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ABSTRACT  

Andisols are specifically characterized by a very high P adsorption capacity owing to their acidic 

reaction and dominance of variable-charged clay minerals. This crop cultivation problem can be 

overcome by potassium humate amelioration intended to exchange the adsorbed soil P fractions 

into the more available (labile) forms. This study aims to evaluate the effects of potassium humate 

application at 0, 20, 40, and 60 kg ha-1 on the dynamics of P fractions and their relationships with 

the chemical properties of an Indonesian Andisol. Using the Tiessen and Moir procedure, PH2O, 

PNaHCO3-Pi-Po, PNaOH-Pi-Po, and PHCl fractions were obtained in topsoil (0–30 cm) and subsoil (30–60 cm) 

samples 16 weeks after the treatment. The organic soil P (PPo) fractions tended to increase and were 

attributed positively to total P and negatively to base saturation (BS) at the topsoil, whilst the subsoil 

PPo fractions tended to increase with the decreasing soil BS. At 60 kg ha-1, the potassium humate 

application effectively decreased PPo and increased PPi fractions in the subsoil. The results also 

revealed that humic acid component of potassium humate was an effective organic ligand 

exchanger for the adsorbed PPo fractions that simultaneously altered soil anion-cation equilibrium 

in the studied Andisol. As an implication, soil P availability was increasing. 

Introduction 

Pagar Alam City is a part of the Bukit Barisan highlands of South Sumatera Province, Indonesia. The existence 
of Mt. Dempo, an active volcano, extensively influences the natural fertility of soil, which is dominated by 
Andisols [1]. The main crop cultivation problem in Andisols is the high soil adsorption capacity for phosphate 
(P) owing to the dominance of nanocrystalline allophane and paracrystalline imogolite, as well as ferrihydrite 
and hydrated Al and Fe oxides as the forming clay minerals. These clay minerals can adsorb up to 97.8% of 
soil P [2] through the formation of an inner-sphere complex with phosphate as the main ligand [3,4]. 

The colloidal surface reactivity of Andisols originates from the functional groups of the dominant clay 
minerals, especially the reactive sites of aluminol (Al-OH), which have variable or pH-dependent charge 
characteristics [5]. In highland areas, soils tend to develop an acidic reaction [6]; hence, the aluminol reactive 
sites of Andisols are deprotonated and produce a dominantly positive charge. It is therefore most anions, 
particularly phosphate, are strongly adsorbed by the chemisorption mechanism [7], making them unavailable 
for plant root absorption. As a result, the response of cultivated crops to P fertilization in tropical Andisols is 
tremendously low [8]. 

Without an attempt to decrease the P adsorption capacity, the P fertilizer dose to achieve optimum crop 
productivity in Andisols will be immense, inefficient, and tend to cause environmental problems [9]. This is 
one of the reasons why Pagar Alam City, one of the agribusiness sub-terminals in South Sumatera, is 
challenged to sustainably increase the productivity of its crops, especially vegetables [10]. One prospective 

mailto:u_sudadi@apps.ipb.ac.id
https://crossmark.crossref.org/dialog/?doi=10.29244/jpsl.14.4.875&domain=pdf&date_stamp=2024-12-12


This journal is © Putri et al. 2024  JPSL , 14(4) | 876 

effort that necessitates the assessment of its effectiveness in decreasing P adsorption capacity in Andisols is 
the application of potassium humate. Potassium humate is a potassium (K) salt of humic acid. In this case, 
the humic acid component of the potassium humate is expected to function as a ligand exchanger to displace 
phosphate at the soil colloidal adsorption site; hence, soil P will be dominated by labile fractions that are 
more available for plant root absorption. 

According to Tiessen and Moir [11], soil P consists of five fractions that are related to the level of plant 
availability: PResin (very quickly available), PNaHCO3-Pi-Po (rapidly available), PNaOH-Pi-Po (slightly available), PHCl 
(slowly available), and PResidual (potentially available). Humic acid is a base-soluble organic compound that is 
difficult to decompose further and therefore tends to form a relatively stable colloid [12]. Humic acid  has a 
polyphenol or quinone aromatic core as well as carboxyl, phenol, and carbonyl functional groups, including 
sugars and peptide fragments, whilst its sub-entities can be associated with the  ̶ O ̶ ,  ̶ CH2 ̶ , =CH ̶ , and/or  ̶ 
NH ̶  as well as  ̶ S-S ̶ , and other similar groups [13]. The adsorption affinity of clay minerals in Andisols for 
humic acid is greater than that of phosphate; therefore, phosphate as an adsorbed ligand complex can be 
displaced. Hence, phosphate is released into the soil solution as plant-available P [14]. 

The application of potassium humate can also increase the availability of soil K and the negative charge of 
soil colloids, thereby decreasing anion adsorption, including phosphate, through a negative adsorption 
mechanism [15,16]. This study aimed to evaluate the effects of potassium humate amelioration on the 
dynamics of soil P fractions and their relationships with the chemical properties of an Andisol in Pagar Alam, 
South Sumatera, Indonesia. In an effort to achieve a sustainable soil resource management option, the results 
of this study will be useful for determining the recommended dose of potassium humate for productive crop 
cultivation in Andisols. 

