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1. Introduction 

 
Maize (Zea mays L.) is one of the world’s most 

important cereal crops, cultivated extensively 

across a broad range of agro-climatic zones due to 

its remarkable adaptability (Shiferaw et al., 2011). 

It serves as a staple food in many regions and 

provides raw material for industrial and livestock 

applications. In countries like India, more than 

85% of maize produced is consumed directly as 

human food, with grains processed into flour and 

incorporated into a variety of traditional dishes 

(Sharma and Misra, 2021). Nutritionally, maize 

grains are rich in carbohydrates and contain 

considerable amounts of vitamin A, niacin, 

riboflavin, and vitamin E, although the protein 

component, zein, is deficient in lysine and 

tryptophan - two essential amino acids required 

for human health (Vasal, 2000). 

Plant nutrition, which involves the study of 

essential mineral elements required for plant 

growth and reproduction, plays a fundamental role 

in crop productivity. Macronutrients such as 

nitrogen (N), phosphorus (P), and potassium (K) 

are vital for various physiological processes, 

including cell division, photosynthesis, and energy 

transfer (Marschner and Marschner, 2012). 
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A field experiment was conducted to evaluate the effectiveness of a phosphate-solubilising bacterium (PSB), 
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Among these, phosphorus ranks next to nitrogen 

in importance for crop growth. It plays a critical 

role in nucleic acid synthesis, energy metabolism 

via adenosine triphosphate (ATP), and the 

regulation of enzymatic processes (Tisdale et al., 

1993). An adequate supply of phosphorus in early 

plant growth stages is essential for root 

development and the initiation of floral primordia, 

ultimately influencing reproductive success 

(Sharma et al., 2022). However, phosphorus 

availability is often limited in soils due to its 

strong fixation with calcium, iron, and aluminum 

compounds, especially in alkaline and acidic soils 

(Hinsinger, 2001). This results in widespread 

phosphorus deficiency in many agricultural 

systems, leading to symptoms such as stunted 

growth, delayed maturity, and purple leaf 

pigmentation (Rashid et al., 2004). 

To address this issue sustainably, the application 

of phosphate-solubilising microorganisms (PSMs) 

has gained attention. These include diverse 

bacterial and fungal genera capable of 

transforming insoluble phosphates like tricalcium 

phosphate, hydroxyapatite, and rock phosphate 

into bioavailable forms through acidification, 

chelation, and enzymatic mechanisms (Rodríguez 

and Fraga, 1999; Liu et al., 2020). Among these, 

phosphate-solubilising bacteria (PSB) such as 

species of Bacillus, Pseudomonas, and Rhizobium 

have been widely studied for their efficiency and 

multifunctional roles in promoting plant growth 

(Khan et al., 2009; Sharma et al., 2021). These 

bacteria not only enhance phosphorus availability 

but also contribute to improved nutrient uptake, 

biomass accumulation, and yield through the 

secretion of plant growth-promoting substances 

like indole acetic acid (IAA), siderophores, and 

enzymes like ACC deaminase (Vessey, 2003). 

The integration of PSBs into fertilization regimes 

offers a promising alternative to reduce the 

overuse of chemical fertilizers and supports 

environmentally sound agricultural practices. 

Particularly, combining PSBs with reduced levels 

of chemical phosphorus fertilizers has shown 

potential to maintain or even enhance crop yield 

while minimizing environmental degradation 

(López-Arredondo et al., 2014; Singh and 

Prasanna, 2020). 

The present investigation focuses on the field 

evaluation of an efficient phosphate-solubilising 

bacterial isolate (PSB S-2), which had previously 

demonstrated high solubilisation potential under 

in vitro conditions. The study aimed to assess its 

impact on the growth and yield attributes of maize 

when applied as a seed inoculant, in combination 

with different levels of recommended dose of 

fertilizers (RDF), to determine its utility in 

integrated nutrient management under field 

conditions. 

2. Material and Methods 

2.1 Experimental site and soil characteristics 

A field experiment was conducted to evaluate the 

effectiveness of phosphate solubilising bacterial 

(PSB) inoculants on the growth and yield 

performance of maize (Zea mays L.) under black 

cotton soil conditions. The study was carried out 

at the experimental farm of the College of 

Agriculture, Raichur, Karnataka, India.  

The experimental site is located in the northern 

dry zone of Karnataka, characterized by black 

cotton soil (Vertisol) with good moisture retention 

capacity. 
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2.2 Procurement of bacterial isolates 

Two efficient PSB strains—one locally isolated 

and the other a standard reference strain—were 

obtained from the Department of Agricultural 

Microbiology, College of Agriculture, Raichur. 

These isolates had previously been screened and 

characterized for phosphate solubilisation 

potential under in vitro conditions. 

