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 This study examined the effects of various soil fertility management practices on the 

adsorption-desorption behavior of different phosphate fertilizers in acidic soils, which are 

known for their high phosphorus (P) fixation. Top surface soil samples (0-20 cm) from farmer 

fields were collected and incubated for 40 days, for batch type adsorption-desorption 

experiments. Adsorption data were obtained by equilibrating the respective soil samples for 24 

h at room temperature with 30 ml of 0.01 M CaCl2, containing 0, 25, 50, 75, 100, and 125 mg 

kg-1 of applied external P as KH2PO4, NPSB (Nitrogen, Phosphorus, Sulfur and Boron blended 

fertilizer) and DAP (Diammonium Phosphate). The combined application of lime and compost 

significantly increased soil organic carbon, available P, and total P. Phosphorus adsorption 

varied by soil and fertilizer types, with the total mean performance ranked as NPSB > DAP > 

KH2PO4, except for the last two treatments in Michit soil. The combined application of lime 

and compost notably reduced external P requirements. In contrast, there was an increase in 

phosphorus desorption. Soil pH and organic carbon showed strong positive correlations with 

higher P desorption.  Phosphorus adsorption and desorption capacities were influenced by 

combined application of different fertilizers and they varied across soils types and fertilizer 

sources. Desorbed amounts of phosphorus were increased following application of DAP, 

NPSB, and KH2PO4 fertilizers. It is suggested to conduct field experiments with the external 

phosphorus requirement (EPR) to validate the effectiveness of each fertilizers amount under 

real-world conditions.  
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1. Introduction 

Soil acidity poses a significant risk to crop 

productivity and the long-term viability of phosphorus 

in agricultural systems (Liao et al., 2024). This can 

occur naturally but is often accelerated by human 

activities (Chen et al., 2022). Generally, phosphorus is 

highly retained by adsorption sites in acidic soil, the 

quantity of which can differ significantly between soils 
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(Asomaning, 2020). When a phosphorus fertilizer is 

applied to acidic soil, only a small fraction dissolves for 

crop utilization (Uzoho, and Oti, 2005).  80% of the 

applied phosphate is not available for crop uptake in 

tropical acid soil ( Berhanu & Eyasu, 2021).  

Soil acidity can be improved by applying lime, and 

organic fertilizer sources while phosphate fertilizers are 

http://www.ejssd.astu.edu/
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commonly used to increase the availability of soil 

phosphorus to optimal levels by minimizing the sorption 

capacity of the soil (Yang et al., 2019; Redi, 2022). Soil 

fertility amendments affect phosphorus fractions and 

their sorption properties influence phosphorus use 

efficiency and overall productivity (Ding et al., 2023;  

Otieno et al., 2023). Phosphorus adsorption and 

desorption in soil play a crucial role in soil fertility 

issues and problems, and influence the environmental 

behavior of phosphorus (Yang et al., 2019), directly  

affecting the phosphorus availability to the crop (Tang 

et al., 2022). This depends mainly on the initial pH, P-

concentration, and adsorption temperature (Biswas et 

al., 2023).  

Phosphate desorption in soil can be promoted by 

increasing the negative charge on soil particle surfaces, 

either by increasing  the pH of the solution or by 

introducing a competing anion (Redi, 2022). Therefore, 

combined use of lime and compost could significantly 

alter the chemistry of acidic soils. Lime, containing 

calcium and/or magnesium ions, helps to displace H+, 

Fe3+, and Al3+ ions from soil colloids, reducing 

phosphorus sorption (Kisinyo et al., 2013), and it shows 

synergistic interactions with applied nutrients and 

increased nutrient uptake by plants (Chintala et al., 

2012). In addition, the application of compost improves 

soil fertility parameters, such as alleviating 

acidification, increasing soil organic matter, phosphorus  

availability, and sustainable increase in crop yields 

(Ferri et al., 2010). The type of phosphorus fertilizer 

used affects phosphorus fixation in soils. In acidic 

brown hill soils, phosphorus adsorption from the 

solution decreases in the order of NH4H2PO4, KH2PO4 

and NaH2PO4. The low availability of inorganic 

phosphorus, and its adsorption-desorption properties in 

soil are often the limiting factors for phosphorus 

utilization efficiency and crop productivity (Tang et al., 

2022).  

In south southwestern part of Ethiopia, soil fertility 

degradation due to acidity is a serious problem 

(Mathewos et al., 2020). Specifically, in the Kafa zone, 

most farmers usually apply phosphorus fertilizers 

without judging the P status of the soils for which the P 

adsorption study has a significant role to play. Farmers 

use Nitrogen, Phosphorus, Sulfur and Boron blended 

fertilizer (NPSB) fertilizers with Diammonium 

Phosphate (DAP) in acidic soils, which may have 

negative consequences than the intended use. Limited 

work has been carried out to understand the relationship 

between the P sorption capacity and specific soil 

properties in the research area.  A proper understanding 

of phosphorous sorption-desorption properties in acidic 

soils is important for P fertilizer management practices 

(Redi, 2022), and for moving away from blanket 

fertilizer recommendations to soil or site specific 

fertilizer management ( Berhanu & Eyasu, 2021). 

Furthermore, there is no research that has been 

conducted on the effect of combined application of 

coffee husk compost, and lime on phosphorus 

adsorption-desorption capacity of acidic soil.  

Therefore, the objective of the current study was to 

investigate adsorption-desorption capacity of 

phosphorus in acidic soil by using DAP, NPSB and 

KH2PO4 as external phosphorus source. As the 

operational steps of the objective, the relationship 

between P sorption and soil properties in acid soils, 

management effect on phosphorus adsorption-

desorption parameters, and external phosphorus 

requirement of the three fertilizers were investigated.  

The study provided practical recommendations for 

selecting and applying phosphate fertilizers to minimize 

P fixation and maximize bioavailability, enhancing 

nutrient use efficiency and crop productivity in acid 

soils. 

