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Abstract 

Dependence on inorganic fertilizers is a major risk in today's food supply efforts, along with the increasing population. 
One of the efforts to reduce this risk is to apply biological fertilizers that are specially formulated on the suitable carrier 
material so that they are able to work effectively and efficiently in substituting the need for inorganic fertilizer inputs 
and increasing plant yield components. Inceptisol series Jatinangor has characteristic soil texture is dominated by clay 
fraction, neutral pH 7.01. Under neutral conditions, in general, nutrients in the soil tend to be more readily available, 
but the availability of P is actually very low at only 2.82 mg.kg-1 of soil. In this neutral to alkaline pH, the solubility of 
metal cations Ca and Mg increased, indicated by a high Ca2+ content of 12.60 cmol.kg-1 and Mg2+ which was also high at 
4.91 cmol.kg-1. The nutrient imbalance is also due to the low C-organic content of the soil, namely 1.83%, so that the 
soil's support capacity is low. Low organic C causes the presence of indigenous microbes which is quite high, especially 
PSMs, namely 1 x 104 cfu.g-1, which is not able to increase the availability of soil nutrients, especially P due to lack of 
carbon sources. The experiment aimed to determine the compatibility and characteristics of inoculants in the 
biofertilizer gel contains PSMs plus (BG) and its effect on the dynamics of phosphate in Inceptisols Jatinangor. BG 
contains a consortium of phosphate solubilizing bacteria (PSB) and phosphate solubilizing fungi (PSF) which are 
packaged in hydrogel carriers and additives. The PSB used were Bacillus subtillis, Pseudomonas maleii, and Bulkholderia 
cepacea, while the PSF used was Trichoderma asperellum. The experiment were carried out in vitro at the Soil Biology 
Laboratory of Universitas Padjadjaran in collaboration with PT Agritek Tani Indonesia and at the Experimental Land of 
the Department of Soil Science of Universitas Padjadjaran. The experimental design used in this study was a single 
randomized block design (RBD) with 9 treatments and 3 replications, consisting of treatments (control: 0 BG + 0 P); (1 
P); (1 BG); (1 BG + ½ P); (1 BG + ¾ P); (1 BG + 1 P); (½ BG + ¾ P); (¾ BG + ¾ P); and (1 ½ BG + ¾ P). The dose of 
fertilizer used was BG 50 kg. ha-1, SP-36 100 kg.ha-1, Urea 350 kg.ha-1, KCl 50 kg.ha-1, and sheep manure as basic fertilizer 
2 t.ha-1.The results showed that each isolate had the ability to dissolved phosphate, produced IAA, and one of them was 
antagonistic against the fungal pathogen Fusarium sp.. The combination of fertilizers had an effect on regulate soil pH, 
and increasing phosphatase activity, soil available P, soil potential P, and PSMs population in the soil.  The formulation 
of 1 BG + ¾ P consistently showed the best effect on soil phosphate dynamics in Inceptisols Jatinangor.  
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1. Introduction

Inorganic fertilizer residues caused soil compaction, reduced available nutrients and soil organic matter, loss of soil 
biodiversity which indirectly reduces soil fertility and makes plants more susceptible to disease [1]. This causes soil 
fatigue which in turn has an impact on leveling off productivity. In addition, the process of manufacturing inorganic 
fertilizers requires a lot of energy, costs, and produces large greenhouse gas emissions. Thus, there is a need for 
alternatives to meet plant P needs without causing soil fatigue, productivity sloping, and environmental impacts. 
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The use of biofertilizers is currently reported to reduce the need for inorganic fertilizers while at the same time 
improving soil health and crop yields. The application of phosphate solubilizing microbes (PSMs) was able to reduce 
the need for inorganic P fertilizer for maize by up to 50% [2]. 

Almost 75–90% of P fertilizer added to the soil is deposited by metal cation complexes present in the soil so that it 
cannot be absorbed by plants and apart of them measured as P-potential [3]. Habi et al. (2018) stated that the P-
potential in Inceptisols tends to be high. If the land continues to be exploited without a sustainable agricultural 
approach, it is certain that the land will experience soil fatigue [4]. 