Materials and Methods 

Experimental Design 

A field experiment was conducted from May to August 2023 on the farmers’ land in Gunung Agung Pauh 
Village, Pagar Alam City, North Dempo Regency, South Sumatera Province, Indonesia, which is located at an 
altitude of 1,100 to 1,300 m above sea level with Andisol as the soil order. Based on interviews with farmers, 
in the growing season preceding the experiment, the land was cultivated for potatoes with a low productivity 
(18 t ha-1). After the harvest, the plots had been ameliorated with 15 t ha-1 chicken manure. One week later 
a mixture of 650 kg ha-1 Biophosphate (P) and 350 kg ha-1 Vigo Amino (N) as basic fertilizers, as well as 
potassium humate powder according to the treatment dose levels, were spread over the unplanted 
experimental plots. One month later, 350 kg ha-1 NPK 16-16-16 was applied as supplemental fertilizer. Except 
for potassium humate, chicken manure and fertilizers doses followed local farmers’ decisions. 

Soil samples were taken compositely from five subsamples of topsoil (0–30 cm) and subsoil (30–60 cm) of 
each experimental plot one day before and 16 weeks after the application of potassium humate as a single 
treatment according to a Randomized Block Design. The dimension of each experimental plot was 3 x 2 m. 
The treatment consisted of 4 levels of potassium humate application (kg ha-1), P0 = 0 (control), P1 = 20, P2 = 
40, and P3 = 60, each with 3 replications. Soil samples were air-dried, separated from litter and roots, and 
passed through a 2 mm sieve for laboratory analysis. 

Soil Analysis 

Soil analyses were carried out on texture (3 fractions) using Pipette method and chemical properties as 
presented in Table 1. The modification performed in the P fractionation analysis was to change resin with 
aquadest to obtain the quickly available fraction, designated as PH2O. Soil P fractionation was only carried out 
on soil samples taken 16 weeks after the initial application of the treatment to obtain PH2O (instead of PRESIN), 
PNaHCO3-Pi-Po, PNaOH-Pi-Po, and PHCl fractions, whereas PResidual was calculated as the difference between total P and 
PH2O + PNaHCO3-Pi-Po + PNaOH-Pi-Po + PHCl. The PPi and PPo attributes indicated the soil inorganic and organic P 
fractions, respectively. 

Data Analysis 

The relationships between potassium humate treatment doses, soil chemical properties, and soil P fraction 
dynamics are presented graphically and descriptively. The significance levels of the treatment effects on the 
soil P fractions were based on the results of the linear regression analysis. Data analysis was also performed 
to determine the multiple linear regression equations (Y = a + b1X1 + b2X2 + bnXn) using a backward stepwise 
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procedure, and to analyze the relationship between the soil P fractions as the dependent variable (Y) and the 
soil chemical properties as independent variables (Xi-n) using MS Excel and SPSS software. In this article, the 
PResidual data were not presented or discussed because they were not significantly affected by the treatment 
or related to the chemical properties of the soil. 

Table 1. Methods of soil analysis. 

Soil analysis Extraction methods Determinations 

pH H2O H2O Extract [17] pH-meter 
pH NaF N NaF Extract [18] pH-meter 
Exch. Al (ppm) N KCl Extract [19] HCl Titration 
Organic C (%) Walkley & Black 1934 [20] Titration 
Total N (%) Kjeldahl 1883 [21] Titration 
Total P (mg 100 g-1) HCl 25% Extract [22] Spectrophotometer 

Exch. Bases (K, Na, Ca, Mg) (cmolc kg-1) N NH4OAc pH 7.0 Extract [23] 
Atomic Absorption 
Spectrophotometer 

Cation Exchange Capacity (CEC) (cmolc kg-1) N NH4OAc pH 7.0 Extract [23] 
Atomic Absorption 
Spectrophotometer 

P Fractions (%) 
Tiessen and Moir [11] modified by Sudadi 
et al. [24] 

Spectrophotometer 

Base saturation (%) Ratio of sum of exch. bases to CEC Calculation 
Al Saturation (%) Ratio of exch. Al to (CEC + exch. Al) Calculation 

Results and Discussion 

Initial Soil Chemical Properties 

Andisols are generally characterized by low bulk density. Andisol at the study site, however, had a clay 
textural class (clay content > 50%) in both topsoil and subsoil. This was related to the mechanical mixing 
process performed by the farmers during land preparation before planting potatoes in the preceding growing 
seasons. Table 2 shows that the soil pH NaF was > 11, indicating that the soil colloids were dominated by 
allophane, one of the specific characteristics of an Andisol [25]. The soil pH H2O was categorized as slightly 
acidic in both soil layers with low Al saturation levels. The most common range of pH H2O values for Andisols 
is 4.5 to 6.5 [26]. 

