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Introduction 
 

Sugarcane, one of very important cash crops, 

is cultivated across the globe especially in the 

tropical and sub-tropical regions. The sugar 

industries rely on sugarcane as the major 

source of raw material. As per FAO (2015), 

1800 million tonnes of sugarcane is produced 

annually at the world level. Worldwide, India 

ranks number two in sugarcane production 

after Brazil, which produces the maximum 

amount of sugarcane. However, the 

production depends on many agronomic 

factors including the availability of various 

plant nutrients. Phosphorus is an essential 

nutrient and forms an inseparable component 

of various crucial biomolecules like 

phospholipids, nucleic acids, ATP etc and 

hence is an integral part of the metabolism. 

Sugarcane cultivation requires 15-20kg 

phosphorus/100t of cane (http://www.yara. 

in/crop-nutrition/crops /sugarcane/key-facts/ 

nutritional-summary/). Insufficient amount of 

available phosphorus can severely impair the 

growth and productivity of plants (Plénet et 

al., 2000a, Plénet et al., 2009b; Prejambada et 

al., 2009; Victoria et al., 2009). However, 

most of the soils do not have sufficient amount 

of phosphorus so the farmers apply chemical 

fertilizers which in turn adds financial burden 
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In the present study isolation of phosphate Solubilizing Bacteria was carried out from 

rhizosphere soil sample of sugarcane plants. A total of 22 bacterial isolates were obtained 

which were subjected to primary screening and secondary screening. On the basis of 

secondary screening two isolates viz. SCRU2 and SDRB4 were selected and conditions for 

maximum phosphate solubilization were optimized. The best suitable conditions were as 

follows: carbon source-glucose, nitrogen source- ammonium nitrate, pH-7 and incubation 

period- 96 hours. The isolates were then tested morphologically and biochemically to 

partially characterize them and they showed similarity with the genera Bacillus (SCRU2) 

and Pseudomonas (SDRB4). 
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on the farmers apart from adversely impacting 

the environment (Maheshwar and Sathiyavani, 

2012). Moreover a very less amount of the 

added fertilizer is actually utilized by the 

plants and as much as 75 to 90% gets 

precipitated by iron, aluminum and calcium 

complexes present in soils and thus become 

insoluble and unavailable to plants (Turan et 

al., 2006).  

 

Phosphate solubilizing microorganisms can be 

a possible solution to these problems. 

Whiltelaw (2000) have described strains from 

bacterial genera Pseudomonas, Bacillus, 

Rhizobium and Enterobacter along with the 

fungi like Penicillium and Aspergillus as the 

most powerful phosphate solubilizers. Some 

of the bacteria like Azospirillum, 

Burkholderia, Alcaligenes, Acinetobacter, 

Flavobacterium etc. have also been found to 

possess good phosphate solubilizing activity 

(Rodríguez and Fraga, 1999).These 

microorganisms use a variety of mechanisms 

like secretion of chelating agents, acidification 

by producing an array of organic and 

inorganic acids and thus convert the insoluble 

phosphate into bioavailable soluble form 

(Kundu et al., 2009; Delvasto et al., 2008)  

 

Therefore, Phosphate solubilizing 

microorganisms can be used as inoculants to 

increase crop yield by solubilizing insoluble P 

in soils. Many of these microbes also possess 

many additional plant growth promoting 

attributes like nitrogen fixation, production of 

phytohormones, acting as antagonists towards 

phytopathogens. There are many reports of 

isolation of various phosphate solubilizing 

bacteria from rhizospheres of a variety of 

plants like rice (Islam et al., 2006), groundnut 

(Maheshwar and Sathiyavani, 2012; Kuntia et 

al., 2014), black peper (Ramachandran et al., 

2007), wheat (Thakur and Putatunda, 2017) 

Trigonella (Neelam and Meenu, 2003), 

sunflower (Patel and Parmar, 2013). Sundara 

et al., (2002) studied the effect of applying the 

phosphate solubilizing bacterial culture of B. 

megatherium var phosphaticum to sugarcane 

and observed enhancement of number of 

tillers, increase in stalk population and stalk 

weight, ultimately resulting in increase in 

sugarcane yield. These researchers also 

reported that the application of PSB along 

with phosphate fertilizer resulted in 25% 

decrease in the required dosage of phosphorus. 

