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EEnntteerroobbaacctteerr  ccaanncceerrooggeennuuss  iissoollaatteedd  ffrroomm  rrhhiizzoosspphheerree  ssooiill  ooff  llooccaall  wweeeedd  ppllaannttss  
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AABBSSTTRRAACCTT  

  

AA  ssttuuddyy  wwaass  uunnddeerrttaakkeenn  ttoo  iinnvveessttiiggaattee  tthhee  aabbiilliittyy  ooff  pphhoosspphhaattee  ssoolluubbiilliizziinngg    bbaacctteerriiaa  ttoo  ssoolluubbiilliizzee  

iinnssoolluubbllee  pphhoosspphhaattee..  EEiigghhtt  pphhoosspphhaattee  ssoolluubbiilliizziinngg  bbaacctteerriiaa  wweerree  iissoollaatteedd  ffrroomm  tthhee  rrhhiizzoosspphheerree  

ssooiill  ooff  wweeeedd  ppllaannttss  ((MMoorriinnddaa  ttiinnccttoorriiaa  aanndd  PPrroossooppiiss  jjuulliifflloorraa))..  AAmmoonngg  tthhee  eeiigghhtt  pphhoosspphhaattee  

ssoolluubbiilliizziinngg  oorrggaanniissmmss,,  tthhee  eeffffiicciieenntt  pphhoosspphhaattee  ssoolluubbiilliizzeerr  wwaass  iiddeennttiiffiieedd  aass  EEnntteerroobbaacctteerr  

ccaanncceerrooggeennuuss  bbaasseedd  uuppoonn  tthhee  mmoorrpphhoollooggiiccaall  aanndd  bbiioocchheemmiiccaall  cchhaarraacctteerriizzttiiccss  aanndd  iitt  uusseedd  ffoorr  

ffuurrtthheerr  eexxppeerriimmeennttaall  aannaallyyssiiss..  TThheenn  tthhee  ppootteenntt  bbaacctteerriiaall  ggrroowwtthh  aanndd  pphhoosspphhaattee  eennzzyymmee  aaccttiivviittyy  

wwaass  ooppttiimmiizzeedd  tthhrroouugghh  vvaarriioouuss  pprroocceessss  ppaarraammeetteerrss..  TThhee  pprroocceessss  ppaarraammeetteerrss  ssuucchh  aass  ccaarrbboonn  

ssoouurrcceess,,  nniittrrooggeenn  ssoouurrcceess,,  vvaarriiuuooss  ppHH,,  tteemmppeerraattuurree,,  ttrriiccaallcciiuumm  pphhoosspphhaattee,,  ssooddiiuumm  cchhlloorriiddee  aanndd  

ssuuppeerr  pphhoosspphhaattee  ffoorr  tthhee  mmeeaassuurreemmeenntt  ooff  ggrroowwtthh  aanndd  eennzzyymmee  aaccttiivviittyy..  MMaaxxiimmuumm  aaccttiivviittyy  wwaass  

eelliicciitteedd  aatt  4400
00
CC..  AAmmoonngg  tthhee  tteesstteedd  ppHH,,  tthhee  eennzzyymmee  aaccttiivviittyy  ooff  EEnntteerroobbaacctteerr  ccaanncceerrooggeennuuss  wwaass  

hhiigghh  aatt  ppHH  77  iinn  PPVVKK  bbrrootthh..  TThhee  eenndd  rreessuulltt  ooff  vvaarriioouuss  ccaarrbboonn  ssoouurrcceess  oonn  eennzzyymmee  aaccttiivviittyy  

iinnddiiccaatteedd  tthhaatt  tthhee  hhiigghheesstt  eennzzyymmee  aaccttiivviittyy  wwaass  nnoottiicceedd  iinn  mmeeddiiuumm  aaddddeedd  wwiitthh  ddeexxttrroossee..  TThhee  

eeffffeecctt  ooff  vvaarriioouuss  nniittrrooggeenn  ssoouurrcceess  oonn  tthhee  pphhoosspphhaattee  ssoolluubbiilliizzaattiioonn  iinnddiiccaatteedd  tthhaatt  tthhee  aammmmoonniiuumm  

mmoollyybbddaattee  sshhoowweedd  mmaaxxiimmuumm  PP  ssoolluubbiilliizzaattiioonn..  MMaaxxiimmuumm  eennzzyymmee  aaccttiivviittyy  wwaass  rreeccoorrddeedd  aatt  

ccoonncceennttrraattiioonn  ooff  00..4400%%  iinn  ssooddiiuumm  cchhlloorriiddee  aaddddeedd  mmeeddiiuumm..  

