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ARTICLE INTFO ABSTRACT

Article history: This study was aimed to investigate the effect of bio-organic phosphate either alone or in
Received 19 April 2017 combination with phosphorus solubilizing bacteria strain (Bacillus MWT-14) on the growth
Accepted 12 November 2017 and productivity of two wheat cultivars (Galaxy-2013 and Punjab-2011) along with recom-
Available online 24 April 2018 mended (150-100NPkgha~!) and half dose (75-50 NPkgha~?) of fertilizers. The combined

application of bio-organic phosphate and the phosphorous solubilizing bacteria strain at
either fertilizer level significantly improved the growth, yield parameters and productiv-
ity of both wheat cultivars compared to non-inoculated control treatments. The cultivar
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Punjab-2011 produced the higher chlorophyll contents, crop growth rate, and the straw
yield at half dose of NP fertilizer; while Galaxy-2013, with the combined application of
bio-organic phosphate and phosphorous solubilizing bacteria under recommended NP fer-
tilizer dose. Combined over both NP fertilizer levels, the combined use of bio-organic
phosphate and phosphorous solubilizing bacteria enhanced the grain yield of cultivar
Galaxy-2013 by 54.3% and that of cultivar Punjab-2011 by 83.3%. The combined applica-
tion of bio-organic phosphate and phosphorous solubilizing bacteria also increased the
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population of phosphorous solubilizing bacteria, the soil organic matter and phosphorous

contents in the soil. In conclusion, the combined application of bio-organic phosphate and

phosphorous solubilizing bacteria offers an eco-friendly option to harvest the better wheat
yield with low fertilizer input under arid climate.

© 2018 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Bread wheat (Triticum aestivum L.) is consumed as staple by
the billions across the globe owning to its greater calories and
protein contents as compared to the other cereals.»? How-
ever, the average yield of bread wheat per unit area is very low
than its actual potential in many developing countries of the
world including the Pakistan. Many factors such as improper
sowing time, poor seed quality, poor irrigation/nutrient man-
agement and the low soil organic matter (SOM) contents,®
are responsible for this low productivity of bread wheat.

Among these factors, the SOM is very crucial as it affects
the availability of plant nutrients.?> The SOM contents of about
3% are considered essential for the suitable soil physical
condition, better cation exchange capacity and the nutrient
availability to obtain the higher crop yields.>° However, the
SOM contents of the Pakistani soils are >0.5% owing to high
temperature.>'° which decreases the availability of nitrogen
and phosphorous due to reduction in the cation exchange
capacity.'*"13

Phosphorous is crucial element required for the plant
growth and development.’*'® The unique source of phos-
phorous fertilizer is rock phosphate which is a complex of
phosphate and calcium.” However, the production of elemen-
tal phosphorous, phosphoric acid, and other phosphorous
based fertilizer from the rock phosphate is itself an energy
consuming process.'’~°

In this aspect, the conversion of rock phosphate through
biochemical means into soluble and readily available state
which may directly be fed to plants is a useful technique.'’
The best available, ecosystem friendly, and cheaper technique
to convert the rock phosphate into plant available phosphate is
the use of compost (agriculture waste) and bacteria.’*?> This
biochemical process has low energy input demand and does
not require the chemical catalyst. The end product obtained
in this process is rich in available phosphorous and SOM
contents,”” with optimum carbon (C) and N ratio (C:N).

The rhizospheric soil is dominated by the diverse bacterial
communities.?*?® These bacterial communities are involved
in developing the mutual interaction with plant roots and thus
improve the growth and development of plants through vari-
ous mechanisms.®?°-3! These mechanisms include biological
nitrogen fixation (BNF), production of growth hormones,
improvement in the availability of the nutrients particularly
phosphorous, and the bio-control of plant pathogens.'%31,32

The bacterial strains belonging to genera Azospirillum, Azo-
tobacter, Bacillus, Enterobacter, Pseudomonas and Pantoea have
been isolated from the rhizosphere of various crops and are
reported to improve the plant growth.?83133-3% Among these,

