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Abstract. Phosphorus (P) is a limited resource, and its efficient use is a main task in sustainable
agriculture. Due to high costs of imported fertilizers, focus is now shifting to solutions that utilize local
resources and biofertilizers. In a field experiment, the effect of combination of two inorganic
phosphorus (P) fertilizer i. e. diammonium phosphate (DAP), single super phosphate (SSP), poultry
manure (PM) and phosphate solublizing bacteria (PSB) on the on growth, yield, energy content and P
utilization efficiency (PUE) of maize was evaluated in Typic Hapludolls acidic soil of Azad Jammu and
Kashmir (AJK). Both inorganic P fertilizers when applied in combination with PM and inoculation with
PSB significantly increased plant height, leaf area and chlorophyll content over control. Grain, dry
matter, biomass yield and protein content increased by 48-99, 47-64, 48-75 and 61-104% over
control. P uptake increased from 13 g kg! in control to 37 g kg where DAP, PM and PSB was
combined while increase in PUE was 7-24%. When applied in combination with PM, DAP+PM+PSB was
the best treatment among P sources to be utilized.
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Introduction. The total P% in soil accounts approximately for 0.04-0.10%, only 1.00-
2.50% of which can be absorbed by plants, as most of the phosphorus in soils exists in
forms unavailable for uptake by plants (Lin 1990). The low availability of phosphorus
nutrition in soils has become the “limiting factor” for plant and root growth (Borch et al
1999; Kanako et al 2004; Saneoka et al 1989) especially after plants have gained
sufficient nitrogen nutrition (Liang 1994; Woolmanse & Duncan 1980). Some 17.5 million
tonnes of P is processed annually from world reserves of rock phosphates, of which
approximately 85% is used in the production of fertilizers (Cordell et al 2009a). However,
reserves of rock-P are finite with an estimated depletion of quality sources expected to
occur within the next 50-80 years (Isherwood 2000). Indeed world commodity markets
have already faced rapid and sharp increase in the price of phosphate rock in recent
years i.e. an approximately 7-fold increase in the period between March 2007 and 2008
(Cordell et al 2009b).

The need to use renewable forms of energy and reduce costs of fertilizing crops
has revived the use of organic fertilizers worldwide. A possible way for recovering poor
quality soils is to add manure and compost to improve soil health and quality, thereby
enhancing biogeochemical nutrient cycles (Emmerling et al 2000; Niklasch & Joergensen
2001; Dutta et al 2003). To evaluate the full benefits of organic fertilization, more
knowledge about its effect on nutrient avail-ability is required. This is complicated, since
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the transformation of organic compounds and nutrient release is a complex process,
depending on many factors such as the stability of organic substances (Gutser et al
2005), climatic conditions (Dorado et al 2003), soil properties (Huffman et al 1996), type
of cropping system (Van den Bossche et al 2005), and interaction with mineral fertilizers
(Kaur et al 2005). Furthermore, the composition of organic fertilizers differs greatly,
which influences the contents of organic and inorganic P as well (Traore et al 1999).
Organic-matter supply to the soil is one of the most important factors for increasing the
productivity in plant, with organic P as a significant part of the soil P cycle contributing to
P nutrition of plants (Tarafdar & Claassen 2003; Richardson et al 2005; Eichler-
Lébermann et al 2007). Organic fertilizers have equivalent or even better effects on crop
yields than P from mineral sources (Sharpley 1996).

Amendment with organic residues may influence P dynamics in soils by means of
competition between low-molecular-weight organic acids and phosphates for sorption
sites that usually favors adsorption of organic acids and delays P adsorption (Violante &
Gianfreda 1993; Staunton & Leprince 1996; Geelhoedet al 1999). On the other hand, the
rate and form of phosphate precipitates can change in the presence of organic
compounds. For example, Inskeep & Silvertooth (1988) reported that organic acids
inhibit the precipitation of hydroxyapatite and favor the formation of thermodynamically
less stable di-Ca-phosphate-dihydrate (Grossl & Inskeep 1991). Braschi et al (2003)
reported that different rates of organic matter (OM) addition increased extractable P at
different soil-moisture regimes by inhibiting P insolubilization whereas the adsorption
process was not affected.