  

KKeeyywwoorrddss::  PPhhoosspphhaattee  ssoolluubbiilliizziinngg  bbaacctteerriiaa,,  WWeeeedd  ppllaannttss,,  MMoorriinnddaa  ttiinnccttoorriiaa  aanndd  PPrroossooppiiss  

jjuulliifflloorraa  
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INTRODUCTION 

PGPB are defined as free living soil, rhizosphere, rhizoplane, endophytic and phylosphere 

bacteria that are beneficial for plants under certain conditions (Bashan and De-Bashan, 2005). 

PGPB generally provide natural and harmless means of improving the growth, yield of crops and 

minimize the use of agrichemicals. PGPR use one or more direct mechanism to improve the 

plant growth. These mechanisms include improvement of nutrient uptake by phosphate–

solubilization, N2 fixation and phytohormone production like indole -3- acetic acid. Biological 

control of plant pathogens and deleterious microbes, through the production of antibiotics, lytic 

enzyme, hydrogen cyanide and siderophore or through competition for nutrient and space can 

significantly improve plant health and promote growth by increasing of seedling emergence, 

vigor and yield (Antoun et al., 2001) 

Phosphate solubilizers are economical, ecofriendly and have greater agronomic utility to 

compensate the expensive inorganic sources of P fertilizers. Phosphate solubilizing 

microorganisms (PSM) have attracted attention in semi arid regions and endowed to enhance the 

crop yields (Fasim et al., 2002; Khan et al., 2006). Phosphate solubilizing microorganisms have 

established their role under nutrient inequity conditions. (Iguala et al., 2001). Phosphate 

solubilizing bacteria (PSB) are the group of PGPR in rhizosphere. Secretion of organic acids and 

phosphatases to solubilize insoluble phosphate to soluble forms are common in this group (Kim 

et al., 1998). Although several phosphate solubilizing bacteria occur in soil, their numbers are 

not adequate to compete with other bacteria commonly established in the rhizosphere (Glick et 

al., 1995).  

Phosphate solubilizing bacteria (PSB) are the group of PGPR in rhizosphere. Secretion of 

organic acids and phosphatases to solubilize insoluble phosphate to soluble forms are common in 

this group (Kim et al., 1998). Although several phosphate solubilizing bacteria occur in soil, 

their numbers are not adequate to compete with other bacteria commonly established in the 

rhizosphere (Glick et al., 1995). Hence the present study was to investigate the phosphate 

solubilizing potential of phosphate solubilizing bacterial strain isolated from rhizosphere soil 

sample of local weed plants and its growth characterization. 
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MATERIALS AND METHODS 

Isolation and screening of phosphate solubilizing bacteria from rhizosphere soil sample 

The rhizosphere soil samples were collected and transferred under sterile conditions to 

laboratory. Zero point one milliliter of the soil samples was spread on modified Pikovskaya agar 

plates for phosphate solubilization assay as described by Nautiyal [5]. Bacterial colonies forming 

halo zones around the bacterial growth were considered to be phosphate solubilizers. 

 

Measurement of culture growth and phosphatase activity 

Selected efficient bacterial strain was inoculated in the Pikovskayas agar medium and incubated 

at 37
0
C. Growth and enzyme activity were assessed for 24 hours. 

 

Effect of pH on growth   

The effect of pH on candidate bacterium was determined by culturing the bacterium with 

different pH (2-10) and incubated at 37
o
C for 24 hours. After incubation, growth was observed 

by measuring the absorbance at 405 nm.  . 

