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ABSTRACT 

           The use of phosphate and potassium solubilizing bacteria as inoculants could increase 
phosphate (P) and potassium (K) uptake by the plant and crop yield. The principal mechanism 
for mineral P and K solubilization is the production of organic acid or enzyme play a major role 
in the mineralization of organic phosphorous and potassium unsolubilization in soil. The aims of 
the project were to isolate phosphate and potassium solubilizing bacteria from limestone  
Cirebon quarry and to use the selected bacteria on seddling plant of Paraserianthes falcataria 

(L) Nielsen. The methods of the project were beginning from soil sampling from 7 locations at 
Cirebon quarry, isolation  of phosphate and potassium solubilizing bacteria from the soils, 
selection of the selected bacteria based on index of each phosphate and potassium 
solubilization,  characterization of the isolate based on  producing of plant growth promoter viz 
exogenous indole acetic acid (IAA) or auxin and not pathogenic on plant,  Identification of 
selected isolate by using morphology, physiology, and molecular identification, and finally 
greenhouse experiments on application  of the selected isolates as biofertilizer on seedling plant 
of Paraserianthes falcataria. The results of the projects that 55 isolates of  phosphate 

solubilizing bacteria and 12 isolates of potassium solubilizing bacteria have been isolated from 
Cirebon quarry. Two isolates were selected viz QC3.A1 and QC3.A2 as phosphate and 
potassium solubilizing bacteria. Both of isolates are Gram negative, IAA producer, negatively 
hypersensitivity test on tobacco leaf. Isolate QC3.A1 is identified as Burkholderia cepacia. 
Application QC3.A1 isolate on seedling plants of Paraserianthes falcataria showed higher of 

plant height at 50 day after planting (DAP) than control (without isolate). The isolates had 
potency as biofertilizer by using soil from Cirebon quarry.  

INTRODUCTION     

           Cirebon quarry is located in  Gempol district, Cirebon region, West Java, Indonesia. Most 
parts of the quary are characterized by recently created cliffs and rocky plateaus. The extraction 
site is located in the Kromong mountain which is an area of sloping hills, moderate, and steep. 
There are bufer zone between the quarry and a nearby village. To the south, the quarry borders 
on forested hills of the Kromong range. To the north side of the active mining area, there is a 
small hill called Mount Blindis. So far reported that the highest diversity is found in the forest 
around the mining site, such as 81 birds species and vegetations (www.quarry life 
award.com/sites...pdf).  Furthermore, Praptisih et al. (2012) described at the carbonate rocks of 

Kromong area found massive corral and fossil of foraminifera and red algae. Based on the 
previous research of the highest diversity of birds, mammals, and plants, at Cirebon quarry, it 
was suggested that Cirebon quarry also had diversity of benefit soil bacteria, such as nitrogen 
fixing bacteria, phosphate and potassium solubilizing bacteria, and plant growth promoter 
bacteria.  

           The research was focused on phosphate and potassium solubilizing bacteria for used as 
friendly environmental fertilizer for planting plants in reclamation area. Phosporus and 
potassium are important element after nitrogen as  mineral nutrient in terms of plant 
requirement. Although abundant in soils, in both organic and inorganic forms, its availability is 
restricted as it occurs mostly in insoluble forms. This insoluble, precipitated forms can not be 
absorbed by plants (Sharma et al. 2013). Microbes could dissolve non-readily available forms of 

soil phosphorus and also potassium and play an important role in providing it to plants. 
Exploration of phosphate and potassium solubilizing bacteria from Indonesia limestone quarry 
has not yet been reported. The research will be a pioneer of application bacterial formulative 
consisted of phosphate and potassium solubilizing bacteria on seedling plant by using soil from 
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limestone quarry . The formula also can be used as biofertilizer and reduced of phosphate and 
potassium chemical fertilizer for planting other legumes on reclamation area of the quarry. 

OBJECTIVES  

       The objectives of the research were to isolate of indigenous culturable bacteria from 

Cirebon quarry that  had potency as phosphate and potassium solubilization, and then to select 

the potential isolate to used as biofertilizer formula for application to Paraserianthes falcataria 

seedling plants.  Albizia or Paraserianthes (Paraserianthes falcataria L. Nielsen) is belonged to 

Fabaceae family  and categorized as fast growing species.  