2. Materials and Methods 

2.1 Site description and soil sampling 

The study was conducted on the acid soil of Gimbo 

District, Kafa Zone, southwestern Ethiopia, which is 

located about 461 km southwest of Addis Ababa. It is 

situated between 07° 23'N to 07° 49' N latitude and 36° 

00'E to 36° 47'E longitude with altitudinal range of 500 

to 3300 m a.s.l. The study area is characterized by a 

variety of landforms resulting in a highly diverse 

climate, soil, and vegetation. Topographically, it is 

characterized by a complex system of highlands, steep 

valleys, and large flatlands, which drop to the lowlands 

in the South. The area has a long rainy season (March–

October) and receives a mean annual rainfall ranging 

from 1710 to 1892 mm. The dry months are December–

February. The annual mean temperature is 19.4°C with 

average maximum and minimum temperatures of 
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27.5˚C and 10.1°C, respectively (Mulatu et al., 2020). 

2.2 Soil sampling, and compost preparation  

Soil samples were collected from farmers’ fields in 

the district. By walking in a zig-zag pattern in the field, 

subsamples were taken at randomly marked points using 

an auger to a depth of 20 cm, after scraping the surface 

litter. Composite soil samples were prepared from 15 to 

20 subsamples. Finally, approximately 1 kg of soil was 

collected from the bulk composite soil sample using a 

quartering method. The samples were air dried, crushed 

using pestle and mortar, and passed through a 2 mm 

sieve for the analysis of selected physical and chemical 

properties. In the laboratory, samples were grouped 

based on their acidity level into strongly acidic (pH 5.1 

to 5.5), moderately acidic (pH 5.6 to 6), and slightly 

acidic (pH 6.1 to 6.6) and represented by Michit, Ufudo, 

and Keyakela, respectively. Coffee husk, vegetable 

waste, chicken and animal manure were collected from 

Bonga town, mixed well, and composted in 2 m x 3 m 

pits for 60 days. Temperature and aeration were 

managed during composting, and the moisture content 

was also maintained between 60 and 65 0C. 

2.3  Incubation experiment and design  

Air-dried and sieved soil sample (500 g) were placed 

separately in a plastic container. The lime requirement 

of each soil sample was calculated using the equation 

used by Erkihun et al. (2022), and mixed with compost. 

The amount of compost was determined based on the 

equivalent amount of nitrogen in mg kg-1 of each soil 

sample. Then lime and compost obtained were mixed 

with the soil three soil types. For Michit soil, 1.7 g of 

lime and 1.2 g of compost, for Ufudo 0.56 g of lime and 

1.18 g of compost, and for Keyakela 0.02 g of lime and 

1.23 g of compost were mixed with 500 g of the soil. 

Three replications of the mixtures of soil, compost, and 

lime were placed in the laboratory, following a 

completely randomized design, at 25˚C for a 40-day 

incubation period. During the incubation period, 

deionized water was added until 60% of the field 

capacity was reached, and then the surface was covered 

with porous plastic films to allow gas exchange and to 

minimize moisture loss. The plastic container was 

weighed every three days and water was added to 

maintain a constant moisture content throughout the 

experiment. After incubation, the soil samples were air-

dried and passed through a 0.25- mm sieve before use. 

Later, the soil samples were used to determine the effect 

of mixed application of lime and compost on selected 

soil properties and phosphorus adsorption and 

desorption experiments. 

2.4 Soil and compost analysis 

For the analysis of organic carbon (OC) and Total 

Nitrogen (TN), soil samples were passed through a 0.5 

mm sieve. The soil reaction was determined by 

measuring the pH of soil/water at a ratio of 1:2.5 using 

a pH meter. Organic carbon (OC) and TN were 

determined by using the wet oxidation and Kjedahl 

methods, respectively. Available phosphorus was 

determined by the Bray II method. For total P 

determination, samples were digested by the H2O2-

H2SO4.  

2.5 Phosphorus adsorption-desorption studies  

The phosphorus adsorption study was conducted by 

batch type (Tamungang et al, (2016);  following the 

procedure of Ochwoh et al. (2016). Phosphorus 

solutions of 0, 25, 50, 75, 100, and 125 mg P L-1 

concentrations of were prepared using KH2PO4, DAP, 

and NPSB in distilled and deionized water. Then, two 

grams of air-dried incubated soil sample was accurately 

weighed into 50 mL centrifuge tubes in triplicate. Thirty 

milliliters of the prepared P solution in 0.01 M CaCl2 

were added to the soil in respective centrifuge tubes. The 

mixture was shaken for 24 h at 25 0C on an end-to-end 

shaker (Edmund Buhler SM 25) at 125 rpm.  

After equilibration, the soil suspension was 

immediately filtered through Whatman No. 42 filter 

paper and centrifuged at 3000 rpm for 30 min to obtain 

a clear solution. Five milliliters of the extract from each 

sample and blank were pipetted into test tubes. Then, 2.5 

mL of ammonium molybdate solution was prepared in 

10 % sulfuric acid and potassium antimony tartrate, 2.5 

mL of ascorbic acid and 10 mL of distilled water was 

successively added to the extracts in each test tube and 

mixed. The test tubes were placed in a water bath at 85 
0C for 10 min to enhance color development.  

After the blue color had developed, phosphorus 

concentration was measured using a UV-Vis 

spectrophotometer at a wavelength of 882 nm. Then, the 
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adsorbed phosphate was calculated from the difference 

between the initial and final phosphorus concentrations 

in the solution using Eqn. (1). 

𝑄 = (𝐶𝑖 − 𝐶𝑓)
𝑉

𝑀
                                            (1) 

where, Q is the phosphorus sorbed (mg kg-1); Ci and Cf 

are the initial and final phosphorus concentrations (mg 

L-1), respectively; V is the volume of the experimental 

solution (L), and M represents soil mass (kg).  

The equilibrium sorption data were analyzed using 

Langmuir and Freundlich isotherm models. Eqn. (2) 

gives the Langmuir isotherm: 

𝑞𝑒 =
𝑞𝑚𝑎𝑥𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
                                               (2) 

where, qe is the phosphorus adsorbed (mg kg-1) in the 

soil solid phase in equilibrium with phosphorus 

concentration (mg/L) in the soil solution (Ce), Qmax 

represents the phosphate adsorbed capacity of the soil, 

and KL is a constant related to the binding energy-based 

the suggestion. 