The organic C levels (< 1%) were very low in both soil layers even after ameliorated with 15 t ha-1 chicken 
manure. This indicated that the soil organic matter content before the amelioration of chicken manure was 
already low due to leaching and erosion processes, as the soil slope in the study site was slightly steep and 
rainfall intensity was high [27]. Besides, the soil organic C level was decreasing due to decomposition or 
mineralization of the soil organic matter [28]. The soil total P was very high because it had been fertilized 
with 650 kg ha-1 biophosphate, while soil CEC was very high with low to medium exchangeable bases, which 
resulted in a very low soil Base Saturation (BS). 

Table 2. Average soil chemical properties of Andisol Pagar Alam before ameliorated with potassium humate*. 

Soil 
Layer  
(cm) 

pH  
NaF 

pH 
H2O 

Al 
Saturation (%) 

Organic  
C (%) 

Total P  
(mg 100g-1) 

Exchangeable    

CEC BS (%) K Na Ca Mg 

(cmolc kg-1) 

0 – 30 11.33 5.85 sa 0.2 vl 0.87 vl 202.22 vh  0.48 m 0.12 l 7.10 m 0.83 l 43.07 vh 19.8 vl 
30 – 60 11.39 5.85 sa 0.3 vl 0.70 vl 162.89 vh 0.25 l 0.12 l 4.78 l 0.50 l 42.56 vh 13.3 vl 

* Based on soil chemical properties assessment criteria [22]: sa = slightly acidic, vl = very low, l = low, m = medium, vh = very high. 

Effects of the Treatment on Soil P Fractions Dynamics 

The average percentages of soil P fractions to the total P concentration after potassium humate amelioration 
and fertilizer application are presented in Table 3. The average percentage levels of soil PH2O, PNaHCO3-Po, and 
PNaOH-Po fractions were higher in the subsoil than in the topsoil, whereas PNaHCO3-Pi, PNaOH-Pi, and PHCl were the 
opposite. In the subsoil, the application of potassium humate was highly significant (p < 0.01) and negatively 
affected soil PH2O, PNaHCO3-Po, and PNaOH-Po fractions, but positively affected soil PNaHCO3-Pi, PNaOH-Pi, and PHCl 
fractions. However, the total values of PH2O + PNaHCO3-Po + PNaOH-Po fractions in the subsoil at the highest dose of 
potassium humate application (60 kg ha-1) were still relatively high, at 52.4% of the total soil P. 
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Table 3. Average P fractions percentage in Andisol Pagar Alam after ameliorated with potassium humate and 

applied with basic fertilizers for 16 weeks and supplemental fertilizer for 12 weeks*. 

Potassium humate 
dose 
(kg ha-1) 

Soil 
layer 
(cm) 

Soil P fractions (% to total P concentration) 

Total P 
(ppm) PH2O 

PNaHCO3 PNaOH 
PHCl 

Po Pi Po Pi 

0   0 – 30 2.0  5.7 7.7 35.7 25.4 22.0 1,301.5 
30 – 60 3.6 12.5 3.7 54.3 18.5 16.6   921.4 

20   0 – 30 2.5  4.9 6.0 31.5 30.0 23.0 1,124.8 
30 – 60 2.9  8.8 4.4 51.5 17.9 17.3 1,280.7 

40   0 – 30 1.8  5.2 6.1 40.3 22.7 20.2 1,200.5 
30 – 60 2.2  6.7 4.3 50.0 19.1 17.4 1,157.1 

60   0 – 30 2.1  5.0 7.9 39.8 24.5 22.1 1,295.7 
30 – 60 2.3  5.4 5.7 44.7 19.6 20.7 1,223.0 

Average   0 – 30 2.1  5.2 6.9 36.8 25.7 21.8 1,230.6 

30 – 60 2.8  8.4 4.5 50.1 18.8 18.0 1,145.6 

*Doses of the basic and supplemental fertilizers were 650 kg ha-1 Biophosphate, 350 kg ha-1 Vigo Amino and 350 kg ha-1 NPK 16-16-16. 

The soil organic P fraction (PPo) is positively correlated with soil organic matter content [29]. In this study, the 
average percentage of PPo fraction concentration was higher in the subsoil than in the topsoil, while the soil 
organic C content was the opposite. This was related more to the very high porosity of the soil; therefore, 
the soil PPo fractions that have a low molecular weight were very easily leached from the topsoil and 
accumulated in the deeper soil layers (subsoil), except in the rainy season [30]. The field experiment in this 
study was conducted from May to August 2023 with an average monthly rainfall that ranged above normal, 
158 to 161 mm [31-34], and was higher than that occurring in the same period during the last six years [35], 
so that the leaching process became very intensive. Because inorganic P (PPi) fractions are naturally non-
mobile in the soil system, they do not easily leach [36] and remain relatively in the topsoil. 