Phosphorus solubilizing bacteria (Phosphobacteria) are known to play a major role
in mineralizing organic phosphorus, solubilization of unavailable forms of soil phosphorus
and the uptake of its native and applied forms (Cao et al 1999; Khan 2005).
Solubilization of insoluble compounds is due to the excretion of microbial metabolites
including organic acids. Indeed the production of microbial metabolites including organic
acids may result in a decrease in soil pH, which plays a major role in solubilization of
some nutrients (Chen et al 2008). Phosphorus solubilizing rhizobacteria have also been
reported c as possible alternative for chemical fertilizers (Vessey 2003).

Maize (Zea mays L.) is the single most important crop in the in the state of Azad
Jammu and Kashmir, Pakistan with an area of 104911 hectares under cultivation,
contributing more than 80% of the total production in the region (AJK at glance 2009),
but its yield per unit area is very low. Though information is available on the conjunctive
use of organic manures and inorganic fertilizers for improving soil fertility and crop yields,
direct quantification of plant-available phosphorus tendered available to the crops from
PSB is scant. The literature suggests that combined application of P fertilizer, poultry
manure and PSB affect plant growth, grain yield, energy component and P efficiency
parameters of maize. However, research information is lacking on the interactive effects
of poultry manure, P fertilizer and PSB on maize growth and yield in the agro-ecological
wheat-maize growing zones of AJK. This experiment was, therefore, performed with an
objective to investigate the impacts of synergistic effect of P sources and PSB on the
growth, yield, energy contents and P utilization efficiency of maize.

Materials and Methods

The study site. This study was carried out on an experimental field at the Research
farm, Faculty of Agriculture, University of Azad Jammu and Kashmir (AJK) Rawalakot AJK
(33-36° N latitude and 73-75°E longitude) during the year 2009. The study area
(Rawalakot) lies between the altitude of 1800-2000 m above sea level in the north-east
of Pakistan under the foothills of great Himalayas at Poonch district, AJK, Pakistan. The
study area is characterized by annual rainfall ranging from 500—-2000 mm (depending on
season), most of which is irregular and falls as intense storms during the monsoon and
sometimes in winter. Mean annual temperature is about 28 °C (maximum) in summer
while winter is fairly cold with temperature ranging even below freezing point. The
monthly precipitation and temperature of the experimental area are presented in Figure 1
and 2. Generally the soils are coarse silty, medium textured, mesic Typic Hapludolls
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acidic soil with mountain/hill land slopy relief and parent material residum-colluvium from
shales (Ali et al 2006).

Field operation, experiment description and treatments. Before actual experiment,
soil samples from the experimental field were collected for physical and chemical
characteristics (Table 1). A field of 30 x 16 m? was selected where maize and wheat were
grown previously since the last two years with addition of manures only. For proper seed
bed preparation, field was ploughed thoroughly twice with tractor and left as such for
next two weeks. The individual plots were prepared according to the treatments and the
net plot size was 3 x 3 m? which was kept according to the size of the field. The plot was
properly leveled for even and efficient fertilizer/water distribution. The experiment was
laid out in a randomized complete block design (RCB) design with three replications. The
treatments comprised of two different sources of P i.e. inorganic fertilizers as i) DAP
(diammonium phosphate, (NH4), HPO,, 46% P,Os and 18% N); ii) SSP (single super
phosphate, Ca (H,PO,), +CaS0,4-2H,0, 18% P,0s) and an organic as Poultry manure (PM)
respectively, and a control (no P); altogether a total of eight treatments with three
replications were established in the experiment. Phosphorus was applied at
recommended rate 90 kg ha™* from either sources at or equivalent basis.

Table 1
Physical and chemical properties of soil before cultivation of maize
Soil parameter Value
Organic C (g Kg'!) 4.5
Total N(g kg™) 0. 28
Available P (mg kg™?) 7.14
K (mg kg™) 123
ECe (dSm™) 0.62
pH 6.63
CEC (C mol kg™?) 17.8
Sand (g kg') 265
Silt (g kg™) 476
Clay (g kg™) 259
Bulk density (mg m™) 1.12
Porosity 51%
Table 2
Chemical characteristics of the poultry manure used
Nutrient elements Values
C (%) 36.6
N (%) 2.21
P (%) 2.01
K (%) 2.84
Ca (%) 2.27
Mg (%) 0.29
Fe (mg kg™) 927
Zn (mg kg™t) 107
Mn (mg kg™) 216
pH 6.88
Dry matter (%) 48
Moisture (%) 52
48
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Figure 1. Mean annual rainfall, minimum and maximum temperature at Rawalakot during
the study year 2009.