 

2.3 Preparation of PSB inoculants 

The bacterial cultures were grown in Pikovskaya’s 

liquid medium. The broth was prepared in 250 mL 

Erlenmeyer flasks, sterilized at 121°C for 30 

minutes, and subsequently cooled to ambient 

temperature. Each flask was inoculated with 1 mL 

of standardized bacterial suspension (10-⁸ CFU 

mL⁻¹) and incubated at 37°C on a rotary shaker at 

120 rpm for 72 hours. After the incubation period, 

the broth cultures were mixed thoroughly with 

sterilized lignite powder in a 1:1 ratio (w/v) to 

serve as a carrier material. The formulation was 

cured under shade for 24 hours and packed into 

sterile low-density polyethylene (LDPE) bags at 

200 g per packet. This formulation was used as the 

seed treatment bioinoculant. 

 

2.4 Seed treatment and field layout 

Maize seeds (cv. Hema hybrid) were surface-

sterilized using 0.1% mercuric chloride solution, 

rinsed with sterile distilled water, and air-dried. 

Treated seeds were coated uniformly with PSB 

inoculants using 10% jaggery solution as an 

adhesive.  

The experiment was laid out in a randomized 

complete block design (RCBD) with nine 

treatments replicated thrice. Each treatment 

represented a combination of PSB inoculation and 

graded levels of recommended dose of fertilizer 

(RDF). 

Treatments details 

T1 – Control   

T2 – PSB 

T3 – Reference PSB 

T4 – RDP 100% 

T5 – RDP 100% + PSB 

T6 – RDP 75% 

T7 – RDP 75% + PSB 

T8 – RDP 50% 

T9 – RDP 50% + PSB 

2.5 Growth parameter observations 

Plant growth observations were recorded at 30, 

60, and 90 days after sowing (DAS) and at the 

harvest stage to evaluate the influence of 

phosphate solubilising bacterial inoculants on 

maize development. Five plants were randomly 

selected and tagged in each plot for detailed 

measurements. The number of fully developed 

green leaves per plant was counted manually to 

assess vegetative vigor. Leaf chlorophyll 

concentration was measured using a SPAD-502 

chlorophyll meter (Konica Minolta, Japan). For 

each plant, SPAD readings were taken from the 

uppermost fully expanded leaf at three different 

positions, and the average was considered as the 

representative value. These measurements were 

conducted consistently across all growth stages to 

monitor the photosynthetic status of the plants 

throughout the crop cycle. 

2.6 Yield attributes and harvest observations 

At the time of harvest, several yield-related 

parameters were assessed to determine the effect 

of PSB inoculation on reproductive performance 

and productivity of maize. The number of cobs 

produced per plant was recorded, followed by 

measurements of cob length using a standard 

ruler. The number of kernel rows per cob and the 
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number of grains per row were counted to 

estimate grain setting efficiency, and the total 

number of grains per cob was calculated 

accordingly. Grain weight per cob was determined 

after manual threshing and drying to uniform 

moisture content. The 100-seed weight (test 

weight) was measured from a randomly selected 

grain sample and adjusted to 12% moisture 

content to ensure accuracy and comparability. 

Finally, the grain and stover yields were 

determined from the net plot area and extrapolated 

to a per hectare basis. These comprehensive yield 

measurements helped establish the relationship 

between bacterial inoculation, plant nutrition, and 

crop productivity under field conditions. 

3. Results and Discussion 

3.1 Effect of phosphate solubilising bacteria on 

number of leaves 

The application of efficient phosphate solubilising 

bacterial (PSB) isolates had a notable and 

statistically significant effect on the number of 

leaves produced by maize plants at different stages 

of growth. Among the treatments, the maximum 

number of leaves per plant was recorded at 30 

days after sowing (DAS) in the treatment 

receiving inoculation with the efficient PSB 

isolate PSB-S-2 combined with 75% of the 

recommended dose of phosphorus (RDP), which 

recorded 7.47 leaves per plant. This was 

significantly higher than both the treatment 

involving inoculation with the reference PSB 

strain (5.60 leaves per plant) and the uninoculated 

control (5.40 leaves per plant). The enhanced leaf 

development trend continued consistently across 

later growth stages and was evident up to the 

harvest (Table 1). 

This increase in leaf production can be attributed 

to the role of PSB in improving phosphorus 

availability in the rhizosphere. Phosphorus is one 

of the key macronutrients influencing root 

development and photosynthetic activity, which in 

turn supports enhanced vegetative growth. Ahmad 

et al. (2009) also observed similar improvements 

in plant height, number of leaves, and pod 

formation in chickpea due to PSB inoculation. 

