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One of the most soil fertility management problems for crop production on acidic soils of 
the Ethiopian highlands is phosphorus fixation. The research was executed to assess the P-
sorption capacity and to determine the external P requirement of different acidic soils in 
the Southwestern highlands of Ethiopia. Phosphorus sorption capacity (Kf) and its relation 
with selected soil characteristics were assessed for some major agricultural soils in the 
Ethiopian highlands to answer the questions, ‘What are the amount of P-sorption capacity 
and external P requirement of Nitisols, Luvisols, Alisols, and Andosols in Ethiopia?’. Twelve 
surface soil samples (at depth of 0-30 cm) were gathered and the P-sorption capacity was 
estimated. Phosphorus-sorption data were obtained by equilibrating 1 g of the 12 soil 
samples with 25 ml of KH2PO4 in 0.01 M CaCl2, having 0, 30, 60, 90, 120, 150, 180, 210, 
240, 270, 300, and 330 mg P L-1 for 24 hours. The data were adjusted to the Freundlich 
adsorption model and the relationship among P-sorption and soil characteristics was 
established by correlation analysis.  Clay content and exchangeable acidity, organic matter, 
Al2O3, and Fe2O3 oxides have affected phosphorus-sorption at a significance level of (P < 
0.05).  Alisols had the highest Kf value (413 mg kg-1) but Nitisols had the lowest Kf (280 mg 
kg-1). The external phosphorus fertilizer requirement of the soils was in the order of 25, 30, 
32, and 26 mg P kg-1 for Nitisols, Luvisols, Alisols, and Andosols sequentially. The Kf varies 
among different soil types of the study area. The magnitude of the soil’s Kf was affected 
by the pH of the soil, soil OM content, and oxides of Fe and Al. Therefore, knowledge of 
the soils’ P retention capacity is highly crucial to determine the correct rate of P fertilizer 
for crop production. 

How to Cite: Dinssa, B. & Elias, E. (2021). Evaluation of phosphate sorption capacity and external phosphorus requirement 

of some agricultural soils of the southwestern Ethiopian highlands. Sains Tanah Journal of Soil Science and 

Agroclimatology, 18(2): 136-142. https://dx.doi.org/10.20961/stjssa.v18i2.51325       
 

1. INTRODUCTION
Ethiopia has a diversity of topography, climate, 

vegetation, and parent materials, as a soil-forming factor, 
leading to the formation of various soil types (Elias, 2016). 
Nitisols and Luvisols are among the most extensive soil types 
covering about 31 and 11% of the arable landscapes of the 
Ethiopian highlands, whereas the highly productive Andosols 
are less extensively distributed (< 1%) (Elias et al., 2019). 
Alisols are particularly important in high rainfall upland 
farming systems of the Southwestern highlands of Ethiopia. 
Regardless of their area extent and agricultural importance, 
the phosphorus limitation of these soils has been constraining 
agricultural productivity in the Ethiopian highlands. 
Preliminary reports about the nutrient content of the 
Ethiopian soils suggest that 99% of the Ethiopian highland 

soils are phosphorus-deficient by taking 30 ppm of available 
phosphorus as a critical level (Karltun et al., 2013). Studies on 
the nutrient status of the Ethiopian highland soils suggest that 
phosphorus deficiency is a major problem that negatively 
affects crop production (Elias et al., 2019; Melese et al., 
2015).  

A widespread problem of limited P-availability in soils 
might be due to severe P-fixation. Phosphate fixation is a 
process by which phosphate ions are retained on the active 
sites of the soil colloidal surfaces thus rendering it unavailable 
for plant uptake (Tamungang et al., 2014). Phosphorus 
fixation is a common problem in tropical rainfed upland 
farming systems (Hanyabui et al., 2020). The high P-retention 
by adsorption or precipitation reactions in soils results in low 
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P-fertilizer use efficiency (15–30%) (Maluf et al., 2018). The 
estimated 80% of the applied phosphate is not available for 
crop uptake as the result of high phosphorus fixation in acid 
tropical soils (Kisinyo et al., 2015). Most inherent 
characteristics of the soil that affect the degree of P-fixation 
include soil clay content, soil reaction (pH), OM content, 
hydrated oxides of Fe and Al, and the concentration of 
exchangeable aluminum and hydrogen (exch. Al3+ and H+) 
that varies with soil type (Wang et al., 2017). Likewise, Jiang 
et al. (2015) stated that the oxides of Fe and Al are the major 
adsorbents for phosphate ions in acidic tropical soils. When 
the clay fraction is composed of 1:1 minerals, iron, and 
aluminum oxides and hydroxides, most of the P is adsorbed 
on the soil colloidal surfaces. The phosphorus sorption 
capacity (Kf) of a soil refers to the potential of the soil to bind 
phosphorus applied to it and is a principal factor regulating P 
concentration in the soil solution and available phosphorus 
(Gonzalez-Rodriguez & Fernandez-Marcos, 2018). The 
external P requirement (EPR), also described as the standard 
P requirement (SPR), is the amount of P which must be 
applied to the soil to sustain a P level in the soil at 0.2 mg P L-

1 that meets the requirements in P for different crops (Wolde 
& Haile, 2015).  