The use of biofertilizer gel contains PSMs plus (BG) in this study aimed to improve P dynamics in Inceptisol soils e. The 
BG consists of several phosphate solubilizing bacteria (PSB) and phosphate solubilizing fungi (PSF) which were 
packaged in a hydrogel carrier. The PSB used were Bacillus subtillis, Pseudomonas maleii, and Bulkholderia cepacia. The 
PSF used was Trichoderma asperellum. Hybrid maize plants with the Pioneer P-36 variety used in this study because 
they are quite adaptive to environmental stresses and are responsive to fertilization so that it will facilitate the 
observation of responses. 

Compatibility testing and characterization of each isolate aimed to obtain superior isolates that will live well on hydrogel 
carrier that was specially formulated so that the BG will have good viability, good shelf life, effective and efficient in 
carrying out their functions when applied. The selection of the microbial consortium was based on the research results 
of Fitriatin et al. (2020) which showed that the application of a mixture of bacteria B. subtillis, P. maleii, P. fluorescens, B. 
cepacia and P solubilizing fungi had a better effect on maize yields than only P solubilizing bacteria or fungi as single 
[4]. Pseudomonas mallei is compatible with B. substilis, Burkholderia sp., and B. megatherium. 

B. substilis is able to produce organic acids that can release orthophosphate from metal cations that bind it through 
chelation reactions. The organic acids produced include glucionic acid, acetic acid, succinic acid, propionic acid, and 
lactic acid [5]. Another ability is to convert organic P into inorganic P through the secretion of phosphatase enzymes or 
what is known as the mineralization process. The PSB also produces IAA phytohormones which can increase corn root 
elongation up to 67.7-74.5%. 

According to Montesano et al. (2015), Trichoderma sp. able to increase available P and P uptake of cucumber plants by 
producing extracellular hydrolytic enzymes and increasing soil organic matter content [6]. Alori et al. (2018) also 
explained that Trichoderma sp. has the ability to become a bio-stimulant, biocontrol, and is able to dissolve several 
minerals including phosphate in vitro through the mechanism of regulating the pH of the medium, the production of 
metal chelating metabolites, and the activity of the phosphatase enzyme [7]. The reaction between organic acids 
secreted by PSMs can form stable organic chelates with Al, Fe, and Ca, or Mg to liberate bound phosphate ions [8]. 

The interweaving of functional soil fungal hyphae in strengthening soil aggregation, and initiating soil biodiversity, 
especially the formation of microbial communities around roots. A group of cellulolytic microbes that gather will excrete 
cellulase enzymes that can degrade cellulose into simpler forms. The results of this cellulose degradation can then glue 
the soil aggregates around these microbes [9]. 

Apart from the superior potential of active ingredients (inoculants), phosphate solvent gel biological fertilizers also have 
the advantage that they are not voluminous due to the nature of the hydrogel in binding water which can reach 400 
times the mass of the water [10]. In this study, a consortium of superior PSMs was inoculated in liquid form into a 
hydrogel so that the PSMs biomass could spread according to the size of the gel formed. This is in line with the research 
results of Suman et al. (2016) who reported that hydrogels were known to increase the microbial population higher 
than formulations of liquid carriers and lignite up to >108 CFU.mL-1 after 90 days incubation at room temperature with 
a potential shelf life of up to 2 years [11]. 

According to Yan et al. (2020) hydrogels are able to maintain microbial activity with a long shelf life [12]. This long shelf 
life is a distinct advantage of hydrogel carriers which are not commonly used as biofertilizers. This is because some 
commonly used carrier materials such as peat, wood charcoal, and lignite are not able to maintain the shelf life of 
biological fertilizers as indicated by a decrease in the PSMs population from 4 x 107 CFU.g-1 to 3 x 107 CFU.g-1 within 1 
months of extended shelf life [13]. 

Simanungkalit et al. (2013) stated that quality biological fertilizers must have good viability of active ingredients, active 
ingredients in the form of microbial inoculants must be superior and effective in increasing the quantity and quality of 
plants [14]. Biological fertilizer carrier materials must be able to support microbial viability during the production, 
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transportation, and storage processes before inoculants are applied to plants, and must have good shelf life to show the 
guarantee period of inoculant effectiveness. These criteria are actualized in Ministry of Agriculture Decree 261/2019. 