 

BACKGROUND INFORMATIONS 

       The sites area for soil sampling of the research were located  around mining and mined of 
Quarry A, reclamation area, buferring zone, and Blindis area (Table1). Soil sampling has done 
twice at April and May 2014. Since this research was conducted,  there were no reported about 
biodiversity of microbes from Cirebon quarry.   

Table 1 Location of soil sampling at Cirebon quarry 

No  Code of soil sample  Location area 
with GPS 

Location Altitude        
(m, above sea 

level)  

Ambient 
temperature   

( 0C)  

1 QC.1A, QC.1B, 
QC.1C 

S 060 35I 24,11II           
E 1060 48I 21,2II  

Mined land 123 31 

2 QC.2A, QC.2B, 
QC.2C, QC.2D, 
QC.2E 

S 060 42’ 51,4”            
E 1080 24’ 19,4”  

Buffering 
zone 

nd 31 

3 QC.3A, QC.3B, 
QC.3C, QC.3D, 
QC.3E 

S 060 42’ 46,3”           
E 1080 23’ 38,1”  

Blindis area nd 31 

4 QC.4A, QC.4B, 
QC.4C 

S 060 43I 08, 2II          
E 1080 23I 08,38II  

Mining area 162 31 

5 QC.5A, QC.5B, 
QC.5C 

S 060 43I 09,5II           
E 1080 24I 01,5II  

Reclamation 
area 

136 31 

6 QC.6A, QC.6B S 060 43I 19,5II            
E 1080 24I 04,6II  

Mining area 138 31 

7 QC.7A, QC.7B S 060 43I 18,6II                 

E 1080 24I 06,2II  
Reclamation 

area 
138 31 

nd, not determined; GPS, global positioning system 
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METHODS 

Soil Sampling from Cirebon Quarry  

      Soil was obtained from mining Cirebon quarry area and around (Table1).  An amount of 1 
Kg soil surface (0-10 cm) from each soil sampling was taken in polyethylene  bag. Whole soil 
samples with the permission of PT Indocement were transfered  to Bogor Agricultural University.   
 
Isolation of Phosphate and Potassium Solubilizing Bacteria 

        In amount of 3.0 g of soil samples is diluted in 27 mL of NaCl 0.85%  and it was agitated 
120 rpm in shaking incubator, room temperature (25 oC) for 4 hours. Then, the culture was done 
with serial dilution from 10-1 to 10-4 in NaCl 0.85 %. Suspension was spread on Pikovskaya agar 
(composition of 1 L medium: 10 g glucose, 5 g Ca3(PO4)2,  0.5 g (NH4)2SO4, 0 .1 g MgSO4

.7H2O, 
0.5 g yeast extract, 0.2 g KCl, 0.2 g NaCl, 0.002 g FeSO4.7H2O, 0.002 g MnSO4.7H2O, and 15 
% bacto agar) for phosphate solubilizing bacteria isolation (Nautiyal 1999) and Aleksandrov 
agar (composition of 1L medium: 10 g glucose, 0.5 g MgSO4

.7H2O, 0.005 g FeCl3, 0.1 g CaCO3, 
2 g Ca3(PO4)2, 5 g potassium aluminum silicate or feldsfar, and15 g bacto agar) for potassium 
solubilizing bacteria (Prajapati & Modi 2012). The cultures were incubated at room temperature  
for 48-72  hours. Each colony of different bacteria is streaked on the new agar medium until 
single colony of bacteria was found. Isolates were observed based on index of phosphate 
solubilization (IPS) or index of potassium solubilization  (IKS) which was measured as: IPS or 
IKS = (diameter of clear zone - diameter of bacterial colony) : diameter of bacterial colony. Each 
of single colony of bacteria was streaked on slant agar of Pikovskaya or Aleksandrov medium 
and used as stock isolate. 
 