The average percentage of rapidly available P fractions (PNaHCO3-Po-Pi), especially PNaHCO3-Po, in the subsoil 
decreased with increasing doses of potassium humate (Figure 1). Ren et al. [37] reported the same pattern, 
in which the application of potassium humate can also reduce the soil available P levels by up to 80%; 
therefore, a site-specific and precise assessment is needed to determine the recommended dose of 
potassium humate application. 

 

Figure 1. Effects of potassium humate amelioration on the rapidly available soil P fractions (PNaHCO3-Po) in the subsoil 

of Andisol Pagar Alam, South Sumatera. 

Figure 2 shows that the average percentage of the slightly available P fractions (PNaOH-Po-Pi) in the subsoil 
decreased for the organic fractions (PNaOH-Po) and increased for the inorganic fractions (PNaOH-Pi) with increasing 
doses of potassium humate application. This indicated the occurrence of the mineralization process of PNaOH-

Po into PNaOH-Pi, which was catalyzed by the soil phosphatase enzyme, resulting in a decrease in soil PNaOH-Po and 
an increase in soil PNaOH-Pi fractions [38]. 
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Figure 2. Effects of potassium humate amelioration on the slightly available soil P fraction (PNaOH-Po-Pi) in the subsoil of 

Andisol Pagar Alam, South Sumatera. 

The average percentage of slowly available P fractions (PHCl) in the subsoil increased with increasing doses of 
potassium humate (Figure 3). This could be due to direct adsorption, precipitation, or accumulation processes 
originating from the mineralization of soil organic matter [39]. 

Slightly available P (PNaOH) dominated the soil P fractions in the Andisol Pagar Alam. According to Takamoto 
et al. [40], the adsorbed soil P fractions at the allophane reactive sites of andisols were dominated by the 
NaOH-extracted fractions, which showed the considerable influence of Al and Fe oxides and aluminosilicate 
clays on the soil P adsorption process. The results of this study also showed that the soil P availability was 
mainly attributed to the resultant of the inorganic P (PPi) and the slowly available P fractions (PHCl) in topsoil, 
as well as the quickly available P (PH2O) and the organic P fractions (PPo) in the subsoil. 

 

Figure 3. Effects of potassium humate amelioration on the slowly available soil P fraction (PHCl) in the subsoil of Andisol 

Pagar Alam, South Sumatera. 

Relationships between Soil P Fractions and Chemical Properties 

The average values of soil chemical properties after potassium humate amelioration and fertilizers 
application are given in Table 4. Based on the results of multiple linear regression analysis, the soil chemical 
properties that performed significant effects on the soil P fractions dynamics were pH H2O, exch. Al, total P, 
and BS. On average, soil chemical properties after the treatment decreased compared to those of the initial 
ones (Table 2), especially for the soil total P, indicating the occurrence of a leaching process on soil organic 
matter and, accordingly, to the soil organic P fractions. 
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Table 4. Average values of chemical properties of Andisol Pagar Alam after ameliorated with potassium humate and 

applied with basic fertilizers for 16 weeks and supplemental fertilizer for 12 weeks*. 

Potassium  
humate 
Dose 
(kg ha-1) 

Soil 
layer  
(cm) 

pH H2O Exch. Al 
(cmolc kg-1) 

Total P (mg 100g-1) Exch. 
K 

Exch. 
Na 

Exch. 
Ca 

Exch. 
Mg 

CEC BS 
(%) 

(cmolc kg-1) 

0   0 – 30 5.55 0.03 130.15 0.71 0.20 12.19 1.22 58.53 24.13 

30 – 60 5.29 0.09   92.14 0.36 0.20   3.19 0.51 52.88   8.11 
20   0 – 30 5.31 0.10 112.48 0.40 0.23   6.54 0.70 50.86 16.37 

30 – 60 5.09 0.16 128.07 0.29 0.22   3.76 0.51 62.34   7.50 
40   0 – 30 5.28 0.06 120.05 0.32 0.26   7.30 0.74 55.75 15.35 

30 – 60 5.09 0.05 115.71 0.23 0.18   3.76 0.51 55.92   8.43 
60   0 – 30 5.54 0.05 129.57 0.46 0.18 10.74 1.09 58.40 21.63 

30 – 60 5.32 0.11 122.30 0.24 0.19   7.57 0.73 62.87 15.36 
Average   0 – 30 5.42 0.06 123.06 0.47 0.22   9.19 0.94 55.89 19.37 

30 – 60 5.20 0.10 114.56 0.28 0.20   4.57 0.57 58.50   9.85 

*See Table 3. 

