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Phosphate availability, P-uptake, phosphatase, and yield of maize (Zea 
mays L.) affected by kaolin based P-solubilizer and P fertilizer in 
Inceptisols 
 
Abstract. Inceptisols have problem in phosphate availability. Soil P content is very low available to 
plants because it is bound by soil colloids. One of the efforts to increase the P nutrient in the soil in a 
sustainable way by using P-Solubilizers that can dissolve phosphate in the soil so that it is available 
for plants. The purpose of experiment was to determine the effect of the combination dose of kaolin 
based P-Solubilizer and P fertilizer for improving P availability, P uptake, phosphatase, and maize 
yield on Inceptisols. The kaolin-based P-Solubilizer was used a consortium of phosphate solubilizing 
microbes (PSM) consisting of Bacillus subtilis, Burkholderia cepacea, Pseudomonas mallei, and Trichoderma 
asperellum. This experiment was conducted in the experimental field of the Laboratory of Soil 
Chemistry and Plant Nutrition, Faculty of Agriculture, Universitas Padjadjaran, Jatinangor, from July 
to December 2021. The experiment used a randomized block design (RDB) method with nine 
treatments and three replications, with details of 0 P-Solubilizer + 0 P-fertilizer; 100% P-fertilizer; 100% 
P-solubilizer; and combination 50%, 75 %, 100%, and 150% P-solubilizer with 50%, 75%, and 100% P-
fertilizer. P-solubilizer 100% recommended dose 50 kg ha-1 and P-fertilizer recommended dose 100 kg 
ha-1. The results showed that the dose of 100% P-Solubilizer (50 kg ha-1) + 75% P (75 kg ha-1) showed 
the best results in increased P-availability (346,93%), P-uptake (312,5%), Phosphate activity (33,5%), 
and maize yields (48,09%) compared to without application of P-solubilizer and P-fertilizer. This 
consortium isolate could be developed as a P-Solubilizer with the ability to increase the efficiency of P 
up to 25%. 
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Introduction 
 
Maize (Zea mays L.) is the second staple 
commodity after rice in Indonesia. Apart from 
being a food commodity, maize is an important 
raw material for animal fodder. The need for 
fodder maize has not been fully met by domestic 
maize production, most of it comes from 
imports. One of the efforts that can be made to 
increase maize production is by extensification. 
In general, maize plants can grow in almost 
every type of soil. Inceptisols are one type of 
agricultural soil in Indonesia that has the widest 
distribution in Indonesia. However, this land 
has problems in its utilization, especially its low 
fertility rate (Muslim et al., 2020). To overcome 
the problem of soil fertility, biofertilizer can be 
applied to inceptisols to reduce the use of 
chemical fertilizers. 

Biofertilizers are fertilizers that contain 
beneficial microbes that can facilitate the 
availability of nutrients for plants that are 
environmentally friendly (Kumar et al., 2022). 
One of the biofertilizers that can increase the 
availability of soil phosphate is phosphate 
solubilizing microbes. Phosphate solubilizing 
microbes (PSM) are soil microbes that can to 
release P from bonds with Al, Fe, Ca, and Mg, so 
that it can dissolve P that was originally 
unavailable to plants to become available to 
plants (Alori et al., 2017; Tian et al., 2021). This is 
because the PSM secrete organic acids which can 
form stable complexes with P-binding cations in 
the soil. In this study, PSM isolates were used 
consisting of Bacillus subtilis, Pseudomonas mallei, 
Burkholderia cepacia, and the fungus Trichoderma 
asperellum. Recently, the genus Burkholderia has 
become important as a solvent microbe 
(Moreno-Conn et al., 2021). 

Using the PSM consortium as a biofertilizer 
is expected to increase the availability of soil P to 
be absorbed by plants to increase fertilization 
efficiency while reducing the use of phosphate 
chemical fertilizers. Sarmah and Sarma (2022) 
stated that the application of phosphate-
dissolving microbial biofertilizers can increase 
nutrient availability, plant production and be 
able to substitute inorganic P fertilizers. This is 
in line with the results of research by Timofeeva 
et al. (2022) that PSM can increase soil available 
P, soil fertility, and crop production in a 
sustainable way. 

The effectiveness of microorganisms used 
as phosphate-solubilizing microbes depends on 

environmental factors, survival in the soil, 
formulation quality, and applications (Raymond 
et al., 2021). Bacterial and fungal cells can be 
immobilized in solid carriers for preservation 
and protection from the external environment. 
Carriers have an important role in maintaining 
the effectiveness and survival of microbes 
during storage (Aksani et al., 2021). According to 
the results of a study by Herrera-Téllez et al., 
(2019), kaolin as a carrier was able to maintain 
the viability of Trichoderma asperellum around 1 × 
107 CFU g-1 soil, and this level was maintained 
throughout the experiment (90 days), indicating 
the retention and survival of T. asperellum which 
is optimal in kaolin formulations. 