The linear form of the Langmuir equation is given by 

Eqn. (3). 

𝐶𝑒

𝑄𝑒
=

𝐶𝑒

𝑄𝑚𝑎𝑥
+

1

𝑄𝑚𝑎𝑥𝐾𝐿
                                        (3) 

where, the plot of Ce/qe against Ce is a straight line; 

qmax can be obtained from the slope of the line and KL 

can be obtained from the intercept. The slope of the line 

gives 1/qmax, whereas the intercept gives 1/qmaxKL. 

The external phosphorus requirement (EPR) was 

calculated by rearranging Eqn. (2) to the linear form of 

Langmuir Equation for each soil sample and fertilizers 

at 0.2 mg P L−1 of equilibration. The amount of desorbed  

phosphorus  (mg kg-1) was determined  using  the 

formula described by Sun et al. (2020): 

𝐷 =
𝐶𝑒𝑑∗𝑉

𝑀
                                                     (4) 

where, D (mg kg−1) is the amount of phosphorus 

desorbed from the soil at the equilibrium P 

concentration Ced (mg L−1), and V and M are the volume 

of solution in liter and mass in kilograms, respectively. 

Desorption can be described by the Langmuir 

equation as: 

 C / D = C / Dm + 1 / kDm                                    (5) 

where C (mg L−1) is the amount of P desorbed from the 

soil at the equilibrium P concentration, k (L mg−1) is a 

constant related to the desorbing strength, and Dm (mg 

kg−1) is the maximum amount of desorbed phosphorus. 

2.6  Data analysis 

The data was  analysed with R software and SPSS 

version 27. Analysis of variance at significant levels at 

P≤ 0.001, 0.01 and 0.05 was performed for multiple 

comparison tests.  Linear regression techniques were 

used for model validation and to determine the 

functional relationship between the model parameters 

and selected soil properties. 

3.  Results and Discussion 

3.1 Effect of integrated application of lime and 

compost to the selected soil properties  

Soil pH showed significant change after integrated 

application of lime and compost in the three soil groups 

(Table 1). In the study by Erkihun et al. (2022) also the 

soil pH increased by liming. Integrated application of 

lime and compost increased soil organic carbon, 

available phosphorus, and total phosphorus in all soil as 

compared to the control. The soil organic carbon 

increased by 72.52, 80.36, and 38.94 % for Michit, 

Ufudo, and Keyakela soil,  respectively. These  results 

agree with the findings of Biruk et al. (2017), who 

reported that the combined application of lime and 

compost enhanced soil organic carbon in acidic soils. 

The available phosphorus was increased by 1.75,1.77, 

and 2.37 times in Michit, Ufudo, and Keyakela soil 

samples. The total phosphorus also increased for the 

three soil types. The phosphorus activation coefficient 

(PAC) is the ratio of available phosphorus to total 

phosphorus, and it can represent the transformations 

between total phosphorus and available phosphorus 

(Wu et al., 2017). When PAC was less than 2.0%, the 

total phosphorus is not easily converted to available 

phosphorus (Cui et al., 2018). The integrated application 

of lime and compost increased the phosphorus 

activation coefficient in Michit and Keyakela; however, 

it was decreased in Ufudo,  which could be affected by 

both soil types and fertilization treatments (Wu et al., 

2017). 
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Table 1: The effect of integrated application of  lime and compost to selected soil properties 

Site    Treatment pH: H2O 
Organic C 

(%) 

Total N 

(%) 

Available P 

(mg kg-1) 

Total P  

(mg kg-1) 
PAC 

Michit NLC 5.28±0.22 3.02±0.28 0.29±0.02 18.08±6.4 123.42±0.05 0.147 

WLC 6.46±0.34 5.21±0.25 0.449±0.55 31.68±0.57 147.03±0.01 0.152 

Ufudo  NLC 5.69±0.08 2.75±0.09 0.27±0.36 15.6±0.03 145.87±0.06 0.107 

WLC 6.45±0.4 4.96±0.5 0.428±0.09 27.64±0.22 309.20±0.04 0.09 

Keya-kela NLC 6.25±0.21 3.39±0.66 0.259±0.03 25.65±22 150.72±0.08 0.17 

WLC 6.67±0.07 4.71±0.45 0.406±0.10 59.391±0.4 189.88±0.02 0.313 
Note: NLC; without lime and compost, WLC; with lime and compost.

3.2 Phosphorus adsorption characteristics 

3.2.1 Effect of combined application of lime and 

compost to phosphorus adsorption characteristics 

The sorption isotherm with integrated application of 

lime and compost to soil had a significant (P>0.05) 

effect on the total mean of phosphorus adsorption in the 

three soil types (Table 2). The location and source of 

different phosphate fertilizer treatments influence 

phosphorus adsorption, as the more phosphorus was 

added the more it was adsorbed. In Michit, the mean 

adsorption of P in DAP increased significantly with the 

increased rate of phosphorus addition; however, the 

total mean of adsorption was not significant before and 

after the treatment of lime and compost application. For 

the phosphorus in NPSB and KH2PO4, the total mean of 

phosphorus adsorption was significant, before and after 

treatment, with lime and compost at (P≤0.001).  

The total mean adsorption of phosphorus in DAP and 

KH2PO4 was significantly (P>0.05) decreased after the 

integrated application of lime and compost but the total 

mean of  phosphorus adsorption in NPSB declined 

insignificantly at P≤0.001, P≤0.01, and P≤0.05, in 

Ufudo soil. In Keyakela soil, which is slightly acidic, the 

integrated application of lime and  compost significantly 

(P>0.05) affected the total mean of phosphorus 

desorption in DAP, NPSB, and KH2PO4. Thus,the total 

mean of phosphorus adsorption in KH2PO4  ≥ NPSB ≥ 

DAP to Michit and Ufudo soil but for Keyakela soil, 

total mean of phosphorus adsorption in KH2PO4 ≥ DAP 

≥ NPSB (Table 2). Under the equal phosphorus 

fertilizers treatment, the adsorption of phosphorus by 

the soil from different phosphate fertilizers was 

different, and the overall performance was NPSB > 

DAP > KH2PO4, except at the last two treatments in 

Michit soil. For all fertilizer applied treatments, the total 

means of adsorption in strongly acidic soil was greater 

than those in moderately and slightly acidic soils. This 

is probably because the dominance of a positive charge 

on the surface of the colloid enhanced the adsorption of 

phosphate anions, and as the pH increased and the 

surface charge became more negative, the dianion of 

phosphorus (HPO4
2-) increased, the monovalent anion 

decreased (H2PO4), and the adsorption of P anions 

decreased (Sun et al., 2020). 