The soil chemical properties that performed significant effects on the P fraction dynamics in topsoil were pH 
H2O, exch. Al, total P, and BS, with the lowest p-value (most significant) found in the relationships of soil BS 
and total P with the organic P fractions (Table 5, equation 2: Y = 96.051 – 0.811 BS + 0.028 total P, R2 = 0.55; 
p = 0.027). This equation shows that a 1% reduction in soil BS increases the PPo fractions by 0.811%. The 
decrease in soil BS was related to the decrease in exchangeable base cations (mainly K, Ca, and Mg), whereas 
the soil CEC was relatively constant. In addition, an increase of 1 ppm in total soil P increases the PPo fraction 
by 0.028%. According to Zarif et al. [41], total P had a significant effect on all soil P fractions, whereas soil BS 
affected more soil inorganic P fractions. Therefore, in this study, decreasing soil BS had a greater effect in 
reducing the inorganic P fractions, which in turn indirectly increased the proportion of soil organic P fractions. 

Table 5. Multiple linear-regression equations between P fractions (Y) and soil chemical properties (X) with significant 

coefficient of determination in Andisol Pagar Alam after ameliorated with potassium humate and applied with basic 

fertilizers for 16 weeks and supplemental fertilizer for 12 weeks*. 

Y Equation* R2 p 

Topsoil    

PH2O+NaHCO3-Pi+ NaOH-Pi+HCl Y(1) =  –1.277 + 12.216 pH H2O + 0.933 BS + 100.961 exch. Al – 0.028 total P 0.74 0.032 
PH2O+NaHCO3-Po+ NaOH-Po Y(2) =  96.051 – 0.811 BS + 0.028 total P 0.55 0.027 
PNaHCO3-Pi+NaOH-Pi Y(3) =  0.838 + 7.156 pH H2O + 0.462 BS – 72.824 exch. Al 0.59 0.057 

PNaHCO3-Po+NaOH-Po 
Y(4) =  101.277 – 12.216 pH H2O – 0.933 BS –                
           100.961 exch. Al + 0.028 total P 

0.74 0.032 

Subsoil    

PH2O+NaHCO3-Pi+ NaOH-Pi+HCl Y(5) =  79.309 + 0.831 BS 0.38 0.032 
PH2O+NaHCO3-Po+ NaOH-Po Y(6) =  50.293 – 0.705 BS 0.41 0.025 
PNaHCO3-Po+NaOH-Po Y(8) =  20.691 – 0.831 BS 0.38 0.032 

*See Table 3, n = 12. 

The chemical properties of the subsoil with the most significant effects (with the lowest p-value) on the 
dynamics of soil P fractions were soil BS in its relationship with the organic P fractions (Table 5, equation 6: Y 
= 50.293 – 0.705 BS, R2 = 0.41; p = 0.025). This indicates that a 1% reduction in soil BS increases the soil PPo 
fraction by 0.705%. The decrease in soil BS could be associated with the decrease in exchangeable bases, 
especially K, which might be leached into the deeper soil layers owing to its interaction with the organic 
fraction from the potassium humate application, especially with abnormally high rainfall during the field 
experiment [42]. As a result, the subsoil pH H2O decreased, the soil colloidal exchange sites were protonated, 
and their positive charge increased. Thus, the soil was more likely to retain anions, including the P fractions. 
In addition to causing alterations in the anion-cation equilibrium in the soil colloidal reactive sites, this result 
also revealed that BS was a soil factor that could directly influence the dynamics of soil P fractions and 
indicated that a decrease in BS increased the soil adsorption affinity for phosphate, particularly the PPi.  
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Conclusions  

The PH2O and organic P (PPo) fraction levels in Andisol Pagar Alam were higher in the subsoil, whereas the 
inorganic P fractions (PPi) were the opposite. At a dose of 60 kg ha-1, potassium humate application 
significantly increased PPi fractions and decreased PPo fractions in the subsoil. In general, using potassium 
humate as a ligand exchanger effectively increased soil P availability in the studied Andisol, in the form of PPi 
in the topsoil and PPo fractions in the subsoil. The soil PPo fractions increased with increasing total P in the 
topsoil and decreasing BS in both the soil layers. The results also indicate an alteration in the anion-cation 
equilibrium at the soil colloidal reactive sites. As an implication, soil P availability was increasing. A similar 
study should be conducted at the same experimental site by cultivating food or horticultural crops with 
additional doses of potassium humate, higher than 60 kg ha-1, to determine the recommended dose more 
precisely. 

Acknowledgments 

The authors would like to thank the Director of PT Mitra Balai Industri Pertanian (PT MBIP) in Bogor for providing 
potassium humate powder for this experiment. 

References  

1. Azurianti; Wulansari, R.; Athallah, F.N.F.; Prijono, S. Kajian hubungan hara tanah terhadap produktivitas 
tanaman teh produktif di perkebunan teh Pagar Alam, Sumatera Selatan. Jurnal Tanah dan Sumberdaya 
Lahan 2022, 9, 153‒161, doi:10.21776/ub.jtsl.2022.009.1.17. 

2. Sandrawati, A.; Marpaung, T.; Devnita, R., Machfud, Y.; Arifin, M. Pengaruh macam bahan organik 
terhadap nilai pH, pH0, retensi P dan P tersedia pada andisol asal Ciater. Soil Rens Jurnal Ilmiah 
Lingkungan Tanah Pertanian 2019, 16, 50‒56, doi:10.24198/soilrens.v16i2.20861. 

