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Abstract  
A greenhouse study was conducted to evaluate the effect of inoculating the soil or phosphate rock 
(PR) with the phosphate solubilizing bacteria (PSB) Citrobacter freundii – J123 on maize (Zea 
mays L.) growth in a soil of pH 7.8. The study consisted of the following treatments; T1: Control 
(inoculated), T2: Phosphate solubilizing bacteria (PSB), T3: Phosphate rock @ 2 g kg-1 of soil, 
and T4: Rock phosphate@ 2 g kg-1 of soil+ Phosphate solubilizing bacteria with five replicates 
by using complete randomized design (CRD) under pot conditions. The results demonstrated that 
inoculation significantly (P<0.05) increased the shoot length (14.1%), fresh biomass (31%), straw 
yield (28.1%), cob diameter (17.2%), 100-grain weight (33.8%), grain yield (36.4%), root dry 
weight (70.7%), and total P concentration in grain (55.3%) in maize plant as compared to 
inoculated control treatment. While, analysis of leaves showed a significantly (P<0.05) higher 
photosynthetic rate, transpiration rate, and total chlorophyll content in comparison to respective 
control. Post-harvest soil analysis revealed that the integrated use of PGPR containing phosphate 
solubilizing activity + phosphate rock improved the physicochemical properties of soil. It is 
concluded that the application of phosphate solubilizing inoculant can successfully be utilized to 
promote phosphorus nutrition in maize that may lead to improve crop productivity. 
Keywords: Phosphorus, PGPR, Maize, PSB 
 