 
Identification of Selected Bacteria 

Identification of  selected isolate was based on morphology (Gram staining), physiology or 
biochemical characteristic, and molecular by using 16S rRNA gene. Identification based on 

biochemical characteristic  by using  BioMérieux (API 20 NE, USA). Isolate was incubated at 

37oC for 24 hours. Previously, the isolate was  stained using Gram staining for verification. 
Three loops of isolate was diluted into kit API 20 medium. In amount of 200 µl kit API 20 CHB/E 
medium was inoculated into the tube. In addition, the first tube is filled by kit API 20 CHB/E 
medium before it was inoculated by isolates (control). The results was interpreted by using the 
apiweb identification software with the database (V4.0). 
           Molecular identification of each isolate was conducted in order to investigate the species 
taxa of selected  isolate based on molecular assay. The isolation of genomic DNA was done 
with DNA kit purification. Amplification of 16S-rRNA gene was carried out by PCR using specific 
primer 63f (5’-CAG GCC TAA CAC ATG CAA GTC-3’) and 1387r (5’- GGG CGG WGT GTA 
CAA GGC-3’) (Marchesi et al. 1998). Amplification will yield DNA fragment (approximately 1300 

bp). The PCR condition was carried out for 30 cycles. All the PCR products were purified and 
sequenced using ABI 310 (Perkin Elmer, USA). Similarity of the 16S-rRNA sequence of the 
isolate was aligned against Gen Bank database by using the BLASTN program.  
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Characterization of Isolates  
 
          The selected isolates were characterized before used as biofertilizer which are 
hypersensitivity test on tobacco leaf and Indole acetic acid (IAA) production.  Hypersensitivity 
test was done by injecting isolate (108 cells/ml)  on  the surface of  tobacco. If on the  injection 
spot no changed colour to yellow or necrosis symptoms after 48 hours tested, it means the 
testing bacteria is not categorized as plant pathogen. Aquadest was used as negative control 
and pathogenic bacteria, such as Xanthomonas oryze pv oryaze was used as positive control.  

       Indole acetic acid (IAA) production by each selected isolate was assayed as described by 

Patten and Glick (1996).  Supernatant consisted of  IAA that produced extracelularly by bacteria 

was removed from  cells by using centrifugation at 10000 g  for 10 minutes at 40C to obtain the 

crude extract of Indole acetic acid (IAA). One ml of the supernatant was mixed with 4 ml of 

Salkowski’s reagent and incubated at room temperature and dark condition for 20 min. 

Development of a pink colour indicated indoles production. The absorbance of supernatant 

mixture was measured at 520 nm The quantity of indoles was determined by comparison with a 

standard curve using an IAA standard graph. 

Greenhouse Experiments 

      The selected isolate (108 cells/ml)  was applied to paraserianthes seedling plants.  The 

reclamation soil from Cirebon quarry (+ 3 kg) was put on polybag. Firstly, the soil was dried, 

mashed, sieved, mixed welland placed on polybag. The seed of paraserianthes are soaked in 

water for 24 h and the healthy seed was selected before planted on tray for 7 day. Afterward the 

seedling plant transferred from tray to polybag. The were four treatments with triplicates which 

are the seedling plant was planted on (1) reclamation soil from Cirebon quarry, (2) reclamation 

soil added with compost (3:1), (3) reclamation soil added with manure (3:1), and (4) growing 

media containg sawdust. Growth parameters was measured periodically such as  height of plant 

and number of branch up to 50 days after planting. 

Production of Bacterial Formulation using Bentonite  as a Carrier Material 

 The carrier material used in this study was bentonite with the composition and mixing 

process of the material as followed: 200 mL suspension of selected isolate (108 cells/mL), 100 g 

of bentonite, 1 g CMC, and 1 g of CaCO3 (Suryadi et al. 2013).  

 

RESULTS 

 
Collection of Soil Samples 

       Twenty three soil samples were taken from Cirebon quarry (Table 2). Samples were 
collected twice  in April and May 2014.  Soil was obtained from soil surface (0-10 cm) and put 
into polyethylene bag. The pH of the soil was around 7.0. 
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Isolation of Bacterial Isolates from Cirebon Quarry 

        Totally 55 isolates phosphate solubilizing bacteria and 12 potassium solubilizing bacteria 
were obtained from soil surface of sampling plot at Cirebon quarry  (Table 2). Serial dilutions of 
soil samples made up to 10-3-10-4 and result of dilution are plated on Aleksandrov medium and 
Pikovskaya medium. The isolates were selected based on clear zone around the colony (Figure 
1a). The clear zone indicated that bacteria could soluble  Ca3(PO4)2 or potassium aluminum 
silicate  in  medium. Pure colony of bacteria isolate was obtained by the streak-plate technique 
on agar medium. The bacterial mixture is transferred to the edge of an agar plate with an 
inoculating loop and then streaked out over the  surface in one of several patterns (Figure 1b).     