3. Borie, F.; Aguilera, P.; Castillo, C.; Valentine, A.; Seguel, A.; Barea, J.M.; Cornejo, P. Revisiting the nature 
of phosphorus pools in Chilean volcanic soils as a basis for arbuscular mycorrhizal management in plant 
P acquisition. Journal of Soil Science and Plant Nutrition 2019, 19, 390‒401, doi:10.1007/s42729-019-
00041-y. 

4. Suazo-Hernández, J.; Klumpp, E.; Arancibia-Miranda, N.; Poblete-Grant, P.; Jara, A.; Bol, R.; de La Luz 
Mora, M. Describing phosphorus sorption processes on volcanic soil in the presence of copper or silver 
engineered nanoparticles. Minerals 2021, 11, 1‒18, doi:10.3390/min11040373. 

5. Ariefandra, T; Matsue, N.; Hanudin, E.; Johan, E. Phosphate adsorption capacity of allophane from two 
volcanic mountains in Indonesia. Journal of Tropical Soils 2020, 25, 39‒46, doi:10.5400/jts.2020. 
v25i1.39. 

6. Sembiring, M.; Sabrina, T.; Mukhlis, M. Effect of soil conditioner enriched with biofertilizers to improve 
soil fertility and maize (Zea mays L.) growth on andisols Sinabung area. Acta Agriculturae Slovenica 2020, 
116, 253–260, doi:10.14720/aas.2020.116.2.1322. 

7. Rostini, A.E.; Devnita, R.; Mulyani, O.; Joy, B. Pengaruh partikel mikro terak baja terhadap retensi P dan 
pH pada andisol. Jurnal Penelitian Saintek, 2019, 24, 121–128. doi: 10.21831/jps.v24i2.20374     

8. Nishigaki, T.; Tsujimoto, Y.; Rakotoson, T.; Rabenarivo, M.; Andriamananjara, A.; Asai, H.; Andrianary, 
H.B.; Rakotonindrina, H.; Razafimbelo, T. Soil phosphorus retention can predict responses of phosphorus 
uptake and yield of rice plants to P fertilizer application in flooded weathered soils in the central 
highlands of Madagascar. Geoderma 2021, 402, 115326, doi:10.1016/j.geoderma.2021.115326. 

9. Debaba, G.H.; Hartono, A.; Sudadi, U.; Indriyati, L.T. Establishing soil phosphorus critical level for potato 
(Solanum tuberosum L.) in andisol of Lembang, Indonesia. Journal of International Society for Southeast 
Asian Agricultural Sciences 2019, 25, 11–20. 

10. Badan Pusat Statistik Provinsi Sumatera Selatan. Produksi Tanaman Sayuran Menurut Kabupaten/Kota 
dan Jenis Tanaman di Provinsi Sumatera Selatan. 2023. Available online: 
https://sumsel.bps.go.id/id/statistics-table/3/ZUhFd1JtZzJWVVpqWTJsV05XTllhVmhRSzFoNFFUMDkjM 
w==/produksi-tanaman-sayuran-menurut-kabupaten-kota-dan-jenis-tanaman-di-provinsi-sumatera-
selatan.html?year=2023 (accessed on 10 May 2024). 



This journal is © Putri et al. 2024  JPSL , 14(4) | 882 

11. Tiessen, H.; Moir, J. Characterization of available P by sequential extraction In Soil Sampling and Methods 
of Analysis; Carter, M.R., Gregorich, E.G., Eds.; CRC Press: Boca Raton, USA, 2008; pp. 293–306 ISBN 13: 
978-0-8493-3586-0. 

12. Shaila, G.; Tauhid, A.; Tustiyani, I. Pengaruh dosis urea dan pupuk organik cair asam humat terhadap 
pertumbuhan dan hasil tanaman jagung manis. Agritrop Journal of Agricultural Science 2019, 17, 35–44, 
doi:10.32528/agritrop.v17i1.2185. 

13. Yang, F.; Antonietti, M. Artificial humic acids: sustainable materials against climate change. Advanced 
Science 2020, 7, 1902992, doi:10.1002/advs.201902992. 

14. Prakoso, T.; Sulistyaningsih, E.; Purwanto, B.H. Effect of humic acid on the growth and yield of two maize 
(Zea mays L.) cultivars on andisol. Ilmu Pertanian (Agricultural Science), 2020, 5, 25–34, 
doi:10.22146/ipas.36935. 

15. Sudadi, U.; Anggriawan, R.; Anwar, S. Aplikasi kleinano dari tuf volkan Gunung Salak Indonesia sebagai 
adsorben alami kontaminan anionik: fosfat perairan. Journal of Natural Resources and Environmental 
Management 2019, 9, 1032–1040, doi:10.29244/ jpsl.9.4.1032-1040. 

