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As an ameliorant, rice husk biochar (RHB) can improve soil quality and long-term carbon 
absorption and interaction with glyphosate during adsorption. This study investigated the 
ability of Inceptisol ameliorated with RHB to absorb glyphosate. Inceptisol ameliorated 
with 40-t ha-1 RHB increased the soil surface charge (ΔpH) by improving soil pH H2O, 
electrical conductivity, cation exchange capacity, and soil organic matter. Linear and 
nonlinear models showed that fitting Langmuir and Freundlich isotherms is suitable for this 
study. The isotherm adsorption of glyphosate sequentially occurs in the Freundlich and 
Langmuir models (Inceptisol + 40-t ha-1 RHB > Inceptisol), where the Freundlich model (R2 
= 0.938) is dominated by glyphosate adsorption on Inceptisol + 40-t ha-1 RHB with n of 0.46 
and KF of 1.747 mg kg-1, whereas the Langmuir model (R2 = 0.8608) with Qm of 30.01 mg 
kg-1 and KL of 0.08 L mg-1 at a concentration level of 100 ppm and pH of the glyphosate 
solution 5.20 units. The glyphosate adsorption was also supported by changes in functional 
groups, where Fourier transform infrared spectroscopy shows a decrease in transmittance 
in the O-H; C=C; C-O; C-H, and mineral groups, indicating an increase in the adsorption 
capacity in Inceptisol ameliorated with 40-t ha-1 RHB. This study indicated that the 
physicochemical properties of Inceptisol are important in controlling the glyphosate 
adsorption ability of RHB in soils. 

How to Cite: Herviyanti, Maulana, A., Lita, A.L., Prasetyo, T.B., Monikasari, M., Ryswaldi, R. (2022). Characteristics of 
inceptisol ameliorated with rice husk biochar to glyphosate adsorption. Sains Tanah Journal of Soil Science and 
Agroclimatology, 19(2): 230-240. https://dx.doi.org/10.20961/stjssa.v19i2.61614    

 

1. INTRODUCTION 
Environmental contamination decreases soil quality by 

affecting the bio-physicochemical characteristics of the soil 
system. The existence of xenobiotic chemicals in soil bodies 
as pollutants is caused by various actions of farmers with 
excessive chemical concentrations that are not within their 
expected values. This is the primary cause of the expanding 
urbanization of pollutant compounds that should be held 
accountable for the pollution of water bodies and soils by 
xenobiotic compounds that are extensively distributed in the 
environment, including pesticides and other chemicals 
(Varjani et al., 2019). Pesticides have been and will continue 
to be used to manage plant-disturbing organisms such as 
insects, weeds, and diseases in various agricultural 
operations. Improper usage, as indicated by the 

manufacturer, has a more significant impact on non-target 
species via direct and indirect exposure. Approximately 2 
million tons of pesticides are used globally, accounting for 
65% of the pesticide market (De et al., 2014), with herbicides 
dominating the global market. Glyphosate (N-
phosphonomethyl-glycine) is a common herbicide active 
ingredient used by farmers in horticulture (Figure 1). The 
annual global usage of glyphosate is estimated to be 600–750 
thousand tons, with a projected increase to 740–920 
thousand tons by 2025 (Caceres-Jensen et al., 2019; Maggi et 
al., 2020). 

The World Health Organization has identified the 
teratogenicity of glyphosate chemicals in cultivated plants 
and people as a probable type of carcinogen development by 
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Figure 1. Structure and physicochemical properties of glyphosate (N-phosphonomethyl-glycine) 

 (Tzanetou & Karasali, 2020)  
 

application and metabolite ingestion (Flores et al., 2018; 
Tsamo et al., 2019). Glyphosate is highly harmful. It must be 
removed from the water–soil system as soon as possible. 
Chemical oxidation, electrolysis, biochemistry, adsorption, 
evaporation, and other standard procedures are currently 
used to remove glyphosate from soil. Soil is the most 
abundant growth medium on the planet and a natural 
adsorbent for pollutants, but its adsorption qualities and 
power must be improved. Soil's physical and chemical 
qualities as an adsorbent are highly dependent on its 
structure and content, which are characterized by a large 
surface area, abundant surface hydroxyl and silanol groups, 
high cationic exchange capacity, and chemical and 
mechanical stability (Okada et al., 2016; Viglašová et al., 2018; 
Wang et al., 2019). The majority of glyphosate sprayed enters 
the soil in its original form. Once in the soil, it may be 
absorbed by clay minerals and iron oxides (Orcelli et al., 2018; 
Pereira et al., 2019) or organic matter (Gros et al., 2019; 
Pereira et al., 2020). 