Effect of various pH on phosphatase activity 

 The phosphate solubilising positive colonies were inoculated in Pikovskaya’s broth and 

maintained in different pH (2-10) and incubated at 37
o
C for 24 hours and kept in shaker. After 

incubation, the culture was centrifuged for the crude enzyme. The crude enzyme activity was 

analyzed as mentioned by Black et al., (1999).   0.5 ml of 10mM p-nitrophenyl phosphate 

(PNPP) and 0.4ml of Tris-Malate buffer (for acid phosphatase the buffer was maintained at pH 

5.2 and for alkaline phosphatase, pH 8.5) was taken in a test tube and incubated at 37
0
C for 5 

min. Later, 0.1 ml of enzyme was added and incubated for further 5 min. The reaction was 

stopped by adding 2 ml of sodium carbonate. Similarly for blank, the sodium carbonate was 

added before adding the enzyme and absorbance was measured at 405 nm. The standard curve 

was generated by using 1ml of P-nitro phenol and 2 ml of sodium carbonate as standard. 
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Effect of temperature on growth   

The effect of temperature on growth of candidate bacterium was inoculated in Pikovskaya’s 

broth and incubated at different temperatures such as 10
0
C to 50

0
C for 4 days. Growth of culture 

was measured by using absorbance in spectrometer at 405 nm. 

 

Effect of temperature on phosphatase activity      

The effect of temperature on phosphatase activity by Enterobacter cancerogenus was studied by 

altering the incubation temperature. After incubation, the culture was centrifuged and crude 

enzyme activity was studied as mentioned earlier by Black et al.,(1999). 

 

Effect of various carbon sources on growth 

Different carbon sources such as arabinose, galactose,  fructose, lactose, dextrose were added in 

the Pikovskaya’s broth separately in the concentration of 1% in the medium.  Here culture broth 

of Enterobacter cancerogenus was inoculated in to the culture media and incubated at 37
0
C for 4 

days. Growth of cultures was measured using absorbance in spectrometer at 405 nm. 

 

Effect of various carbon sources on phosphatase activity 

The effect of carbon sources on phosphate activity by candidate bacterium was studied by the 

supplementation various carbon sources such as arabinose, galactose, fructose, lactose and 

dextrose in pickovskayas broth. The pure colony of Enterobacter cancerogenus was inoculated 

and incubated at 37
0
C for 4 days. After incubation, the culture was centrifuged for the 

examination of enzyme activity. The crude enzyme activity was analyzed as mentioned by Black 

et al., (1999). 

 

Effect of various nitrogen sources on growth 

The effect of different nitrogen sources such as yeast extract, peptone, urea, ammonium nitrate, 

ammonium molybdate and casein were added in the Pikovskaya’s broth separately in the 

concentration of 1% in the medium and  the pure colony of Enterobacter cancerogenus was 

inoculated  and  incubated at 37
0
C for 4 days. Growth of culture was measured by using 

absorbance in spectrometer at 405 nm. 
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Effect of various Nitrogen sources on phosphatase activity       

The effect of nitrogen sources on phosphate activity by candidate bacterium was studied by the 

addition of various nitrogen sources such as yeast extract, peptone, urea, ammonium nitrate, 

ammonium molybdate and casein in pickovskayas broth. The pure colony of Enterobacter 

cancerogenus was inoculated and incubated at 37
0
C for 4 days. After incubation, the culture was 

centrifuged for the assessment of enzyme activity. The crude enzyme activity was analyzed as 

mentioned by Black et al., (1999). 

 

Effect of various Concentration of Tricalcium phosphate on growth   

Tricalcium phosphate was added to the Pikovskaya’s broth at various concentrations 0.15, 0.20, 

0.25, 0.30, 0.35, 0.40, 0.45 and the  candidate bacterium was inoculated  and  incubated at 37
0
C 

for 4 days. Growth of the cultures were measured using absorbance in spectrometer at 405 nm 

 

Effect of various Concentration of Tricalcium phosphate on phosphatase activity   

The effect of tricalcium phosphate was supplemented to the Pikovskaya’s broth at various 

concentrations 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45. The pure culture of Enterobacter 

cancerogenus was inoculated and incubated at 37
0
C for 4 days. After incubation, the culture was 

centrifuged the crude enzyme activity was analyzed as mentioned by Black et al.,(1999). 