3.3 Phosphorus adsorption parameters 

The data shown in Table 3 indicate that these 

Langmuir and Freundlich adsorption equations fit the 

phosphorus adsorption isotherms for different soils 

well. The mean of the Langmuir regression analysis 

value was higher than that of the Freundlich regression 

analysis and the root mean square error of linear 

Langmuir fitting was significantly lower than that of the 

Freundlich linear fitting. Hence, the Langmuir model 

can be considered a superior model for describing the 

phosphorus adsorption capacities of soils in the study 

area. The maximum adsorption capacity for phosphorus 

(Qmax),  phosphorus bonding energy constant (k), and  

soil buffering capacity (MBC) calculated from 

Langmuir adsorption isotherms have generally been 

used to determine the availability of phosphorus in soil 

and the external phosphorus requirement of soil (Yang 

et al., 2019). The maximum adsorption capacity of 

phosphorus (Qmax) reflects the number of P adsorption 

sites per unit weight of soil (Johan et al., 2022). In this 

study, it varied from soil to soil, and source fertilizers, 

and it was affected by the integrated application of lime 

and compost. 
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Table 2: Effect of  integrated application of lime and compost on different phosphatic fertilizers adsorption (mean ±std) 

Site Fertilizer type 
Fertilizer rate (mg  l-1) 

Average  
25 50 75 100 125 

Michit DAP 368.53±3.53m 689.84±16.00ij 944.46±61.58gh 1200.88±45.60f 1452.31±7.72c 931.20±393.73c 
 

NPSB 364.61±3.72m 667.77±90.28ijk 982.54±109.36g 1326.88±25.16d 1531.52±2.38b 934.89±430.65ab 
 

KH2PO4 370.43±1.38m 709.66±8.37g 968.64±32.19g 1266.55±16.27de 1598.66±51.25a 1021.28±454.24a 
 

DAP with lime & compost   342.91±0.94m 688.24±2.21ij 991.44±1.18g 1231.40±1.48ef 1419.20±74.5c 934.64±+398.39c 
 

NPSB with lime & compost 342.30±0.83m 587.98±13.14l 902.60±1.31h 1283.82±18.23de 1629.42±3.96a 949.22±480.18bc 
 

KH2PO4 with lime & compost  337.8±1.33m 639.53±11.53gkl 621.63±24.47kl 962.28±22.25g 1284.95±12.24de 769.24±336.65d 
 

R 
     

0.995 
 

CV (%) 
     

3.7 
 

Interaction b/n fertilizers, management, and rate  
    

*** 

Ufudo DAP 352.52±8.04f 667.72±+42.64e 929.74±83.49d 1167.90±78.12c 1438.88±10.32b 911.35±394.50a 
 

NPSB 363.42±8.60f 696.77±20.65e 1008.74±78.5d 1201.09±277.5c 1433.87±343.08c 905.56±406.65a 
 

KH2PO4 359.93±1.54f 683.16±46.83e 943.88±32.16d 1258.52±+7.62 1582.82±78.32c 1004.23±+456.33a 
 

DAP with lime & compost   324.31±0.94f 400.09±3.43f 622.4±17.68e 906.49±23.4dc 1173.44±162.96 685.35±334.17b 
 

NPSB with lime & compost 311.42±1.08f 675.69±2.7e 983.74±2.38d 1282.87±6.09c 1426.82±+10.8 936.11±419.56a 
 

KH2PO4 with lime & compost  336.76±2.09f 576.6±7.74e 553.89±13.38e 913.15±44.69d 1287.46±7.28c 733.58±344.84b 
 

R 
     

0.973 
 

CV (%) 
     

9.24 
 

Interaction b/n fertilizers, management, and rate 
    

* 

Keyakela DAP 352.76±2.89m 655.14±3.87j 813.52±42.32i 1087.31±0.25de 1442.45±3.3b 870.24±+385.37c 
 

NPSB 360.63±8.65m 699.05±9.31j 1028.30±16.20ef 1111.58±156.16c 1127.93±147.85d 846.75±317.84c 
 

KH2PO4 363.30±0.68m 700.13±2.58j 952.34±5.80gh 1257.91±22.68c 1465.56±227.08a 980.20±424.95a 
 

DAP with lime & compost   262.72±13.86o 441±1.08l 658.82±39.64j 907.35±1.31h 1230.8±1.31c 700.14±354.33d 
 

NPSB with lime &compost 336.76±0.65mn 591.96±2.56k 980.97±1.95fg 1257.27±4.71c 1539.62±2.7a 941.31±450.46b 
 

KH2PO4 with lime & compost  283.13±+1.3m 370.16±6.53m 538.93±14.25k 904.67±13.52gh 1256.57±8.56c 670.69±374.99e 
 

R 
     

0.994 
 

CV (%) 
     

4.46 
 

Interaction b/n fertilizers, management, and rate  
    

***         

Note: Different uppercase letters in the column, different lowercase letters in both column and rows, and lowercase letters as a superscript in a row indicate a 

significant difference among means using Tukey’s HSD test; CV, coefficient of variation, Significant a code:  at P ≤0.001 ‘***’ P ≤0.01 ‘**’ 0.01, P ≤0.05 ‘*’
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The Qmax values for the different treatments across 

the site ranged from 909.09 to 2380.95 mg Kg-1. The 

variations might be associated with the site, size of 

phosphate ions dissociated from each source of 

fertilizers, and pH of equilibrium solutions (Lemma et 

al., 2015). In Ufudo and KH2PO4 treatment in Michit 

soil, the adsorption maximum of soil increased after 

integrated application of lime and compost to Keyakela, 

and Michit soils. This is probably due to the increase in 

soil surface area through the application of organic 

fertilizer, which increased the physicochemical 

adsorption of phosphorus (Mengmeng et al., 2020). 