 

Materials and Methods 

 

Isolation of Phosphate solubilizing Bacteria 
 

A total of four soil samples were collected 

from rhizosphere of sugarcane. Two samples 

were collected from the sugarcane fields of 

Una (Himachal Pradesh, India) at the distance 

of 5 Km from each other, and two samples 

were obtained from Bathinda (Punjab, India) 

separated by a distance of 4 Km. The bacterial 

isolates were obtained by spreading the 

appropriately diluted soil samples on 

Pikovskaya’s medium plates (Pikovskaya, 

1948) containing insoluble phosphorus in the 

form of tricalcium phosphate. The bacterial 

isolates obtained were purified by re-streaking 

and stored in refrigerated conditions at 4
o
C on 

slants till further use. 

 

Screening of bacterial isolates 
 

All the purified phosphate solubilising 

bacterial strains obtained were spotted and 

incubated over Pikovskaya’s media and zone 

of hydrolysis and colony diameter were 

measured. The phosphate solubilization 

efficiency (PSE) was calculated on the basis 

of colony size and zone of phosphate 

solubilization as per the given formula given 

by Kundu et al., (2009). All the bacterial 

isolates were further subjected to secondary 

screening by evaluation of solubilisation of 

insoluble phosphorus into soluble form in 

Pikovsakya’s broth under agitated conditions 

at 37 
O
C and incubation period of 72 hours by 
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the method described by Narveer et al., 

(2014). The quantity of solubilized 

phosphorus in the supernatant was assessed by 

John’s (1970) method. The best two isolates 

were used for subsequent experiments. 

 

Optimization of conditions 

 

Various cultural conditions like incubation 

period, pH, carbon source and nitrogen source 

were varied one factor at a time to analyze 

their impact on the phosphate solubilisation 

efficiency of the selected isolates. 

 

Partial Characterization of selected isolates 

 

Selected strains were characterized for various 

morphological and biochemical characteristics 

according to Bergey's manual of systematic 

bacteriology. 

 

Results and Discussion 

 

In the present investigation, a total of twenty 

two isolates were obtained from all the four 

soil samples. From the sample taken from 

Bathinda (Punjab), seven isolates were 

obtained while the other sample from 

Bathinda (Punjab) yielded five isolates. From 

the two sugarcane rhizosphere soil samples 

collected from Una (Himachal Pradesh), five 

bacterial isolates each were obtained. 

Lamizadeh et al., (2016) reported isolation of 

40 phosphate solubilizing bacterial isolates 

from sugarcane plants growing in saline and 

non-saline conditions and identified the most 

promising isolates to be members of the 

genera Enterobacter, Paenibacillus and 

Pseudomonas. Awais et al., (2017) have 

isolated fifteen phosphate solubilizing 

bacterial isolates from rhizosphere of rice and 

sugarcane which were also found to be 

capable of Indole acetic acid production. 

Some of these isolates also possessed anti-

fungal activity. 

All the twenty two isolates were subjected to 

primary screening by plate assay method and 

the phosphate solubilization efficiency 

(PSE%) was calculated. Maximum PSE 

ranging between 150 to 200% was shown by 

isolates like SCRU3, SCRU4 and SCRU5 

while in case of SARB3 only 9% PSE was 

observed. Also, in case of isolates like 

SARB1, SARB2 no zone of phosphate 

solubilization was observed. The primary 

screening was followed by secondary 

screening under liquid culture conditions as 

many workers have questioned the reliability 

of plate assay method for screening of 

phosphate solubilizing bacteria since some of 

the isolates which do not show clear zone 

formation may be having the ability to 

solubilize a good amount of phosphorous in 

liquid medium (Johnston, 1952; Yadav and 

Dadarwal, 1997; Balamurgan, 2010; Kundu et 

al., 2009; Saini et al., 2015). The isolates 

SCRU2 and SDRB4 showed the best results 

(14.4 µg/ml and 13.8 µg/ml respectively) in 

terms of phosphate solubilization during 

secondary screening and hence were selected 

for further experimentation.  

 

The phosphate solubilization efficiency is 

impacted by many cultural conditions like 

incubation period, pH, nutrients etc. So, in 

order to ascertain the effect of incubation 

period, the selected isolates were incubated for 

different time intervals. It was observed that 

both the isolates, the amount of phosphate 

solubilization increased with increase of 

incubation period till 96 hours.  

 

On further incubation, there was very slight 

enhancement of activity (Fig-1). Similar 

results have also been obtained by Narveer et 

al., (2014), Thakur and Putatunda (2018). 

