phosphorus
presented in Table 1. By taking the average values of
different N treatmentsincluding control, the calculated values
showed the mean effect of strains on grain phosphorus.
Results indicated that PGPR had significant effect on grain
phosphorus. In the control soil without PGPR inoculation,
grain phosphorus was 0.35%, which increased significantly to
0.51 % following the application of WPR-32, WPR-42, WPR-51
and mixture of these three PGPR. The PGPR strains, WPR-32,
WPR-42 and WPR-51 alone did not show any significant
increase in grain phosphorus. The maximum grain phosphorus
(0.51%) was recorded in mixture of three PGPR, which was
45.7% higher than the grain phosphorus of the control. Effect
of two N rates on grain phosphorus was also significant
(p<0.05).

The average grain phosphorus in unfertilized control was
0.34%. Application of N at the rates of 75 and 100 kg/N/ha
significantly increased the grain phosphorus to 0.45 and
0.56%, respectively. The difference between the two N rates
was also significant. By taking the average of two N rates, the
grain phosphorus was 0.53% as compared to 0.34% in
unfertilized soil showing 55% increase over unfertilized soil.
The interactive effect of the isolates and N rates showed
significantly higher grain phosphorus relative to the values
recorded forindividual treatments of either isolates or N rates.
The maximum grain phosphorus (0.62%) was recorded for
mixture of WPR-32, WPR-42, WPR-51 at 100 N.

Grain protein contents (% plant): Effect of PGPR, N
fertilization and the interaction of inoculants and fertilizers on
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grain protein presented in Table 1. By taking the average
values of different N treatments including control, the
calculated values showed the mean effect of strains on grain
protein. Results indicated that PGPR had significant effect on
grain protein. In the control soil without PGPR inoculation,
grain protein was 8.06% plant, which increased significantly
to 9.75% following the application of WPR-32, WPR-42,
WPR-51 and mixture of these three PGPR. The PGPR strains,
WPR-32, WPR-42 and WPR-51 alone did not show any
significant increase in grain protein. The maximum grain
protein (9.75%) was recorded in mixture of three PGPR, which
was 20.9% higher than the grain protein of the control.
Effect of two N rates on grain protein was also significant
(p<0.05). The average grain protein in the unfertilized
control was 8.37%. Application of N at the rates of 75 and
100 kg/N/ha significantly increased the grain protein to 9.76
and 9.34%, respectively. The difference between the two N
rates was also significant. By taking the average of two N
rates, the grain protein/plant was 9.55% as compared to
8.37% in unfertilized soil showing 18% increase over
unfertilized soil. The interactive effect of the isolates and N
rates showed significantly higher grain protein relative to
the values recorded for individual treatments of either
isolates or N rates. The maximum grain protein (10.8%)
was recorded for mixture of WPR-32, WPR-51 at 75 N,
which was statistically at par with mixture treatment at
100 N.

Soil nitrogen (mg kg—"): Effect of PGPR, N fertilization and the
interaction of inoculants and fertilizers on soil nitrogen are
were presented in Table 2. By taking the average values of
different N treatmentsincluding control, the calculated values
showed the mean effect of strains on soil nitrogen. Results
indicated that PGPR had significant effect on soil nitrogen. In
the control soil without PGPR inoculation, soil nitrogen was
0.09 mg kg™, which decreased significantly to 0.08 mg kg™
following the application of WPR-32, WPR-42, WPR-51 and
mixture of these three PGPR. The minimum soil nitrogen
(0.08 mg kg~") was recorded in mixture of three PGPR, which
was 1.25% less than the control. Effect of two N rates on soil
nitrogen was also significant (p<0.05). The average soil
nitrogen in unfertilized control was 0.07 mg kg~'. Application
of N at the rates of 75 and 100 kg/N/ha significantly increased
the soil nitrogen to 0.08 and 0.82 mg kg, respectively. The
difference between the two N rates was also significant. By
taking the average of two N rates, the soil nitrogen was 0.081
as compared to 0.07 mg kg™ in unfertilized soil showing
15.7% decrease over unfertilized soil. The interactive effect of
the isolates and N rates showed significantly lesser soil
nitrogen relative to the values recorded for individual
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Table 2: Effect of PGRR and nitrogen rates on soil nitrogen, phosphorus, potassium (mg kg~') of wheat

Nitrogen levels (120 kg ha™")

Treatments ON 75N 100N
Soil nitrogen (% plant)