The treatments were, T; = without fertilization (Py); T. = DAP @ 90 kg P.Os ha*; T3 =
SSP @ 90 kg P,Os ha'!; T4, = PM equivalent to 90 kg P,Os ha!; Ts = DAP x PM @ 90 kg
P,Os ha? (50:50 ratio); T = SSP x PM @ 90 kg P,Os ha (50:50 ratio); T; = DAP x PM x
PSB @ 90 kg P,Os ha™ (50:50 ratio + PSB inoculation) and Tg = SSP x PM x PSB @ 90
kg P,Os ha* (50:50 ratio + PSB inoculation).

Poultry manure was applied on the basis of P content 25 days before sowing. The
chemical composition of PM is presented in Table 2. A promising PSB agrobacterium
strain CA-18 was obtained from National Institute for Biotechnology and Genetic
Engineering (NIBGE), Faisalabad, Pakistan and used as biofertilizer. Urea was used as N
source and full dose of N fertilizer 120 kg ha™* was applied by broadcast method at the
time of sowing. Similarly, a basal dose of potassium was applied to all plots including
control at the time of sowing at the rate of 60 kg K,O ha™ as sulphate of potash (SOP),
by broadcast method. All the fertilizers were well mixed into the soil. Maize (Zea mays L)
variety Jalal was used in the experiment. Seeds were collected from maize section,
District Agriculture Office Rawalakot AJK. Maize was sown in lines on May 12, 2009 and
seed were inoculated where required. After germination the distance between the plants
was maintained at 25 cm, while the row to row distance was 50 cm and total of five rows
per plot were established. All standard local cultural practices were followed when
required throughout the growth period and was harvested on September 24, 2009.

Measurements. Morphological characteristics. Plant Height (cm): Plant height was
taken from base to top of the plant for five selected plants per plot in all treatments and
then averaged.

Average Leaf Area (cm?): Five plants were randomly selected from each treatment and
leaf area of all leaves of five plants was measured with the help of leaf area machine and
averaged.

Chlorophyll content (mg cm?): Chlorophyll content readings were taken with a handheld
dual-wavelength meter (SPAD 502, Chlorophyll meter, Minolta Camera Co., Ltd., Japan).
For each plot 30 younger fully expanded leaf blades per plot were used when the plants
were at silking stage. The instrument stored and automatically averaged these readings
to generate one reading per plot.
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Yield and yield components. Dry matter Yield (kg ha™'): For recording dry matter
yield, the two middle rows from each plot at maturity were harvested after removing
cobs, stacked for uniform drying, weighed and then converted to kg ha™' by using the
formula:

Dry matter yield (kg ha™!) = kg dry matter yield m™2 x 10,000m?

Shelling Percentage (%): Shelling percentage was calculated by using the following
formula:

Shelling percentage (%) = Grains weight of five ears
Total weight of five ears x 100

Thousand Grain Weight (g): Thousand grain weight was taken at random from the grain
lot of each plot using electronic balance. This was repeated three times and then average
weight per 1000 grains was calculated and recorded.

Grain Yield (kg ha™!): For recording grain yield data the two middle rows from each plot
at maturity were harvested, husked, dried and threshed. Grain yield was recorded and
converted to kg ha™! by using the following formula:

Grain yield (kg ha™!) = kg grain yield m™2 x 10,000m?

Harvest Index (%): Harvest index was calculated using the following formula:

Harvest index (%) = Grain yield (kg ha™?)
Biological/biomass yield (kg ha™!) x 100

Biological Yield (kg ha™'): At maturity four central rows in each plot were harvested,
dried to constant weight and weighed. Biological yield, in kg ha™!, was determined using
the formula:

Biological yield = biological vield per plot
plot area harvested x 10 000.

Biochemical analysis of plant and grain. Plant material (shoot, leaves and grain) was
dried in a forced-draft oven at about 70°C until constant weight and ground to pass a
1mm sieve with an ED-5 Wiley mill (Arthur H. Thomas Co). The ground material was
analyzed for N and P concentration. Protein concentration in the grain was determined
from total N in the grain using the Kjeldhal digestion, distillation and titration method
(Bremner & Mulvaney 1982). Grain protein concentration was determined using the
formula: protein concentration = %N x 6.25 and then it was converted into g kg™'.
Phosphorus content in shoot was estimated by wet digestion with a 2:1 mixture of nitric
acid (HNO3) and Perchloric acid (HCIO4). The P content was then determined by the
vanadomolybdate yellow color at 440nm using spectrophotometer (Murphy & Riley
1962). P accumulation (uptake) in plant was calculated from dry matter accumulation
and P-concentration in shoot.