Introduction 
In Pakistan, after wheat and rice, maize (Zea mays L.) is still the most popular edible grain crop[1, 
2]. With an area of about 118 million hectares and an annual yield of around 600 million metric 
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tons, it is the world's third most commonly produced crop [3]. It is grown on 1.117 million hectares 
in Pakistan, yielding 4.527 million tones every year. 4.05 tons per hectare is the average seed yield 
[4]. In contrast to other maize-producing countries throughout the world, Pakistan's corn 
production is quite low[5]. Maize is the most nutrient-dense fodder and the most abundant source 
of feed for cattle. It is used as a staple food for humans, livestock, and as raw material for industries. 
Maize has great nutritional values; it contains starch 72%, fiber 8.5%, protein 10%, ash 1.7%, 
sugar 3.3% and oil 4.8% [6]. Maize has established a very well place in the agricultural economy 
as a result of its expanded use in industry. In Pakistan, the per unit area yield is still quite low in 
comparison to the biological potential of present maize varieties[7]. As a result, the main 
components of the country’s present maize production technology must be improved. Among the 
various management strategies, nutrient management is particularly important for realizing 
maize’s best extent. Phosphorus (P) availability is one of several things to keep in mind[8, 9]. This 
may be because both acidic and alkaline soils fix P. numerous studies have found that putting P 
fertilizer to maize increases output[10]. Even though research has revealed many parameters that 
govern maize development, grain production, and quality, information on the effectiveness of 
agronomic inputs is still lacking, and soil scientists must pay particular attention[11]. 
In Pakistan, phosphorus is a major mineral nutrient needed by plants, but it is one of the most 
inaccessible nutrients present in soil [12]. Being the most likely to be fixed mineral nutrient in 
many cropping environments, its availability to plant is also very low[13]. Nevertheless, it 
contributes to biomass as a macronutrient. It is a “finite and irreplaceable” mineral. Its known 
reserves, which are economically viable for exploitation, could run out in 60 to 100 years if the 
current pace of its global consumption continues and without P there will be no agriculture [14]. 
Pakistan's soils, like those of other arid places across the world, are deficient in bioavailable 
phosphorus to the extent of 80 to 90 percent [15]. Including a soil fertility survey, P is the most 
insufficient nutrient in Pakistani soils, closely by N[16]. Those soils are alkaline (pH>7.0) and 
predominantly calcareous (CaCO3>1.0%) in nature and are well renowned for fixing additional P 
during phosphate ion interactions with calcium carbonate[17]. Adding fertilizer to ease nutrient 
insufficiency is becoming an extremely economically and ecologically unsound strategy, as the 
efficiency of additional P fertilizer is as low as 10%[18]. The addition of organic manure to these 
soils on a routine basis reduces bulk density whilst increasing overall soil aggregation and moisture 
retention[19]. All of these factors may aid in P uptake by promoting root and microbial 
proliferation [20]. 
Whereas microbiological inoculants have been used to improve soil fertility for over a century, 
there has been less study on P solubilization in comparison to nitrogen fixation[21]. 
Physicochemical (sorption-desorption) and biological (mineralization-immobilization) object 
level the dynamics of soil P[22]. 
In acidic and calcareous or normal soils, a large percentage of P provided as fertilizer reaches the 
immobile pools by precipitation reaction with reactive Al3+ and Fe3+, and ca2+ in calcareous or 
normal soils[23]. The global efficiency of phosphorus fertilizer is roughly 10% to 25% [24], and 
the concentration of usable P in the soil seems to be quite low, reaching 1 mg kg-1 soil [25]. Soil 
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microorganisms have a significant role in soil P dynamics and phosphate availability to plants [26]. 
PGPR had an indirect or direct effect on plant growth [27]. The development of growth stimulators 
is a direct mode. Plant nutritional status is enhanced (phosphate and micronutrients are discharged 
from insoluble sources), ethylene levels are reduced, and systematic resistance is promoted[28]. 
Antibiotic synthesis, bio control agent generation, and xenobiotic degradation are examples of 
indirect modes of action [29]. 
The possibility of phosphate solubilizing bacteria (PSB) to use phosphate reserves in semi-arid 
areas and promote plant growth has caught the interest of researchers [30]. Phosphate-solubilizing 
bacteria are important for plant growth in nutrient-deficient circumstances [29]. Phosphate 
solubilizing bacteria seem to be more cost-effective, environmentally friendly, and crops beneficial 
than inorganic P fertilizers[31]. PSB inoculation intensive agriculture by solubilizing fixed and 
applied phosphates in the soil, according to research [32]. Potential P solubilizers found in soil 
include Bacillus, Pseudomonas, and Rhizobium species [33].  
PSB-infused rock phosphate can activate the insoluble form of P by liberating organic acids (i.e. 
citric, oxalic, gluconic, lactic, succinic, and propionic acids). Among these acids, citric acid has 
the greatest pH reduction [34]. These acids reduce the pH, which enhances the disintegration of 
rock phosphate [35]. Numerous studies have shown that PSB can solubilize insoluble mineral 
phosphates, thereby improving crop development and production[36]. Phosphorus resources are 
constrained and based on current levels of use, it is anticipated that the world's known high-value 
RP sources will be consumed shortly [37]. Further, then this time frame, the manufacturing of P-
based fertilizers will necessitate the treatment of lower-grade rock, which will be considerably 
more expensive [38]. The identification of all of these hidden difficulties caused by chemical P 