Bacillus is well known genus whose multiple strains possess
the potential to promote the growth of wheat. 2831363

As the bio-organic phosphate (BOP) is rich in soluble
phosphorous, its addition to soil may improve the plant
growth more efficiently as compared with the use of syn-
thetic phosphorous fertilizer sources such as diammonium
phosphate and single super phosphate. Furthermore, the use
of phosphate solubilizing bacteria (PSB) along with synthetic
phosphorous fertilizer may improve the productivity of crops
by increasing the solubility of the phosphorous in the soil. As
the BOP is rich in the organic matter, it may further improve
the availability of other nutrients to the plants and may thus
provide the suitable conditions for the survival, multiplica-
tion and functioning of the beneficial rhizosphere bacteria.
These bacteria in turn increase the soil fertility through the
process of bio-mineralization.?® The PSB solubilize the soil
phosphorous through releasing the organic acids (e.g. acetic
acid, formic acid, lactic acid, glycolic acid and succinic acids,
etc.) and the carboxyl and hydroxyl groups of the organic acids
produced by PSB, chelate the phosphate bounded cations,
thereby converting phosphorous into soluble forms.*!

Addition of PSB stimulates the process of phosphorous sol-
ubilization both in soil as well as in BOP, as the phosphorous
solubilization is major activity of PSB. However, to the best of
our knowledge, very limited information is available about the
effect of combined application of BOP and PSB on soil fertility
as well as on the growth and productivity of contrasting wheat
cultivars grown at different fertilizer levels. For this study, we
hypothesized that the use of PSB along with BOP and NP fer-
tilizer may enhance the soluble phosphorus within the soil.
The specific objective of this study was to check the combined
effect of BOP and PSB on soil fertility and productivity of bread
wheat under different levels of NP fertilizer.

Materials and methods

Preparation of bioorganic phosphate

Bioorganic phosphate (enriched with available phosphorous
and organic matter contents) was prepared using compost,
biogas residue and rock phosphate by adopting the procedure
as described by Narayanan'” with some modifications. For this
purpose, rock phosphate (free from silica with 26% total phos-
phorous) was pulverized and refined to get a uniform size of
75microns. The compost was prepared after composting of
crop and fruit residues for 15 days. The biogas residue was
obtained from a local biogas plant which uses poultry waste
and animal waste i.e. cow dung. Thereafter, both the biogas
residues and compost were air-dried in tray and grounded in
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a ball mill (CAM starter Type QS5-15A-500V 15 A, China) to
pass through a 1.0 mm sieve. The ground material was mixed
with ore of rock phosphate in the ratio of 1:2. The blend was
then suspended in a water stirred tank with a water-solid ratio
of 7:3. The reaction was carried out in agitated stirred tank
(bioreactor, CEM Mk II, Armfield Ltd, UK) using the conditions
proposed by Narayanan.'” Bacterial culture of phosphate sol-
ubilizing bacterial (PSB) strain Bacillus MWT-14,*” was added to
the reactor keeping the inoculum strength of 107 cfu/mL and
tank volume of 3-5%.

The whole process was carried out in three steps. At the
first step, slurry (mixture of biogas residue, compost and rock
phosphate) was added slowly and continuously to the bio-
reactor (CEM Mk II, Armfield Ltd, UK) to allow the fermentation
by keeping tank on agitation for 7-10 days at temperature,
pressure and pH conditions as mentioned by Narayanan.'’
After this step, PSB strain Bacillus MWT-14 was inoculated
to the bioreactor and kept on continuous agitation for an
extra 5 days to allow the diffusion of atmospheric oxygen/air
into the reactor. After 5 days, bacterial culture (107 cfu/mL) of
nitrogen fixing bacteria Azospirillum (unpublished data) was
inoculated to the reactor; and the reactor was kept on agi-
tation for an extra 5 days. After the complete fermentation
process, the product was filtered to separate the solid por-
tion. This solid portion was dried, ground and analyzed on
spectrophotometer to measure the concentration of soluble
phosphorous using the procedure described previously.*?