Furthermore, glyphosate may be degraded by soil 
microorganisms (Zhan et al., 2018). Through the carboxyl and 
phosphonate groups, glyphosate interacts with 
peptides/proteins and soil organic matter. Furthermore, 
glyphosate may interact with metals in soils (Gros et al., 
2019). Depending on the iron oxide makeup of the soil, 
glyphosate may be washed off more easily. However, because 
glyphosate binds to each surface plane of goethite with 
varying intensities, the interaction between glyphosate and 
iron oxides is highly complex (Ahmed et al., 2018). Research 
results vary and depend on the selected experimental 
conditions, such as the concentration of herbicides and the 
type of soil under study. However, note that adsorption 
technology that will be applied to soil to improve soil quality 
in the adsorption of glyphosate must be cost-effective, one of 
which is by using local wastes such as rice husks as raw 
materials for ameliorants such as biochar. 

Biochar is prepared by the pyrolysis of waste or biomass 
in the absence or presence of oxygen, resulting in a carbon-
rich charcoal composition (Shaaban et al., 2013). Biochar has 
many negative surface charges, surface functional groups, 
and other structural and textural qualities, including a large 

specific surface area, large pore volume, and high cationic 
exchange capacity. The physicochemical properties of biochar 
are mainly determined by the type of raw material, which is 
further modified by parameters such as techniques 
(Herviyanti et al., 2020; Maulana et al., 2022), particles (Lita 
et al., 2022), and temperature (Trigo et al., 2016) during the 
pyrolysis process. Biochar can be used as an ameliorant in 
amelioration technology for various purposes (Maulana et al., 
2021), one of which is the rehabilitation of polluted soil such 
as glyphosate (Herath et al., 2019). Many researchers have 
recently explored the collaboration between biochar and soil 
to improve its properties and application domain in 
agriculture as well as against glyphosate adsorption 
(Premarathna et al., 2019; Wang et al., 2019; Yao et al., 2014). 
In the agricultural sector, this potential is developed 
sustainably. Soil and biochar are geo-biosorbents that can be 
used for soil restoration and provide an inexpensive 
procedure while reducing the environmental impact of 
agricultural and industrial wastes. This study investigated the 
glyphosate absorption ability of Inceptisol ameliorated with 
rice husk biochar (RHB). 

2. MATERIALS AND METHODS 
The research was conducted at the Laboratory of 

Chemistry and Soil Fertility, Faculty of Agriculture, Andalas 
University, Padang, from April to June 2021. 

2.1 Soil Samples and Analyses 
Soil samples were selected on the basis of maps of soil 

type and land use at the horticultural crop production center, 
namely, soil types with the order Inceptisol (Figure 2) from 
Sariak, Sungai Pua, Agam Regency in West Sumatra, Indonesia, 
with GPS coordinates of −0021’56’’ LS and 100024’0’’ BT. The 
soil samples were taken compositely at a depth of 0–20 cm 
with three replications and a sample weight of 1 kg for each  
repetition. Soil samples collected in the field were air-dried 
for 2 × 24 h before being crushed and sieved using a 2-mm sieve. 
The soil sample was then weighed at 500-g absolute dry 
equivalent, composited with 40-t ha-1 RHB (Maulana et al., 
2021) and incubated for two weeks. After the incubation, the 
soil analysis process is performed in the laboratory. Soil  ana-
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Figure 2. Map of soil types in Sariak, Sungai Pua Agam Regency, West Sumatra Indonesia 

lysis refers to the goal of studying the surface charge activity 
of geo-biosorption (Inceptisol - RHB) and geosorption 
(Inceptisol) using the following parameters: clay content, pH 
H2O (pH-active), pH KCl (pH-potential), electrical conductivity 
(EC), cation exchange capacity (Maggi et al.), mineral, soil 
organic matter (SOM). Fourier transform infrared (FTIR) 
reflectance spectra were collected between 500 and 4000 cm-1 
(Singh et al., 2017). 