The BG in this study was in the form of a semi-solid gel preparation, which was derived from acrylic acid powder which 
was 499 times its initial mass. Based on the measurement results of the swelling ratio, it is known that each available 
cavity is able to accommodate the PSMs consortium which was inoculated stably and in large quantities and in a viable 
condition. These characteristics are expected to answer the weakness of biological fertilizers in liquid form which are 
often less stable in accommodating inoculants due to competition between the indigenous microflora of the soil, soil 
physicochemical conditions, and adverse fluctuations in pH and temperature [15]. 

Hydrogel is known to be very soluble in water because it is polar, so that when applied it does not clog the sprayer 
nozzles. When dissolved in water, the gel undergoes syneresis then the inoculant particles attached to the gel move and 
spread into a uniform biofertilizer solution. This is expected to be able to answer the shortage of solid biofertilizers 
which are often clogged in the sprayer nozzles. 

Biofertilizers containing superior inoculants, not voluminous, and practical when used are expected to be able to reduce 
production costs so that the selling price can become more economical, and can increase farmers' interest in using 
biological fertilizers to support sustainable agriculture. In this case, the constraints in the production and socialization 
of the use of biological fertilizers according to Basu et al. (2021) which include technical, biosafety, financial, regulatory, 
quality control, field level, carrier material, and marketing constraints will be overcome [16]. 

It is also hoped that the sustainable production of phosphate-solvent gel biofertilizers will not be constrained by the 
availability and price of raw materials, or security reasons for both living things and the environment. According to the 
description of Ahmed (2015), synthetic gel raw materials such as acrylic acid are very easy to obtain, use sparingly, are 
able to bind large quantities of the dispersing phase, and maintain their quality for a long time, and are environmentally 
friendly [17]. BG has the potential to increase soil P dynamics which in turn can reduce the need for inorganic P 
fertilizers, especially SP-36.  

2. Methods 

The experiment were carried out in vitro at the Soil Biology Laboratory of Universitas Padjadjaran in collaboration with 
PT Agritek Tani Indonesia and at the Experimental Land of the Department of Soil Science of Universitas Padjadjaran. 
The experimental design used in this study was a single randomized block design (RAK) with 9 treatments and 3 
replications, consisting of treatments (Control: 0 BG + 0 P); (1 P); (1 BG + P); (1 BG + P); (1 BG + 1 P); (½ BG + P); (¾ BG 
+ P); and (1 BG + P). The dose of fertilizer used was BG 50 kg.ha-1, SP-36 100 kg.ha-1, Urea 350 kg.ha-1, KCl 50 kg.ha-1, 
and sheep manure as basic fertilizer 2 t.ha-1. 

The experiment was carried out in three stages, namely: 

2.1. Stage I: Compatibility Test and Characterization of Various Microbes Compounding BG 

 

Figure 1 Isolate streak pattern on NA: a.) B. cepacia, b.) B. subtilis, c.) P. maleii, and d.) T. asperellum 

Compatibility test was carried out in vitro using the streak method on universal media which could be grown by all 
isolates that make up the phosphate-plus solvent gel biofertilizer [18]. The media used is Nutrient Agar which is a 
universal medium for bacteria and can still be grown by the fungus Trichoderma sp. on a petri dish. Each isolate was 
scratched on the agar media with a pattern as shown in Figure 1, then incubated for 24 hours, and the growth was 
observed. Isolates that are mutually compatible form colonies that meet and intersect. Observations were continued at 
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three, five, and seven days after inoculation to see the zone of inhibition around the surface of the isolate. If there is one 
isolate whose growth is stunted, then the isolate is declared incompatible.  

The characterization of each isolate was carried out by testing the ability of the isolates against the following 
parameters: 

2.1.1. Determination of the Growth Curve of Each Isolate 

In vitro tests were made using the Total Plate Count method. The isolate sample was taken as much as 1 ose and then 
cultured in 9 mL of Nutrient Broth (NB) liquid media. The number of samples made was adjusted to the number of petri 
dishes containing selective media according to the number of observations. Observations were made for 1 day with 2 
hour intervals. The sample suspension was put into a petri dish containing 1 mL of selective media each, then incubated 
at room temperature, and observed for growth [19]. 

2.1.2. Phosphate Solubility Index (IP) on Pikovskaya 

IP testing on pikovskaya media aimed to determine the ability of PSMs in dissolving P qualitatively [20]. Phosphate 
solubilization index is the ratio between the total diameter of the clear zone (hallo zone) and the diameter of the colony, 
then divided by the diameter of the colony to measure the PSMs’ ability. 