fertilizers, coupled with the high cost of manufacture, has led to the pursuit of environmentally 
friendly and financially sound alternatives for enhancing crop yield in lower or P-deficient soils 
[39]. Microbial inoculants applied as bio-fertilizers featuring P-solubilizing action in agricultural 
soils are deemed environmentally acceptable and a credible alternative to chemical-based P 
fertilizers [40]. 
During the last two decades, there has been a sharp rise in the impression of PSB use. Microbial 
inoculants are acquiring popularity around the world due to their ease of use and lack of negative 
effects [41]. Additionally, microorganisms' metabolic activity (the generation of acids) solubilize 
phosphate from insoluble calcium, iron, and aluminum phosphates, and bacteria decompose 
organic substances like nucleic acids, generating phosphates[42]. These metabolic abnormalities 
discovered in the soil will reveal that bacteria conduct a variety of important roles that promote 
agricultural production and, finally, crop yield [43].  
Keeping in view the above discussion, a study was planned with the following objectives. 
(1)To evaluate the efficacy of plant growth-promoting rhizobacteria (PGPR) having trait 
phosphate solubilization to improve growth and yield of maize in soil amended with rock 
phosphate under pot conditions. 
(2)To evaluate the effect of PGPR having trait phosphate solubilization on total uptake of P, N, 
and K in maize plants under pot conditions. 
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Materials and methods 
Study site 
The current study was conceded out for improving growth, yield, and P nutrition in maize (Zea 
mays L.) by alleviating P stress through inoculation with plant growth-promoting rhizobacteria 
(PGPR) having phosphate (P) mobilizing activity from rock phosphate in the study area of 
University College Agriculture (UCA), University of Sargodha (UOS), Sargodha, Pakistan. For 
this, one pre-isolated strain of P‒mobilizing bacteria (Citrobacter freundii – J123) was taken from 
Soil Microbiology and Environment laboratory, Institute of Soil and Environmental Sciences, 
University of Agriculture, Faisalabad, Pakistan. The investigational site was cited in the sub-
tropical area of fundamental Punjab in Pakistan (Lat. 31° 24' N, Long 73° 3' E). The area has a 
sub-tropical- tropical rainy season, with an average annual rainfall of 400 mm, most of which falls 
during the monsoon season of July to September. According to the FAO classification, the soil 
belongs to the Bhalwal soil series (aridisol-fine-silty, mixed, Hyperthermic, typic, calciargids) 
(IUSS, 2014). The soil's textural class is sandy loam, which has a low nutrient concentration and 
a high pH. (Table 1). 
Seed inoculation 
The inoculum for the PGPR strain (Citrobacter freundii – J123) was made by growing the sample 
in a 500-mL Erlenmeyer flask with 200 mL Luria-Bertani watery medium, incubated for 48 hours 
at 28°C, then spun at 150 rpm. Maize seeds (Hybrid - P1543, Pioneer Pakistan Seed Ltd) were 
bought from the Lahore Head Office, 2G/4 Canal Bank Road, Johar Town Lahore. Seeds were 
surface-sterilized for 3–5 minutes with 5% sodium hypochlorite (Sigma-Aldrich, Germany), 
followed by three distilled water washes and five sterilized deionized water washes. Inoculum with 
a cell suspension of 108-109 CFU mL-1 was injected into sterilized peat (150 mL kg-1 of seed, 
seed to peat ratio 4:1 w/w) for inoculation. Inoculated peat was mixed with 100 mL of 10 cents 
sterilized sucrose solution for maize seed treatment. These same seeds were encased with sterilized 
peat that had been treated with sterilized broth and a 10% sterilized sugar solution but had not been 
inoculated with bacteria in the un-inoculated control. 
Experiment  
Under pot settings, pot research was done to assess the efficacy of inoculation with PGPR 
containing P mobilizing activity for increasing maize (Zea mays L.) growth, yield, and P nutrition. 
Before filling the pots, sandy loam soil (surface layer up to 15 cm) was gathered from the UCA, 
UOS research area and passed through a screen (60 meshes, size 2mm). Each pot was filled with 
10 kg soil and fertilized with urea and sulfate of potash (SOP) at 90 and 30 kg ha-1, respectively, 
while rock phosphate (RP) was applied at 2 g kg-1 soil. Full doses of P and K, on the other hand, 
were applied by uniformly mixing them with soil before filling the pots. While remaining dose of 
nitrogen fertilizer (urea) was applied in two splits. 
Hence, the study was comprised of the following treatments; T1: Control (uninoculated), T2: P-
solubilizing bacteria (PSB), T3: Phosphate rock (PR) and T4: PR + P-solubilizing bacteria with 
five replicates by using complete randomized design (CRD) under pot conditions at ambient light 
and temperature in net house. Suitable conditions were maintained in each pot by using tube well 
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water. At maturity, yield and yield contributing parameters were taken from the five replications 
of each treatment. Soil health was studied at the end of crop cycle. The uniform and measured 
quantity of irrigation water was applied till the maturity of the crop. At maturity the fresh plant 
samples was collected on equal basis for biochemical analysis. Chlorophyll contents was recorded 
at physiological maturity using chlorophyll meter. The crop was harvested at maturity and shoot 
and root biomass (g), no of plants, no of spikes, plant height, flag leaf and length (cm) was 
recorded. After root extraction from the pots, the soil trials were serene from each pot, air dried, 
and ground and sieved through 2 mm sieve to extract the samples. The plant samples were digested 
using di-acid mixture on the hot plate and diluted with distilled water after cooling down. The soil 
and plant extracts were run on spectrophotometer to conclude the concentration of P in plant and 
soil samples. The recorded data was statistically analyzed using statistical package statistical 8.1 