2.2 RHB Productions 
Rice husk is a waste from the rice milling industry. RHB is 

produced using the Drum method through a pyrolysis 
process. Pyrolysis was performed in iron drums with a 
diameter of 58 cm, a height of 86 cm, and a capacity of 200 
liters and combined with the Kon-Tiki method (Herviyanti et 
al., 2022) at temperatures up to 650 ⁰C. The maximum 
pyrolysis temperature was kept constant for 45 min to ensure 
the completion of the final process. 

2.3 Glyphosate Solution 
The glyphosate solution was prepared with five 

concentration levels (0, 1, 5, 10, 50, and 100 mg L-1). It was 
prepared by dissolving the herbicide (Roundup Biosorb 486 
SL) in 0.01-M CaCl2. The 100-mg L−1 glyphosate concentration 
was obtained by adding 0.14 mL of herbicide (Roundup 
Biosorb 486 SL) to 500 mL of 0.01-M CaCl2. Meanwhile, 
concentrations of 1-, 5-, 10-, and 50-mg L−1 glyphosate was 
made from the volume of each concentration of 3.5, 17.5, 35, 
and 175 mL in 500 mL of 0.01-M CaCl2 (Glass, 1981). 

2.4 Batch Adsorption Experiments 
The adsorption experiment was conducted by mixing 0.5 

g of adsorbent with 20 mL of the glyphosate solution in a 

closed 25-mL glass cylindrical tube in an isothermal test. At the 
concentrations of 1, 5, 10, 50, and 100 mg L−1, the mixture was 
stirred on a rotary shaker at 250 rpm for 24 h at laboratory 
temperature (25 0C). The samples were centrifuged at 4000 
rpm for 30 min. The model was filtered using Whatman No. 1 
filter paper. The pH of the filtrate solution was measured at 
each concentration, and the equilibrium concentration of 
glyphosate remaining in the solution was determined using a 
UV–Vis spectrophotometer at a wavelength of 830 nm with 
complexing (Glass, 1981). 

The amount of glyphosate adsorbed by different 
adsorbents was calculated by Eq. (1) to calculate the 
adsorption capacity (Qe) and effectivity (% R) from Eq. (2). 

Qe = 
(𝐶𝑜−𝐶𝑒)

𝑚
∗ 𝑉,   [1] 

 

% R = = 
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
∗ 100%,   [2] 

where Qe (mg kg−1) represents the adsorption capacity, Co 
and Ce (mg L−1) denote the initial and final glyphosate 
concentrations, respectively, m (g) represents the mass of 
Inceptisol and Inceptisol + 40-t ha−1 RHB, and V (L) represents 
the volume of the glyphosate solution. Two isothermal 
models Langmuir and Freundlich were used to adjust the 
experimental data. Correspondingly, the following linearized 
and nonlinearized forms of these models are applied for the 
adsorption isotherm Freundlich (Eq. 3) and Langmuir models 
(Eq. 4): 
Linear: Log Qe = Log KF + n(Log Ce); Nonlinear: Qe = KFCe

n [3] 

 

Linear: 
𝐶𝑒

𝑄𝑒
 = 

1

𝑄𝑚
𝐶𝑒 +

1

𝑄𝑚𝐾𝑙
; Nonlinear: Qe = QmKLCe/1+KLCe;    [4] 
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where Ce (mg L−1) denotes the equilibrium concentration of 
the glyphosate solution, Qe and Qm (mg kg−1) denote the 
amounts adsorbed and maximum adsorption capacity, 
respectively, and KL represents the Langmuir constant (L 
mg−1); KF denotes the Freundlich affinity coefficient (mg kg−1) 
or adsorption capacity of the adsorbent, and n indicates the 
favorableness (n > 1) of the adsorption process. 

3. RESULTS 
3.1 Characteristics of Infrared Spectroscopy 

The FTIR spectrum obtained from Inceptisol and Inceptisol 
+ 40-t ha−1 RHB is shown in Figure 3 and Table 1. Figure 3A.1 
shows that the FTIR spectrum of Inceptisol with a band at 
1022.11 cm−1/66.40% could be attributed to 3282.05 
cm−1/88.44%, which could be assigned to the internal and 
internal hydroxyl group strain vibrations. The band at 1629.91 
cm−1/88.95% is associated with deformation vibrations of 
water absorbed at the clay interlayer and is associated with 
strain vibrations of C-O and C-C, corresponding to the 
carbonyl and aromatic rings, respectively. The FTIR band at 
546.79 cm−1/50.50% was associated with stretching Si-O-Al 
bonds (Mineral, e.g., kaolinite and smectite). The functional 
group that appeared was the alcoholic C-O strain and 
aromatic C-H bending vibrations. 

