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Abstract 
 

This study aimed to the characterization of PSB isolates related to the potential of each isolate in solubilizing 

phosphate qualitatively (Politkovskaya solid media) and quantitative (Politkovskaya liquid media). The research 

used the method descriptive experimental in the laboratory by using bacterial isolates that was identified from 

dryland namely Pseudomonas azotoformans, Acinetobacter baumannii, Bacillus paramycoides. This study 

consisted of two stages, namely I) solubilizing phosphate measurements qualitatively based on clear zones formed 

on the media and calculated by phosphate solubilizing index (SI) on days 2, 4, 6, 8, and 10. II) solubilizing 

phosphate measurements quantitatively with calculating absorbance values using a spectrophotometer, λ = 693 

nm on the media that has been inoculated bacteria and incubated at day 0, 2, 6, 4, 8. 10. Media was not 

inoculated with bacteria used as a control.  Measuring pH of the media on each day of incubation was done by 

using a pH meter.  The results of the study showed that the characteristic of each isolate PSB to solubilize 

phosphate quantitatively and qualitatively differred.  The qualitative of all three isolates produced SI values were: 

P. azotoformans of 1,777, B. paramycoides of 2,061, and A. baumannii of 2,124.  The quantitative level of P (%) 

solubilize until the end of incubation were amounting of 0.07%, 0.09%, and 0.44%. Measurement of pH media in 

all three isolates tended to decrease during incubation. The pH of Isolates P. azotoformans from 6.24 to 4.87, A. 

baumannii  from 6.24 to 4.32 and B. paramycoides from 6.24 to 4.3. 
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I. Introduction 
 

The area of dry land in West Nusa Tenggara (NTB) reaches 84% of the total area of NTB. The area with potential 

of dry land in NTB, namely North Lombok, is only about 30% used for the development of food crops, especially 

corn with low productivity (Suwardji et al., 2007). This is influenced by low soil fertility characterized by low 

content of organic matter, instable of aggregated soil, erosion sensitivity, and neutral to somewhat alkaline pH and 

relatively low main nutrient content (N, P, K) (Balitkabi, 2012). One of limited factor of nutrients in crop 

productivity is phosphorus (P). The dissolved of P concentration in the soil is quite low due to P fixation which is 

high enough to be available slightly (Lestari et al., 2011). In general, the effort to provide the availability of 

phosphorus to plants by increasing the use of P-inorganic fertilizer. However, this has not been able to provide the 

availability of P effectively and efficiently because the roots of the plant are able to absorb P fertilizer only about 

8-13% of the amount of fertilizer given (Supardi, 1996). Therefore, the use of inorganic fertilizers is phosphate 

solubilizing of bacteria (PSB). Phosphate solvent bacteria are a group of soil bacteria that are capable of 

dissolving P fixed by soil minerals and liberating P-organic so that they can be converted into available forms for 

plants to absorb ( Susilowati and Syekhfani, 2014 ). Phosphate solubilizing bacteria will dissolve P-absorbed by 

removing organic acids, such as formic acid, acetic acid, propionate acid, lactic acid, and fumaric acid (Rakhma, 

2011). 
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The ability of BPF to dissolve phosphate varies depended on the genus of BPF found. Widiawati and Suliasih 

(2006) showed that there are two bacteria that have abilities quite high in phosphate dissolve the Pseudomonas sp. 

and Bacillus sp.   Phosphate solvent bacterial populations are generally lower in dry climates compared to 

temperate regions. This is because the shape and amount of phosphate and organic matter contained in the soil 

differ among phosphate solvent microorganism.  That is why; the effectiveness of each phosphate solvent 

microorganism is dissolve phosphate differently. 
 

However, the characteristics of indigenous bacteria from North Lombok dry land have not been known as related 

to their potential in dissolving phosphate. Therefore, this study aimed to determine each characteristic of BPF 

isolates in dissolving phosphate in the media of solid Pickovskaya qualitatively and in the media of liquid 

Picovskaya quantitatively. The usefulness of this research is expected to be a reference related to the potential of 

BPF originating from North Lombok dry land in dissolving phosphate and as an effort to increase the efficiency 

of P. nutrient absorption. 
 

II. Materials And Methods 
 

This research used a descriptive method and was conducted in December 2017- February 2018 at the Laboratory 

of Microbiology, Physiology, and Biotechnology and Soil Chemistry, Faculty of Agriculture, Mataram 

University.  The materials contained of Phosphate Solubilizing of Bacteria (PSB), I phosphate solvent bacterial 

solvents (BPF) with Code B (Pseudomonas azotoformans), C (Acinetobacter baumannii) and D (Bacillus 

Paramycoides) that were taken from the land of dry land which and was collected by Dr. Lolita Endang 

Susilowati and Mr. Zaenal Arifin. 
 