Concentration of organic matter in the solid material was
determined by using the procedure proposed by Allison**
with some modifications; 2.0 g weight of the sample was used
instead of 1.0g in 500 mL conical flask and 5.0 mL of K,Cr,0y
was added to avoid the early color change. This final product
was named as BOP (16.5% P,0s and 25% organic matter with
19:1 C:N ratio).

Preparation of inoculum and field experimentation

Bacterial strain Bacillus sp. MWT-14 (accession no. KT933232)
with known phosphate solubilization and growth promot-
ing potential,*” was inoculated to nutrient broth (250mL)
and was kept on shaking (150rpm) for 24h at a temper-
ature of 30+2°C. Inoculum strength was determined on
spectrophotometer by measuring the optical density of the
grown bacterial culture and was maintained at 107 cfumL™.
Further, we re-determined the strength of inoculum using
serial dilution plate count method.?! The reason for selecting
the Bacillus sp. MWT-14 was that this strain showed maxi-
mum phosphorous solubilization activity and improved the
wheat growth in our previous study.*> The BOP @ 125kgha~?!
and PSB strain were applied as sole treatment as well as in
combined form along with recommended (150-100 NPkgha~1,
respectively) and half of the recommended (75-50 NPkgha~?,
respectively) doses in two bread wheat cultivars (Galaxy-2013
and Punjab-2011). Urea (46% N) and diammonium phosphate
(46% P, 18% N) were used a source of nitrogen and phospho-
rous, respectively. Potassium was applied at a uniform rate
of 100K,0kgha~! in all experimental plots using sulphate
of potassium (K,SO4) as source. The full dose of BOP, and K
was soil applied at the time of sowing. However, nitrogen was

applied in three equal splits at sowing, tillering and dough
stage.

The experiment was conducted during the year 2015-16
at the experimental farm of College of Agriculture, Bahauddin
Zakariya University, Bahadur Sub-Campus, Layyah (latitude of
30.9; longitude of 70.9 and altitude of 143 m above sea level).
The experiment was laid out in randomized complete block
design (RCBD) in factorial arrangement with three replications
maintaining a gross plot size of 4m x 1.8 m.

For bacterial inoculation, the bacterial culture of the strain
Bacillus sp. MWT-14 was mixed with sterilized filter-mud and
the seeds of both the bread wheat cultivars were pelleted
with this mixture containing sterilized filter-mud and inoculla
(107 cfu/g of carrier). Inoculated seeds were sown at a rate of
120kgha~! using a manual hand drill.

All the other agronomic practices were kept uniform for
all the experimental treatments. Physico-chemical character-
istics of experimental soil were determined before conducting
and after harvesting the experiment. Silt loam textured soil,
with EC 2.8dsm~1, pH 7.9, organic matter 0.33%, available
phosphorous contents 9.0mgkg™! of dry soil, and available
N contents 0.083%, was used in this study. The magnesium
contents of the Pakistani soils are 1000-8500 ppm.

Recording of data

Population of phosphate solubilizing bacteria

The soil samples of each experimental unit were collected in
sterilized plastic bags from the rhizosphere of wheat at dif-
ferent growth stages i.e. tillering [at 30-40 days after sowing
(DAS)], booting (60-70 DAS) and grain filling stage (100-120
DAS), and were stored at 4°C for further processing. Popu-
lation of PSB was measured using plate count serial dilution
method.* For this purpose, 0.1 g of the collected rhizosphere
soil (of each experimental unit) was suspended in test tube
containing 9.0 mL sterilized saline solution (0.8%, w/v). Serial
dilutions were prepared up to 107> and 100 uL of each dilu-
tion was spread on the plates containing Pikovskaya agar
medium,*® supplemented with tri-calcium phosphate (TCP) as
insoluble phosphorous source. The plates were incubated at
30+2°C for 48-72h (h). The numbers of colony forming units
(cfu) showing transparent halo zone formation (indicates sol-
ubilization of insoluble phosphorous) were counted and log
values were obtained to get the bacterial population (cfu/g dry
soil).