      Numbers of phosphate solubilizing bacteria (PSB) isolates were higher than potassium 
solubilizing bacteria (KSB). There were not found PSB and KSB from extraction/mining area (S 
060 43I 08, 2II  E 1080 23I 08,38II). The potassium solubilizing bacteria only found at buffering 
zone (S 060 42’ 51,4”  E 1080 24’ 19,4”) and Blindis area (S 060 42’ 46,3” E 1080 23’ 38,1”).In 
the location also found numbers of PSB higher than other sampling locations. 

          a                       b      

Figure 1 a) Formation of clear zone by bacterial isolate QC3.A2 in Pikovskaya medium      
consisted of Ca3(PO4)2. b) Isolation of pure culture of bacterial isolate QC3.A1 with streak plate 
technique. 

 

Screening of Bacterial Cultures for Phosphate and Potassium Solubilization  

       Fifty five bacterial isolates were screened for the phoshate solubilization on Pikovskaya 
medium plates. It was found that only 3 isolates  formed significant zone of phosphate 
solubilization with index of phosphate solubilization (IPS) around 0.5-1.0 viz QC2. A6, QC2.D8, 
and QC3.A1 (Table 3). From 12 potassium solubilizing bacteria, three isolates had index of 
potassium solubilization (IKS) around 0.5-1.0 viz QC2.A6, QC3.A2, and QC3.E1. Five  isolates 
formed significant zone of potassium solubilization with index of potassium solubilization (IKS) 
>1 viz QC2.A3, QC2.C3, QC2.A8, QC3.A1, and QC3.D5 (Table 3). The isolates that 
catagorized as phosphate solubilization was tested to grow at Aleksandrov medium. There were 
12 isolates  could be able to solubilized of potassium. Isolate QC3.A1 had the highest of IPS 
and IKS i.e. 1.0 and 2.39, respectively. The isolate was suggested as a candidate of biofertilizer. 
The other isolate QC3.A2 also was selected as comparison to isolate QC3.A1. 
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Table 2 Number of phosphate solubilizing bacteria (PSB) and potassium solubilizing bacteria 
(KSB) isolated from Cirebon Quarry 

No  Code of soil sample  Number of PSB Number of KSB  

1 QC.1A, QC.1B, QC.1C 5 0 

2 QC.2A, QC.2B, QC.2C, QC.2D, QC.2E 29 6 

3 QC.3A, QC.3B, QC.3C, QC.3D, QC.3E 15 6 

4 QC.4A, QC.4B, QC.4C 0 0 

5 QC.5A, QC.5B, QC.5C 4 0 

6 QC.6A, QC.6B 1 0 

7 QC.7A, QC.7B 1 0 

 Total 55 12 

 

Table 3 Index of phosphate solubilization (IPS) by phosphate solubilizing bacteria (PSB) and 
index of potassium solubilization (IKS) by potassium solubilizing bacteria (KSB) isolated from 
Cirebon quarry 

IPS Isolate PSB IKS Isolate KSB 

< 0.5 QC1.A1, QC1.B1, QC1.C1,  QC2.A1, 
QC2.A3, QC2.A4,  QC2.A7, QC2.A8, 

QC2.A9, QC2.A10, QC2.B1, QC2.B2, 
QC2.B3, QC2.B4, QC2.B5, QC2.B6, 
QC2.C1, QC2.C2, QC2.C3, QC2.D1, 
QC2.D3, QC2.D9, QC2.E1, QC2.E2, 
QC2.E3, QC2.E4, QC2.E5, QC2.E6, 
QC2.E7, QC2.E8, QC3.A2, QC3.A3, 