However, many workers have reported much 

longer incubation period of 10 days or more to 

be suitable for microbial phosphate 

solubilization (Sahu et al., 2007; Sridevi & 

Mallaiah, 2009). 
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Fig.1 Effect of incubation period on the phosphate solubilization activity (µg/ml) of the selected 

isolates SCRU2 and SDRB4 

 

 
 

Fig.2 Effect of pH on the phosphate solubilization activity (µg/ml) of the selected isolates 

SCRU2 and SDRB4 
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Fig.3 Effect of carbon source on the phosphate solubilization activity (µg/ml) of the selected 

isolates SCRU2 and SDRB4 

 

 
 

Fig.4 Effect of nitrogen source on the phosphate solubilization activity (µg/ml) of the selected 

isolates SCRU2 and SDRB4 

 

 
 

In case of pH, the maximum solubilization 

was observed in case of pH 7.0 in both the 

isolates, although comparable values were 

observed in pH 6 and 5 also (Fig 2). However, 

on going beyond 5, i.e. pH 4.0 and 3.0 on the 

acidic side and also in the alkaline pH of 8.0 

and 9.0, a conspicuous drop in the phosphate 

solubilization was observed in case of both 

the isolates. The neutral pH has been found to 

be suitable for microbial phosphate 

solubilization by many workers (Chen et al., 

2005; Xiang et al., 2011; Yu et al., 2011). 
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The nutrients like carbon source and nitrogen 

source have also been found to be crucial for 

the phosphate solubilizing activity of 

microbes. In the present investigation, both 

the isolates i.e. SCRU2 and SDRB4 were 

found to exhibit maximum phosphate 

solubilization with glucose followed by 

fructose (Fig 3). Lesser activity was observed 

in case of the complex carbon source like 

starch and sucrose (a disaccharide). This is in 

agreement with reports by many workers who 

have observed glucose to be the preferred 

carbon source for phosphate solubilizing 

microbes (Pandey et al., 2006; Patel et al., 

2008; Balamurugan et al., 2010). This could 

be because of the reason that glucose being 

the simplest and readily usable carbon source 

yields better microbial activity. In order to 

assess the effect of nitrogen, both organic and 

inorganic forms of nitrogen were tested. It 

was observed that over all the inorganic 

sources resulted in better phosphate 

solubilization as compared to the organic 

ones.  

 

In case of SCRU2 as well as SDRB4, the 

maximum phosphate solubilization was 

observed in case of ammonium nitrate. 

Ammonium salts have been reported by 

several workers to be favored by the 

phosphate solubilizing microbes (Illmer and 

Schinner, 1992; Lapeyrie et al., 1991; Kumari 

and Gupta 2013). On growing the isolates in 

optimized conditions, the phosphate 

solubilization activity of SCRU2 isolate 

increased to 18.7 µg/ml of phosphorous and 

that of the isolate SDRB4 increased to 19.6 

µg/ml of phosphorous.  

 

Both the isolates were characterized on the 

basis of some morphological and biochemical 

characteristics. The bacterial isolate SDRB4 

was found to be gram negative, rod shaped, 

motile, no spore formation, Indole negative, 

methyl red negative, voges-proskauer 

negative, urease negative, citrate positive, 

glucose and lactose non fermenting, Catalase 

positive. So, anything cannot be said 

conclusively about its identity but it does 

resemble Pseudomonas. On the other hand, 

the isolate SCRU2 was gram positive, acid 

fast negative, rod shaped, spore forming, 

methyl red positive, voges-proskauer 

negative, Indole negative, urease positive, 

citrate positive, and catalase positive. So, it 

appears that this isolate is a member of genus 

Bacillus. 

 

The present investigation was carried out with 

the aim of isolation and characterization of 

Phosphate solubilizing bacteria from 

rhizosphere soil of sugarcane plant. A total of 

22 bacterial isolates were obtained, out of 

which the two showing maximum phosphate 

solubilization (SCRU2 and SDRB4) were 

selected for further studies. These isolates 

showed maximum phosphate solubilization 

with glucose as the carbon source, ammonium 

nitrate as the nitrogen source, pH 7 and 

incubation period of 96 hours. So, more 

research is required to analyze the in vivo 

phosphate solubilization efficiency of these 

isolates in order to ascertain their possible 

application as biofertilizers. 
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