Based on the description above, the 
application of kaolin-based P-solubilizer 
combined with P fertilizers in this study was 
expected to influence P availability, P uptake, 
phosphatase activity, and maize yields in 
Inceptisols. 
 
 
Materials and Methods 
 
This experiment was conducted in the 
experimental field of the Laboratory of Soil 
Chemistry and Plant Nutrition, Faculty of 
Agriculture, Universitas Padjadjaran, Jatinangor, 
from July to December 2021. P-solubilizers were 
made at the Soil Biology Laboratory, Faculty of 
Agriculture, Padjadjaran University. Maize 
seeds used the Padjadjaran 1 variety. The PSB 
isolates used in this study were (Bacillus subtilis, 
Burkholderia cepacia, and Pseudomonas mallei) 
collection of Laboratory of Soil Biology Faculty 
of Agriculture, Universitas Padjadjaran, and the 
PSF isolates (Trichoderma asperellum) collection of 
Laboratory PT. Agritek Tani Indonesia. Carrier 
that P-solubilizer used is 100 g sterilized kaolin 
meanwhile inorganic fertilizer that used is Urea 
(46% N), SP-36 (36% P2O5), and KCl (50% K2O), 
as well as manure from sheep manure 2 ton ha-1.  

The experiment used a randomized block 
design (RDB) consisting of nine treatments and 
three replications for each treatment. The 
treatments were: 0% P-solubilizer + 0% P 
(without P-solubilizer and without P-fertilizer); 
100% P-fertilizer; 100% P-solubilizer; and 
combination 75 % and 100% P-fertilizer with 
50%, 75%, and 100% P-solubilizer. P-solubilizer 
100% recommended dose 50 kg ha-1 and P-
fertilizer recommended dose 100 kg ha-1. 
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P-Solubilizer Preparation. PSMs isolate 
were refreshed in agar medium (NA and PDA). 
Isolate propagation in NB (1% (v/v)) incubated 
for 3-5 days. Inoculation into the bulking media 
(mixture of molasses (5%) and potato extract 2:1) 
and incubated for 3 days. Inoculation into 100g 
sterile kaolin (carrier) (5% v/w), which was 
incubated for 5 days. PSMs population in 
biofertilizer counted by the Dilution Plate Count 
method. 

Application of treatments. Two seeds of 
maize in a planting hole by 5 cm deep. P-
solubilizer dissolved in water with a 
concentration of 5 g.L-1; therefore P-solubilizer 
was applied directly into the planting hole with 
a dose according to the treatment. The treatment 
of inorganic P Super Phosphate 36 (P) was 
carried out at 1 WAP with a dose according to 
the treatment. Inorganic fertilizer such as Urea 
fertilizer at a dose of 350 kg ha-1 was applied 
25% at 1 week after plant (WAP), 50% at 4 WAP, 
and 25% at 6 WAP. KCl fertilizer at a dose of 50 
kg ha-1 applied at 75% at 1 WAP and the 
remaining 25% at 4 WAP recommended dose 
(Ministry of Agriculture, 2020). Observations 
were made every two weeks until 8 WAP. 

Soil and Plant Sampling. P-availability, 
phosphatase activity, P uptake, and maize yield 
components were further conducted. Soil 
sampling was performed a week before planting 
and when plants reached their peak vegetative 
phase (56 days after planting). Analysis of the 
soil biological and chemical properties was 
taken from soil around the roots (rhizosphere).  

Phosphatase enzyme activity was 
determined according to Eivazi and Tabatabai 
method. p-nitrophenyl was added to the 
substrate to form p-nitrophenol compound 
through enzyme activity. Then, it was 
consecutively stained by sodium hydroxide 
solution, which can be detected by 400 nm 
spectrophotometer. 

P-Availability was determined according to 
Olsen and Bray I method. Soil samples from the 
field were air-dried, ground, sifted using a 2 mm 
sieve, and then put in a labeled plastic bag. 
Analysis of soil characteristics was carried out 
on soil properties that were thought to be closely 
related to soil P availability. The P content in the 
soil was estimated using 25% HCl extractor, 
Olsen, and Bray I. 

Sampling for P uptake was carried out 
during the maximum vegetative period. The 
plant sample taken for analysis of plant P uptake 

was the 4th leaf which is assumed to be an 
indicator leaf. The 4th leaves were cleaned of 
adhering dirt, then air-dried, then cut into 
pieces, and dried using an oven at 870C. The 
dried leaves were then crushed using a grinder 
machine with a fineness of 0.5 mm and put into 
a film bottle, and labeled according to the 
treatment for further analysis in the laboratory. 
Plant P content was analyzed by the Kjeldahl 
method. 

