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ABSTRACT 

Phosphorus is the main macronutrient required by plants for growth and development. Phosphorus in the soil in 

bonds with metals such as Al and Ca, especially in acid soils such as ultisols. This form of phosphate must be 

mineralized or dissolved using phosphate solubilizing bacteria. The ability to dissolve phosphate also correlates 

with the production of Indole Acetic Acid (IAA), which can increase plant growth. This study aims to assess the 

ability of phosphate dissolution and IAA production of three phosphate solubilizing bacteria (EF.NAP 5, 

EF.NAP 7, and EF.NAP 10) which have been isolated from acid soils, Lampung. The method used was the clear 

zone test for bacterial isolates, phosphate solubility, and measurement of IAA production during the phosphate 

solubility process. EF.NAP 7, EF.NAP 5 and EF.NAP 10 isolates had phosphate dissolution indexes of 0.986 (6th 

day), 0.828 (7th day) and 0.789 (3rd day), respectively. EF.NAP 7 isolate (392.87 mg/L) was able to dissolve 

phosphate better than EF.NAP 10 (311 mg/L) and EF.NAP 5 (213.37 mg/L). The pH conditions on the highest 

phosphate solubility were EF.NAP 7 (4.94), EF.NAP 10 (4.19) and EF.NAP 5 (6.01), respectively. The three 

isolates of phosphate solubilizing bacteria were able to produce IAA during the phosphate dissolving process in 

the Liquid Pikovskaya medium without the addition of Tryptophan with IAA concentrations of EF.NAP 5 (12.5 

mg/L), EF.NAP 7 (8.0 mg/L) and EF.NAP 10 (8.5 mg/L), respectively. 
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1. INTRODUCTION 

Phosphorus (P) is an essential macronutrient 

needed by plants such as carbon and nitrogen. Plants 

obtain P elements entirely from the soil or root 

exudates and the results of decomposition and 

mineralization of organic matter [1]. The amount of P 

in the soil is strongly influenced by soil conditions. 

On marginal dry land, especially ultisols, which are 

often found in Indonesia, which reaches 14 thousand 

hectares [2], constraints are often found in its 

utilization, namely high soil acidity levels such as in 

Lampung, one of which is the Institut Teknologi [3]. 

This situation causes low available P and high Al, Ca, 

and Fe content [4]. The low availability of P is due to 

high P fixation by minerals in the form of Ca-P, Al-P, 
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and Fe-P so that it is difficult to be absorbed by 

plants. Plants use phosphate for only 10-30% of the 

phosphate fertilizer given so that 70-90% of 

phosphate fertilizer remains in the soil [1]. One way 

to increase the efficiency of phosphate fertilization is 

to use phosphate solubilizing bacteria. 

Phosphate solubilizing bacteria can dissolve 

phosphate that is difficult to dissolve (from soil or 

fertilizers) to dissolve and be available in the soil so 

that it can be absorbed by plants [5]. The mechanism 

of dissolving phosphate minerals from metal bonds is 

the producing of organic acids and the phosphatase 

enzyme [4]. In addition to the ability to dissolve 

phosphate, the production of hormones, one of which 

is indole acetic acid (IAA) by bacteria, is an essential 

criterion as a plant growth promoter [6]. 

IAA is a natural auxin group phytohormone that 

acts as a plant growth promoter by regulating of 

many physiological processes such as cell division 

and differentiation and protein synthesis [7]. Small 

amounts of IAA can significantly affect plant growth 

and production [6]. Bacteria that can dissolve 

phosphate and produce IAA are a group of plant 

growth-promoting bacteria (PGPB). Some of these 

bacteria include Paenibacillus illinoisensis, 

Pseudomonas extremaustralis [8], P. fluorescens, 

Azosprillum brasilense [9] 

Asril and Lisafitri [3] have succeeded in isolating 

various isolates from acid soils from former rubber 

plantations in the Institut Teknologi Sumatera area, 

Lampung. Some of these isolates have not been 

characterized in more detail regarding the potential 

for phosphate dissolution and IAA production which 

can be used as potential isolates to increase plant 

growth. The three isolates were EF.NAP 5, EF.NAP 

7 and EF.NAP 10. Therefore, this study aimed to 

detect the qualitative and quantitative potential of 

phosphate dissolving three isolates (EF.NAP 5, 

EF.NAP 7, and EF. NAP 10) and its ability to 

produce IAA. 