Treatment Description 
The treatments which we have used in this study are as follows: 

Treatment description 
Treatments Code Amendment type, inoculation type 

T1 Control Non-amended, non-inoculated 
T2 PSB Non-amended, Citrobacter freundii – J123 (P-solubilizing bacterium) 

T3 RP Rock phosphate 

T4 RP + PSB Rock phosphate + C. freundii – J123 

 
Table 3.1: Physico-chemical characteristics of agricultural soils used in the study 
Soil properties Pre-

experimental
soil 

Analysis 

Post 
experimental 
soil 

Analysis 

Reference 

Mechanical analysis    

Sand (g kg-1) 590  [44] 

Silt (g kg-1) 193   

Clay (g kg-1) 217   

Textural class Sandy Loam   

Chemical analysis    

pH 7.84 ± 0.04 7.81 ± 0.02 [45] 

ECe (dS m-1) 2.18 ± 0.04 2.22 ± 0.07  

Soil organic matter (g
kg-1) 

7.89 ± 0.07 7.95 ± 0.08 [46] 

Total soil N (mg kg-1) 1528 ± 65.8 1539 ± 76.3 [47] 
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Soil available P (mg kg-

1) 
9.13 ± 0.08 11.24 ± 0.10 [48] 

Available soil K (mg kg-

1) 
166.4 ± 6.42 169.3 ± 8.19 [45] 

±: Standard error of mean  
  
Table 3.2: Characterization of bacterial inoculant used in the study 
 
Bacteria
l strain 

Colo
ny 

Color 

ACC-
deaminas
e activity 
α- 
ketobutyr
ate nmol 
g-1 biomass
h-1) 

Chitinase 
activity 
(qualitati
ve) 

Sideroph
ore 

Productio
n 

Phosphate 

solubilizat
ion 

Root 
colonizat
ion (cfu g-

1) 

Indole-3-
acetic acid 
(IAA) 

(µg mL-1) 
    Witho

ut L- 

TRP 

Wi
th 
L-
TR
P 

Citrobac
ter 
freundii 
– J123 

Whiti
sh 

327.6 ± 11.3 ++ve +ve ++ve 6.39 × 106 6.
78 

11.
90 

±: Standard error of means; ND: Not determine; Average of four replications 
 
Results 
The research took place in the research area of University College Agriculture (UCA), University 
of Sargodha (UOS), and Sargodha, Pakistan, to improve maize (Zea mays L.) growth, yield, and 
P nutrition through inoculation with plant growth-promoting rhizobacteria (PGPR) with phosphate 
(P) mobilizing activity in soil amended with rock phosphate. One pre-isolated strain of P 
mobilizing bacteria (Citrobacter freundii – J123) was obtained from the Institute of Soil and 
Environmental Sciences, University of Agriculture, Faisalabad, Pakistan. The study's findings are 
detailed further down. 
 