16. Arifin, M.; Sandrawati, A.; Setiawan, A.; Devnita, R.;Trinurani, E.; Yuniarti, A. Effect of P-fertilizer and 
organic matter to value of pH and pHo, P-avaibility, and yield of mieze in andisols from Pangalengan 
West Java. IOP Conference Series: Earth and Environmental Science 2019, 334, 012024, 
doi:10.1088/1755-1315/334/ 1/012024. 

17. Khadka, D.; Amgain, R.; Joshi, S.; Shresthaet, S. Evaluation of distilled water pH measurement with 
electrolyte methods in cultivated soils of Nepal. AgroChemistry and Soil Science 2021, 92, 52–61, 
doi:10.31073/acss92-06. 

18. Enang, R.; Yerima, B.; Kome, G.; Ranst, E. Short-range-order minerals and dominant accessory properties 
controlling P sorption in tropical tephra soils of the Cameroon volcanic line. Open Journal of Soil Science 
2019, 9, 113–139, doi:10.4236/ojss.2019.98008. 

19. Whitley, A.E.; Moir, J.L.; Almond, P.C. A meta-analysis of exchangeable aluminium in New Zealand soils 
using the National Soils Database. Soil Research 2019, 57, 113–123, doi:10.1071/SR18246.  

20. Bagherifam, S.; Delavar, M.A.; Keshavarz, P.; Karimi, A. A review of soil carbon measurement methods: 
Experimental considerations, advantages and disadvantages. Journal of Soil Management and 
Sustainable Production 2021, 10, 1–30, doi:10.22069/ejsms.2021.18039.1955.  

21. Goyal, K.; Singh, N.; Jindal, S.; Kaur, R.; Goyal, A.; Awasthi, R. Kjeldahl method In Advanced Techniques 
of Analytical Chemistry; Goyal, A., Kumar, H., Eds.; Bentham Science: Singapore, 2022; pp. 105–112, ISBN 
978-981-5050-23-3. 

22. Eviati; Sulaeman; Herawaty, L.; Anggria, L.; Usman; Tantika, H.E.; Prihatini, R.; Wuningrum, P. Analisis 
Kimia Tanah, Tanaman, Air, dan Pupuk; Sipahutar, I.A., Wibowo, H., Siregar, A.F., Widowati, L.R., 
Rostaman, T., Eds.; Kementerian Pertanian Republik Indonesia: Bogor, ID, 2023; ISBN 978-602-8039-49-
9. 

23. Purnamasari, L.; Rostaman, T.; Widowati, L.R.; Anggria, L. Comparison of appropriate cation exchange 
capacity (CEC) extraction methods for soils from several regions of Indonesia. IOP Conference Series: 
Earth and Environmental Science 2021, 648, 012209, doi:10.1088/1755-1315/648/1/012209. 

24. Sudadi, U.; Ramadhan, L.M.A.H.; Nugroho, B.; Hartono, A. Dinamika fraksi fosfor dan sifat kimia tanah 
sawah terkait indeks pertanaman padi sawah dan praktik pengairan. Jurnal Ilmu Tanah dan Lingkunan 
2019, 19, 19–25, doi:10.29244/jitl.19.1.19-25. 

25. Arifin, M.; Devnita, R.; Anda, M.; Goenadi, D.H.; Nugraha, A. Characteristics of andisols developed from 
andesitic and basaltic volcanic ash in different agro-climatic zones. Soil System 2022, 6, 1–25, 
doi:10.3390/ soilsystems6040078. 

26. Hasibuan, N.H.; Nasution, Z.; Mukhlis. Kajian sifat kimia, sifat fisik tanah dan hubungannya dengan 
produktivitas tanaman pala (Myristica fragrans) di Kabupaten Minahasa, Provinsi Sulawesi Utara. 
Agrium Jurnal Ilmu Pertanian 2023, 26, 103–110, doi:10.30596/agrium.v26i2.14701. 

27. Henny, H.; Rahmi, D; Ahmad, M.I.; Medwina, A.G.S.; Monica, A. Soil carbon storage and erodibility in 
forest and agricultural lands: A case study of volcanic plateau of Mas Urai Mount, Jambi Province, 
Indonesia. Russian Journal of Agricultural and Socio-Economic Sciences 2024, 3, 63–75. 



 
 

http://dx.doi.org/10.29244/jpsl.14.4.875  JPSL , 14(4) | 883 

 

28. Siahaan, W.; Suntari, R. Pengaruh aplikasi kompos ampas kopi terhadap perubahan sifat kimia Andisol 
Ngabab, Kabupaten Malang. Jurnal Tanah dan Sumberdaya Lahan 2019, 6, 1123–1132, 
doi:10.21776/ub.jtsl. 2019.006.1.11. 

29. Ndua, N.D.D.; Hartono, A.; Anwar, S.; Nugroho, B. Fraksi fosfor pada lapisan olah dan korelasinya dengan 
beberapa sifat kimia tanah di Jambi. Journal of Natural Resources and Environmental Management 2020, 
10, 209–219, doi:10.29244/jpsl.10.2.209-219. 