P efficiency parameters. The P data of samples were used for calculating the following
P efficiency parameters following the methods used by Siddigi & Glass (1981) and
Sangakkara et al (2008).

Agronomic efficiency of applied fertilizer P (PAE) = (Grain yield in plots with fertilizer -
grain yield of control plots) / Quantum of applied P fertilizer

P-use efficiency (PUE) = [(P uptake by the fertilized treatment - P uptake in the control)/
Quantum of applied P fertilizer] x100

Statistical analysis. For the determination of significant effect of treatments on the
growth and vyield of crop and on soil and plant characteristics, analysis of variance
(ANOVA) and least significant difference (LSD) tests among means were conducted for
each character separately using a MSTAT-C statistical analysis package. Comparison of
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means for the individual treatments was done at the 5% probability level based on the F-
test of the analysis of variance (Steel et al 1996).

Results and Discussion

Morphological characteristics. Application of different P sources along with PGPR
resulted in significant difference (P<0.05) for all morphological parameters i. e. pant
height, leaf area and chlorophyll content. Plant height was significantly increased for all
the treatments with P addition and inoculation over control (Table 3). The relative
increase in plant height was 35-51% over the control without P addition. Application of
DAP+PM+PSB resulted in significantly taller plants 248 cm than the control with 164 cm.
In rest of treatments the combination of inorganic P fertilizers with PM showed greater
plant height than their sole application but less than where PSB was also applied. All the
treatments showed significant increase in leaf surface area (LSA) compared with the
control (Table 3). In general, at equivalent rates of application, DAP+PM+PSB resulted in
higher LSA followed by plants treated with SSP+PM+PSB. The increase in LSA with the P
fertilization was 34-49% compared with the control. Application of DAP and SSP in
combination with PM significantly increased the chlorophyll content of maize plants as
compared to control. Chlorophyll content was also significantly increased due to
integration of P sources and PSB, ranging from 4.43 mg cm? in the control to 10.13 mg
cm? DAP+PM+PSB. Average across treatments, the increase in chlorophyll content due to
application of P fertilizers and manures was 52-131% compared with the control.
Application of PSB in combine treatment of DAP and SSP with PM significantly increased
the LSA as compared to their sole application. Ayoola & Adeniyan (2006) reported that
application of poultry manure and P fertilizers influences plant growth and yield by
providing more nutrients. Opala et al (2009) reported that integrated application organic
and inorganic phosphorus sources had significant positive role in the growth
characteristics of maize. As combine application of these sources significantly increasing
the labile inorganic P pools and more effectively reducing the exchangeable Al. It appears
that the ability of an OM to lower the exchangeable Al is more important in increasing
maize yields than its ability to increase P availability. Pirdashti et al (2010) who also
found that integrated use of half chemical P fertilizer and half organic source significantly
increased plant height, leaf area and leaf chlorophyll content in soybean. The shoot and
root growth, and nutrient uptake of peas and soybean were increased when seeds were
inoculated (Groppa et al 1998; Egamberdiyeva & Hoflich 2004; Figueiredo et al 2008).