Harvesting was done when the cobs or 
husks were dry, the seeds were shiny, hard, and 
when pressed with a fingernail, it didn't leave an 
impression or at 99 days after planting (DAP). 
Furthermore, dried for 2 days and peeled, maize 
yield components as dry weight cob stated in 
dry weight/plant. 

The data were analyzed by means of 
variance (ANOVA) using SPSS 25.0; for 
treatments that had a significant effect, Duncan's 
multiple distance test was carried out at a 
significance level of 5%.  

 
 
Results and Discussions 
 
Soil P-Availability. The results of laboratory 
analysis of the value of soil P availability 
showed in Table 1. The results of the statistical 
analysis showed that the effect of the application 
of kaolin biofertilizer combined with P fertilizer 
had a significant effect on the availability of P in 
the soil. The highest available P content was 
indicated by treatment 50% P-Solubilizer + 75% 
P. his treatment showed the highest available 
soil P among all treatments, namely 17.05 ppm 
P, an increase of 451.78% compared to the 0% P-
solubilizer + 0% P, while the 0% P-solubilizer + 
0% P treatment showed the lowest. This is 
consistent with the statements of Amri et al. 
(2022), P-solubilizers with consortium PSM can 
increase the availability of P to plants, thus 
promoting plant growth and making the use of 
inorganic fertilizers more efficient.  

As shown in Table 1, overusing 
biofertilizers did not significantly affect the 
availability of P. Application of P-fertilizers only 
increases yield to an optimal point. It is believed 
that the application thickens the soil solution 
and prevents it from being taken up by plants. 
This was in line with Barłóg et al., (2022), who 
stated that even nutrients contained in fertilizers 
are not available to plants because over-
fertilization leads to lower plant growth and 
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enriches the soil solution. High P content in soil 
interferes with the uptake of other elements in 
the soil and hinders plant growth. 

 
Table 1. Effect of biofertilizers on soil P–
availability and P-uptake 

Treatments 
P 

availability 
(ppm P) 

P Uptake  
(g plant-1) 

0% P-solubilizer + 0% P  3.09 a 0.80 a 
100% P  7.21 bc 1.43 b 
100% P-Solubilizer  9.40 cd 1.36 b 
100% P-Solubilizer + 50% P 14.40 e 2.82 e 
100% P-Solubilizer + 75% P  13.81 e 3.30 f 
100% P-Solubilizer +100%P  10.73 de 1.90 c 
50% P-Solubilizer + 75% P  17.05 f 2.45 d 
75% P-Solubilizer + 75% P 12.41 de 2.51 de 
150% P-Solubilizer  + 75% P 12.25 de 2.82 e 
Description: The same letter in the same column 
shows no significant difference according to the 
DMRT test with a level of 5% 
 

P-Uptake. Statistical test results showed 
that applying a combination of P-solubilizer and 
P fertilizer at several dosage combinations, 
shown in Table 1, had a significant impact on 
maize's ability to uptake P nutrients. The 100% P-
Solubilizer + 75% P treatment increased P-uptake 
by 312.5% compared to 0% P-solubilizer + 0% P 
treatment. This is caused by P-solubilizer 
containing phosphate-soluble microorganisms, 
whose populations are fairly high at ± 1012 cfu g-

1, and can dissolve nutrient P for plant uptake. In 
addition to being a phosphate-soluble 
microorganism used in this experiment also 
have properties such as plant growth-promoting 
rhizosphere bacteria (PGPR). 

PGPR stimulates root growth through the 
production of phytohormones (auxin, IAA), 
secondary metabolites, and enzymes Chandran 
et al. (2021). In line with the study by Shen et al.  
(2018), increased plant P uptake is known to be 
affected by P availability, root spread, and root P 
uptake capacity. According to Lugli et al. (2020), 
phosphorus uptake is highly dependent on root 
contact with phosphorus in dissolved soil, and 
the distribution of roots in soil can be very 
significant to increase phosphorus uptake and 
plant dry weight. Phosphorus uptake by maize 
roots is affected by the type of root and the type 
of soil supplied with phosphorus (Gong et al., 
2022). 

Activity of Phosphatase. Based on data in 
Table 2 showed that the application of the P-
solubilizer + P fertilizer between different doses 

of treatment did not show a significant 
difference in the phosphatase activity. However, 
the application of a dose of 100% P-solubilizer + 
75% P and 100% P-solubilizer + 100% P showed 
the activity of phosphate increasing. although 
statistically is not significant. The application of 
a dose 100% P-solubilizer + 75% P and 100% P-
solubilizer + 100% P by increasing 33.5% and 
36% compared to 0% P-solubilizer + 0% P 
treatment.  