 

Effect of various concentration of super phosphate on growth   

The culture of Enterobacter cancerogenus was inoculated in Pikovskaya’s with different 

concentrations of super phosphate such as 0.15, 0.20, 0.25, 0.30, 0.35, 0.40 and 0.45 and 

incubated at 37
0
C for 4 days. Growth of the cultures were measured using absorbance in 

spectrometer at 405nm 

 

Effect of different concentration of super phosphate on phosphatase activity 

Super phosphate was added to the Pikovskaya’s broth at various concentrations 0.15, 0.20, 0.25, 

0.30, 0.35, 0.40, 0.45 and the pure colony of two organisms were inoculated Bacillus sp., 

Enterobacter cancerogenus and incubated at 37
0
C for 4 days. After incubation, the culture was 
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centrifuged for the crude enzyme. The crude enzyme activity was analyzed as mentioned by 

Black et al.,(1999). 

 

Effect of various concentration of Nacl on growth   

 Sodium chloride was amended to the Pikovskaya’s broth at various concentrations ranging from 

0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45 and  the  pure colony of Enterobacter cancerogenus was 

inoculated and  incubated at 37
0
C for 4 days. Growth of the cultures were measured using 

absorbance in spectrometer at 405 nm 

 

Effect of various concentration of Nacl on phosphatase activity 

Sodium chloride  was amended to the Pikovskaya’s broth at various concentrations ranging from 

0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45 and  the  pure colony of two organisms were inoculated  

Bacillus sp., Enterobacter cancerogenus and  incubated at 37
0
C for 4 days. After incubation, the 

culture was centrifuged for the crude enzyme. The crude enzyme activity was analyzed as 

mentioned by Black et al.(1999). 

 

 RESULTS AND DISCUSSION 

Isolation and screening of phosphate solubilizing bacteria 

Phosphorus deficiency is one of the very common problems in crop production. Soil microbes, 

particularly rhizosphere organisms have enormous potential in providing mineral nutrients like 

phosphate for plant growth. The microbial diversity in rhizosphere soil is influenced by various 

properties of soil. The estimation and detection of phosphate solubilization by Enterobacter 

cancerogenus using agar plate method. The candidate bacterium produce clear zone around the 

bacterial colonies on media containing insoluble mineral phosphate such as tricalcium phosphate.  

Around 32 rhizobacteria capable of solubilizing tricalcium phosphate were obtained from local 

weed plants, Morinda tinctoria (Noni) and Prosopis juliflora (Mesquite) in Shnebagathoppu hills 

at Srivilliputhur, Tamilnadu, India. Phosphate solubilization was most frequently encountered in 

rhizobacteria. On screening, eight colonies had phosphate solubilising activity (Table 3). Out of 

these eight isolates, Enterobacter cancerogenus showed better solubilizing ability. The 

morphological and biochemical characterization the isolate was identified as Enterobacter 
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cancerogenus (Table – 1 and 2). According to the reports of Komy (2005) Pseudomonas 

fluorescence and Bacillus megaterium were the most powerful phosphate solubilizers on PVK 

medium. 

 

In order to know the optimal pH for the enzyme activity by Enterobacter cancerogenus, the 

enzyme activty were determined at pH 2 to 10 in the same buffer. Among the media tested with 

pH, the enzyme activity of Enterobacter cancerogenus was high at pH 7 in PVK broth (Fig.  3). 

This report is similar to the previous report of Fengling Zhu et al. (2011). They have reported 

that the P solubilizing activity of isolated strains Kushneria sp. YCWA18 from Daqiao Saltern 

on the Coast of Yellow Sea of China can survive at pH 4 -10. But the fastest growth of 

Kushneria sp. YCWA was recorded in pH 7. 

 

In this study, the effect of different temperature (10
0
 C, 20

0
 C, 30

0 
C, 40

0
C and 50

0
C) on enzyme 

activity was examined by Enterobacter cancerogenus. Maximum activity was elicited at 40
0
C 

and minimum activity at 10
0
 C (Fig 4 ). This result is in accordance with the earlier result of 

Amit sagervanshi (2012) who have reported that the 35
0
C was optimum for all bacterial growth 

and phosphate solubilization. A number of fungi and bacteria have been reported of being able to 

solubilized phosphate only in the presence of ammonium as the nitrogen sources  (Illmer and 

Schinner,1992). 