Crop allometry

Data on plant growth parameters viz. leaf area index (LAI),
crop growth rate (CGR), net assimilation rate (NAR) and the
chlorophyll contents were recorded fortnightly starting from
40 DAS of the wheat crop. A homogenous area (0.5 m?) was cut
randomly to record the growth parameters. To record the LAI,
total area of the separated leaves was measured by using a leaf
area meter (DT Area Meter, Model MK2, Delta T Devices, Cam-
bridge, UK). The LAl was calculated by dividing the total area of
the leaves to the total ground area which had been harvested
for the sampling. Data on CGR, was recorded after harvesting
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the crop samples from an area of 0.5 m? at 15 days interval and
were weighed freshly and then oven-dried at 70 £ 5°C for 48 h.
Thereafter, CGR and NAR were calculated by following the pro-
tocol as described by Hunt.*” The chlorophyll contents were
measured using the chlorophyll meter (SPAD 502, Spectrum
Technologies, Inc, Aurora, IL) at each 15 days interval.

Morphological and yield parameters

At maturity, spike bearing tillers (fertile or reproductive tillers)
from an area of 1m? area of each plot were counted. There-
after, twenty plants from each plot were randomly selected
to measure the plant height, average number of spikelets per
spike and number of grains per spike. The biological yield
of the each treatment was measured by harvesting the area
of 3.0m? from the each plot. The harvested samples were
sun-dried for a week, and were weighed. To measure the
grain yield, the dried bundles were threshed and the grains
were separated from the straw. The separated grains were
weighed and the grain weight was recorded. From seed lot
of each plot, three random samples of 1000 grains were col-
lected, weighed and averaged to get the 1000-grain weight.
The straw yield was calculated by subtracting the grain yield
from the biological yield. The harvest index was calculated
as the ratio of grain yield to the biological yield expressed in
percentage.

Statistical analysis

The collected data was statistically analyzed using the soft-
ware “Statistix (8.1version, Tallahassee, Florida)” using the
fisher analysis of variance technique. The difference among
the treatments were compared using the least significant
difference test at 5% probability level.*® The co-relation co-
efficients were drawn to observe the relationship of growth
parameters of bread wheat cultivars with the grain yield of
wheat using the software “Statistix (8.1version, Tallahassee,
Florida)

Results
Crop allometry

Sole or combined application of BOP or PSB strain Bacillus
MWT-14 with recommended dose of NP (150-100 NPkgha~1),
and half of the recommended dose of NP (75-50 NPkgha~1)
fertilizer significantly (p <0.05) increased the LAI, CGR, NAR
and the chlorophyll contents of both bread wheat cultivars
than their respective non-inoculated control (Figs. 1-4).

In Galaxy-2013, the highest LAI was recorded with
BOP +PSB treatment along with the recommended NP fertil-
izer (i.e. NP at 150-100kgha~1); in Punjab-2011, the LAI was
the maximum with BOP + PSB along with the half of the recom-
mended dose of NP fertilizer (75-50kgha~1) at 90 DAS (Fig. 1).
In Galaxy-2013, the highest CGR was recorded with BOP + PSB
along with recommended NP fertilizer (150-100kgha~1); in
Punjab-2011, the CGR was the maximum with BOP + PSB along
with recommended dose of NP fertilizer (150-100 kgha~?), and
half of the recommended dose of NP fertilizer (75-50kgha~1)
at 90 DAS (Fig. 2). Likewise, in Galaxy-2013, the highest NAR
was recorded with BOP +PSB along with the recommended
dose of NP fertilizer (150-100kgha~'); in Punjab-2011, the
NAR was almost the similar in BOP +PSB along with recom-
mended (NP at 150-100kgha~1) and half of the recommended
dose of NP fertilizer (75-50kgha~!) (Fig. 3). Similarly, in
Galaxy-2013, the highest chlorophyll contents were recorded
with BOP+PSB along with the recommended dose of the
NP fertilizer (150-100 kgha~?); in Punjab-2011, the chlorophyll
contents were almost similar with BOP +PSB along with rec-
ommended (150-100kgha~?) and half of the recommended
dose of the NP fertilizer (75-50kgha—1) (Fig. 4). At a given NP
level, Galaxy-2013 showed relatively greater LAI, CGR, NAR and
chlorophyll contents than Punjab-2011 (Figs. 1-4).