4.1. Shoot length 
Information regarding shoot length revealed that application of inoculation with PGPR having P- 
solubilizing activity in soil altered with rock phosphate (RP) had shown a substantial (p≤0.05) 
effect on shoot length of maize over control treatment (Figure 4.1). Maximum increase in shoot 
length (up to 14.1% over control) was recorded as a result of inoculation with Citrobacter freundii 
– J123in soil amended with rock phosphate. In the case of sole application of both, bacterial 
inoculation (Citrobacter freundii – J123) and soil amended with rock phosphate exhibited a non-
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significant increase in shoot length of maize that was 7.4 and 5.1% respectively, over uninoculated 
control treatment. 
4.2. Root length 
Results about root length indicated that inoculation with P-solubilizing bacteria in soil amended 
with rock phosphate had shown a remarkable effect on root length of maize over un inoculated 
control (Figure 4.1).Inoculation with Citrobacter freundii – J123 in soil amended with rock 
phosphate had shown highest increase in root length (up to 28.8% over control), followed by sole 
inoculation with Citrobacter freundii – J123 that gave 15.2% increase in root length of maize. 
While, soil amended with rock phosphate gave a poor increase in root length (up to 4.1%) of maize 
that was non-significant (p≤0.05) as compared to uninoculated control treatment. 
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4.3. Root dry weight 
All treatments had shown a significant (p≤0.05) effect on root dry weight of maize over control 
treatment (Figure 4.1). Maximum root dry weight was recorded 70.7% when bacterial inoculation 
(Citrobacter freundii – J123) was tested in soil amended with rock phosphate as compared to 
control. Next effective treatment was sole inoculation with Citrobacter freundii – J123 that gave 
31.9% higher root dry weight than control treatment. While, minimum increase in root dry weight 
was 14.2 % due to application rock phosphate over uninoculated control treatment. 
4.4. Fresh biomass 
As like to root dry weight, all treatments showed significant increase in fresh biomass per plant as 
compared to uninoculated control (Figure 4.1). Maximum fresh biomass per plant of maize was 
produced up to 31% higher over control when bacteria inoculation (Citrobacter freundii – J123) 
was tested in soil amended with rock phosphate. While sole inoculation with Citrobacter freundii 
– J123 gave 10% increase in fresh biomass per plant as compared to uninoculated control treatment 
and followed by rock phosphate amended soil. 
4.5. Straw yield 
Maximum increase in straw yield per plant was obtained (up to 28.1%) when inoculation with 
Citrobacter freundii – J123 was tested in soil amended with rock phosphate and followed by sole 
inoculation with Citrobacter freundii – J123 in comparison to un inoculated control treatment 
(Figure 4.1). While, sole application of rock phosphate exhibited a poor increase in straw yield (up 
to 2.7%) of that was non-significant (p≤0.05) as compared to uninoculated control treatment. 
4.6. Grain yield 
Similar to straw yield, all treatments showed significant (p≤0.05) effect on grain yield except rock 
phosphate amended soil (Figure 4.1). Highest increase in grain yield was recorded up to 36.4% as 
a result of inoculation with Citrobacter freundii – J123plus rock phosphate amended soil and 
followed by sole application of bacterial inoculation (Citrobacter freundii – J123) that gave 13.3% 
higher grain yield as compared to un inoculated control treatment. While, rock phosphate amended 
soil exhibited non-significant (p≤0.05) increase (up to 5.1%) in grain yield as compared to control 
treatment. 
4.7. Cob diameter 
Data regarding cob diameter showed that all treatments exhibited significant effect on cob diameter 
as compared to uninoculated control treatment except rock phosphate amended soil (Figure 4.1). 
Maximum cob diameter (up to 17.2% over control) was observed as a result of bacterial inoculation 
(Citrobacter freundii – J123) plus rock phosphate soil amended and followed by sole inoculation 