Control (without inoculation) 0.0932 0.097° 0.098°
WPR-32 (Azotobacter 0.061fn 0.082¢% 0.095%
WPR-42 (Azospirillum) 0.083¢de 0.088< 0.076¢f
WPR-51 (Azospirillum) 0.064fn 0.073fn 0.070fn
WPR-32+42+51 0.058foni 0.092%¢ 0.080¢
Soil phosphorous (mg kg~")

Control (without inoculation) 2.8fah 4.5 6.32
WPR-32 (Azotobacter) 2.59M 3.8cde 4.8°
WPR-42 (Azospiriflum) 2.6% 3.49f 4.2b¢
WPR-51 (Azospiriflum) 2.2h 3.0¢f 4.1b¢
WPR-32+42+51 2.01* 2.6fh 3.2¢f
Soil potassium contents (mg kg~")

Control (without inoculation) 28.0% 30.0° 30.1°
WPR-32 (Azotobacter 25.60%f 27.1b¢ 28.12b
WPR-42 (Azospirillum) 26.2¢de 26.8cde 27.8b¢
WPR-51 (Azospirillum) 24.8defg 24,599 26.5¢de
WPR-32+42+51 20.84 22 .59 24,29

Every entry in the table is the mean of three repeats and values with *Means significantly (p<0.05) different

treatments of either isolates or N rates. The minimum soil
nitrogen (0.07 mg kg~') was recorded in WPR-51 treatment at
100 N.

Soil phosphorus (mg kg—"): Effect of PGPR, N fertilization and
theinteraction of inoculants and fertilizers on soil phosphorus
were presented in Table 2. By taking the average values of
different N treatmentsincluding control, the calculated values
showed the mean effect of strains on soil phosphorus.

Results indicated that PGPR had significant effect on soil
phosphorus. In the control soil without PGPR inoculation, soil
phosphorus was 4.5 mg kg™, which decreased significantly to
2.6 mg kg~! following the application of WPR-32, WPR-42,
WPR-51 and mixture of these three PGPR. The minimum soil
phosphorus (2.6 mg kg~') was recorded in mixture of three
PGPR, which was 73% less than the soil phosphorus of the
control.

Effect of two N rates on soil phosphorus was also
significant (p<0.05). The average soil phosphorus in
unfertilized control was 2.3 mg kg™'. Application of N at the
rates of 75 and 100 kg/N/ha significantly increased the soil
phosphorus to 2.49 and 4.1 mg kg™, respectively. The
difference between the two N rates was also significant. By
taking the average of two N rates, the soil phosphorus was
3.28 as compared to 2.3 mg kg~ in unfertilized soil showing
42.6% decrease over unfertilized soil.

The interactive effect of the isolates and N rates showed
significantly lesser soil phosphorus relative to the values
recorded forindividual treatments of eitherisolates or N rates.
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The minimum soil phosphorus (2.0 mg kg~") was recorded in
mixture of WPR-32, WPR-42 and WPR-51 treatment at O N.

Soil potassium (mg kg—"): Effect of PGPR, N fertilization and
the interaction of inoculants and fertilizers on soil potassium
were presented in Table 2. By taking the average values of
different N treatments including control, the calculated values
showed the mean effect of strains on soil potassium.

Results indicated that PGPR had significant effect on soil
potassium. In the control soil without PGPR inoculation, soil
potassium was 29.3 mg kg™, which decreased significantly to
24.3 mg kg~ following the application of WPR-32, WPR-42,
WPR-51 and mixture of these three PGPR. The minimum soil
potassium (24.3 mg kg™') was recorded in mixture of three
PGPR, which was 20% less than the soil potassium of the
control.

Effect of two N rates on soil potassium was also significant
(p<0.05). The average soil potassium in unfertilized control
was 23.8 mg kg~'. Application of N at the rates of 75 and
100 kg/N/ha significantly increased the soil potassium to 24.9
and 26.8 mg kg™, respectively. The difference between the
two N rates was also significant. By taking the average of
two N rates, the soil potassium was 25.6 as compared to
23.8 mg kg~ in unfertilized soil showing 7.5% decrease over
unfertilized soil.