Characteristics of BPF in Phosphate dissolution 
 

Qualitative Phosphate Test. Tests were carried out by growing each of isolate BPF in a Petri dish containing of 

a solid Picovskaya media by using the spot inoculation method in Petri dish and was incubated for 10 days in the 

room Laboratory temperature. Observations were taken in days 2, 4, 6, 8 and 10 respectively.  The dissolved 

phosphate index was measured when was marked by the appearance of the clear zone’s formation (halo zone) 

with applying the following formula (Duangpaeng et al., 2013): 

 

 

 

 

 

 

SI =   
 
 

Quantitative Dissolved Phosphate Test 
 

Making a Starter. Experiment was applied by taking one ounce of BPF isolate on a solid Picovskaya media then 

it was put it into 250 ml Erlenmeyer containing of 100 mL liquid Picovskaya (ingredient composition: 5 g Ca 3 

(PO 4 ) 2, 10 g glucose, 0.2 g NaCl, 0, 5 g (NH 4 ) 2 SO 4 , 0.2 g KCl, 0.1 g MgSO.7H 2 O, 0.005 g MnSO 4 , 

0.005 g FeSO4, 0.5 g yeast extract, 20 g agar , 1 L aquades ). The bacterial suspension was shaken using a shaker 

with a speed of 150 rpm for 32 hours (Saragih, 2013) which was modified to 16 hours/day. 
 

Calculation of Bacterial Population. The population of bacteria in the starter media was calculated by using the  

dilution glow method starting from 10
-1

 until 10 
- 6

. Each of dilution was pipetted into 0.1 ml and put it on a 

Picovskaya media and was leveled by using Drigalski, then was incubated for 3x24 hours. The bacterial 

population is calculated using the Waluyo formula (2008) as follows: 

Bacterial density = number of colonies x   

 

Solubilizing Phosphate Test. BPF suspension on the starter as much as 1 ml with a bacterial population of 10 8 

CFU / ml was inoculated into 100 ml of sterile of Pikovskaya liquid in a 250 mL Erlenmeyer container and a 

media without bacterial inoculation as a control, then it was shakered with a speed of 150 rpm for 16 hours/day. 

Observations were taken on days 0, 2, 4, 6, 8 and 10 respectively by measuring the pH of the media and dissolved 

phosphate levels. Measurement of phosphate levels is determined by measuring the absorbance using a 

spectrophotometer, λ = 693 nm.  As a control, it was used an inoculated of BPF (Saraswati et al., 2007). 
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III. Results and Discussions 
 

Characteristics of BPF in Phosphate Dissolving 
 

Acidity (pH) Media on Each Isolate 
 

Measurement of pH in a liquid Picovskaya media showed that pH of the media of each isolate tended to decrease, 

as seen in Figure 1. 
 

 
Figure 1. Changes in the pH value of the media in each isolate during incubation at day 0, 2, 4, 6, 8, 10 

 

On the second day after the third incubation, isolates experienced a quite drastic decline.  The pH values of P. 

azotoformans and A. baumannii isolates fluctuated.  They decreased from day 2 to 4 and then increased on day 6 

and decreased again on days 8 and 10.  The fluctuation of pH values in P. azotoformans and A. baumannii isolates 

during incubation supported the research of Sudadi et al. (2013) which showed a decrease level at incubation day 

0, 1 and 3 and an increase level at day 6.   The isolate B. paramycoides has declined continuously during 

incubation from day 2 to day 10.   The study by Suliasih and Rahmat (2007) also showed the same pattern in 

isolate 11 for 6 days of incubation that on the 2
nd

 day the pH value decreased, then on the 3rd and 4th days the pH 

values increased and on 6th day the pH value decreased again. 
 

The ability of phosphate solvent bacteria is to produce organic acids which caused in decreasing the value of pH 

(Arcand and Schneider, 2006). The type and amount of organic acids produced by each isolate differ depending 

on the type of bacteria and the ability of the bacteria based on the genetics.  This matter related to chemical 

reactions involving proton substitution reactions shown in equation (Goldstein, 1986 in Srividya et al., 2009): 

(Ca 
2+

 ) m (PO 4 
3-

 ) n + (HA) = (H 
+
 ) (PO 4 

3-
 ) + (Ca 

2+
 ) (A 

-
 ) 

 

Based on these equations, HA is an organic acid produced by bacteria of varying types and different numbers of 

protons. The equation also shows the type and amount of organic acids produced by each bacteria affecting the 

number of protons (H + ) production. The function of Proton (H + ) is  to bind  phosphate anion, hydroxyl and 

carboxyl groups that will bond into phosphate cations. The occurance of Proton substitution reactions can be seen. 
 

The decrease in the pH of the media that occurs can be caused by the process of bacterial respiration.  A process 

of respiration and photosynthesis in by microorganisms form a chain-like carbonate compounds as an equation 

follows (Tneutron, 2017): CO 2 + H 2 O H 2 CO 3   H 
+
 + HCO 3 2H 

+
 + CO 3 

2-
 

The more CO 2 resulted from respiration, the reaction moved to the right and gradually released the H + ion 

which caused the pH to drop. The reverse reaction occurred at photosynthesis events which required a lot of CO 2 

ions, that caused the pH to increased. 
 