2.  MATERIALS AND METHODS 
This research was conducted from August to 

September 2020 using three collections of bacterial 

isolates with the code EF.NAP 5, EF.NAP 7 and 

EF.NAP 10, which were isolated from the acid soils 

of the Institut Teknologi Sumatera 

2.1 Rejuvenation and Characterization of 

Selected Bacterial Isolates 
The three bacterial isolates were rejuvenated on 

solid Pikovskaya medium and incubated at 30 0C for 

24 hours and were characterized including 

morphological characteristics (shape, edge, elevation, 

and colony color), gram staining of bacteria, and 

biochemical tests consisting of citrate, catalase, 

motility, starch hydrolysis, and sugar fermentation. 

2.2 Qualitative Estimation of Phosphate 

Solubilization on Solid Pikovskaya Medium 
Testing the ability of bacteria to dissolve 

phosphate was carried out on solid Pikovskaya media 

containing 10 g C6H12O6, 5 g Ca3 (PO4)2, 0.5 g 

(NH4)2.SO4, 0.2 g KCl, 0.1 g MgSO4.7H2O, 0.002 g 

MnSO4.7H2O, 0.002 g FeSO4. 7H2O, 0.1 g NaCl, 0.5 

g yeast extract, 20 g agar are dissolved in 1000 ml 

distilled water. The test was carried out by dot 

method using spotting on the surface of the medium 

and incubated at 30 0C and observed every day for 7 

days [3]. The growth of P solubilizing bacterial 

colonies is characterized by the formation of a clear 

zone around the colony. The clear zone formed 

around the colony is measured and the solubility 

index (SI) of P in each colony is calculated to 

determine the degradation ability of bacteria to P with 

the following equation [10]: 

SI = Clearzone diameter - Colony diameter  
                        Colony diameter  

2.3 Quantitative Estimation of Phosphate 

Solubilization 
The quantitative test of the ability of bacteria to 

dissolve phosphate was carried out based on 

colorimetric assay method [11]. One loop of the 

isolate was inoculated in 50 mL of liquid Pikovskaya 

medium, then incubated in shaking incubator for 48 

hours at 30 0C at 120 rpm. After 48 hours, 1% of the 

culture was inoculated into 250 ml of liquid 

Pikovskaya medium, then shaking for 7 days at 30 
0C. Every 24 hours, 10 ml of culture was centrifuged 

at 6000 rpm for 30 minutes to separate bacterial cells 

from the supernatant. 1 ml of the supernatant was 

reacted with color-forming reagents (2.5 ml sodium 

molybdate 2.5% and 1 ml hydrazine sulfate 0.3%). 

The supernatant and color reagent mixture were 

heated for 10 minutes and then cooled. After the blue 

color is formed, the phosphate concentration is 

measured by a spectrophotometer at a wavelength of 

830 nm. 

2.4 Measurement of pH Culture 
During the solubility testing of phosphate 

isolates, the pH of the culture was measured. PH 

measurement aims to determine the pH changes that 

occur during the phosphate dissolving process in 
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liquid Pikovskaya medium. The change in pH 

indicates the production of organic acids during the 

phosphate dissolving process. 

2.5 Measurement of the Concentration of 

Indole Acetic Acid 
During the phosphate dissolution testing 

process on liquid pikovskaya medium, IAA levels 

were also measured. Direct measurement of IAA 

levels uses the supernatant used in the phosphate 

solubility test. The aim is to detect the ability to 

produce IAA during the phosphate dissolving process 

simultaneously without the addition of tryptophan as 

a precursor. The supernatant obtained in the 

phosphate solubility test was reacted with 4 ml of 

Salkowski's reagent (150 ml H2SO4, 250 ml aquades, 

7.5 ml 0.5 M FeCl3.6H2O) incubated for 30 minutes 

in a dark room (Pattern & Glick, 2002). Then the 

IAA concentration was measured using a 

spectrophotometer at a wavelength of 535 nm [12]. 