Yield and yield components. Analysis of Variance (ANOVA) for yield and vyield
components of maize indicated significant differences (P<0.05) for inorganic P fertilizer,
PM and their integration with PSB for all yield and yield components i. e. 1000-grain
weight, shelling percentage, number of grains per cob, grain yield, dry matter yield, total
biomass yield and harvest index (Table 4; Figure 3). Highest 1000 grain weight 326 g
was recorded where combine application of DAP+PM+PSB was carried out, whereas 1000
grain weight in integrated treatments of DAP and SSP with PM were also higher than their
sole application. Average across treatments, the increase in 1000 grain weight due to
conjunctive use of P sources and PSB was 66-102% compared with the control. Addition
of DAP+PM+PSB exhibited highest shelling percentage of 79, followed by SSP+PM+PSB
with 77%. Average increase in shelling percentage following the application of different
sources and PSB inoculation was up to 12% when compared to control. Grain yield
recorded for different P treatments was significantly greater than the un-fertilized control
(Table 4). Similar trend was observed for number of grains per cob with combine
application of P sources and PSB and 3-29 % increase was recorded over control.
Application of PSB significantly (P<0.05) increased grain yield, dry matter yield and total
biomass yield over the unfertilized control (Fig. 3). The relative increase in yield
characteristics ranged from 48 to 99% for grain yield, from 47 to 64% for dry matter
yield and 48 to 75 % for total biomass yield. Increments in yield attributes varied
considerably among the different treatments and were, for example, extremely high in
integrated treatments of PM with both inorganic p fertilizers when inoculated with PSB.
With combine use of PSB and P sources harvest index was also increased up to 12%.
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Dordas (2009) found that combine application of manure and inorganic fertilizers
increased dry matter yield 22% than the control. Similarly, Valluru et al (2010)
determined 50-105% increase in biomass yield of pear millet with P addition and Sholly
et al (2010) recorded 29% yield increase with manure application in wheat.
Egamberdiyeva (2008) reported that the bacterial strains independent from the origin
increased the root, shoot, and dry weight of peas by more than 26% compared to the
control.

Table 3

Effect of different P sources and PSB on the growth components of
maize grown under field conditions at Rawalakot, Azad Jammu and Kashmir

Treatments Plant height Leaf azrea Chlorophyll ccz)ntents
(cm) (cm?) (mg cm?)
T 163.8 594.6 e 4.4 e
LE: 231.1 cd 812.6 cd 8.8 bc
Ts 221.4 e 804.5 d 8.3 ¢
Ta 227.3 de 799.1 d 6.7 d
Ts 236.8 bc 826.0 c 9.2 abc
Te 231.7 cd 815.1 cd 9.0 bc
T7 248.2 a 884.2 a 10.1a
Ts 238.4 b 857.7 b 9.4 ab
LSD (P<0.05) 6.53 17.54 1.06

T, = without fertilization (Py); T, = DAP @ 90 kg P,Os ha’; T3 = SSP @ 90 kg P,0s ha; T, = PM equivalent to
90 kg P,0s ha; Ts = DAP x PM @ 90 kg P,Os ha (50:50 ratio); Te = SSP x PM @ 90 kg P,Os ha? (50:50
ratio); T, = DAP x PM x PSB @ 90 kg P,Os ha (50:50 ratio + inoculated) and Tg = SSP x PM x PSB @ 90 kg
P,Os ha™ (50:50 ratio + inoculated). Means in the same column followed by the same letter do not differ
significantly according to the LSD test (P < 0.05)

Table 4
Effect of different P sources and PSB on the yield and yield components of
maize grown under field conditions at Rawalakot, Azad Jammu and Kashmir

Treatments® 1000 grain weight (g) pesrrézwtr;%e grgfnrz%zl;zfob Ianaer:?§2>)
T 161 e 70 d 417 f 37d
T2 292 bc 76 C 475 cd 41 be
Ts 284 cd 71d 467 d 40 ¢
Ta 267 d 71d 430 e 37d
Ts 310 ab 71d 500 b 41 abc
Ts 297 bc 76 C 494 bc 41 be
T 326 a 79 a 542 a 42 a
Ts 303 bc 77 b 512 b 41 abc

LSD (P<0.05) 19.02 1.59 25.40 1.18

*Same as described in table 3. Means in the same column followed by the same letter do not differ significantly
according to the LSD test (P < 0.05)
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Figure 2. Effect of different P fertilizers, PM and PSB on grain, dry matter and total
biomass yield in maize. Vertical bars show standard deviation (n = 3).