The FTIR spectrum of Inceptisol + 40-t ha−1 RHB showed 
the same vibrations as Inceptisol, which were 3280.62 
cm−1/87.48%, 1630.83 cm−1/87.98%, 1025.50 cm−1/63.19%, 
and 546.97 cm−1/48.26% bands. The Inceptisol + 40-t ha−1 RHB 
exhibited a decrease in transmittance in each band, indicating 
an increase in adsorption capacity through the administration 
of 40-t ha−1 RHB-ameliorated Inceptisol. The FTIR spectrum of 
Inceptisol + 40-t ha−1 RHB also revealed a band at 3280.62 
cm−1/87.48%, which could be assigned to the internal and 
internal hydroxyl group strain vibrations. The band at 1630.83 
cm−1/87.98% is associated with the water deformation 
vibrations absorbed in the clay interlayer. It is associated with 
the C-O and C-C strain vibrations corresponding to the 
carbonyl and aromatic rings. On the other hand, an 
absorption band of 1025.50 cm−1/63.19% also appears, which 
is associated with C-O (alcohols, ethers, carboxylic acid, 
esters) and aromatic C-H bending vibrations. The FTIR band at  
546.97 cm−1/48.26% was associated with the mineral band  

strain (e.g., kaolinite) (Figure 3B.1 and Table 3). 
Table 1 and Figure 3A.2 and B.2 show that the pesticide 

adsorption process affected changes in the adsorption bands 
of the adsorbents in glyphosate adsorption. In the FTIR 
spectrum of Inceptisol, there was only a decrease in 
transmittance, which indicated that the intensity of each 
group that appeared was 3272.74 cm−1/87.96% (O-H: 
Hydrogen-bonded alcohols, phenols), 1627.08 cm−1/88.47% 
(In C=C: Alkenes), 1005.72 cm−1/65.20% (C-O: Alcohols, ethers, 
carboxylic acid, esters), and 548.60 cm−1/48.80% (Minerals), 
after the adsorption of glyphosate and the loss of mineral 
groups after the adsorption process on Inceptisol + 40-t ha−1 
RHB. However, there was high-intensity power in the O-H, 
C=C, and C-O groups with a decrease in transmittance to 
3282.33 cm−1/86.91%, 1627.25 cm−1/87.73%, and 1017.08 
cm−1/62.29% after the adsorption process on Inceptisol + 40-t 

ha−1 RHB. 

3.2 Physicochemical Characteristics of Inceptisol and 
Ameliorated Inceptisol with Rice Husk Biochar 

RHB is used for amelioration technology and as an 
adsorbent in glyphosate adsorption. The clay content of 
Inceptisol is 5.90%, which is the main component of the soil 
surface charge (Table 2). Table 2 shows the pH of H2O and KCl 
Inceptisol at 4.97 and 4.73, respectively, whereas an increase 
of 0.70 and 0.34 occurred with the application of 40-t ha−1 RHB 
on Inceptisol. The ΔpH value describes the surface charge 
activity in the soil, which aims to support the adsorption 
process in the soil. ΔpH increased by 0.36 with the application 
of 40-t ha−1 RHB on Inceptisol (Table 2). This indicates that the 
increase  in surface charge activity and the positive value of 
Ph suggest that negative charges dominate the soil. The EC 
value of the soil increased by 0.03 dS m−1, whereas the EC of 
Inceptisol was 0.08 dS m−1 and increased by 0.11 dS m−1. The 
amelioration of 40-t ha−1 RHB on Inceptisol can increase CEC 2 
times from Inceptisol, which was 46.06 cmol kg−1 from 30.25 
to 76.27 cmol kg−1 (Table 2). Table 2 shows that the mineral 
composition and SOM will change with the application of 
organic or inorganic materials to the ameliorated soil, where 
40-t ha−1 RHB on Inceptisol reduces ash content and increases 
SOM, respectively -/+ 7.4%.  

 

Table 1. Spectral band assignments of Inceptisol and Inceptisol ameliorated with rice husk biochar, before and after adsorption. 