The interactive effect of the isolates and N rates showed
significantly lesser soil potassium relative to the values
recorded forindividual treatments of either isolates or N rates.
The minimum soil potassium (20.8 mg kg™') was recorded in
mixture of WPR-32, WPR-42 and WPR-51 treatment at O N.
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DISCUSSION

In last two decades much work has been done on soil
microbes to use them as bio fertilizer. This investigation
was also design to cut down the fertilizer use without
compromising yield. For this purpose, three different levels of
nitrogen fertilizer along promising PGPR strains were used. It
was found that 75 kg/N/ha along with bacterial inoculation
gaveyield at par to 100 kg/N/ha. Wheat ( 7riticum aestivum L.)
is mostly cultivated crop at world level and also a main cereal
crop of Pakistan. Increase in wheat production by using
environment friendly technology is need of time. Farmers
want to increase production of wheat per hectare with low
input of chemicalfertilizer. Research study showed that in case
of higher application of fertilizer plants become less efficient
at taking up nutrients and on other hand loss of nitrogen
increases in the form of ammonia evaporation or through
process of denitrification?.

Plant growth promoting rhizobacteria promote plant
growth by providing growth regulators and by facilitating the
uptake of nutrients from the soil®'°. The finding of this study
were also in conformation with the result of Kiani et a/'", who
reported that bacterial inoculation improved root length of
sunflower up to 40% as compared to control under salt
stressed conditions. Similarly'? recorded that inoculated
treatmentwith Azospirillum brasilense significantly increased
root length of maize as compared to un-inoculated control.
The PGPRbeing free living organism facilitates rooting directly
or indirectly. The result of this study showed more extended
growth of roots that might be due to phytohormones
produced by PGPR isolates. Indoleacetic acid and gibberellic
acid in small quantities enhanced root growth. Vigorous root
growth also stimulated nutrient uptake. The result of this
study also confirmed the finding that significant effect of
varieties and bio-inoculants and worked out with the
conclusion that results were more marked in the root than in
the shoot™.

During the present investigation, the number of tillers,
total biomass and grain yield of wheat were increased by the
application of PGPRalone and in combination (co-inoculation)
of PGPR. Highest values were observed in mixture of WPR-32,
WPR-42 and WPR-51 at 100 N.

Total biomass and grain yield was increased 83% and 54%
as compared to control, respectively. The results were in line
with the findings of Khalid e a/', who reported that PGPR
inoculation significantly enhanced number of tillers from
22-32%as compared to uninoculated. Total biomass and yield
values were correlated. Treatments with higher total biomass
values were also higher yielding treatment i.e., in mixture of
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three PGPR. These results were in concomitant with the
findings of Wu et a/'®> where 2-type of biofertilizer were used
with control, chemical fertilizer and organic fertilizer. The
application of three species of bacteria significantly increased
the growth of maize and resulted in highest biomass that
indicated half amount of bio fertilizer application had similar
effects when compared with organic fertilizer treatments. The
total biomass and yield was increased with the addition of
nitrogen fertilizer as compared to control treatment'® also
mentioned that PGPR enhanced plant growth, seed
emergence and overall yield.

The results from this study revealed that shoot length was
increased by PGPR at 0 N75 and 100 N. It was lowest at 0 N
and almostdoubledin75and 100% N. At harvesting stage the
comparison of means showed non-significant differences
among all the treatments except in mixture of WPR-32,
WPR-42 and WPR-51. The treatments of 75N and 100 N
were at par with each other. Highest values were recorded
in mixture and this is further reflected in high yield.
These outcomes were in accordance with the findings of
Ozturk et al’, who suggested that combined inoculation of
PGPR strains gave good response in equivalence to fertilizer
treatment plants. The inoculation of PGPR strains increased
wheat plant height due to inoculation with PGPR strains'®. The
PGPR influence crop growth and development by changing
the physiological status'and morphological characteristics of
inoculated roots?. Similarly Tien et a/?', reported thatincrease
in growth of wheat plants by PGPR was due to improve in
N-use efficiency and production of phytohormones. Plant
height despite of the fact that it is heredity controlled
character least affected by other environmental factors but
these factors in proper accordance may account for positive
trend towards growth of crop especially plant height. Shoot
dry weight was increased by PGPR inoculation. These results
showed that the best way of increasing vigour of wheat crop
or dry matter yield is through combined application of bio
fertilizers as well as chemical fertilizers. These results were in
line with the finding that interactive effect of organic and
mineral fertilization of faba bean and wheat productivity
achieved the increase in dry matters of wheat?2,