Enhanced leaf production in cowpea plants was 

similarly reported by Nagaraju et al. (1995), 

particularly when PSB inoculants were applied in 

conjunction with rock phosphate (RP), leading to 

greater solubilisation of unavailable phosphorus 

forms and improved nutrient uptake. Tomar et al. 

(1993) also reported increased branching and 

foliage development due to enhanced rhizospheric 

P availability facilitated by P-solubilising 

microorganisms. According to Jat and Mali 

(1992), phosphorus application stimulates 

meristematic activity and photosynthetic 

efficiency, both of which are essential for leaf 

initiation and expansion. These earlier findings 

corroborate the present study’s observation that 

PSB-S-2, when combined with partial RDP, 

creates an optimal nutrient environment conducive 

to vigorous vegetative growth. 

3.2 Chlorophyll content of maize leaves 

Chlorophyll content is a direct indicator of the 

photosynthetic potential and physiological health 

of the plant. In the present investigation, the 

treatment involving PSB inoculation along with 

75% RDP (T7) exhibited a significant increase in 

leaf chlorophyll concentration, especially at 60 

DAS. The SPAD values in this treatment were 

statistically superior to those recorded in the 

uninoculated control and the treatment with 

reference PSB alone (Table 1). The improved 

chlorophyll content is likely the result of enhanced  
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phosphorus availability, which plays a key role in 

energy transfer and photosynthesis. Phosphorus is 

involved in the synthesis of ATP and nucleic  

acids, and its availability directly influences the 

production of photosynthetic pigments. 

These results align with the findings of 

Madhaiyan et al. (2004), who reported increased 

photosynthetic activity in plants inoculated with 

beneficial microbes, including PSB. Their study 

demonstrated that such inoculations could 

increase chlorophyll concentration, the number of 

stomata, and the accumulation of organic acids 

like maleic acid, which support photosynthetic 

function and overall plant vigor. Improved 

chlorophyll content in the present study suggests 

that PSB inoculation not only supports nutrient 

acquisition but also enhances physiological 

processes related to plant productivity. 

3.3 Influence of PSB inoculation on yield 

parameters 

A significant improvement in yield attributes was 

observed due to the inoculation of the efficient 

PSB isolate PSB-S-2 in combination with 75% 

RDP. This treatment resulted in the highest values 

for several key yield components. The number of 

kernel rows per cob was 18.91, and the number of 

grains per row reached 35.47, resulting in an 

average of 543.33 grains per cob. The grain 

weight per cob was also enhanced (121.00 g), 

along with a test weight of 26.47 g. The same 

treatment recorded an average of 1.17 cobs per 

plant, cob length of 19.27 cm, and cob weight of 

98.43 g per plant, all of which were significantly 

higher than other treatment combinations, 

including the uninoculated control and the 

treatment receiving only reference PSB. 

Interestingly, although the treatment involving 

100% RDP with or without PSB inoculation also 

performed well, it was statistically on par with T7, 

indicating that the combination of PSB-S-2 with 

75% RDP was sufficient to match the 

performance of full-dose fertilizer applications. 

This demonstrates the potential of bioinoculants 

like PSB to reduce the need for chemical 

Table 1: Influence of efficient strain of phosphate solubilising bacteria on the Number of leaves plant-1, 

Chlorophyll content of maize leaves at different growth stages 

Treatments 

Number of leaves plant-1 Chlorophyll content (SPAD value) 

30 

DAS 

60 

DAS 

90 

DAS 

At 

harvest 

30 

DAS 

60 

DAS 

90 

DAS 

At 

harvest 

T1 - Control  21.82 22.60 23.75 22.37 5.40 10.47 11.07 11.13 

T2 - PSB  22.82 24.54 25.63 24.03 5.73 11.07 11.87 11.93 

T3 - Reference PSB 22.26 24.28 24.78 23.55 5.60 10.53 11.43 11.50 

T4 - RDP 100% 29.80 29.87 30.59 29.15 7.32 13.87 14.07 14.13 

T5 - RDP 100% + PSB 30.70 30.76 31.00 30.29 7.33 14.07 14.40 14.47 

T6 - RDP 75% 25.41 25.71 28.45 25.90 6.47 11.67 12.80 12.87 

T7 - RDP 75% + PSB 31.17 31.82 32.30 31.33 7.47 14.13 14.87 14.93 

T8 - RDP 50%  24.50 25.24 26.59 24.75 6.27 11.47 12.33 12.47 

T9 - RDP 50% + PSB 26.22 26.40 28.88 26.17 6.53 12.40 13.53 13.60 

S.Em± 0.79 0.95 1.21 1.19 0.22 0.35 0.39 0.40 

C.D at 5% 2.30 2.77 3.53 3.49 0.63 1.04 1.13 1.18 

Note: Values are mean of three replications, PSB - Phosphate Solubilising Bacteria, DAS – Days After Sowing 



220            RAMA & MAHADEVASWAMY, Evaluation of Phosphorus Solubilising Bacteria   

 

CURR. INNOV. AGRI. SCI., 1(3), OCTOBER, 2024 

 

fertilizers while maintaining or even enhancing 

crop productivity. 