2.1.3. Phosphatase Activity 

Measurement of phosphatase enzyme activity from soil was carried out using p-nitrophenol phosphate (pNP) as a 
substrate [21].  

2.1.4. Trichoderma sp. Antagonism Test to Fusarium spp. 

Tests carried out in vitro were made using the modified dual culture method [22]. 

2.2. Stage II: Shelf Life of BG. 

The BG was firstly identified for its physical, chemical, and biological characteristics, which included shape, water 
content, swelling ratio, pH, and contaminant content of Salmonella sp. and Escherichia coli. 

Tests of water content and swelling ratio were carried out using the thermogravimetric method [23]. The swelling ratio 
test was carried out with several modifications. Dry powder acrylic acid (Wo) was weighed as much as ± 10 mg and then 
put into 100 mL of solvent mixture, and stirred at 400 rpm at room temperature. The gel that has been formed is filtered 
using a tea filter (± 200 mesh). The entire supernatant was allowed to drip into the beaker (± 1 hour). The volume of 
the supernatant accommodated in the beaker was weighed as (W1). The swelling ratio of the hydrogel was calculated 
by Equation (1). 

Swelling ratio = (W1-Wo)/ Wo ..................(1) 

Where: 

Wo= Weight of initial dry hydrogel 

W1= Weight of hydrogel in a state of swelling at a given time. 

In general, solid biofertilizers only have a shelf life of 6-12 months [29]. Therefore, the viability test was carried out for 
4.5 months which represents half the shelf life of solid biofertilizers in general. Sampling and viability testing of 
Phosphate plus solvent gel biofertilizer were carried out continuously at 2-week intervals, namely T14, T28, T42, T56, T70, 
T84, T98, T112, and T126. Samples were stored on a storage rack in a closed room with a temperature range of 260C-290C 
and relative humidity (RH) 54%-82%. BG packaged in glass vial which sealed by using aluminum foil. 

The viability test was carried out to determine the shelf life of BG. The test was carried out using the TPC method with 
serial dilutions at the dilution rank required by Ministry of Agriculture Decree No. 261/2019. 

2.3. Stage III: Application of BG to Maize (Zea mays L.) in Inceptisols Jatinangor 

The application of various dosage combinations of BG and inorganic P fertilizer was carried out to determine the best 
formulation that could improve soil P dynamics in Inceptisols Jatinangor. The experimental design used in this study 
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was a single randomized block design (RBD) with 9 treatments and 3 replications, consisting of treatments (control: 0 
BG + 0 P); (1 P); (1 BG); (1 BG + ½ P); (1 BG + ¾ P); (1 BG + 1 P); (½ BG + ¾ P); (¾ BG + ¾ P); and (1 ½ BG + ¾ P). The 
dose of fertilizer used was BG 50 kg.ha-1, SP-36 100 kg.ha-1, Urea 350 kg.ha-1, KCl 50 kg.ha-1, and sheep manure as basic 
fertilizer 2 t.ha-1.  

2.3.1. Study Performed 

Compatibility and Characteristics of Various Microbes Compounding BG 

Figure 2 shows that the four isolates were compatible because they could grow together in the same agar medium. The 
four isolates were synergistic with each other because there was no zone of inhibition between the growing colonies. A 
microbial consortium has complementary metabolic functions in an ecosystem so that its performance can increase 
(Rifai et al., 2020)24. PSMs consortium can increase the availability of phosphate more effective [6]. 

 

Figure 2 Isolate compatibility using streak method on NA media. a.) B. cepacia, b.) B. subtilis, c.) P. mallei, d.) T. 
asperellum 

Characterization was carried out on each isolate that made up the consortium to assess the ability to dissolve phosphate, 
perform dual roles as PGPR, especially in producing IAA and controlling Fusarium sp. 