The IAA concentration is measured using the IAA 

standard curve. 

 

3. RESULT AND DISCUSSION 
The three phosphate solubilizing isolates had less 

variable characteristics. EF.NAP 5 and EF.NAP 10 

isolates have a circular, entire edge, raised elevation, 

and white shape. While the EF.NAP 7 isolate has a 

circular shape, undulating edges, convex elevation, 

and is white (Table 1). The results of gram staining 

indicated showed that the EF.NAP 5 and EF.NAP 7 

isolates were gram-positive bacteria in the form of 

coccus. Meanwhile, EF.NAP 10 is gram-negative in 

the form of coccus. Based on the biochemical test, 

the three isolates also had non-varied characters 

(Table 2). The three isolates were able to hydrolyze 

starch, were aerobic, ferment glucose, and produce 

H2S in the form of black deposits. The three isolates 

also can use citrate as a carbon source. 

 

Table 1. Characterization of phosphate solubilizing isolates 

Isolate Code 
Morphology of Colony 

Gram 
Morphology of 

cell 
Shape Edge Elevation Colour 

EF.NAP 5 Circular Entire Raised White Positive Coccus 

EF.NAP 7 Circular Undulate Convex White Positive Coccus 

EF.NAP 10 Circular Entire Raised White Negative Coccus 

 
Table 2. Biochemical testing of phosphate solubilizing isolates 

Isolate Code 
Starch 

Hydrolysis 
Citrat Catalase Motility 

TSI Test 

Glucose Sucrose Lactose H2S 

EF.NAP 5 + + + - Positive Coccus - + 

EF.NAP 7 + + + - Positive Coccus - + 

EF.NAP 10 + + + - Negative Coccus - + 

 
Based on the phosphate dissolution test on solid 

Pikovskaya medium, the three bacterial isolates were 

able to dissolve Ca3PO4, indicated by forming of 

clear zone around the colony. After 7 days of 

incubation, various clear zones were formed. 

EF.NAP 7 isolate had the highest SI than other 

isolates, namely 0.986 on the 6th day of incubation. 

Meanwhile, EF.NAP 5 has an SI of 0.828 on the 7th 

day and EF. The NAP 10 was 0.789 on the 3rd day of 

incubation (Fig. 1). 

The formation of the clear zone indicates the 

activity of the phosphate dissolving and acid 

formation by bacteria. The formation of a clear zone 

around the colony indicates that the isolate can 

produce organic acids, which can bind with Ca ions 

to form Ca3(PO4)2 compounds in Pikovskaya medium 

and free H2PO4 ions to form clearer colored areas 

[13]. The change in the turbidity of the medium 

around the colony becomes clear, due to a decrease in 

pH in the medium [14]. 
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Figure 1. Phosphate Solubilizing Index of Isolates of three isolates for 7 days observation 

 

Various bacteria have been reported to have 

various SI phosphates, including Pseudomonas GSP 

01 and GSP 13 of 0.885 and 0.639, respectively [3], 

Pseudomonas psychrotolerans GPA2.1 of 0.304, 

Stenotrophomonas maltophilia GPA2.2 of 0.263 and 

Bacillus megaterium GPC1 .7 of 0.278 [15]. The 

ability of bacterial phosphate dissolving can be seen 

from the phosphate dissolution index, the higher the 

SI value, the higher the phosphate dissolving ability 

of the isolates. Several factors that influence the 

phosphate dissolution index in solid media include 

(a) microbial growth rate, (2) microbial ability to 

dissolve phosphate, (3) concentration of phosphate 

source in a medium that is not completely dissolved, 

(4) thickness of agar. The clear zone on solid media 

cannot show each bacteria’s ability to dissolve the 

amount of dissolved phosphate. This is because the 

clear zone formed is an early sign of phosphate 

dissolution by bacteria. Selvi et al. [16] also reported 

that the ability of bacteria to dissolve phosphate 

qualitatively in solid pikovskaya medium would be 

different quantitatively in liquid pikovskaya medium. 