Population of PSB

Population in terms of colony forming units (cfu) of PSB
recorded at three different growth stages i.e. tillering,
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Fig. 1 - Leaf area index of bread wheat cultivars as influenced by bio-organic phosphate, PSB and different levels of NP
chemical fertilizers; F; =half of the recommended NP fertilizer level (N-P at 75-50 kg ha‘1); F, =recommended NP fertilizer
level (N-P at 150-100 kg ha~—1); PSB = phosphate solubilizing bacteria; BOP =bio-organic phosphate.
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Fig. 2 - Crop growth rate of bread wheat cultivars as influenced by bio-organic phosphate, PSB and different levels of NP
chemical fertilizers; F; = half of the recommended NP fertilizer level (N-P at 75-50 kgha~'); F, =recommended NP fertilizer
level (N-P at 150-100 kg ha—1); PSB = phosphate solubilizing bacteria; BOP =bio-organic phosphate.
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Fig. 3 - Net assimilation rate of bread wheat cultivars as influenced by bio-organic phosphate, PSB and different levels of NP
chemical fertilizers; F; =half of the recommended NP fertilizer level (N-P at 75-50 kg ha~1); F, =recommended NP fertilizer
level (N-P at 150-100 kg ha~—1); PSB = phosphate solubilizing bacteria; BOP =bio-organic phosphate.
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Fig. 4 - Total chlorophyll contents of bread wheat cultivars as influenced by bio-organic phosphate, PSB and different levels
of NP chemical fertilizers; F, =half of the recommended NP fertilizer level (N-P at 75-50 kg ha‘l); F, =recommended NP
fertilizer level (N-P at 150-100 kg ha—!); PSB = phosphate solubilizing bacteria; BOP =bio-organic phosphate.
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Fig. 5 — Population dynamics of phosphate solubilizing bacteria in rhizosphere of bread wheat cultivars as influenced by
bio-organic phosphate, PSB and different levels of NP chemical fertilizers; F; =half of the recommended NP fertilizer level
(N-P at 75-50 kg ha—'); F, = recommended NP fertilizer level (N-P at 150-100 kg ha~!); PSB = phosphate solubilizing bacteria;

BOP =bio-organic phosphate.

booting and grain filling stage showed an increasing trend
from tillering to booting, and decreased at grain filling stage
for all the experimental treatments (Fig. 5). In Galaxy-2013,
the highest population of PSB (averaged over three sampling
stages) was recorded with BOP +PSB along with the recom-
mended dose of NP fertilizer (150-100 kgha~!); in Punjab-2011,
the population of PSB (averaged over three sampling stages)
was almost similar with BOP + PSB along with recommended
(NP at 150-100kgha~1) and half of the recommended dose of
NP fertilizer (75-50 kgha~1). Overall, the population of PSB was
the highest at booting stage (8.67 cfu per gram soil) followed by
grain filling (6.0 cfu per gram soil) and tillering stage (5.36 cfu
per gram soil) (Fig. 5).

Morphological and yield parameters

This study indicated that three-way interaction of bread wheat
cultivars with fertilizer levels and the PSB was significant for
all the morphological/yield parameters, grain yield, harvest
index, SOM, soil phosphorous and soil N (Table 1). At a given
NP level, sole or combined application of the PSB or BOP to
both the wheat cultivars showed an improvement in the mor-
phological/yield parameters, grain yield, harvest index, SOM,
and the soil phosphorous with respect to their non-inoculated
control (Table 1).