Table 1 Characterization of Various Microbes Compounding BG 

Isolate IP 
Phosphatase 

(μL.g-1.hour-1) 
IAA 

B. subtilis 1.82 0.30 positive 

P. mallei 1.71 0.48 positive 

B. cepacia 1.74 0.12 positive 

T. asperellum 1.44 0.23 positive 

 

Table 1 shows that the four isolates had the ability to dissolve the two forms of phosphate. The IP values ranged from 
1.44 to 1.82, with the highest value was B. subtilis and the lowest was T. asperellum. However, P. mallei and B. subtilis 
had better ability to dissolve inorganic phosphate than other isolates. IP is a qualitative value that represents the 

number of H2PO4
- ions released from the inorganic phosphate precipitated complex. Qualitatively, H2PO4

- will produce 

a hallo zone around the microbial colonies on Pikovskaya agar whose main content is Ca3(PO4)2 as shown by Figure 3. 
The four types of isolates were known to be able to produce phytohormones, namely IAA which can stimulate plant 
growth, especially root growth so that they can reach more water and nutrients so that plants can grow optimally. 
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Figure 3 P Solubilizing on Pikovskaya. a.) B. subtilis, b.) B. cepacia, c.) P. mallei, d.) T. asperellum 

T. asperellum in this study was known to be able to dissolve phosphate in the soil, and had the ability as a biocontrol, 
especially against the pathogenic fungus Fusarium sp. with an antagonism value of 100% as shown in Figure 4. These 
antagonist characters are indispensable in maize cultivation so that the harvest has good quality and is safe for 
consumption by humans or livestock. Suriani et al. (2016)12 stated that Fusarium sp. able to reduce maize productivity 
up to 1.8 t.ha-1. 

 

Figure 4 Antagonism test of T. asperellum with Pathogenic Fungi Fusarium sp. a.) The front view of the T. asperellum 
hyphae filled the entire media, b.) The rear view of the T. asperellum hyphae filled the entire media 

Fusarium sp. is quite difficult to control because it is able to form chlamydiospores that can survive in the soil for years 
even under environmental stress and without host plants [25]. In addition, maize varieties that are moderately resistant 
to Fusarium sp. has not been widely reported circulating in Indonesia [26]. 

The selection of the four types of microbes aimed to produce biological fertilizers that are effective and efficient in 
dealing with various practical agricultural problems, especially in creating a balance of nutrients and protecting plants 
from various environmental stresses including pests and plant diseases. 
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3. Shelf Life of BG 

 

Figure 5 PSMs viability curve over 126 days shelf life 

Figure 5 shows that the number of viable populations of each isolate that inoculated in hydrogel carrier (BG) was in the 
high population range, 1 x 1012 cfu.g-1. This population range showed that the sample of BG still met the minimum 
number of viable microbes required in Ministry of Agriculture Decree No. 261/2019. The shelf life of 126 days or 4.5 
months represents half of the shelf life of solid biological fertilizers which are generally only able to maintain viability 
according to quality standards for 6-12 months. Therefore, it can be concluded that the BG has the potential to have a 
longer shelf life of 6-12 months. 

 

Figure 6 Color Change of Hydrogel Carrier During the Sterilization Process, Formulation, and Shelf Life of 126 Days. a.) 
non-sterile gel, b.) sterile gel, c.) biofertilizer with a shelf life of 0 days, d.) biofertilizer with a shelf life of 126 days 

Figure 6 shows a color change in the hydrogel carrier material before sterilization (a) due to the sterilization process 
using the wet heat method using an autoclave (b), where the hydrogel preparation which was originally a colorless 
semi-solid (clear) turned yellow after being sterilized. This proves that the hydrogel formed from poly acrylate 
undergoes physical changes at temperatures above 500C, but does not change its other characteristics. Sterilization is 
carried out to minimize the presence of contaminating microorganisms, especially E. coli and Salmonella sp. 

After formulation and addition of additives, the color of the hydrogel carrier material changed from yellow (b) to dark 
brown (c), then the growth of fungal hyphae was seen due to the presence of T. asperellum inoculants. The biofertilizer 
formulation process has the ultimate goal of producing live and effective inoculants when applied, and able to last a long 
time during storage in a suitable carrier. The success of a biofertilizer formula depends on the targeted plant species, 
cost, market accessibility, ecological limitations, and user-friendliness [27]. To extend the shelf life, various additives 
can be added that are able to support the needs of longer microbial life. 

Additives added in this study include molasses, bean sprouts, and glycerol. Molasses serves as a carbon source for 
inoculants, while bean sprouts are a source of auxin and glycerol as an antifreeze to prevent dehydration. These 
additives are in accordance with the research results of Vassilev et al. (2017) which states that glycerol, 
trihydroxyalcohol are additives in biological fertilizers that are expected to function as cell viability protectors, but 
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further studies are needed regarding technical formulations [28]. Other additives that can be used are methyl cellulose, 
starch, and silica gel [29]. 