The Potential of Each Isolate in Phosphate Dissolving 
 

Qualitative phosphate dissolution was carried out by calculating the phosphate solubilizing index (SI) on solid 

Pickovskaya media. Qualitative measurement results are shown in Figure 2. 

Day of observations 
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Figure 2 . Effect of isolation on phosphate solubilizing index (SI) during incubation day 0, 2, 4, 6, 8, 10. 

Based on the SI values of each isolate during incubation, it was found that P. azotoformans isolates from day 0 to  

4 increased, then it decreased on day 6 and it increased again on day 10. On the day  0 to 2,  A. baumanii isolate 

was not able to dissolve phosphate as seen in the IPF with value of 0. Then on the 4th day until the 8th day, it 

continued to increase and on the 10th day it decreased. On the day 0 to 2,  B. Paramycoides isolate increased in 

the SI value, but it decreased on day 4 .  On the day 6 to 10,  the value of SI continued to increase. Changes in IPF 

values occurred in each isolate are based on their ability to form clear zones and growth of colonies in the media. 

The area of the clear zone showed the ability of bacteria to dissolve phosphate qualitatively, which showed the 

size or the capacity of the bacteria in dissolving phosphate (Rahayu et al., 2014). The quantitative potential of 

each isolate was determined by measuring absorbance using a spectrophotometer λ = 693 nm in liquid 

Pickovskaya media as shown in Figure 3. 

 
 

Figure 3 . Effect of types of isolates on P levels (%) during incubation days 0, 2, 4, 6, 8, 10. 
 

The phosphate levels dissolved in each isolate during incubation on day 0 to 10 had different abilities. Widiawati 

(2007) stated that the ability of bacterial isolates in dissolving P depended on the metabolic process of the 

bacterial isolate itself. The metabolic process in each isolate caused different types and amounts of organic acids 

production. The lowest dissolved phosphate levels in P. azotoformans isolates occurred on days 6 and 8 were 

0.04% and the highest levels occurred on the 6th day was 0.09%. The lowest of  A. baumannii isolate  dissolved 

phosphate level occurred on the 10th day  was 0.07% and the highest of that occurred on the 6th day was 0.22%. 

The lowest of isolate B. soluble phosphate level occurred at day 4 was 0.05% and it increased in dissolved 

phosphate levels from day 6 to 10 so that the highest soluble phosphate level occurred on the 10th day was 0.44%. 
 

The same results were also shown in Suliasih and Rahmat (2007) that dissolved phosphate concentration in liquid 

media fluctuated during 6 days of observation and the highest was obtained on the first day observations for all 

observed isolates. Figure 4. also showed the ability of each isolate to produce dissolved phosphate levels from the 

highest to the lowest order occurred in B. paramycoides, A. baumannii, and P. azotoformans isolates respectively. 
 

Relationship Pattern of IPF with P (%) Level of Each Isolate. 
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The relationship pattern of the three isolates is relatively the same.  When the pattern of IPF increased, then it was 

followed by an increased in the solubilize P level. This showed that the abilities and activities were carried out by 

the three isolates qualitatively and quantitatively tend to follow the same pattern (Figure 4 ). 

 

   
  

Figure 4 . Relationship pattern of IPF with P (%) levels during incubation on days2, 4, 6, 8, 

10 on P. azotoformans isolates, A. baumanni and B. paramycoides 

 P. azotoformans isolates with an SI value of 1,968  has dissolved P content of 0.09%, A. baumannii isolates with 

a SI value of 1.836 has  a dissolved P level of 0.22%, and B. paramycoides with a SI value of 2.061 has a 

dissolved P  was  0.44%. These results were in accordance with the research of Susilowati and Syekhfani (2014) 

showed that the higher the IPF value, the higher the P content was also higher. Different patterns occurred in A. 

baumannii isolates showed that the IPF value increased, but not for the dissolved P level. On the 6th day, the SI 

value increased from 1,836 to 2,09, but P levels decreased from 0,22% to 0,17%. This was due to the 

characteristics of each different isolate in dissolving phosphate. Lestari et al. (2011) stated that the activity of each 

P solvent bacterial isolate differred from the one that grew on a solid medium from  the one that grew  in a liquid 

medium. The ability of bacteria in the liquid medium can be affected by aeration and the length of incubation 

time. According to Fankem et al. (2006), bacterial activities in dissolving P in solid and liquid media were not 

absolutely the same. The criteria for clear zones were not enough to determine the ability of bacteria to dissolve P. 
 

Conclusion 
 

Based on the results and discussions above, it can be concluded that: 1. Qualitatively all three isolates produced 

successive IPF values of P. azotoformans of 1.777, B. paramycoides of 2.061, and A. baumannii of 2.124, while 

quantitatively the level of P (%) was dissolved at the end of incubation in a row of 0.07 %, 0.09%, and 0.44%. 

2. Measurement of pH of the media during incubation in all three isolates tended to decrease, namely in P. 

azotoformans isolates from pH 6.24 to 4.87, A. baumannii isolates from pH 6.24 to 4.32 and B. 

paramycoides isolates from pH 6, 24 to 4.3. 
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