The highest plant height, number of productive tillers,
spikelets per spike, grains per spike, 1000-grain weight, bio-
logical yield, straw yield and the harvest index was recorded
with the BOP + PSB, in Galaxy-2013 and Punjab-2011, with the
recommended (NP at 150-100kgha~1) and half of the rec-
ommended dose of NP fertilizer (75-50kgha~1) respectively.
However this treatment combination was statistically similar
with the sole application of BOP along with the half of the
recommended dose of NP fertilizer (75-50kgha~1) in Punjab-
2011 for plant height; combined application of BOP + PSB along
with the recommended dose of NP fertilizer (150-100kgha1)
in Punjab-2011 for grain per spike, 1000-grain weight, biolog-
ical yield, grain yield, straw yield and harvest index; and sole

application of PSB along with half of the recommended dose
of NP fertilizer (75-50kgha~?) in Punjab-2011 for the harvest
index (Table 1).

Soil properties

This experiment revealed significant (p <0.05) increase in SOM
and soil phosphorous contents due to sole or combined appli-
cation of BOP and PSB over non-inoculated control plots
(Table 1). The highest SOM was recorded with the appli-
cation of BOP+PSB along with the recommended (NP at
150-100kgha~?) and half of the recommended dose of NP
fertilizer (75-50kgha~!) in both of bread wheat cultivars.
In both bread wheat cultivars, the phosphorous contents
were the maximum with recommended dose of NP fer-
tilizer (150-100kgha~!) and that was statistically similar
with the half of the recommended dose of NP fertilizer
(75-50kgha~1) in Galaxy-2013. Although the differences were
non-significant, the highest soil N contents were noted with
combined application of BOP and PSB at high NP fertilizer lev-
els in both bread wheat cultivars (Table 1).

The correlation predicted that the LAI, CGR and the chloro-
phyll contents were strongly positively correlated with the
grain yield of wheat at both fertilizer levels in both of the bread
wheat cultivars (Table 2).

Discussion

In the present study, soil properties were substantially
improved with the application of BOP along with the PSB
which was visible through improvement in soil OM and soil
phosphorous contents. This improvement in soil phospho-
rous was due to positive influence of PSB which ultimately
enhanced the solubility and release of phosphorous from NP
fertilizer in the rhizosphere of the both bread wheat culti-
vars. Several previous studies have reported improvement in
SOM contents and nutrient balance due to supplementation
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Table 1 - Plant height, number of productive tillers, spikelets per spike, grains per spike, 1000-grain yield, biological

yield, grain yield, straw yield, harvest index of two wheat cultivars, and the soil organic matter, phosphorous and
nitrogen at wheat harvest as affected by the application of bio-organic phosphate and phosphorous solubilizing bacteria.

Treatments Galaxy-2013 Punjab-2011 Galaxy-2013 Punjab-2011 Galaxy-2013 Punjab-2011
N-P (kgha™?) N-P (kgha™?) N-P (kgha™?) N-P (kgha™?) N-P (kgha™?) N-P (kgha™?)

75-50 150-100 75-50 150-100 75-50 150-100 75-50 150-100 75-50 150-100 75-50 150-100

Plant height (cm) Number of productive tillers (m~=2) Spikelets per spike
Control 93.3e 94.6de 87.8a—c 85.3bc 257e 311c-e 98b 89b 15.3g 16.5ef 14.8d 15.2¢c
PSB 97.9c-e 104.1bc 83.3c 90.1a—c 336b-d 303de 123b 116b 16.1f 18.1b 15.9¢ 15.9¢
BOP 102.6b—d 104.6bc 92.5ab 87.1a—c 362bc  373b 122b 117b 16.8de  17.2cd 15.7¢ 15.5¢
PSB +BOP 107.7b  123.1a 94.5a 87.3a-c 390b 474a 174a 109b 17.7bc 20.2a 18.0a 17.5b
LSD (p<0.05) 9.3 7.9 38.2 44.0 0.59 0.50