4. Effect of BG Application on Phosphate Dynamics in Inceptisols Jatinangor-Indonesia 

Phosphate dynamics can be represented by the processes that occur in the soil solution during the growing period of 
maize. Soil solution is a medium where the surface of the root hairs meet with nutrients in the form of ions. In this study, 
the content of pH, available P, and potential P were analyzed from soil samples that were closest and even still attached 
to plant roots, thus representing the conditions that occurred in the soil solution. 

The application of inorganic P fertilizer is the main source of phosphate for maize to meet their daily needs. Inorganic 
P fertilizers are generally easily available to plants, but most of these fertilizers quickly turn into unstable P fractions, 
namely P bound by metal cations in this study Ca2+ and Mg2+. The other part turns into a non-labile P fraction, namely P 
which returns to minerals, but can be released back into a labile form very slowly [30]. 

Inceptisol series Jatinangor has characteristic soil texture is dominated by clay fraction, neutral pH 7.01. Under neutral 
conditions, in general, nutrients in the soil tend to be more readily available, but the availability of P is actually very low 
at only 2.82 mg.kg-1 of soil. In this neutral to alkaline pH, the solubility of metal cations Ca and Mg increased, indicated 
by a high Ca2+ content of 12.60 cmol.kg-1 and Mg2+ which was also high at 4.91 cmol.kg-1. The nutrient imbalance is also 
due to the low C-organic content of the soil, namely 1.83%, so that the soil's support capacity is low. Low organic C 
causes the presence of indigenous microbes which is quite high, especially PSMs, namely 1 x 104 cfu.g-1, which is not 
able to increase the availability of soil nutrients, especially P due to lack of carbon sources. 

Table 2 Phosphatase activity and pH of Inceptisols influenced by application of BG and P fertilizer 

Treatment Phosphatase (μL.g-1.hour-1) pH of soil 

A : Control 18.75 ab 6.45 a 

B : 1 P 18.20 ab 6.45a 

C : 1 BG 17.71 ab 7.37 c 

D : 1 BG + ½ P 20.29 ab 6.85 b 

E : 1 BG + ¾ P 23.38 b 6.83 b 

F : 1 BG + 1 P 17.33 a 7.43 c 

G : ½ BG + ¾ P 17.63 ab 6.91 b 

H : ¾ BG + ¾ P 17.43 a 7.21 c 

I : 1 ½ BG + ¾ P 15.20 a 7.18 c 

Note: Numbers followed by the same letter are not significantly different according to Duncan's multiple-distance test at 5% level. 

Table 2 shows that the application of a combination of BG and P fertilizer had a significant effect on changes in soil pH, 
especially those around the roots. The initial soil had a high content of metal cations, namely Ca2+ 12.60 cmol.kg-1 and 
Mg2+ 4.91 cmol.kg-1. These cations were one of the causes of very low available P, which was only 2.82 mg.kg-1. The 
control treatment was not significantly different from the 1 P treatment, but was significantly different from the 1 BG 
treatment or the combination treatment. This condition indicated that the application of BG was able to stimulate the 
soil buffering mechanism, namely the ability of the soil to maintain its optimum condition. The pH was adjusted so that 
the solubility of Ca2+ and Mg2+ decreased so that the bond with orthophosphate could be released. 

The superior PSMs in BG was able to secreted organic acids, OH- ions, and CO22- ions which function to regulate soil pH 
so that it could released P from metal cations bonds [31]. PSMs also secreted COO− (carboxyl group) which acted as a 
chelator of Ca2+ and Mg2+ cations by competing for P adsorption groups in the soil [32]. PSMs will only secrete these 
anions when there is a balanced exchange with root exudates. 

According to Nurlaeny (2015) plant roots secrete exudate in the form of low molecular weight organic compounds that 
diffuse into the rhizosphere [33]. The exudate released by plant roots is specific and generally corresponds to the target 
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organ harvested in the plant. Exudates released by the roots of maize include free sugars such as glucose and sucrose, 
amino acids such as glycine and glutamate, and organic acids such as citric, malic, and oxalic [34]. 