Based on the quantitative solubility of phosphate, 

the three isolates had high activity. EF.NAP 7 isolates 

had the highest phosphate dissolving activity of 

392.87 mg/L compared to EF.NAP 10 and EF.NAP 5 

isolates were 311 mg/L and 213.37 mg/L, 

respectively (Fig. 2). It can be seen that there are 

differences in activity qualitatively and quantitatively 

in isolates EF.NAP 5 and EF.NAP 7. Qualitatively, it 

isolates EF.NAP 5 has a higher activity than EF.NAP 

10. However, quantitatively EF.NAP 10 has activity 

higher than EF.NAP 5. The same results were 

reported by Fitriyanti et al. [15] on Bacillus 

megaterium GPC1.7 which has a quantitative 

phosphate dissolution index of 0.278 but produces a 

quantitative dissolving phosphate of 450 mg/L. 

This confirms that high phosphate dissolution in 

solid media is not necessarily positively correlated 

with high phosphate dissolution quantitatively. 

Several reports show the same conditions in bacteria 

in these phosphates’ solubilizing activity [12;17]. In 

the process of dissolving phosphate quantitatively, 

the enzyme phosphatase has a very important role. 

Phosphatase enzymes can to catalyze enzymatic 

hydrolytic mineralization reactions by releasing 

undissolved phosphate to dissolve it [18] to bind with 

dye reagents in the form of blue. 

The quantitative test of phosphate dissolution 

from the isolates showed that the maximum P 

dissolution was observed on third day incubation for 

the EF.NAP 10 bacterial isolates with a concentration 

of and 311 mg/L. While the EF.NAP 7 isolates had 

the highest activity on 4th day with a P dissolving 

concentration of 392.87 mg/L. Another isolate, 

EF.NAP 5, had the highest activity on 7th day with a 

concentration of 213.37 mg/L. The solubility of P 

isolates fluctuated during the 7th day of observation. 

Changing dissolved P concentrations in liquid culture 

can occur due to the deposition of P from organic 

metabolites or the formation of organophosphate 

compounds with organic acid secretion [19]. These 

organic acids can then be used as a source of energy 

or a source of nutrition. 

The change in concentration is related to the 

uptake of dissolved P as a source of energy or 

nutrition for bacterial cells. Suppose the dissolved P 

uptake rate is higher than the P dissolution rate by 

bacteria. In that case, there will be a decrease in the P 

concentration in the medium. However, when the 

level of dissolved P uptake decreases, the amount of 

dissolved P in the medium increases again [20]. 

Besides, the organic acids secreted by bacteria 

contribute to the dissolution of P. Three factors play a 

role in this process, namely pH, type of organic acid, 

and environmental acidity feedback [21]. Bacteria 

will release organic acids during the phosphate 

dissolving process, thus lowering the medium’s pH, 

which indicates the dissolution of phosphate by 

bacteria so that the dissolving process runs well [22].  
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Figure 2. Phosphate solubility concentration and pH of medium of 3 isolates EF.NAP 5 (A), EF.NAP 7 (B) and 

EF.NAP 10 at 30 0C for 7 days observation. 

Advances in Biological Sciences Research, volume 14

473



In the P dissolving process, microorganisms can 

decrease the pH in the growth medium by producing 

organic acids or protons that cause the dissolution of 

the mineral-phosphate complex through the exchange 

of PO4
2- anions with acid anions or chelation of 

phosphate-binding mineral ions. 

During the phosphate dissolving process, it was 

seen the pH of the medium changed with a different 

pattern. EF.NAP 5 and EF.NAP 7 isolates had the 

same pH change, which increased with the length of 

the incubation period. While the EF.NAP 10 isolates 

decreased in pH and the length of the incubation 

period and increased again after six days of 

incubation. Naturally, during the phosphate 

dissolving process, the bacteria will produce organic 

acids, thereby lowering the pH in the medium, 

indicating that the dissolving process is complete [22] 

as shown in isolates EF.NAP 10. However, changes 

in the pH of the medium are as reported, not 

applicable to isolates EF.NAP 5 and EF.NAP 7. 

Marra et al. [23] reported no correlation between the 

decrease in pH and the value of phosphate dissolving 

by bacteria. Pseudomonas sp. able to dissolve 31.0 

mg/L of phosphate without changing the pH of 

medium [24]. 