with Citrobacter freundii – J123 that gave 13.2% higher cob diameter as compared to control. 
While, soil amended with rock phosphate showed non- significant (p≤0.05) increase (up to 2.6%) 
in cob diameter over uninoculated control treatment. 
4.8. 100-Grain weight 
All treatments showed a significant (p≤0.05) effect on 100-grain weight of maize as compared to  
uninoculated control treatment (Figure 4.1). Maximum 100-grain weight was recorded 33.8% 
when bacterial inoculation (Citrobacter freundii – J123) was tested in soil amended with rock 
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phosphate than control treatment. Next effective treatment was sole inoculation with Citrobacter 
freundii – J123 that exhibited 25.7% higher 100-grain weight and followed by rock phosphate 
amended soil that also gave 17.3% higher 100-grain weight in comparison to control treatment. 
4.9. Total chlorophyll content 
Results regarding total chlorophyll content revealed that all treatments showed a significant 
(p≤0.05) effect on total chlorophyll content as compared to uninoculated control treatment (Figure 
4.1). Maximum total chlorophyll content was obtained 22.8%when inoculation (Citrobacter 
freundii – J123) was tested in soil amended with rock phosphate than control treatment. The next 
effective treatment was sole inoculation with Citrobacter freundii – J123 that gave 19.9% higher 
total chlorophyll content and followed by rock phosphate amended soil that also gave 12.5% higher 
total chlorophyll content in comparison to control treatment. 
4.10. Transpiration rate 
As like to total chlorophyll content, all treatments showed a significant (p≤0.05) effect on 
transpiration rate than uninoculated control treatment (Figure 4.1). Highest transpiration rate was 
recorded up to 48.5% when bacterial inoculation with Citrobacter freundii – J123 was tested in 
soil amended with rock phosphate than control treatment. But next effective treatment was a sole 
inoculation (Citrobacter freundii – J123) that showed 34.2% more transpiration rate. 
4. 11. Photosynthetic rate 
All treatments showed a significant (p≤0.05) effect on photosynthetic rate of maize plant in 
comparison to uninoculated control treatment (Figure 4.1). Highest photosynthetic rate (up to 
56.3% over control) was recorded when bacterial inoculation (Citrobacter freundii – J123) was 
tested in soil amended with rock phosphate. Next effective treatment was sole inoculation 
(Citrobacter freundii – J123) that exhibited 35% higher photosynthetic rate and followed by rock 
phosphate amended soil that also gave 19.3%morephotosynthetic rate than uninoculated control 
treatment. 
4. 11. Phosphorus concentration in grain 
Phosphorus concentration in grain also recorded significantly (p≤0.05) higher in all treatments as 
compared to uninoculated control treatment (Figure 4.1). Highest phosphorus concentration in 
grain was recorded up to 55.3% because of bacterial inoculation with Citrobacter freundii – 
J123plus rock phosphate amended soil than control treatment. Next effective treatment was a sole 
inoculation (Citrobacter freundii – J123) that gave 44.7% higher phosphorus concentration in grain 
followed by rock phosphate amended soil that also exhibited 35.4% higher phosphorus 
concentration in grain as compared to un inoculated control treatment.  
4. 12. Phosphorus concentration in straw 
Phosphorus concentration in straw was obtained significantly (p≤0.05) higher in all treatments as 
compared to uninoculated control (Figure 4.1). Maximum increase in phosphorus concentration in 
straw was recorded (up to 51.7.3% more over control) due to bacterial inoculation with Citrobacter 
freundii – J123 plus rock phosphate amended soil. While treatment containing a sole inoculation 
(Citrobacter freundii – J123) also increased the phosphorus concentration in straw up to 41.6% 
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and then followed by rock phosphate amended soil that exhibited 27% more phosphorus 
concentration in straw than uninoculated control treatment.        
 