Before Adsorption After Adsorption Description of Bond  

(Type of Compound – Intensity)* 

Inceptisol Inceptisol + 40 t 

ha-1 RHB 

Inceptisol Inceptisol + 40 t ha-1 

RHB 

 

Wavenumbers / Transmittance (cm-1/ %) 
 

3282.05/ 88.44 3280.62/ 87.48 3272.74/ 87.96 3282.33/ 86.91 O-H (Hydrogen-bonded alcohols, 

phenols) – Variabel, sometimes broad 

1629.91/ 88.95 1630.83/ 87.98 1627.08/ 88.47 1627.25/ 87.73 C=C (Alkenes ) – Variabel 

1022.11/ 66.40 1025.50/ 63.19 1005.72/ 65.20 1017.08/ 62.29 C-O (Alcohols, ethers, carboxylic acid, 

esters) – Strong 

546.79/ 50.50 546.97/ 48.26 548.60/ 48.80 - Mineral (e.g., kaolinite, CaO, MgO, and 

others) 
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Table 2. Soil surface charge activity of Inceptisol and Inceptisol ameliorated with rice husk biochar (RHB) 

Soil 
Clay pH H2O pH KCl ΔpHa EC CEC Mineral SOM 

% unit dS m-1 cmol(+) kg-1 % 

Inceptiols 

5.90 

4.97 4.73 0.24 0.08 30.25 70.80 29.20 

Inceptisol + 40 t 

ha-1 RHB 
5.67 5.07 0.60 0.11 76.27 63.40 36.60 

Remarks: EC = Electrical conductivity; CEC = Cation exchange capacity; SOM = Soil organic matter. 

a :  ΔpH = pH H2O – pH KCl 

 

 

 

 

 

 

Figure 3. FTIR spectra of Inceptisol (A) and Inceptisol ameliorated with rice husk biochar (B), before (1) and after 

(2) adsorption 

 

 
Figure 4. (A) Equilibrium concentration glyphosate (Ce) and pH during the adsorption process on RHB; Inceptisol and Inceptisol 
ameliorated with rice husk biochar and (B) Glyphosate adsorption capacity (Qe) and removal effectivity (R) of Inceptisol and 
RHB/Inceptisol, where: C0 = 1–100 mg L-1; Absorbent mass = 0.5 g; adsorption temperature = 250C; Glyphosate volume = 5 mL; 
particle size = 500µm and agitation speed/time = 250 rpm/24 hour. 
 

 

A.1 

  

A.2 

B.1 

B.2 

A B 
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3.3 Glyphosate Adsorption Behavior 
The equilibrium concentration of glyphosate increases as 

the glyphosate concentration increases. Nevertheless, it 
decreases the pH of the solution during the adsorption 
process (Figure 4), where the highest concentration of 
glyphosate for Inceptisol and Inceptisol + 40-t ha−1 RHB had 
the same capacity at 100 ppm. Figure 4A shows that the pH 
of the solution during the adsorption process is critical to 
analyze because it affects the adsorption of glyphosate in the 
CaCl2 solution. The decrease in pH was influenced by an 
increase in the glyphosate concentration with stability at 
concentrations of 1–50 ppm in Inceptisol and Inceptisol + 40-t 

ha−1 RHB (Figure 4A). 
Figure 4B shows that the adsorption of glyphosate on 

Inceptisol and Inceptisol + 40-t ha−1 RHB shows that the 
adsorption capacity of glyphosate increased gradually at low 
glyphosate concentrations (1–10 mg L−1), then increased 
sharply (10–100 mg L−1), and reached the peak point of 
adsorption capacity at a concentration level of 100 mg L−1 of 
glyphosate each 869.29 mg kg−1. This is also seen in the 
adsorption effectiveness that occurs in the two types of 
adsorbents, where the energy of each adsorption is 86.68% 
(Inceptisol) and 86.93% (Inceptisol + 40-t ha−1 RHB). Inceptisol 
+ 40-t ha−1 RHB exhibited the best performance in terms of 
glyphosate adsorption capacity and effectiveness compared 
with Inceptisol without amelioration (Figure 4B). 

3.4 Isotherms Adsorption 
The isotherm model suitable for the adsorption process 

was selected in the model with an R2 value. The isotherm's 
linear and nonlinear model parameters are shown in Figure 5 
and Table 3. The e R2 of the linear and nonlinear model 
isotherms Freundlich and Langmuir (Table 3) is suitable for 
Inceptisol and Inceptisol + 40-t ha−1 RHB. The R2 values for 
each model can be ordered as follows: Freundlich > Langmuir 
on Inceptisol + 40-t ha−1 RHB > Inceptisol for each equation 

with a value of R² = 0.938 > R² = 0.9011 (Figure 5A) and R² = 
0.995 > R² = 0.997 (Figure 5B).  