Overall, the highest adsorption maximum was observed 

in the Keyakela soil after treatment with NPSB 

fertilizer. This was probably due to the presence of 

sulfur molecules in the NPSB fertilizer.  For each 

molecule of S added to soil, two H+ ions will be 

generated (Iqbal et al., 2020), and an increase of positive 

charge on the surface of the colloid enhanced the 

adsorption of phosphate anions (Sun et al., 2020). In 

contrary, studies in southern highlands of Ethiopia 

reported low value of adsorption maximum (680.22 to 

1112.11 mg kg−1) (Bereket et al., 2018). The varying 

Qmax values may be due to variations in soil properties 

from location to location and the effect of model used.  

The bonding energy constant (KL) is one of the most 

important parameters of the P adsorption affinity of soils 

and it varies depending on the type of interaction 

between the adsorbate and the adsorbent (Wang and 

Liang; 2014; Tamungang et al., 2016). Relatively, 

higher KL value indicate that the degree of spontaneous 

reaction is stronger and weaker P supply intensity (Tang 

et al., 2022). In this study, relative to the control, the KL 

value was smaller after integrated application of 

compost and lime in contrast to the, adsorption 

maximum (Table 3). This indicates that greater 

phosphate desorption after integrated application is 

probably due to organic acids from compost increasing 

the negative charge on the soil colloid (Whalen & 

Hendershot, 2007). MBC is an integrated parameter that 

combines  Qm and KL (Wang & Liang, 2014), and it 

varied significantly and depends on the types of 

fertilizers used (Ahmed et al., 2021).  

A higher MBC indicates that more phosphorus is 

adsorbed. In contrast, adsorption maximum, bonding 

energy constant (KL) and MBC values in all the three-

soil types decreased after lime and compost application. 

In line with this, Fang et al. (2020) reported that organic 

amendment is beneficial for soil health and it leads to a 

decrease in the soil surface area available for nutrient 

adsorption, thereby reducing MBC. Wichern et al. 

(2020) noted that amendments can alter the soil pH and 

reduce the availability of certain adsorption sites on soil 

particles, thus lowering MBC. Similarly, Tang et al., 

(2022) reported that organic materials treatments 

reduced the MBC of the soils for P. Higher application 

of lime lowered both k and MBC (Sukyankij et al., 

2024). The higher value of MBC for the soil without any 

amendment suggests the need of higher applications of 

phosphorus fertilizers to mitigate soil P sorption affinity 

and to maintain a desired P concentration in soil 

solutions. Soils with a high buffering capacity tend to 

fix high levels of phosphates highly (Tamungang et al., 

2016). Phosphorus fixing capacity of soil could be 

minimized through soil fertility amendment. 

3.4 External phosphorus requirement (SPR) 

The amount of P adsorbed at 0.2 mg L-1 equilibrium 

solution P concentration is generally accepted as EPR of 

soil for optimum crop yield. For all soil types and 

fertilizers sources of this study, the combined 

application of lime and compost significantly (P>0.05) 

reduced the external phosphorus requirement, showing 

notable variation before and after treatment. It also 

varied from site-to-site and from fertilizer to fertilizers 

(Table 3). Various studies have reported EPR within 

different ranges.  Zinabu et al. (2015) found that the 

EPR for soils in southern Ethiopia  ranges from 50 to 

201 mg P/kg, while (Berhanu & Eyasu, 2021) reported 

a range of 25–32 mg Pkg-1. The external phosphorus 

requirement for DAP fertilizer decreased significantly 

by 62.77, 16.13, and 15.63 % in Michit, Ufudo, and 

Keyakela, respectively. The phosphorus requirement for 

NPSB fertilizer decreased by 37.33, 31.91, and 19.91% 

in Michit, Ufudo, and Keyakela, respectively. For 

KH₂PO₄, the reductions were 27.45, 38.39, and 9.26% 

in Michit, Ufudo, and Keyakela, respectively (Table 3). 

Thus, external phosphorus requirement is influenced by 

the management and type of phosphate fertilizers used.  
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Table 3: Effect of integrated application of lime and compost to Langmuir and Freundlich adsorption parameters 

  Langmuir equation Freundlich equation 

Site  Treatment           C/Q = C/qmax +1/K1qmax Qmax 

 

K1      MBC       EPR        EPR          R2 

                          (mg/kg)  (Kg/ha)                                                  

 

Q =KfCn                 R2    EPR, mg/kg                        

Michit DAP 0.00067Ce +0.0016 1471.43 0.41 609.17 112.52 247.5  0.964 478.63C0.321 0.996 285.516 

NPSB 0.00060Ce +0.0018 1667.59 0.33 548.64 102.95 226.5 0.974 400.968C0.449 0.977 194.658 

KH2PO4  0.00068Ce+0.0012 1477.90 0.59 869.01 155.51 342.1 0.955 521.795C0.337 0.953 303.352 

LC, DAP 0.00062Ce+0.0027 1612.90 0.23 369.35 70.64 155.4 0.998 389.22C0.41 0.647 201.20 

LC, NPSB 0.00055Ce+0.0051 1818.18 0.11 196.36 38.44 38.44 0.600 297.09C0.49 0.792 135.02 

LC, KH2PO4  0.00097Ce+0.0045 1030.93 0.22 222.68 42.69 93.90 0.86 322.78C0.30 0.663 199.17 

Ufudo  DAP 0.00065Ce +0.0029 1528.37 0.22 339.30 64.98 146.9 0.968 294.924C0.468 0.996 138.865 