The application of the combination of BG with P fertilizer had no significant effect on phosphatase activity, but in general 
the reduction of P fertilizer dose accompanied by the application of BG in the right amount could to produced higher 
phosphatase so potentially better in increasing soil P availability. Treatment of 1 BG + ¾ P produced more phosphatase 
2.18 μL.g-1.hour-1 than treatment of 1 P. Treatment of 1 BG + ½ P produced more phosphatase of 2.09 μL.g-1.hour-1more 
compared with a 1 P treatment. This was because PSMs will only secrete its phosphatase when it is deficient in P to 
metabolize. According to the research of Magralef et al. (2017) phosphatase production depends on a combination of 
the P requirements of plants and microbes, the available organic P substrates and soil P limitations [35]. 

Table 3 shows the P content of maize rhizosphere, namely the zone affected by root exudate and microbial secretion. P 
is available in the soil in the form of orthophosphate ions that can be directly absorbed by plants, while the potential P 
in the form of P₂O₅ compounds and is a reserve of P in the soil that has the potential to be converted into P is available. 

Table 3 Phosphatase activity and pH of Inceptisols influenced by application of BG and P fertilizer 

Treatment Available-P (mg.kg-1) Potential-P (mg.100g-1) 

A : Control 1.44 a 33.79 b 

B : 1 P 2.50 a 25.90 a 

C : 1 BG 12.40 b 27.22 a 

D : 1 BG + ½ P 3.09 a 25.70 a 

E : 1 BG + ¾ P 25.47 d 35.20 b 

F : 1 BG + 1 P 18.80 c 35.06 b 

G : ½ BG + ¾ P 10.98 b 51.47 d 

H : ¾ BG + ¾ P 11.19 b 44.61 c 

I : 1 ½ BG + ¾ P 17.37 c 33.67 b 

Note: Numbers followed by the same letter are not significantly different according to Duncan's multiple-distance test at 5% level. 

The available P content ranged from 1.44 -25.47 mg.kg-1 of soil. Combination treatment of BG and P in general had a 
significant effect on the increase of available soil P. Treatment 1 BG + ¾ P showed the highest increase in available P 
among all treatments. The treatment caused 22.97 mg.kg-1 P more available than the 1 P treatment, and produced the 
smallest difference in P potential. Treatment 1 BG also still produced 9.90 mg.kg-1 P available more than treatment 1 P. 
Therefore, BG could be considered to have a good performance in optimizing P reserves in the soil for plant growth, so 
it had great potential to substitute. some of the fertilizer needs of P. 

The potential P ranged from 25.70-51.47 mg.100g-1 soil. The ½ BG + ¾ P treatment produced the highest potential P 
among all treatments so that there were more labile P reserves that had the potential to become P available. The 
performance of P provision could be judged from the difference between potential P and available P, where the smaller 
the difference indicated the greater the amount of labile P that was successfully converted into available P. 

Table 4 shows the population of each PSMs that managed to remain in the rhizosphere zone after competing with 
indigenous microbes, both pathogenic and non-pathogenic. The post-application population was generally lower than 
the pre-application population. 

The control treatment was not significantly different from the 1 P treatment or the 1 BG treatment. This happened 
because inoculants need to maintain their survival from indigenous microbes and contaminants as well as from 
environmental stresses, form similar communities, colonize plant roots, and then interact with plants, especially as 
PSMs and as PGPR. In the control and 1 P treatment, there were populations of B. subtilis, B. cepacia, and P. mallei in the 
ranged of 1 x 105 CFU.g-1 soil and Trichoderma sp. in the ranged of 1 x 104 CFU.g-1 soil, where the population range 
corresponded to the population of indigenous bacteria and fungi in the initial soil analysis. 



Open Access Research Journal of Science and Technology, 2022, 04(01), 058–070 

67 

Table 4 Population of PSMs in rhizosphere of Inceptisols influenced by application of BG and P fertilizer 

 

Population of PSMs of BG in rhizosphere 

… x 109CFU.g-1 …. x 107 CFU.g-1 

B. subtilis B. cepacia P. mallei T. asperellum 

A 0.02 a 0.02 a 0.03 a 0.01 a 

B 0.09 a 0.01 a 0.06 a 0.01 a 

C 0.01 a 0.03 a 0.08 a 0.01 a 

D 9.33 a 3.83 bc 6.67 a 1.33 b 

E 27.67 a 1.63 ab 7.17 a 0.20 ab 

G 14.00 a 0.90 ab 5.83 a 0.67 ab 

H 115.33 b 1.50 ab 4.70 a 2.67 c 

I 27.33 a 6.50 c 3.50 a 0.27 ab 

Note: Numbers followed by the same letter are not significantly different according to Duncan's multiple-distance test at 5% level. 