Figure 5A shows that the Langmuir linear model (R2 = 
0.8608) was dominated by the glyphosate adsorption process 
on soil amelioration with Inceptisol + 40-t ha−1 RHB with Qm of 
30.01 mg kg−1 and KL of 0.082 L mg−1 (Figure 5B), at adsorption 
efficiency of 86.93%. In comparison, the Freundlich model (R2 
= 0.938) was dominated by the glyphosate adsorption process 
on Inceptisol + 40-t ha−1 RHB with a value of n (0.46) and KF 
(1.75 L mg−1) at an adsorption efficiency of 86.94%, at a 
concentration level of 100 ppm and pH of the solution during 
the adsorption process of 5.20 (Figure 4A). 

4. DISCUSSION 
The characteristics of the soil surface charge activity of 

Inceptisol and Inceptisol ameliorated with 40-t ha−1 RHB are 
shown in Table 2, where clay is the main component of the 
soil surface charge on clay minerals (Preocanin et al., 2016) 
The increase in soil pH and CEC due to 40-t h−1 RHB 
amelioration was due to the influence of OH ions donated by 
RHB to the soils. According to Mindari et al. (2014), the 
complexation of H+ and OH− on the surface of soil particles 
can affect the absorption of other cations and anions. On the 
other hand, there was also an increase in EC, where according 
to Adil et al. (2012), an increase in EC in soil by RHB carries a 
negative charge, so it can move in an electric field externally 
with an increase in single charged ions that causing an electric 
field. Changes in the electrochemical properties of clays are 
closely related to the amount of aluminum hydroxy 
complexes incorporated in the clays and their chemical 
composition and charge properties. Many hydroxy-AI species 
exist in partially neutralized Al ion solutions used to coat clays, 
and their loads can vary. The number of interlayers on the CEC 
affects the zero charge point on each adsorbent used in the 
adsorption process.

 
Table 3. Linear and nonlinear plot of Isotherms adsorption with Freundlich and Langmuir model in Inceptisol and Inceptisol 

ameliorated with rice husk biochar (RHB) 

Models Soil Linear Parameters                                                        Nonlinear Parameters 
[ Log Qe = Log KF + n(Log Ce) ]                                                   [ Qe = KFCe

1/n ] 

Freundlich 

 n  KF (mg Kg-1) Equational:     n              KF   

Inceptisol 0.44 1.194 
y = 2.2588x + 0.0769 

R² = 0.9011 
5,116      0,001504 

Inceptisol + 
40 t ha-1 RHB 

0.46 1.747 
y = 2.1847x + 0.2422 

R² = 0.938 
4,731      0,004534   

Models Soil Linear Parameters                                                        Nonlinear Parameters 
[ Ce/Qe = (1/Qm.Ce+ 1/Qm.KL]                                                                             [ Qe = 
Qm.KL .Ce/ (1+KL.Ce ] 

 

Langmuir 

 Qm (mg/kg)  KL (L mg-1) Equational: Qm               KL R2 

Inceptiols 21.17 0.079 
y= -0.0451x +0.5644 

R² = 0.8298 
192812      0.00023 0.9800 

Inceptisol + 
40 t ha-1 
RHB 

30.01 0.082 
y = -0.0331x + 0.4026 

R² = 0.8608 
222611      0.00021               

 
0.9778 

Remarks: Freundlich : [n = 1/b; KF = 10a] and Langmuir : [Qm = 1/b; KL = b/a] 

 



Herviyanti et al. SAINS TANAH – Journal of Soil Science and Agroclimatology, 19(2), 2022 

 

236 

 

Figure 5. Linear plot of Freundlich linear model (A) Freundlich nonlinear model (B) Langmuir linear model (C) Langmuir nonlinear 

model (D) isotherm on the adsorption of glyphosate with Inceptisol and Inceptisol ameliorated with rice husk biochar (RHB). 