NPSB 0.00066Ce+0.0016 1506.36 0.41 617.61 114.16 258.0 0.989 434.78C0.0374 0.986 409.381 

KH2PO4  0.00065Ce +0.0018 1535.63 0.35 543.61 101.53 229.5 0.934 364.645C0.468 0.949 171.693 

LC, DAP 0.00072Ce+0.019 1388.89 0.04 52.78 10.48 23.70 0.78 218.27C0.35 0.647 124.27 

LC, NPSB 0.00048Ce+0.0054 2083.33 0.09 185.42 36.43 82.33 0.93 239.08C0.59 0.792 92.502 

LC, KH2PO4  0.0011Ce+0.0049 909.09 0.22 203.64 38.98 88.10 0.82 297.92C0.29 0.663 186.81 

Keyakela  DAP 0.00078Ce+0.0031 1280.63 0.26 326.56 62.14 135.5 0.929 299.778C0.402 0.912 156.969 

NPSB 0.00086Ce+0.0011 1158.10 0.79 917.22 158.36 345.2 0.999 454.109C0.277 0.812 290.767 

KH2PO4 0.00065Ce+0.0018 1531.50 0.37 562.06 104.73 228.3 0.942 403.395C0.415 0.967 206.851 

LC, DAP 0.000594Ce+0.02014 1683.50 0.03 48.82 9.71 21.17 0.85 58.95C0.62 0.97 21.73 

LC, NPSB 0.00042Ce+0.0063 2380.95 0.07 159.52 31.48 68.63 0.99 251.4C0.56 0.861 102.08 

LC, KH2PO4  0.000615Ce+0.083 1626.02 0.03 55.28 9.70 21.15 0.78 105.41C0.54 0.60 44.20 

Note: LC: lime and compost application.
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The relatively higher EPR values of Michit soil may 

be attributed to the lower pH values, which is consistent 

with the study by Mnthambala et al. (2017). The 

implication of soil organic matter contents in P sorption 

and external P requirement cannot be ruled out. The 

extent to which the relative concentrations of phosphate 

ions in the solutions were influenced by the pH of the 

ambient solution was self-evident. The increase in P 

sorption and EPR with decreasing soil pH and the 

decrease in P sorption and EPR with increasing soil pH 

may be attributed to the amphoteric behavior of soil 

colloids in such soils. Generally, soils that desorb less 

than 150 mg P kg-1 are classified as having low P 

sorption, therefore, P adsorption in this study area was 

low. In general, as shown in Table 3, the P sorption 

affinity, P adsorption maxima and EPR values were 

significantly low after the mixed addition of lime and 

compost. 

3.5 Phosphorus desorption isotherms 

Desorption is more significant than adsorption 

because it allows for the reuse of immobilized P in soil 

(Yang et al., 2019). The amount of phosphorus desorbed 

from the soil was consistently lower than that of 

adsorbed across all treatments (Table 4). This indicates 

that adsorbed phosphorus could partially desorb, 

particularly before management activities. However, 

after lime and compost treatment, desorption rates 

increased significantly. In Michit, the desorbed amounts 

of DAP, NPSB, and KH2PO4 fertilizers increased after 

compost and lime application. Even though, it depends 

on the fertilizer type (Table 4),  less additional P was 

sorbed by the treated soils (Dou et al., 2009).  A higher 

degree of desorption (Dr) value indicates a stronger 

tendency for P to desorb (Yang et al., 2019). The 

integrated application of lime and compost significantly 

increased the phosphorus desorption ratio. The 

increases in Dr of P in the three fertilizers are given in 

the table. Similarly, Sun et al., (2020) found that the 

phosphorus desorption ratio was different in different 

soils. In this study, next to DAP, the desorption ratio of 

KH2PO4 showed a significant positive response for 

integrated application in strong acidic soil. The 

desorption ratio of KH2PO4 shows a more significant 

positive response to the mixed addition of the other two 

fertilizers in moderately acidic soil, and NPSB in the 

slightly acidic soil. Consistent with this study different 

scholars have reported that the application of lime to 

acidic soil increases phosphorus desorption (Mathewos 

et al., 2020; Sukyankij et al., 2024). 

Table 4: Effect of integrated application of lime and compost on Langmuir and Freundlich desorption parameters 
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3.6 Relationships between soil properties and P 

fertilizers Adsorption-adsorption parameters  

The correlation analysis between selected soil 

chemical properties and Langmuir adsorption-

desorption parameters of the different fertilizers is 

presented in Table 5. The pH of the soil showed a strong 

negative correlation with K1, MBC, EPR, K2 for DAP 

and KL, MBC, and EPR for KH2PO4. Similarly, Nwoke 

et al., (2004) reported a significant correlation between 

the amount of P desorbed and pH. The organic carbon 

in the soil showed a strong positive correlation with 

Dmax of DAP and KH2PO4 fertilizers, whereas it was 

strongly negatively correlated with K2, MBC, EPR of 

NPSB and MBC and EPR of KH2PO4. The soil organic 

carbon was the major factor controlling P desorption in 

this study (Table 5). Total nitrogen was significant and 

positively correlated with Dmax of DAP and KH2PO4. 

However, it was strongly and negatively correlated with 

K1, MBC and EPR2, of NPSB and MBC, and EPR of 

KH2PO4. Available phosphorus was significantly and 

negatively correlated with desorption bonding strength 

of KH2PO4 at P ≤ 0.05. 

Table 5: Pearson correlation of selected soil properties and Langmuir adsorption-desorption parameters 

Note: Qmax, Dmax, K1 and K2, MBC and EPR are adsorption, desorption maximum, bond 

strength, buffering, and external phosphorus requirement.   Significant a code:  at P ≤0.01 

‘**’ 0.01, P ≤0.05 ‘*’
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4. Conclusions  

The combined application of lime and compost 

resulted in significant improvement in selected soil 

properties such as phosphorus activation coefficient, 

soil organic carbon, and total and available phosphorus. 

The phosphorus adsorption capacity of soil significantly 

decreased following the combined application of lime 

and compost in all the three soil types. Organic carbon 

of soil has shown a strong positive correlation with 

phosphorus desorption maximum. The ambiguity and 

difficulty in managing phosphorus requirements for 

plants in most agricultural systems has long been 

recognized, it varied from site-to-site and fertilizer to 

fertilizers, and it significantly decreased as a result of 

combined application. The external phosphorus 

requirement is influenced by management and type of 

phosphate fertilizers. In strongly acidic (Michit) soil, the 

desorption ratio of DAP fertilizer demonstrated a 

significantly superior positive response to the combined 

application of lime and compost compared to the 

remaining two fertilizers. As a recommendation, field 

experiments are suggested to apply the external 

phosphorus requirement to assess the effectiveness of 

fertilizers under practical conditions. 