QC3.B1, QC3.B2, QC3.B3, QC3.B4, 
QC3.B5, QC3.D1, QC3.D2, QC3.D3, 
QC3.D5, QC3.E1, QC3.E2, QC6.A1, 

QC7.A1, QC5.A1, QC5.A2, QC5.B1, 
QC5.C1 

< 0.5 QC2.A4, QC2.A7,QC3.D1, 
QC3.D2 

0.5-
1.0 

QC2.A6, QC2.D8,QC3.A1 0.5-1.0 QC2.A6, QC3.A2,QC3.E1 

>1.0 - > 1.0 QC2.A3, QC2.C3, QC2.A8, 
QC3.A1, QC3.D5 

IPS or IKS = (diameter of clear zone - diameter of bacterial colony) : diameter of bacterial 
colony. 
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Identification and Characterization of Selected Isolates 

      The selected isolates QC3.A1and QC3.A2 are belonged to Gram negative (Figure 2). Based 
on physiological (biochemical) identification by using API 20,  isolate QC3.A1 showed 00% 
significant with Burkholderia cepacia. The isolate  QC3.A2 had possibility as belonged to 
Burkholderia sp. but  used to test further. Currently, identification of both of isolates based on  

molecular identification still have not finalized, the DNA sequensing of the gene still in 
processed.    

              a                 b               

Figure 2 Gram staining of (a) QC3 .A1 and (b) QC3.A2 isolate (microscopic magnification1000x)     

      Isolate QC3.A1 and QC3.A2 were selected as a candidate of biofertilzer for application on 
seedling plant of Paraserianthes falcataria. Some of phosphate solubilizing bacteria are 
catagorized as IAA producer (Sharma et al.2013). Indole acetic acid (IAA) production was 

assayed as described by Patten and Glick (1996). Both of  isolates  were detected to produce 
IAA 86-91 ppm on NB + 1% triptophane. The hypersensitivity test on tobacco leaves showed 
that on the  injection spot of each isolate no changed colour to yellow or necrosis symptoms 
after 48 hours tested, it means the both isolates  were safely if will applied as biofertilizer to 
plant (Figure 3).       

            a          b   

Figure 3 The hypersensitivity test results on tobacco leaf of isolates QC3.A1 and QC3.A2 (a)  
and positive control Xanthomonas oryzae pv oryzae (b) on 48 hours tested. Yellow spot on 
positive control is indicated necrosis symptoms. 

 

Greenhouse Experiments 

        Reclamation soil from Cirebon quarry (S 06
0 

43
I
 18,6

II   
E 108

0 
24

I
 06,2

II
 )  with pH 7 used as. 

media for planting of Paraserianthes falcataria  seedlings. The media is inoculated with 10 ml 
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(v/w) of 108 cells/ml bacterial culture. Negative  control did not inoculate with isolate. The were 
four treatments with triplicates which are the seedling plant was planted on (1) reclamation soil 
from Cirebon quarry, (2) reclamation soil added with compost (3:1), (3) reclamation soil added 
with manure (3:1), and (4) growing media containg sawdust. Results of  the experiment showed 
that application of  bacterial isolate QC3.A1 and QC3.A2 had higher  of plant  height (Appendix 
1). Reclamation soil of Cirebon quarry used to treatment with compost or manure before planted  
with seedling plants. This treatment showed plant height and number branch higher than soil 
treatment. 

  

                            

                            

Figure 4  Plant height and number of branch  of Paraserianthes falcataria seedlings at 50 days 
after planting on treatment with bacterial isolate QC3.A1 and QC3.A2 by using soil from Cirebon 
quarry (S), compost (1/3), manure (1/3), growth media containing sawdust. 

Production of Bacterial Formulation using Bentonite  as a Carrier Material 

 The production of biofertilizer  in the form of bioformulation should allow to survive and 
remain effective after certain period of storage. As a biological agent, dry (solid) bioformulations 
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is better than wet (liquid) product because it can be stored in a long period of time. One of the 
solid carrier materials used commonly is bentonite. It didn’t cause the toxic effect to bacteria, 
easily applied in nature, and have a good absorption capacity.  Application of the bacteria on 
bentonite formulation is the same with bacterial inoculation to plant. The formula consisted of 
200 mL suspension of selected isolate (108 cells/mL), 100 g of bentonite, 1 g CMC, and 1 g of 
CaCO3 (Suryadi et al. 2013). Before application the formula added with water (10% w/v) and 
used only 10 ml per plant that  planted on polybag (Appendix 2). 