 

The surface charge activity becomes essential in the 
adsorption process to determine the type of charge on the 
ameliorant surface at a certain ΔpH and its interaction with 
glyphosate. Analysis of the ΔpH value is also essential to 
describe the surface charge and positive and negative values 
on the results of reducing the pH H2O, along with pH KCl, of 
the soil. If the ΔpH value is positive, the negative charge is 
dominant on the colloidal surface of the soil, and vice versa. 
The positive control dominates if the value is negative (Table 
2). According to Mujinya et al. (2010), positive or negative 
ΔpH values indicate the presence of positive or negative net 
charges in colloids, respectively. The pH value of the solution 

during glyphosate adsorption is also significant to analyze 
because it also describes the shape of the charge on 
glyphosate (Figure 6A). This is because glyphosate is a polar 
molecule affected by the pH value. According to Sidoli et al. 
(2016) and Tzanetou and Karasali (2020), glyphosate is a small 
amphoteric molecule with three polar functional groups. 
These are the linearly organized phosphonomethyl, amine, 
and carboxymethyl groups. Glyphosate is an ionic compound 
(log KOW = 3.20), highly polar, and soluble in water (10.5 g L−1 
at 20°C) due to the presence of those groups in its structure. 
Glyphosate is a polyprotic acid with four pKa values, namely, 
0.7, 2.2, 5.9, and 10.6, 8, indicating that the molecule's  
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Figure 6. (A) Ionic state of glyphosate as a function of pH (Tévez & Afonso, 2015) and (B) Prediction of glyphosate adsorption 
mechanism on Inceptisol ameliorated with rice husk biochar (RHB). 

 
speciation is affected by the pH of the solution. AMPA has 
three pKa values: 0.9, 5.6, and 10.2. Monovalent and divalent 
anions are the most abundant species in soils. 

The adsorption process can occur by forming a surface 
complex through the three phosphonate groups and 
coordinating OH, O, NH, and P with the adsorbent surface 
(Tévez & Afonso, 2015). These are influenced by the density 
of the active site of the adsorbent used and the specific 
surface area that can affect the adsorption capacity of 
glyphosate. This increase in adsorption may be due to an 
increase in the surface area and thus the number of active 
sites (Premarathna et al., 2019). In the soil, biochar undergoes 
various oxidation reactions that increase oxygen-containing 
functional groups such as phenol and carboxyl on the biochar 
surface. Therefore, biochar can have more glyphosate 
adsorption sites than fresh biochar. This explains how the 
incubation process of biochar in the soil affects the 
adsorption capacity, variations in soil chemical properties 
such as pH, CEC, and SOM (Table 2), and changes in functional 
groups before and after adsorption (Tables 1 and Figure 2). 
According to Herviyanti et al. (2022), biochar can increase pH, 
CEC, and SOM due to an increase in the negative charge 
contributed by the phenol and carboxyl groups and high 
carbon content in biochar (22%–52%). This plays a vital role 
in increasing the glyphosate adsorption capacity of Inceptisol 
+ 40-t ha−1 RHB. According to Kumari et al. (2016), the high 
prevalence of soil + biochar interactions, which include 
absorption sites in clay and amorphous oxides at higher levels 
of biochar application, play an essential role in biochar + soil 
interactions during glyphosate adsorption. 

The isotherm adsorption was studied to determine the 
type of glyphosate layer formed on the soil's surface and the 
adsorption mechanism and to provide information about the 

maximum adsorption capacity (Gupta et al., 2019). This study 
used two adsorption isotherm models: Freundlich and 
Langmuir models. The suitable isotherm model for the 
adsorption process was selected on the basis of a model with 
an R2 value close to 1 (Derakhshan et al., 2013). A high 
coefficient of determination (R2) means a better prediction 
ability for the proposed research model (López-Luna et al., 
2019). Thus, R2 of the nonlinear model for the Freundlich and 
Langmuir isotherm adsorptions is fitting or suitable for 
explaining glyphosate adsorption, allowing for a more 
accurate prediction of the adsorption process or mechanism. 
The adsorption processes can co-occur (simultaneously) or 
sequentially. In the glyphosate adsorption on Inceptisol and 
Inceptisol + 40-t ha−1 RHB, the adsorption mechanism begins 
with the adsorbate around the adsorbent surface reacting by 
“sticking” to the adsorbent surface (or this process can be 
referred to as physical adsorption by following the Freundlich 
isotherm mechanism). Glyphosate can adhere to the pores in 
the soil and biochar. Inceptisol with 40-t ha−1 RHB input 
showed a higher R2 value (Table 3) than those without biochar 
input. The material's structure, composed of cellulose and 
lignin, will naturally have a porous structure, enabling the 
material to be used as an adsorption medium (Aisyahlika et 
al., 2018). Rice husk has 35% cellulose and 20% lignin (Ma’ruf 
et al., 2017) thus, the presence of RHB in the soil can increase 
the space for absorption adsorbed. 