Discussion 
Chemical fertilizers are used to guarantee that crops receive the critical mineral elements they 
require for optimal growth and yield. Because of its role in energy transfer, signal transduction, 
respiration chain reactions, photosynthesis, and nitrogen fixation in legumes, phosphorus (P) is 
regarded the master critical element among the major plant nutrients [49]. Although the overall 
amount of P in the soil can be as high as 0.05 percent of the total soil content, it is frequently in 
inaccessible forms, with only 0.1 percent of the total P available to plants [50]. Although many 
forms of P fertilizers are used to promote soil P fertility, However, in acidic soils, most of the 
applied P created insoluble phosphates of Al3+ and Fe3+, whereas in alkaline soils, it formed Ca2+ 
[51]. P availability for crop plants was reduced as a result of the formation of these low solubility 
P complexes. Due to dwindling phosphate reserves, the price of phosphatic fertilisers has risen, 
putting additional output constraints on low-income farming populations in developing countries 
[52]. In comparison to a high-input intensive agriculture system, a multi-dimensional low-input 
approach is needed to increase soil health, environmental quality, and P bioavailability. According 
to Ashraf et al. (2009), poor P availability is closely linked to reduced application rates and/or 
significantly higher phosphatic fertiliser prices[53]. In Pakistan, low-quality RP is plentiful, but 
making soluble phosphatic fertiliser from it is an expensive procedure. Because of their low costs 
and great utilisation potential, the usage of RP as an alternative P source has expanded in recent 
years [54]. 
We employed low grade indigenous RP as a P source in this work to grow maize in alkaline 
calcareous soil utilising PSB. 
The control had the lowest P levels in stems, leaves, and grains, according to our findings. When 
RP was treated with PSB, P concentration in these plant tissues was significantly (P 0.05) higher 
than when RP and PSB were used alone. 
The addition of RP had no influence on the soil's bioavailable P concentration. However, soil 
inoculation with PSB resulted in the release of bioavailable P from RP throughout the period due 
to the release of organic acids by PSB and the accompanying fall in soil pH associated with the 
enhanced dissolution of RP and indigenous insoluble P. The findings are consistent with those of 
[55], who discovered that when RP was combined with Bacillus and Penicillin sp. microbial 
inoculants, soil P availability improved. Furthermore, according to[56] ,combining PSB with RP 
is an environmentally friendly P management technique involving P mobilisation. In general, 
several biochemical processes in soil, including as acidification, chelation, exchange reactions, 
and the generation of organic acids, turn insoluble P complexes into accessible P forms. By 
increasing accessible P concentration in soil and hence boosting P accumulation in aerial plant 
parts, the combination of these actions boosted the efficiency of administered RP [57]. 
These findings are consistent with those of [58], who found that combining RP with PSB yielded 
more beneficial results than RP alone. [59] discovered that PSB inoculation with RP resulted in 
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significantly greater P absorption in plants in other trials. [60] discovered that inoculating canola 
with P solubilizing bacteria increased yield and oil characteristics. In wheat, [61] found that using 
RP + PSM increased shoot biomass, yield, and P accumulation. In the presence of PSB, [62] found 
comparable results with Mussoorie RP. In both pot and field trials, replacing soluble phosphatic 
fertiliser up to 25% with RP showed to be a better strategy than NPK control, as evidenced by 
increased maize growth and yield. This could mean that 25% RP increased the availability of 
available P for plant uptake by acting as a source of available P while simultaneously reducing the 
fixation and insolubilization of P supplied as a commercial soluble phosphatic fertiliser (75 
percent). In the instance of NPK control, PSB inoculation proved to be less successful. The 
beneficial effects of PSB inoculation can be related to increased solubilization of the indigenous 
insoluble P component. [63, 64] findings are all in agreement with ours. PSB bio inoculants could 
be used as a cost-effective input to boost crop production by increasing the solubility of applied P 
fertiliser and decreasing its fixation in calcareous soils, thereby increasing the efficiency of applied 
P fertiliser [65]. 
PSB inoculation was found to be more effective when RP was substituted for 25% or 50% of the 
phosphatic fertiliser. This could be owing to PSB's increased activity, which resulted in the 
solubilization of phosphorus for plant uptake from either supplied or native phosphorus.  The 
improved microbial activities and greater provision of secondary and micronutrients in the RP and 
PSB treatments may account for the enhanced yield [58]. Previous research have found a high 
response to PSB inoculation in crops, indicating that inoculation with PSB can boost fertiliser 
efficacy even at modest rates [66]. It's possible that increased P bioavailability is due to the 
synthesis of organic acids, which reduce pH, and chelate cations linked to phosphate, which make 
P available for plant use, influencing plant development and soluble P availability. When tested in 
soil modified with phosphate rock, PSB inoculation was more successful. This could be because 
RP-P is released slowly and gradually for plant absorption over a longer period in the inoculated 
control treatment than in the uninoculated control treatment. [67] reported similar findings, 
claiming that using a greater dose of rock phosphate with PSB resulted in enhanced P availability 
due to better nutritional mineralization. The availability of P to the yield contributing attributes of 
maize was found to increase with increased yield attributing traits and yield with higher levels of 
rock phosphate with PSB inoculation [68]. The findings of this study are consistent with those of 
[69].  [70] who found that PGPR can be used in conjunction with lower levels of chemical 
fertilisers to boost crop yield on a cost-effective basis. 
In all of the trials, soil accessible P after harvest increased in response to RP and PSB inoculation 
compared to the NPK control. This could be owing to the fact that in the presence of PSB, 
administered soluble P is insolubilized/precipitated less. 
Furthermore, these treatments may have caused the insoluble fraction of P to become soluble. The 
findings are consistent with those of [71], who found that inoculation with PSB raised soil P levels, 
possibly due to increased PSB activity in the rhizosphere and greater solubilization of insoluble P. 
The efficacy of our tactics is demonstrated by the consistent performance of RP + bio inoculant in 
all pot and field testing. 
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It's possible that the improved performance is related to the fact that these PGPR have made 
indigenous soil P available to plants. Continuous usage of such tactics can aid not only in lowering 
the cost of pricey commercial phosphatic acid, but also in lowering the cost of phosphate fertiliser. 
Because of the improved carbon (OM) status of the soil, it is not only possible to improve overall 
soil health with fertilisers, but it is also possible to increase overall soil health without fertilisers. 
Keeping in view the above discussion, it is concluded that PGPR having phosphate solubilizing 
activity had shown good potential to solubilize P from rock phosphate and influenced maize 
growth and yield, in addition to its effect on the concentration of phosphorus, in different plant 
parts. Co-application of PGPR and rock phosphate Phosphate solubilizing activity held a lot of 
promise as a viable alternative to conventional P fertilisers, particularly in terms of RP 
consumption in calcareous soils. However, the findings must be confirmed in the field, and the 
economic feasibility of using rock phosphate must be investigated further. 
 