DISCUSSION 

        Potential bacteria such as phosphate solubilizing bacteria (PSB) and potassium solubilizing 
bacteria (KSB) are succesfully found from Cirebon quarry. Blindis area had higher diversity of 
PSB and KSB.   The bacteria  could dissolve non-readily available forms of soil phosphorus and 
also potassium and play an important role in providing it to plants. Nitrogen, phosphorus and 
potassium are major essential macronutrients for plant growth and development. Therefore, 
direct application of phosphate and  potassium solubilizing bacteria may be more useful and 
environmentally safer than chemical P and K fertilizers (Parmar & Sindhu 2013). The soil 
bacteria also can produce other potential substances, such as indole acetic acid that has 
function as  plant growth promoter and antimicrobial substances (Sharma et al. 2013).  One of 
the  selected isolate.e. QC3.A1 was identified as Burkholderia cepacia, known as legume-

nodulating or N-fixing bacteria. The isolate QC3.A1 is the most potential to use as biofertilizer as 
N fixer, P and K solubilization, IAA producer, and did not cause hypersensitivity to plant. As 
usually to improve the quality of plant growth of Paraserianthes  used NPK fertilizer 1:1:1 ratio 
per 100 grams Paraserianthes seeds. Application of the isolate to Paraserianthes could reduce 
the half of NPK fertilizer or could replacement of the NPK. If the isolate will applied as 
biofertilizer for reclamation soil of quarry, the soil should be mixed with organic material such as 
compost or manure.  Compost consists of plant residues and soil microbes that can improve  
soil structure becomes more fertile and porous (Mubarik & Sunatmo 2014). Application of 
manure  increased plant establishment, soil nutrients, microbial biomass, and viable fungi 
(Suryadi et al. 2013). In the future,  application of bacterial formulation  on land reclamation at 

Cirebon quarry can be used after treatment with  compost or manure and topsoil. The 
treatments is  expected to improve the composition of soil nutrients and soil structure of  
Cirebon quarry. Reintroduction of other components, such as pioneer vegetation with had 
mutualism symbiotic with beneficial microbes i.e. legumes are expected to speed recovery of 
ecosystem functioning processes.  

CONCLUSIONS 

     We have found 55 isolates of phosphate solubilizing bacteria and among  12 isolates had 
effect as potassium solubilization.from Cirebon quarry. One of isolate, QC3.A1 is identified as 
Burkholderia cepacia showed better effect to Paraserianthes falcataria seedling that planted 

using reclamation soil from Cirebon quarry. The isolate had potency as biofertilizer for 
application using reclamation soil of Cirebon quarry. Formulation of the bacterial isolate with 
carrier agent such as bentonite material could keep stability and viabilty during storage period.  

THE ADVANTEGES OF THE RESEARCH FOR THE COMPANY 

      The formula of bacterial isolate Burkholderia cepacia strain QC3.A1 is an indigenous 

bacteria from Cirebon quarry. The isolate  is P and K solubilization and categorized of  non-
pathogenic  microbe for plant application. The isolate can be mixed with other indigenous isolate 
(consortium), such as  free living of N-fixing bacteria to improve the activity as biofertilizer. 
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Preparation of the production of biofertilizer formula can be done in microbiology laboratory to 
keep of pure culture stability. There is no need high cost for reproducibility of bacteria and 
carrier agent. For 100g formula had  maximum of cost price Rp 20000 (1.6 USD) for application 
20 polybag of legumes seedling. The formula is environmental friendly microbe because it could 
reduce or replace using of N,P, K fertilizer.  
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Appendix 1   Application of QC3.A1 and QC3.A2 isolates on Paraserianthes falcataria seedling  
plants  at 30 days after planting 
 

 
 
Appendix 2   (a) Formula of isolate QC3.A1with bentonite as carrier agent (b) Planting of 

Paraserianthes falcataria treatment with the formula  at Cirebon quarry A 

 
 

 a  b  
 
Appendix 3  
      The research will be sent to publish in Hayati Journal of Biosciences ISSN: 1978-3019 

accredited by Indonesian Directorate General of Higher Education after 16S-rRNA 
sequence is obtained. 
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