In combination treatment, PSMs in BG was able to adapt well to the soil as a new growth medium. The highest viable 
population of B. subtilis was found in 1½ BG + ¾ P treatment i.e. 1.33 x 1011 CFU.g-1 soil, and the lowest population in 1 
BG treatment i.e. 7 x 105 CFU.g-1 soil. The highest population of B. cepacia was found in the treatment of ¾ BG + ¾ P 
which was 6.50 x 1011 CFU.g-1 soil, and the lowest population was found in the treatment of 1 P which is 4.70 x 105 CFU.g-

1 soil. 

The highest population of P. mallei was found in the treatment of 1½ BG + ¾ P which is 1.68 x 1010 CFU.g-1 soil, and the 
lowest was found in the control treatment which is 2.67 x 106 CFU.g-1 soil. The highest population of T. asperellum was 
found in the treatment of ½ BG + ¾ P which is 2.67 x 107 CFU.g-1 soil and the lowest in the treatment of 1 organic 
fertilizer which was 2.30 x 104 CFU.g-1 soil. In general, the overall combination of organic fertilizer and P fertilizer 
resulted in a higher PSMs population than controls, but tended not to differ significantly among fellow combination 
treatments. Therefore, the treatment of 1 BG + ¾ P could be considered to be effective enough to increase the availability 
of soil P optimally. This condition happened because before it could perform its function as a biological fertilizer that is 
to increase nutrient availability and plant health, inoculants must first be able to adapt to the new environment. 

 

Figure 7 Colonization of plant roots by fungal hyphae of T. asperellum after application of BG 

An important aspect of the association between plant roots, rhizosphere, and rhizobacteria is the increase in root 
growth and proliferation which is important in the transfer of nutrients and water to the upper part of the plant [3]. The 
total exudate released by plant roots is referred to as rhizodeposit which is mostly stored in the form of root biomass. 
The formation of plant roots is also influenced by the stimulation of hormonal transcription changes due to the auxin 
secreted by PSMs [36]. Auxin also works in increasing root biomass, as well as reducing the size and density of stomata 
[37]. 
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The above explanation was supported by Figure 7 which showed the occurrence of root colonization by fungal hyphae 
after application of BG. If the fungal hyphae were visible, microscopically, the bacteria had to colonized the roots. The 
advantage of root colonization was that it expanded the rhizosphere area, which was the zone for exchanging P nutrients 
with root exudates in the form of dissolved organic matter [36]. In the zone of root elongation, precisely around the root 
hairs, more exudate is produced as a result of the ruptured cells during root elongation. The wider the nutrient exchange 
zone, the higher the absorption of nutrients and water by plants. The meeting place for fungal hyphae that enter the soil 
pores is called the porosphere which is one of the main locations for the exchange of root exudates and the secretion of 
microbial organic substances. The interwoven hyphae then form an aggregatusphere that strengthens soil aggregation 
so that nutrients are not easily leached and prevent erosion [38].  

5. Conclusion 

The conclusions that can be drawn based on the results of research that have been carried out are: 

 Each of the PSMs isolates inoculated in the BG was mutually compatible so that they can be used as a synergistic 

consortium. 

 The isolates had the ability to dissolve phosphate, produce phosphatase enzyme, and produce IAA. Trichoderma 

asperellum had a plus role, namely being able to act as a biocontrol against the pathogenic fungus Fusarium sp. 

 Each of the PSMs isolates of BG namely Bacillus subtilis, Bulkholderia cepacia, Pseudomonas mallei, and 

Trichoderma asperellum had good viability, which was around 1 x 1012 cfu.g-1 at a shelf life of 126 days before 
being applied to the soil, and ranged from 109 cfu.g-1 after application to soil, and had the potential to maintain 
this viability for a longer shelf life. 

 Treatment 1 BG + ¾ P was the best formulation because it consistently significantly affected in increasing the 

dynamics of soil phosphate in Inceptisols Jatinangor-Indonesia.  
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