30. Kunlanit, B.; Butnan, S.; Vityakon, P. Land–use changes influencing C sequestration and quality in topsoil 
and subsoil. Agronomy 2019, 9, 1–16, doi:10.3390/agronomy9090520. 

31. Badan Meteorologi Klimatologi dan Geofisika, Stasiun Klimatologi Sumatera Selatan. Analisis Hujan Mei 
2023 dan Prakiraan Hujan Juli, Agustus dan September 2023 di Sumatera Selatan. Available online: 
https://staklim-sumsel.bmkg.go.id/buletin-edisi-juni-2023-prakiraan-hujan-juli-agustus-dan-september 
-2023/ (accessed on 9 September 2023). 

32. Badan Meteorologi Klimatologi dan Geofisika, Stasiun Klimatologi Sumatera Selatan. Analisis Hujan Juni 
2023 dan Prakiraan Hujan Agustus, September dan Oktober 2023 di Sumatera Selatan. Available online: 
https://staklim-sumsel.bmkg.go.id/wp-content/uploads/2021/06/BULETIN-BMKG-EDISI-JULI-2023.web 
_.pdf (accessed on 9 September 2023). 

33. Badan Meteorologi Klimatologi dan Geofisika, Stasiun Klimatologi Sumatera Selatan. Analisis Hujan Juli 
2023 dan Prakiraan Hujan September, Oktober dan November 2023 di Sumatera Selatan. Available 
online: https://staklim-sumsel.bmkg.go.id/wp-content/uploads/2021/06/BULETIN-BMKG-EDISI-AGUS 
TUS-2023_web.pdf (accessed on 9 September 2023). 

34. Badan Meteorologi Klimatologi dan Geofisika, Stasiun Klimatologi Sumatera Selatan. Analisis Hujan 
Agustus 2023 dan Prakiraan Hujan Oktober, November, dan Desember 2023 di Sumatera Selatan. 
Available online: https://staklim-sumsel.bmkg.go.id/wp-content/uploads/2021/06/BULETIN-BMKG-
EDISI-SEPTEMBER-2023.pdf (accessed on 9 September 2023). 

35. Badan Pusat Statistik Kota Pagar Alam. Jumlah Curah Hujan dan Hari Hujan Kota Pagar Alam, 2015–2021. 
Available online: https://pagaralamkota. bps.go.id/id/statistics-table/2/MjMzIzI=/jumlah-curah-hujan-
dan-hari-hujan.html (accessed on 10 November 2023). 

36. Fadli, B.H.; Yasin, S.; Yulnafatmawita. Fluktuasi fospor dan kemasaman pada agregat tanah di 
perkebunan teh yang berumur 36 tahun di Kecamatan Gunung Talang, Kabupaten Solok. J. Tanah dan 
Sumberdaya Lahan 2021, 1, 215–219, doi:10.21776/ub.jtsl.2021.008.1.24. 

37. Ren, H.; Islam, M.S.; Wang, H.; Guo, H.; Wang, Z.; Qi, X.; Zhang, S.; Guo, J.; Wang, Q.; Li, B. Effect of humic 
acid on soil physical and chemical properties, microbial community structure, and metabolites of decline 
diseased bayberry. International Journal of Molecular Sciences 2022, 23, 14707, doi:10.3390/ 
ijms232314707.  

38. Tang, X.; Liu, H.; Qin, H.; Zhao, J.; Wang, H.; Li, B.; Ying, L. Organic/inorganic phosphorus partition and 
transformation in long-term paddy cultivation in the Pearl River Delta, China. Scientific Reports 2023, 13, 
11122, doi:10.1038/s41598-023-38369-2. 

39. Khosa, S.A.; Ernile, K.O.; Khan, K.S.; Akmal, M. Phosphorus mineralization in response to organic and 
inorganic amendment in a semi-arid pasture soil. Eurasian Journal of Soil Scence 2021, 10, 26–31, 
doi:10.18393/ejss.801099. 

40. Takamoto, A.; Hashimoto, Y.; Asano, M.; Noguchi, K.; Wagai, R. Distribution and chemical species of 
phosphorus across density fractions in andisols of contrasting mineralogy. Geoderma 2021, 395, 115080, 
doi:10.1016/j.geoderma.2021.115080. 

41. Zarif, N.; Khan, A.; Wang, Q. Linking soil acidity to P fractions and exchangeable base cations under 
increased N and P fertilization of mono and mixed plantations in Northeast China. Forests, 2020, 11, 1–
19, doi:10.3390/f11121274. 

42. Dias, R.D.C.; Ferreira, J.B.N.; Loiola, J.A.D.; Gonçalves, R.G.D.M.; Teixeira, P.C.; Stafanato, J.B.; Zonta, E. 
Performance test of granulated potassium chloride with humic acids addition. International Journal of 
Development Research, 2020, 10, 37963–37969, doi:10.37118/ijdr.19305.07.2020. 

 