Acknowledgments: The authors sincerely thank 

Bonga University for the financial support of  the study 

and for providing access to lab facilities. The authors 

also appreciate the lab technicians for their valuable 

assistance with sample collection and analysis works. 

Reference 

Ahmed, W., Jing, H., Kailou, L., Ali, S., Tianfu, H., Geng, S., Jin, C., Qaswar, M., Jiangxue, D., Mahmood, S., Maitlo, A.A., 

Khan, Z.H., Zhang, H, & Chen, D.Y. (2021). Impacts of long-term inorganic and organic fertilization on phosphorus 

adsorption and desorption characteristics in red paddies in southern China. PLoS ONE, 16(1), 1-16.  

Asomaning, S.K. (2020). Processes and Factors Affecting Phosphorus Sorption in Soils. Kyzas, G. & Lazaridis, N. (Ed.). In 

Sorption in 2020s. Intech Open. 

Biruk Teshome, Tamado Tana, Nigussie Dechassa, & Singh, T.N. (2017). Application of Compost, Lime and P Fertilizer on 

Selected Soil Properties and P Use Efficiency of Maize in Acidic Soil of Assosa, Western Ethiopia. J. Exp. Agric. Int., 

18(6), 1–14.  

Bereket Ayenew, Abi M. Tadesse, Kibebew Kibret, & Asmare Melese (2018). Phosphorous status and adsorption characteristics 

of acid soils from Cheha and Dinsho districts, southern highlands of Ethiopia. Environ. Syst. Res, 1–14.  

Berhanu Dinssa, & Eyasu Elias (2021). Evaluation of phosphate sorption capacity and external phosphorus requirement of some 

agricultural soils of the southwestern Ethiopian highlands. J Soil Sci Agroclimato, 18(2), 136–142. 

Biswas, B., Rahman, T., Sakhakarmy, M., Jahromi, H., Eisa, M., Baltrusaitis, J., Lamba, J., Torbert, A., & Adhikari, S. (2023). 

Phosphorus adsorption using chemical and metal chloride activated biochars: Isotherms, kinetics and mechanism study. 

Heliyon, 9(9), e19830.  

Chen, X., Yan, X., Wang, M., Cai, Y., Weng, X., Su, D., Xu, X., Zhou, S., Wu, L., & Zhang, F. (2022). Long-term excessive 

phosphorus fertilization alters soil phosphorus fractions in the acidic soil of pomelo orchards. Soil Til Res, 215, 105214.  

Chintala, R., McDonald, L.M., & Bryan, W.B. (2012). Effect of soil water and nutrients on productivity of Kentucky bluegrass 

system in acidic soils. J. Plant Nutr, 35(2), 288–303.  

Cui, Y., Xiao, R., Xie, Y., & Zhang, M. (2018). Phosphorus fraction and phosphate sorption-release characteristics of the wetland 

sediments in the Yellow River Delta. Phys. Chem. Earth, 103, 19–27.  

Ding, S., Zhang, T., Fan, B., Fan, B., Yin, J., Chen, S., Zhang, S., & Chen, Q. (2023). Enhanced phosphorus fixation in red mud-

amended acidic soil subjected to periodic flooding-drying and straw incorporation. Environ. Res, 229, 115960. 

Dou, Z., Ramberg, C.F., Toth, J.D., Wang, Y., Sharpley, A. N., Boyd, S. E., Chen, C. R., Williams, D., &  Xu, Z.H. (2009). 

Phosphorus Speciation and Sorption-Desorption Characteristics in Heavily Manured Soils. Soil Sci. Soc. Am. J, 73(1), 93–

101.  

Erkihun Alemu, Yihenew G/Selassie, & Birru Yitaferu (2022). Effect of Lime on Selected Soil Chemical Properties, Maize (Zea 

Mays L.) Yield and Determination of Rate and Method of Its Application in Northwestern Ethiopia. Heliyon, e08657. 

Fang, Y., Singh, B. P., Collins, D., Armstrong, R., Van Zwieten, L., & Tavakkoli, E. (2020). Nutrient stoichiometry and labile 

carbon content of organic amendments control microbial biomass and carbon-use efficiency in a poorly structured sodic-

subsoil. Biol. Fertil. Soils, 56(2), 219–233.  

Ferri, D., Montemurro, F., Debiase, G., Fiore, A., Convertini, G., & Mastrangelo, M. (2010). Application of organic amendments 

to improve land utilization system of fodder crops. Fresenius Environ. Bull, 19(8B), 1768–1773. 



Anbessa Teshale et al.                                                                                               Ethiop. J. Sci. Sustain. Dev., Vol. 12(2), 2025 

12 
  

Iqbal, S., Riaz, U., Murtaza, G., Jamil, M., Ahmed, M., Hussain, A., & Abbas, Z. (2020). Chemical Fertilizers, Formulation, and 

Their Influence on Soil Health. Hakeem, K.R., Dar, G.H., Mehmood, M.A., & Bhat, R.A. (Ed.). Microbiota and 

Biofertilizers: A Sustainable Continuum for Plant and Soil Health. Microbiota and Biofertilizer. Springer.  

Johan, P. D., Ahmed, O. H., Hasbullah, N. A., Omar, L., Paramisparam, P., Hamidi, N. H., Jalloh, M. B., &  Musah, A. A. (2022). 

Phosphorus Sorption following the Application of Charcoal and Sago (Metroxylon sagu) Bark Ash to Acid Soils. 

Agronomy, 12(12), 1–15.  

Kisinyo, P.O., Othieno, C.O., Gudu, S.O., Okalebo, J.R., Opala, P.A., Maghanga, J.K., Ng’etich, W.K., Agalo, J.J., Opile, R.W., 

Kisinyo, J.A., &  Ogola, B.O. (2013). Phosphorus Sorption and Lime Requirements of Maize Growing Acid Soils of Kenya. 