The increasing phosphatase activity shows 
the efficiency and effectiveness of nutrient 
uptake (Janes-Bassett et al., 2022). Without P-
solubilizer the phosphatase activity tends to be 
lower, while in the treatment of 150% biological 
fertilizer + 75% P the phosphatase activity also 
tended to be low, this indicates that the addition 
of more than 100% biological fertilizer did not 
increase the phosphatase activity. 

Fitriatin et al. (2020) revealed that PSM 
isolates in various rhizospheres have the ability 
to dissolve P by producing organic acids, 
phosphatase enzymes and phytohormones. 
Phosphatase enzymes dissolve insoluble cation-
bound P complexes, making them available for 
plant uptake. Secretion and phosphatase activity 
are ways in which some microbes and plants 
respond to soil acidity and P deficiency (Wu et 
al., 2018; Nannipieri et al., 2021)  

 
Table 2.  Effect of biofertilizers on phosphate 
activity 

Treatments Phosphatase (𝜇𝜇 g-

1 h-1) 
0% P-solubilizer + 0% P  15.11 a 
100% P  18.27 ab 
100% P-Solubilizer  14.81 a 
100% P-Solubilizer + 50% P 18.07 ab 
100% P-Solubilizer + 75% P  20.18 b 
100% P-Solubilizer + 100% P  20.56 b 
50% P-Solubilizer + 75% P  16.20 ab 
75% P-Solubilizer + 75% P 17.54 ab 
150% P-Solubilizer  + 75% P 17.45 ab 
Description: The same letter in the same column 
shows no significant difference according to the 
DMRT test with a level of 5% 

 
Yields of Maize Plants. Based on statistical 

test showed that the application of kaolin based 
biofertilizer and P fertilizer had a significant 
effect on the dry weight of maize (Table 3). The 
increase of dry weight cob per hectare reached 
48,09% compared to 0% P-solubilizer + 0% P 
treatment and 15.8% from the average dry 
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harvest weight of the Padjadjaran 1 variety of 
11.92 ton ha-1. 

 
Table 3. Effect of biofertilizers on maize yield 
components 

Treatment 

Maize Yields 
Components 

Weight of 
100 Seeds 

(g)) 

Dried 
weight cob 
(ton Ha-1) 

0% P-solubilizer + 0% P  24.20 a 8.32 a 
100% P  28.61 bc 9.84 bc 
100% P-Solubilizer  26.76 ab 9.21 ab 
100% P-Solubilizer + 50% P 34.13 d 11.74 d 
100% P-Solubilizer + 75% P  40.15 e 13.81 e 
100% P-Solubilizer + 100% P  39.20 e 13.48 e 
50% P-Solubilizer + 75% P  31.90 cd 10.97 c 
75% P-Solubilizer + 75% P 26.53 ab 9.13 ab 
150% P-Solubilizer  + 75% P 31.40 cd 10.80 cd 
Description: The same letter in the same column 
shows no significant difference according to the 
DMRT test with a level of 5% 

 
Dry harvest weight maize on treatment 

100% P-Solubilizer + 75% P reached 13.81 ton ha-

1, and 100% P-Solubilizer + 100% P reached 13.48 
ton ha-1. From an economic point of view, 
providing 100% P-solubilizer + 75% P treatment 
has more benefits for farmers to save cost of 
fertilizer procurement compared to using just P-
solubilizer or just P-fertilizer. 

Increasing the P-availability in the soil will 
optimize the supply of phosphorus nutrients for 
plants which are useful for increasing the rate of 
photosynthesis and accumulation of dry matter 
after the flowering phase. This has a positive 
impact on increasing the yield of maize seeds 
(Zhu et al., 2012). During the generative period, 
especially during the seed filling phase, 
sufficient availability of phosphorus nutrients is 
required so that maximum maize yields will be 
obtained (Khan et al., 2014). 

 
 

Conclusion 
 
The results showed that the application of 
kaolin-based biofertilizer and P fertilizer (SP-36) 
increased the availability of P, P uptake, and 
components of maize yields, but had no 
significant effect on the soil phosphatase 
activity. The application of 100% P-solubilizer + 
75% P gave the best yield of 13.81 tons ha-1 that 
increased up to 15.8% of the average dry harvest 
weight of the Padjadjaran 1 variety of 11.92 ton 

ha-1. This consortium isolate can be developed as 
a P-Solubilizer with the ability to increase the 
efficiency of P up to 25%. 
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