Grains per spike 1000-grain weight (g) Biological yield (Mgha~!)
Control 30.6g 33.0ef 29.0b 29.6b 44.7e 47 .9c-e 38.7¢ 40.6bc 5.5d 6.4cd S5.1cd 5.4c
PSB 32.2f 36.2b 31.4ab 31.8ab 46.9de 52.7b 41.2b 42.2ab 6.8c 7.6bc 5.9bc 6.4b
BOP 33.6de 34.4cd 31.0ab 31.4ab 49.1b-e 50.1b-d 44.1ab  42.9ab 6.9c 7.6bc 6.0b 6.2b
PSB +BOP 35.4bc  40.4a 32.0a 32.0a 51.6bc  58.9a 46.5a 46.7a 7.9b 8.9a 7.6a 7.7a
LSD (p<0.05)  0.59 0.50 4.57 4.00 0.43 0.41

Grain yield (Mgha~?) Straw yield (Mgha~?) Harvest index (%)
Control 2.5bc 3.0b 2.0b 2.2ab 3.0cd  3.4c 3.1bc 3.2bc 45.5e 46.9d 39.2d  40.7c
PSB 3.3b 3.8ab 2.5ab 2.8ab 3.5bc 3.8b 3.4ab 3.6ab 48.5¢c 50.0ab 42.4a 43.8.ab
BOP 3.4b 3.8ab 2.5ab 2.7ab 3.5bc 3.8b 3.5ab 3.5ab 49.3b 50.0ab 41.7b 43.5b
PSB + BOP 4.0ab 4.5a 3.8a 3.9a 3.9b 4.4a 3.8a 3.8a 50ab 50.6a 50.0a 50.6a
LSD (p <0.05) 0.43 0.43 0.42 0.44 0.50 0.42

Soil organic matter (%) Phosphorous (mgkg?) Nitrogen (%)
Control 0.33d 0.33d 0.33c 0.32c 9.1cd 9.0cd 9.2¢c 9.1d 0.083 0.083 0.081 0.082
PSB 0.38c 0.39bc 0.39bc  0.38bc 9.3c 9.5b 9.5¢c 9.3c 0.085 0.086 0.085 0.084
BOP 0.40bc  0.41b 0.41b 0.39bc 9.5b 9.5b 9.5¢ 9.2¢c 0.085 0.085 0.086 0.084
PSB + BOP 0.45a 0.48a 0.46a 0.47a 9.8ab 10.3a 9.9b 10.3a 0.095 0.099 0.098 0.099
LSD (p<0.05)  0.03 0.02 0.2 0.3 NS NS

Figures of main effects and interactions sharing the same case letter do not differ significantly at p <0.05; BOP, bio-organic phosphorous; PSB,
phosphorous solubilizing bacteria; N, nitrogen; P, phosphorous.

of soil with bio-organic compounds,?***->! and PSB. However, Moreover, the bio-organics (e.g. compost) acts as the main

most of the studies are restricted to sole application of PSB
or bio-organics for soil reconditioning and crop productivity.
In the present study, the combined application of BOP and
PSB at a given fertilizer level was a better choice than the
sole application of BOP and PSB in both the bread wheat cul-
tivars. This was due to the fact that BOP and PSB showed
synergistic behavior, improved the performance and multi-
plied the effect of each other. Indeed, the PSB improve the
efficiency of the BOP by improving the P availability, and BOP
provides the optimum conditions for the multiplication of PSB
(increased population of PSB 5.61-9.83 cfu/g dry soil; Fig. 5).

source of easily available nutrients, substances with growth
promoting potential and improves the population of plant
growth promoting rhizobacteria like N fixers, phosphorous
solubilizer and cellulose decomposers,”>>? as was observed
in this study. The population of PSB was significantly higher
with the combined application of BOP and PSB irrespective of
the NP fertilizer dose. Indeed, the application of BOP enriched
with organic carbon provided the source of energy to bac-
teria and increased the multiplication rate of rhizobacteria
due to which the population of PSB was enhanced in this
study.

Table 2 - Correlation co-officiants of leaf area index, chlorophyll contents and crop growth rate with the grain yield of two

bread wheat cultivars as affected by application of PGPRs at recommended and half dose of fertilizer.