The results are in agreement with Wu et al. 

(2005), who documented significant increases in 

maize yield and improvement in soil properties, 

including organic matter content, following the 

application of PSB. Similarly, Balsubramanian 

and Subramanian (2006) observed enhanced grain 

yield in rice due to silicate solubilising bacterial 

inoculation, where treated plots yielded 5218 kg 

ha⁻¹ compared to 4419 kg ha⁻¹ in control 

treatments. These findings reinforce the present 

study’s outcomes, highlighting that microbial 

inoculants not only support plant nutrition but also 

positively influence the soil microbiome and 

nutrient cycling, resulting in improved yield 

(Table 2). 

Increased phosphorus availability from PSB 

activity enhances root development and nutrient 

uptake, which are critical during the reproductive 

stages of maize. The resulting improvements in 

cob formation, grain setting, and grain filling 

demonstrate the cascading benefits of microbial 

biofertilizers on crop performance. Furthermore, 

the use of PSB in combination with reduced levels 

of chemical fertilizers offers a sustainable and 

eco-friendly approach to crop production, 

reducing input costs and environmental impact. 

4. Conclusion 

The present study clearly demonstrates that the 

inoculation of maize seeds with an efficient 

phosphate solubilising bacterial isolate (PSB-S-2), 

in combination with 75% of the recommended 

dose of phosphorus, significantly enhanced plant 

growth and yield attributes under field conditions 

in black cotton soil. The results indicated that this 

treatment notably improved critical growth 

parameters such as the number of leaves and 

chlorophyll content at various crop stages, 

highlighting improved vegetative vigour and 

photosynthetic capacity. Furthermore, yield-

contributing traits including number of rows per 

Table 2: Number of rows cob-1, Number of grains row-1, Number of grains cob-1, Grain weight cob-1 and 

Test weight, Number of cobs plant -1, Cob length, Cob weight of maize as influenced by the 
application of PSB  

Treatments 
Number 
of rows 

cob-1 

Number 
of grains 

row-1 

Number 
of grains 

cob-1 

Grain 
weight 

cob-1 (g) 

Test 
weight  

(g) 

Number 
of cobs 

plant-1 

Cob 
length 

(cm) 

Cob 

weight 
(g/plant) 

T1 – Control   17.36 28.92 475.33 98.67 24.21 1.00 15.40 71.43 
T2 – PSB 17.51 29.67 498.33 108.00 24.96 1.00 16.85 78.40 

T3 – Reference PSB 17.43 29.28 482.67 104.00 24.55 1.00 16.55 74.43 

T4 – RDP 100% 18.57 33.27 540.00 119.33 26.12 1.10 18.39 96.83 

T5 – RDP 100% + PSB 18.80 34.20 542.33 120.00 26.23 1.13 18.78 97.23 

T6 – RDP 75% 17.73 31.80 521.67 114.67 25.67 1.00 17.13 86.30 

T7 – RDP 75% + PSB 18.91 35.47 543.33 121.00 26.47 1.17 19.27 98.43 

T8 – RDP 50% 17.69 30.07 517.67 112.00 25.59 1.00 16.99 82.53 

T9 – RDP 50% + PSB 17.87 32.91 530.67 117.00 25.70 1.13 17.30 88.23 

S. Em ± 

C.D at 5% 

0.29 

0.83 

0.79 

2.32 

1.27 

3.70 

0.61 

1.78 

0.22 

0.64 

0.05 

NS 

0.66 

1.92 

0.71 

2.08 

Note: Values are mean of three replications 
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cob, grains per cob, cob weight, test weight, and 

grain yield were significantly increased compared 

to uninoculated control and even the reference 

PSB strain. 

The ability of PSB-S-2 to enhance phosphorus 

availability in the rhizosphere contributed to better 

nutrient uptake, which translated into improved 

physiological and agronomic performance. The 

treatment with PSB-S-2 + 75% RDP was on par 

with 100% RDP, suggesting that the use of 

efficient PSB can partially substitute chemical 

phosphorus fertilizers, offering a more sustainable 

and cost-effective alternative. These findings 

reinforce the potential of using microbial 

inoculants like PSB as a viable component of 

integrated nutrient management strategies for 

maize, ensuring higher productivity with reduced 

dependence on synthetic fertilizers while 

maintaining soil health and environmental 

sustainability. 
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