 

In the present study, the result of various carbon sources on enzyme activity indicated that the 

maximum enzyme activity was registered in medium supplemented with dextrose. At the same 

time, minimum activity was recorded in arabinose added medium (Fig. 5). This result is identical 

with the earlier report of Selvi and Ravindran (2012) who reported that the Bacillus subtilis 

showed diverse levels of phosphate solubilization in the presence of carbon sources. This 

bacterium strain has utilized a variety of carbon sources as energy sources. 

 

While studying the effect of various nitrogen sources on the phosphate solubilization, 

ammonium molybdate showed maximum P solubilization (Fig. 6). This present result was 

supported by the earlier report of Asea (1988) who reported that the nitrogen source in form salt 
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seems to be important as it increase phosphorous solubilization of rock phosphate. The inorganic 

nitrogen sources proved better than organic one for the growth and phosphate solubilization of 

Bacillus subtilis (Selvi and Ravindran 2012). 

 

We also studied the effect of in PVK broth with Tricalcium Phosphate at various concentrations 

0.15%, 0.20%, 0.25%, 0.30%, 0.35%, 0.40% and 0.45% for the enzyme activity. Maximum 

enzyme activity was recorded at concentration of 0.40% and minimum activity was recorded at 

concentration of 0.15% (Fig. 7). This report is correlated with the previous result of Reyes et al. 

(1999). They have reported that the phosphorus solubilization is a complex process, which is 

influenced by diverse factors such as nutritional richness, physiological and growing status of the 

bacterium. It is well known that phosphate solubilising microorganisms in soil solubilize 

insoluble phosphates mainly by secreting acids into the medium (Dave and Patel 2003). Not all 

the fungi and bacteria screened were able to solubilise Tricalcium phosphate in solid culture 

state. However, the degree of phosphate solubilization varied with the type of organisms 

involved. It was reported that di-calcium phosphate could be solubilised more readily than 

Tricalcium phosphate by some bacteria (Kim et al. (1997). 

 

In this study, the effect of sodium chloride in PVK broth at various concentrations 0.15, 0.20%, 

0.25%, 0.30%, 0.35%, 0.40% and 0.45% was studied for the measurement of growth and enzyme 

activity. Maximum growth and enzyme activity was recorded in 0.40 and minimum growth and 

activity was elicited at concentration of 0.15 (Fig. 8). This report is contrary with the earlier 

report of Cabera et al. (2007). They have reported that the Halomonas indalinina  nov., 

amoderately halophilic bacterium isolated from a solar saltern in Cabo de Gata, Almer´ıa, 

southern Spain. It can grow on the solid media containing 20% (w/v) of sodium chloride in PVK 

broth. 
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Fig. 1  Screening of PSB based on the efficiency of Tri calcium phosphate solubilization on 

Pikovskaya agar plate. 
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Table. 2. Biochemical characterization of Strain 4 

 

 

 

 

 

 

 

 

S.No Biochemical test Strain 4. 

1. Indole Negative 

2. Methyl Red Positive 

3. Voges Proskauer Negative 

4. Catalase Positive 

5. Oxidase Positive 

6. Urease Negative 

6. Citrate utilization Positive 

7. Caesin hydrolysis Positive 

8. Gelatin hydrolysis Negative 

9. Starch hydrolysis Positive 
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 Fig 2: Effect of various pH on Phosphatase activity of  Enterobacter cancerogenus  

 

 

Fig 3: Effect of various temperatures on  phosphatase activity of  Enterobacter 

cancerogenus  
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 Fig 4 : Effect of various carbon source on phosphatase activity of  Enterobacter 

cancerogenus  

 

Fig 5: Effect of  various Nitrogen sources on Phosphatase activity of  Enterobacter 

cancerogenus sp 
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Fig 6:  Effect of various concentration of Tricalcium phosphate on phosphatase activity of 

Enterobacter cancerogenus  

 

 

Fig 7: Effect of various concentration of NaCl on Phosphatase activity of  Enterobacter 

cancerogenus  
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