The factor of high and low phosphate dissolution 

by bacteria is not only determined by a decreasing pH 

in the medium. There are other factors, namely the 

production of exopolysaccharides by bacteria [24]. 

Regardless of the increase and decrease in the pH of 

the medium during the phosphate dissolving process. 

The results of this study indicated that the highest 

phosphate dissolving activity in EF.NAP 10 and 

EF.NAP 7 isolates were in the pH range 4.19-4.94 

(acid category). This pH is not too different from the 

soil sample used as a source of isolates, 4.09 [3; 25]. 

While the EF.NAP 5 isolates had the highest 

phosphate dissolving activity at pH 6.01. This 

condition is like the bacteria Chryseobacterium sp. 

(CC-BC05), which can dissolve phosphate at pH 6.0 

[26]. The ability of EF.NAP 7, EF.NAP 10 and 

EF.NAP 5 isolates to dissolve phosphate 

quantitatively were categorized as potential 

phosphate solubilizing isolates. This is because 

various phosphate solubilizing bacteria reports can 

only dissolve 24.808 mg/L and 22.622 mg/L 

phosphate produced by bacteria originating from peat 

soils [1].  

Apart from being phosphate solubilization, 

another potential for bacteria to promote plant growth 

is IAA production. During the phosphate dissolving 

process in liquid Pikovskaya medium, the three 

isolates were detected to have the ability to produce  

 
Figure 3. The highest Indole Acetic Acid 

concentration of three phosphate 

solubilizing bacteria during estimation 

phosphate solublization on liquid 

Pikovskaya medium  

IAA. The highest IAA production was produced by 

isolates EF.NAP 5 at 12.5 mg/L, followed by 

EF.NAP 10 at 8.5 mg/L and EF.NAP 7 at 8.0 mg/L 

(Fig. 3). 

Several factors influence IAA production by 

bacteria, one of which is the type of isolate [27]. One 

of the types of bacteria known as IAA producers is 

Bacillus sp. These bacteria are capable of producing 

IAA of 28.10- 66.20 mg/L [28]. Apart from the type 

of isolate, IAA levels were also influenced by 

tryptophan in the growth medium. Tryptophan is a 

precursor in the formation of IAA. Microbes use 

tryptophan as a nitrogen source to produce IAA. 

Most of the bacteria are highly dependent on the 

presence of tryptophan, and both are obtained from 

root exudates and growth media called IAA 

tryptophan dependent. 

In this study, the media used did not contain 

tryptophan. However, the three types of isolates were 

able to produce IAA even in small amounts. These 

bacteria produce IAA without tryptophan using the 

independent tryptophan pathway. This independent 

tryptophan pathway has been widely used by 

bacteria, one of which is Paenibacillus sp. These 

bacteria can produce IAA of 1.4-1.9 µg/ml [29], 

Bacillus sp. amounting to 4,139 mg/L, and 

Escherichia coli of 4.20 mg/L [27]. These bacteria’s 

ability to produce IAA in the absence of tryptophan 

by using other aromatic amino acids as a substrate to 

produce IAA such as phenylalanine, tyrosine and 

even aspartate [30]. This amino acid can be obtained 

from the citric acid cycle (provider of precursors for 

amino acid biosynthesis) during the process of 

phosphate dissolving by bacteria.  
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4. CONCLUSION  

Three isolates of bacteria namely EF.NAP 5, 

EF.NAP 7 and EF.NAP 10 can dissolve phosphate 

qualitatively in solid Pikovskaya medium with 

Phosphate Dissolution Index of 0.986 (6th day), 0.828 

(7th day), and 0.789 (3rd day). EF.NAP 7 isolates 

could dissolve phosphate quantitatively at 392.87 

mg/L on day 4th compared to EF.NAP 10 isolates, 

respectively 311 mg/L (day 3rd) and 213.37 mg/L 

(day 7th). The maximum phosphate dissolution of 

these three bacteria is in the pH range 4.19 - 6.01. 

Besides, these three isolates can produce IAA without 

using tryptophan for EF.NAP 5 (12.5 mg/L), EF.NAP 

7 (8.0 mg/L) and EF.NAP 10 (8.5 mg/L), 

respectively. 
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