Sustain. Agric. Res, 2(2), 116.  

Lemma Wogi, L., Msaky, J.J., Rwehumbiza, F.B.R., & Kibebew Kibret (2015). Phosphorus Adsorption Isotherm: A Key Aspect 

for Soil Phosphorus Fertility Management. J. Exp. Agric. Int., 6(2), 74–82. 

Liao, P., Liu, L., Chen, J., Sun, Y., Huang, S., & Zeng, Y. (2024). Liming reduces nitrogen uptake from chemical fertilizer but 

increases that from straw in a double rice cropping system. Soil Til Res, 235, 105873.  

Mathewos Bekele, Fassil Kebede, & Wassie Haile (2020). Phosphorus Adsorption-Desorption Isotherm of Lime Treated and 

Untreated Acid Soils of Assosa and Bambasi Districts, West Ethiopia. Commun. Soil Sci. Plant Anal, 51(15): 1979–1990.  

Mengmeng, C., Shirong, Z., Lipeng, W., Chao, F., & Xiaodong, D. (2020). Organic Fertilization Improves the Availability and 

Adsorptive Capacity of Phosphorus in Saline-Alkaline Soils. J. Soil Sci. Plant Nutr, 21, 487-496. 

Mnthambala, F., Maida, J. H. A., Lowole, M. W., and Kabambe, V. H. (2017). Soil management effects on phosphorus sorption 

and external P requirement in oxisols of Malawi. J. Soil Sci. Environ. Manag., 7(8), 106-114. 

Mulatu Osie, Sileshi Nemomissa, Simon Shibru, & Gemedo Dalle. (2020). Trade-offs between benefits and costs of forest 

proximity: farmers' practices and strategies regarding tree-crop integration and ecosystem disservices management. Ecol. 

Soc., 25(4), 36. 

Nwoke, O.C., Vanlauwe, B., Diels, J., Sanginga, N., & Osonubi, O. (2004). The distribution of phosphorus fractions and 

desorption characteristics of some soils in the moist savanna zone of West Africa. Nutr. Cycl. Agroecosyst, 69, 127–141. 

Ochwoh, V.A., Nankya, E., Jager, P.C., & Claassens, A.S. (2016). The Impact of Phosphorous Applications and Incubation 

Periods on P-Desorption Characteristics with Successive DMT-HFO-P Extractions on P Fixing Soils. Int. J. Plant Soil Sci, 

13(6), 1–14.  

Otieno, E.O., Lenga, F.K., Mburu, D.M., Kiboi, M.N., Fliessbach, A., & Ngetich, F.K. (2023). Influence of soil fertility 

management technologies on phosphorus fractions, sorption characteristics, and use efficiency in humic Nitisols of Upper 

Eastern Kenya. Heliyon, 9(12), e22859.  

Redi, M. (2022). Influence of Lime and Phosphate Fertilizer on Phosphorus Sorption and Desorption Property of Acid Soil: 

Review. Greener J. Agric. Sci, 12(2), 131–140. 

Sukyankij, S., Sukyankij, S., Khongsud, C., & Panich-pat, T. (2024). Effect of lime application on phosphorus adsorption and 

desorption in post-active acid sulfate soil, Thailand. J. Degrad. Min. Lands Manag., 11(2), 5279–5286.  

Sun, T., Deng, L., Fei, K., Zhang, L, & Fan, X. (2020). Characteristics of phosphorus adsorption and desorption in erosive 

weathered granite area and effects of soil properties. Environ. Sci. Pollut. Res, 27, 28780-28793. 

Tamungang, N.E.B., David, M.Z., Alakeh, M.N., & Adalbert, O.A. (2016). Phosphorus Adsorption Isotherms in Relation to Soil 

Characteristics of Some Selected Volcanic Affected Soils of Foumbot in the West Region of Cameroon. Int. J. Soil Sci., 

11(2), 9-28.  

Tang, X., Liu, M., Sheng, J., Chai, Z., Feng, G., & Chen, B. (2022). Using a Modified Langmuir Equation to Estimate the 

Influence of Organic Materials on Phosphorus Adsorption in a Mollisol from Northeast, China. Front. Environ. Sci., 10.  

Uzoho,B.U. & Oti, N. N. (2005). Ctristics of Selected South Ester Nigeria phosphurus adsorption charan Soil. Agro-Sci J Agri, 

Food, Environ Ext, 4, 50–55. 

Wang, L, & Liang, T. (2014). Effects of exogenous rare earth elements on phosphorus adsorption and desorption in different 

types of soils. Chemosphere, 103, 148-155. 

Whalen, J. K., & Hendershot, W. H. (2007). Phosphate Sorption and Release in a Sandy-Loam Soil as Infl uenced by Fertilizer 

Sources. Soil Sci. Soc. Am. J, 71(1), 118–124.  

Wichern, F., Islam, M. R., Hemkemeyer, M., Watson, C., & Joergensen, R. G. (2020). Organic Amendments Alleviate Salinity 

Effects on Soil Microorganisms and Mineralization Processes in Aerobic and Anaerobic Paddy Rice Soils. Front. Sustain. 

Food Syst., 4(30):1-14.  



Anbessa Teshale et al.                                                                                               Ethiop. J. Sci. Sustain. Dev., Vol. 12(2), 2025 

13 
  

Wu, Q., Zhang, S., Zhu, P., Huang, S., Wang, B., Zhao, L. P., & Xu, M. (2017). Characterizing differences in the phosphorus 

activation coefficient of three typical cropland soils and the influencing factors under long term fertilization. PLoS ONE, 

12(5), 1-15.  

Yang, X., Chen, X., & Yang, X. (2019). Effect of organic matter on phosphorus adsorption and desorption in a black soil from 

Northeast China. Soil Til Res, 187: 85–91.  

Zinabu Wolde, Wassie Haile, & Singh, D. (2015). Phosphorus Sorption Characteristics and External Phosphorus Requirement 

of Bulle and Wonago Woreda, Southern Ethiopia. Adv. Crop Sci. Technol., 03(02), 169.  

 

 