Furthermore, the adsorption process runs slowly, and 
there is a balance between glyphosate and the adsorbent 
surface. Chemical reactions dominate the sorption process 
through different functional groups of the adsorbate and 
adsorbent, thereby describing the Langmuir isotherm 
mechanism. The mechanism of the herbicide adsorption 
reaction in the soil is primarily determined by the functional 
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groups, both in soil minerals and in organic soil components. 
The clay content and organic elements in Inceptisol generally 
have active groups on the surface, such as–OH, according to 
the FTIR results presented in Fig. 3A. This group has a negative 
charge and binds to the amine group of glyphosate, which is 
positively charged, resulting in a chemical bond and the 
adsorption process. However, the clay content in Inceptisol is 
relatively low (5.90%), so it needs support or other negatively 
charged groups, such as those found in organic materials such 
as biochar. RHB has alumina silicate (Si-O-Si) (Hossain et al., 
2017), which increases its adsorption ability. This is consistent 
with Sudirja et al. (2015) that functional groups that play an 
active role in herbicide adsorption include silanol groups (Si-
OH), siloxanes (Si-O-Si), alumina silicate (Si-O-Al), and 
carboxylate groups (-COOH). The increase in adsorption 
ability when using adding RHB to Inceptisol is indicated by the 
R2 value, which is greater than that when using only 
Inceptisol. This is also supported by the higher value of Qe 
(adsorption capacity). Thus, the adsorption mechanism 
occurs sequentially through the Freundlich and Langmuir 
isotherms.  

The Langmuir model describes the soil and glyphosate 
that form a single layer in the adsorption process. All sites are 
the same, the soil surface is homogeneous, and the heat of 
adsorption is independent of the closure of the surface active 
sites (Kassimi et al., 2021). In contrast, the Freundlich model 
shows that the soil surface is heterogeneous due to a 
multilayer between the glyphosate molecules and the soil 
surface. The adsorption of glyphosate to Inceptisol and 
Inceptisol + 40-t ha−1 RHB is shown in the linearized Freundlich 
and Langmuir model described in Figure 5, and the isotherm 
constants and correlation coefficients extracted from the 
plots are listed in Table 3. Previous studies have indicated that 
the mechanism of glyphosate adsorption on Inceptisol and 
Inceptisol + 40-t ha−1 RHB are relatively different. Based on the 
R2 values, the Freundlich and Langmuir models seem suitable 
to describe glyphosate adsorption by Inceptisol and 
ameliorated Inceptisol with 40-t ha−1 RHB. This shows that the 
process of glyphosate adsorption by Inceptisol and Inceptisol 
ameliorated with 40-t ha−1 RHB is considered good for 

glyphosate adsorption. 

5. CONCLUSION 
Inceptisol ameliorated with 40-t ha-1 RHB increased the soil 

surface charge (ΔpH) by improving soil pH H2O, electrical 
conductivity, cation exchange capacity, and soil organic 
matter. Linear and nonlinear models showed that fitting 
Langmuir and Freundlich isotherms is suitable for this study. 
The isotherm adsorption of glyphosate sequentially occurs in 
the Freundlich and Langmuir models (Inceptisol + 40-t ha-1 
RHB > Inceptisol), where the Freundlich model (R2 = 0.938) is 
dominated by glyphosate adsorption on Inceptisol + 40-t ha-1 
RHB with n of 0.46 and KF of 1.747 mg kg-1, whereas the 
Langmuir model (R2 = 0.8608) with Qm of 30.01 mg kg-1 and KL 
of 0.08 L mg-1 at a concentration level of 100 ppm and pH of 
the glyphosate solution 5.20 units. The glyphosate adsorption 
was also supported by changes in functional groups, where 
Fourier transform infrared spectroscopy shows a decrease in 
transmittance in the O-H; C=C; C-O; C-H, and mineral groups, 

indicating an increase in the adsorption capacity in Inceptisol 
ameliorated with 40-t ha-1 RHB. This study indicated that the 
physicochemical properties of Inceptisol are important in 
controlling the glyphosate adsorption ability of RHB in soils. 
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