Grain protein content and P uptake in maize. Total N (protein content) and P uptake
by maize in response to different P sources and PSB application is presented in Table 5.
Protein content in grains of control treatment was 59 g kg™' that significantly (P<0.05)
increased following integration of P sources and PSB application ranged between 90-114
g kg™' demonstrating 61-104% increase over the control. Plant N increments varied
significantly among different treatments and were, for example, extremely higher either
with DAP+PM+PSB or SSP+PM+PSB. P-uptake by plants in control was 13.3 kg ha™ that
significantly (P<0.05) increased to 20-34.7 kg ha™ indicating 50-160% increase over
the control. Plant P increments varied significantly among different treatments and were
extremely higher where P sources and PSB was combined. Grains are most active sink for
carbon and N assimilates in cereals. Whereas most of the carbohydrates are provided by
current photosynthesis (Wardlaw 1990), the major portion of seed N is derived by
mobilization of N accumulated in vegetative organs (Cartelle et al 2006). Similar to our
results (Dordas 2009; Sholly et al 2010) reported that with the addition of inorganic P
fertilizers and manure, N contents on whole plant level increased 33-48% over their
respective controls. These P solublizers may increase the availability of phosphorus to
plant by mineralizing organic phosphorus compounds and by converting inorganic
phosphorus into more available form (Baryosef et al 1999). Generally, it has been found
that the organisms isolated from the rhizosphere of legumes have been found to be more
efficient in solubilizing phosphates than those from the non-rhizosphere or from the root
zone of non-legumes (Gull et al 2004; Hameed et al 2004). The ability of PSB strains to
solubilize insoluble P and convert it to plant available form is an important characteristic
under conditions where P is a limiting factor for crop production. Chen et al 2008
reported that Phosphobacterium 9320-SD had significant effect (p < 0.05) on winter
wheat total P and plant biomass under both pot and field conditions, although no obvious
difference in plant height was found compared to the control. These results demonstrate
that hosphobacterium 9320-SD has the ability to convert non-available forms of
phosphorus into plant-available forms, and therefore holds great potential for
development as a biofertilizer to enhance soil fertility and promote plant growth.
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Table 5
Effect of different P sources and PSB on grain protein content and
P-uptake in maize grown under field conditions at Rawalakot, Azad Jammu and Kashmir

Treatments* Grain protein content (g kg™!) P-uptake (kg ha?)
T 59 e 13.3e
T2 107 bc 26.3 C
Ts 100 ¢ 21.3 d
Ta 90 d 20d
Ts 107 ab 31.3ab
Te 106 ab 27.3 ¢
Tz 114 a 34.7 a
Ts 110 ab 28 bc
LSD (P<0.05) 8.50 3.58

*Same as described in table 3. Means in the same column followed by the same letter do not differ significantly
according to the LSD test (P < 0.05)

Phosphorus recovery and efficiency. Average over P inputs added, phosphorus
agronomic efficiency (PAE), and phosphorus use efficiency (PUE) ranged between 12-26
and 7-24%, respectively (Figure 3). The highest recovery and utilization efficiency of P
was recorded in the treatments where P was applied as DAP+PM+PSB. Dry matter yield
of maize in the present study showed strong relationship with the agronomic efficiency
and is confirmed by a strong positive correlation (> = 0.98) between the two traits.
Meena (2010) reported that the recovery of applied P by maize was 18-27% following the
application of organic amendments along with inorganic P sources. Similar findings for
PAE and PUE were obtained by Yaseen & Malhi (2010) and Sistani et al (2010).
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Figure 3. Effect of different P fertilizers, PM and PSB on phosphorus agronomic efficiency
(PAE) and phosphorus use efficiency (PUE) in maize. Vertical bars show standard error.

P uptake and correlations. Many measurements in this study were significantly
correlated with each other (Figure 4). Most of the parameters observed during the study
have highly significant correlation (positive) with the P uptake. Leaf area, chlorophyll
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content, grain yield and protein content all were positively and significantly correlated
with P uptake, i.e. r> = 0.74, 0.89, 0.87 and 0.82 respectively.
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Figure 4. Correlation between total (shoot +seed) maize P-uptake vs. maize leaf area,
total maize P-uptake vs. maize leaf chlorophyll content, total maize P-uptake vs. maize
grain yield and total maize P-uptake vs. maize grain protein content.

Conclusions. The present study demonstrated that the beneficial bacterial greatly
enhanced and mobilized P exhibited a substantial plant growth promoting abilities in
addition to nutrient accumulation in maize. The results of our experiment indicated that
PSB inoculation significantly increased the morphological characteristics (plant height,
chlorophyll content), yield and vyield attributes and NP uptake by plant. This study
suggested that the tested PSB strain may be used as crop-enhancer for better P
management practices to improve maize yield, phosphorus use efficiency and nutrient
uptake. Also, further studies are needed to test the effect of PSB inoculation on soil
quality over long term to get economic as well as biological benefits in the mountain
region of Azad Jammu and Kashmir.
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