Future perspectives  
The bacterial inoculant employed in this study was evaluated in soil with rock phosphate to see if 
it could increase maize growth and yield in a pot experiment. While co-application of PGPR with 
P-solubilizing activity protects the plant from the impacts of nutrient shortage, some elements still 
require additional investigation. Crop production on problem soils requires a well-focused 
approach that considers the molecular and physiological aspects of nutrients. As a result, more 
research is needed to determine the efficiency of this technology in phosphorus-deficient field 
circumstances, which can include the following aspects to be investigated. 
 Find techniques to increase the population of efficient PGPR through seed inoculation or 

by soil application 
 Evaluating the degree to which soil physicochemical properties control the action of 

introduced PGPR strains. 
 Preparation of biofertilizer by using PGPR having phosphate solubilizing activity to 

enhance maize growth and yield under phosphorus deficient soil conditions. 
 Ecological limitations of this biotechnology may be reduced /or removed through selection 

of efficient bacteria containing phosphate solubilizing activity. 
 
Conclusion 
Phosphorus, after nitrogen, is the second most important nutrient for plant growth and 
development, regulating major metabolic activities such as cell division and enlargement, energy 
transfer, signal transduction, macromolecular biosynthesis, photosynthesis, respiration, and N2-
fixation. In general, soils contain only 0.02 percent to 0.5 percent total P, with only 0.1 percent of 
this P accessible to plants. Phosphorus is thus given to soils as soluble P fertilisers, of which only 
1% is used by plants and the rest is rapidly transformed into insoluble complexes by precipitation 
reactions with highly reactive Al3+ and Fe3+ in acidic soils and Ca2+ in calcareous soils. Because 
these metal ion complexes precipitated roughly 80% of the additional P fertiliser, the world's P 
utilisation efficiency is around 20% of applied P. Given the limited recovery of applied chemical 
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phosphatic fertilisers and their expensive cost, it has become critical to develop procedures for the 
solubilization of low-solubility P compounds. In this regard, the current study was carried out to 
see how rock phosphate, either alone or in combination with PSB, affected P concentration in plant 
tissues, as well as maize development and yield in alkaline calcareous soil. A pot experiment was 
carried out in the University College of Agriculture, University of Sargodha, Sargodha, Pakistan, 
for this aim. 
Sandy loam was employed in this pot experiment. Soil was collected from the top 15 cm of a 
farmed field, air dried, and sieved via a 2mm sieve before being filled into 40 kg bag-1 
experimental plastic bags. T1: Control (uninoculated), T2: P-solubilizing bacteria (PSB), T3: 
Phosphate rock (PR), and T4: PR + P-solubilizing bacteria were randomly assigned to five 
repetitions in a completely randomised design (CRD). 
Rock phosphate (2 g kg-1 of soil) was applied at the pot filling before sowing of maize seeds. Pre- 
isolated strain of plant growth promoting rhizobacteria (i.e. Citrobacter freundii – J123) having 
trait of P-solubilization was used to inoculate maize seed. All agronomic practices were followed 
uniformly for all the treatments. Appropriate plant protection measures were adopted to keep the 
crop free from weeds, insect pests and plants were harvested and data regarding growth (plant 
height, fresh biomass, root length, root dry weight) and yield parameters (cob diameter, number of 
grains per cob, 100-grain weight, grain yield, straw yield, P contents in grain and straw) while, 
chlorophyll content, transpiration rate, photosynthetic rate were recorded at silking stage        
of plants. After harvesting, plant and grain were prepared were separately and used for 
determination of N and P concentration. 
Results revealed that minimum P concentration in stems, leaves and grains was observed in 
control. However, when RP amended soil was tested with bacterial inoculation (PGPR having P- 
solubilizing activity), N and P concentration in shoot and grain was found significantly (P≤0.05) 
higher as compared to sole application of rock. Plant growth, yield and yield attributed of maize 
such as chlorophyll contents, transpiration contents, photosynthetic rate, root length, root dry 
weight plant height, biomass accumulation, cob diameter, grain N/P/K contents, straw N/P/K 
contents, number of grain per cob, 100-grain weight and grain yield per plant were markedly 
influenced by bacterial inoculation plus rock phosphate amended soil. 
So, it is concluded that PGPR having trait phosphate solubilization depicted good potential to 
solubilize phosphorus from rock phosphate and significantly promoted growth and yield of maize. 
In addition to its effect on the concentration of phosphorus in different plant parts, co- application 
of rock phosphate plus PGPR having phosphate solubilizing activity had a lot of promise as an 
efficient alternative for reducing application of conventional P fertilizers especially its 
effectiveness for the utilization of rock phosphate in calcareous soils. However, the results need to 
be confirmed under field conditions and the economic feasibility of rock phosphate application 
need to be worked out further. 
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