Treatments Galaxy-2013 Punjab-2011
N-P (kgha?) N-P (kgha?)
75-50 150-100 75-50 150-100
Leaf area index 0.99 0.82 0.99 0.82
Chlorophyll contents 0.86 0.97 0.88 0.95
Crop growth rate 0.93 0.90 0.82 0.81

N, nitrogen; P, phosphorous.
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This study indicated that the chlorophyll contents, LAI,
CGR and NAR of both the bread wheat cultivars under an arid
climate were significantly improved with the application of
BOP and PSB; the combined application being most benefi-
cial. Indeed, the application of BOP to the soil improves the
availability and uptake of the nutrients like N, phosphorous,
K and Zn to the growing plants which ultimately stimulates
the plant growth which was visible through improvement in
CGR, LAI and NAR in this study. Moreover, the inoculation
of bacterial strain Bacillus MWT-14 (with known phosphorous
solubilization and IAA producing activity; Hussain et al.*?) also
multiplied the effect of BOP by increasing the PSB popula-
tion (Fig. 5) and phosphorous solubility which contributed to
improved performance of both bread wheat cultivars. Sev-
eral past studies have reported the improved activity and an
increase in the population of PGPRs in the soils with good
SOM and the pivotal role of PGPRs in improving the phospho-
rous solubilization,'8-2049->¢ which ultimately resulted in an
increase in the cholrophyll contents,>”>® the LAI, CGR and NAR
in this study.

At a given NP level, Galaxy-2013 showed relatively greater
LAI, CGR, NAR and chlorophyll contents than Punjab-2011.
This better performance of Glaxy-2013 than Punjab-2011 in
terms of growth parameters might be due to inherited genetic
potential of this wheat cultivar to produce more biomass at a
given NP levels.

In our study, the variable response of bread wheat cul-
tivars to the BOP and PSB treatments were observed. The
cultivar Galaxy-2013 performed better with the combined
application of BOP and PSB at recommended NP fertilizer level
(150-100 kgha1); the performance of Punjab-2011 was almost
similar at recommended and half of the recommended dose of
NP fertilizer. This indicates that the cultivar Punjab-2011 can
be grown at low fertilizer input with the use of BOP and PSB
without any compromise on the grain yield.

Improvement in LAI, CGR and NAR finally resulted in bet-
ter plant height of both bread wheat cultivars. Highest plant
height and the more LAI and CGR due to the combined appli-
cation of BOP and PSB ultimately enhanced the total biomass
and straw yield of both bread wheat cultivars. Better growth
attributes due to combined application of BOP and PSB also
resulted in the more number of productive tillers and bet-
ter allocation of photosynthates from source to sink which
enhanced the grains per spike and 1000-grain weight. More
number of productive tillers and improved grains per spike
and 1000-grain weight thus produced the highest grain yield.
Improvementin growth and yield attributes due to due to inoc-

ulation with PGPR are well documented in several previous
studies 28.30,31,37,38,59,60

Conclusion

The soil fertility, growth and productivity of bread wheat cul-
tivars was significantly increased with the application of BOP
or PSB; the effects being more pronounced with the combined
application of the both. Indeed, the application of BOP and PSB
enhanced the soil SOM and soil phosphorous which worked
as soil conditioner thus improving the growth of both bread
wheat cultivars which was visible through improvement in

LAI, CGR and NAR. Improved growth of the both bread wheat
cultivars due to combined application of BOP and PSB ulti-
mately enhanced the morphological and yield parameters
(number of productive tillers, 1000-grain weight, grains per
spike) which ultimately enhanced the grain yield at a given
fertilizer level. Being a stress tolerant cultivar, Punjab-2011
performed efficiently due to the combined application of BOP
and PSB at the half of the recommended level of NP fertilizer.
In contrast, Galaxy-2013 showed positive response in terms of
plant growth and grain yield at a recommended dose of NP fer-
tilizer level. It is recommended that the BOP should be applied
in combination with PSB to maximize the benefits. Thus, the
combined use of BOP and PSB at low fertilizer input might be
quite useful to increase the soil fertility, the crop growth and
the productivity of bread wheat. This will lead toward elimi-
nation of the environmental pollution through minimizing the
manufacturing and use of the synthetic fertilizers.
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