During the present investigation, the number of tillers,
total biomass and grain yield of wheat were increased
by the application of PGPR alone and in combination
(co-inoculation) of PGPR. Highest values were observed in
mixture of WPR-32, WPR-42 and WPR-51 at 100 N. Total
biomass and grain yield was increased 83% and 54% as
compared to control respectively. The results were in line with
the findings of Khalid et a/', who reported that PGPR
inoculation significantly enhanced number of tillers from
22-32%as compared to un inoculated control. Total biomass
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and yield values were correlated. Treatments with higher total
biomass values were also higher yielding treatment i.e., in
mixture of three PGPR. These results were in concomitant with
the findings of Wu et a/'%, where control, chemical fertilizer,
organic fertilizer and 2-type of bio fertilizer were used. The
application of three species of bacteria significantly increased
the growth of maize and resulted in highest biomass. He also
indicated that half the amount of bio fertilizer application had
similar effects when compared with organic fertilizer
treatments. The total biomass and yield was increased with
the addition of nitrogen fertilizer as compared to control
treatment.

It was reported thatinoculation led toincrease in number
of grains/spike, 100 grain weight, grain and biological yield
per plant and also concluded that bio-inoculation of PGPR
strains led to increase in viable counts of PGPR in wheat
rhizosphere. These strains complement each other and
improved plant growth?,

Synergistic affects of multi-microbes on each other and
on wheat was also reported by Khan and Zaidi®*. The increased
in number of tillers and yield in wheat crop due to inoculation
of bio fertilizers also observed by Sarwar et a/%.

Plant growth promoting rhizo bacteria have ability to
produced phytohormones could be attributed to their
different genetic makeup, growth kinetics and enzymatic
activities involved in auxin synthesis under given cultural
conditions. These results were in conformity to the findings of
some workers?.

Grain nitrogen was increased by PGPR application at
three nitrogen levels, whereas results indicated in present
investigation revealed that grain protein has not been much
changed.These results revealed that integrated application of
chemical fertilizers and bio fertilizers present best increase of
nitrogen concentration required by plants for healthy and
vegetative growth. These results were in line with?, who
studied that inoculation with PGPR improved the maize
growth and yield. The results also elucidated that nitrogen
contents of can be maintained by applying nitrogen rich
sources like chemical fertilizers and bio fertilizers.

The results revealed that PGPR and N fertilizer increase N,
P, K contents of plants, whereas N, P, K of soil is decreased. It
might be due to N and P uptake by plants is increased by the
application of PGPR. The N, P and K levels of soil decreased
with the application of PGPR and N fertilizer. This might be
due to the increased utilization of soil nutrients by plants
following the inoculation of PGPR. Application of PGPR
enhanced uptake of nutrient elements like Ca, K, Fe, Cu, Mn
and Zn by plants through stimulation of proton pump
ATPase??3° reported that combine the application of Bacillus
and Microbacterium improves the uptake of the mineral
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elements by crop plants®' and 50% reduction in inorganic
fertilizers because of microbial inoculation.

Beneficial effects of PGPRinoculants on plantgrowth and
especially of root could be due to the result of multifarious
mechanisms such as the production of siderophores,
antibiotics, extra cellular metabolites (enzymes, vitamins) and
induced systemic resistance, in addition to direct influence
such as production of plant growth regulators, synthesis of
extracellular enzymes to hydrolyze the fungal cell wall and
competition for niches within the rhizosphere3.

This study implies that the inorganic fertilizers are not
only costly but their use also causes environmental pollution,
bio fertilizers can reduce the cost of inorganic fertilizers and
also environment friendly. Results recommended that a
combine application of PGPR WPR-32, WPR-42 and WPR-51
can reduces the use of inorganic fertilizer up to 25%.

CONCLUSION

It was concluded from this study that combined
inoculation of PGPR WPR-32, WPR-42, and WPR-51 at 75 N
gave the grain yield at par to 100 N. Hence it is recommended
that the application of these microbes in the form of bio
fertilizer can reduce the use of nitrogen fertilizer (by at least
25%) as well as save environmental pollution caused by
fertilizer usage.

SIGNIFICANCE STATEMENT

Biofertilizers are very cost-effective and eco-friendly while,
chemicals fertilizer are not only costly but also pollute our
natural resources. The objective of this study was to search out
a better combination of PGPR with chemical fertilizer that can
reduce the inorganicfertilizer requirement for wheat crops. As
a result of this study, it is concluded that nitrogen fertilizer
application can be reduced by at least 25% without
compromising the yield of wheat crops.
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