Determination of the Kf and EPRf of various types of soils 
supports sustainable agriculture through site-specific P 
fertilizer recommendations that avoid overdose P application 
that led to adverse impacts on the economy and the 
environment. Underdoes application of P negatively impacts 
the growth potential of the crops and affects the living 
standard of the society through food self-insufficiency. 
Similarly, Thuy et al. (2020) stated that optimizing P fertilizer 
input could maximize the P fertilizers use efficiency that will 
decrease fertilizer costs, improve income, and lower the 
negative impacts on the soil for sustainable agriculture.  

Different mathematical models and sorption isotherms 
have been formulated to explore the soils P sorption capacity 
(Kf); P-sorption energy (1/n), buffering capacity of soil versus 
P concentration gradient in solution, and the state of 
equilibrium between P in solution and the solid phases and 
their relation (Muindi et al., 2015). Freundlich model is the 

most commonly applicable model to determine P-sorption 
characteristics of soils and estimate EPRf (Afsar et al., 2012). 
This model can differentiate soils according to their capacity 
to absorb P from soil solutions. Although studies have 
indicated the widespread P-sorption problem in Ethiopian 
soils (Wolde & Haile, 2015). Information on P-sorption 
disaggregated by soil type is rather limited in the 
Southwestern highlands of Ethiopia. In recent years, Ethiopia 
is in the process of transforming its soil fertility sector by 
moving away from blanket fertilizer recommendation to soil-
specific management of fertilizer (Elias et al., 2019). To this 
effect, to alleviate the P-sorption problem through soil-
specific management (e.g., liming and targeted P-
fertilization), it is necessary to estimate the degree of P-
fixation by dominant soil types. Hence, this research intended 
to evaluate the P-sorption capacity and external P 
requirement of some acidic soils (Nitisols, Luvisols, Alisols, 
and Andosols) in the Southwestern highlands of Ethiopia.  
 

2. MATERIAL AND METHODS 
2.1. Description of study sites  

The experiment was carried out on four dominant 
agricultural soils based on FAO classification (Nitisols, 
Luvisols, Alisols, and Andosols) in the intervention sites of the 
project; Capacity building for scaling up of evidence-based 
best practices in agricultural production in Ethiopia 
(CASCAPE) intervention woredas of Oromiya region, (Fig.1). 
The district is designated by flat plains, high mountains, and 
hilly topography, geological feature of the area is 
characterized by tertiary sediments of the Cenozoic era on 
the plain and basalt and volcanic rocks in the High Mountain 
and hilly ridges. The rainfall data obtained from the nearest 
weather stations (Bako and Jimma Agricultural Research 
Centers) reveals that the rainy season covers April to 
November and maximum rain is received in June, July, and 
August. The long-term (2009- 2018) mean annual rainfall is 
1267-1730 mm. It has a warm humid climate with average air 
temperatures of 19 to 21 oC and the altitudinal range of the 
sites is 1650 to 2800 m asl. 

 

 
Figure 1. Location map of the study area 
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2.2. Soil sampling and laboratory procedures 
About ten representative sub-samples were taken from 0-

30 cm depth randomly in a zig-zag manner from different 
spots of the sampling unit and one composite sample was 
formed (1 kg each). The sub-samples were thoroughly mixed 
together on a flat plastic sheet and 12 composite soil samples 
(3 samples from every type of soil) were collected in clean 
new plastic bags and transported to HortiCoops soil fertility 
laboratory. In the laboratory, the samples were dried on the 
air, crushed, sieved, and passed through a 2 mm mesh, to 
determine the soil physicochemical properties and P sorption 
capacity.  

The soil particle size distribution was determined by the 
hydrometer method (Beretta et al., 2014). Soil pH (H2O) was 
measured by a pH meter as described by (FAO, 2021). OM (%) 
was determined by the wet digestion method (FAO, 2020). 
Exch. Al3+ and H (cmol(+)kg-1) were described by leaching with 
KCl followed by titration (Lestari et al., 2016). Determination 
of Fe2O3 and Al2O3 was following the X-ray fluorescence (XRF) 
spectrometer (Towett et al., 2013).  

Phosphorus sorption characteristics of the soil were 
analyzed by using three replicates of 1.0 g, dry soil samples 
that weighed into 50 ml centrifuge tubes and suspended in 25 
ml of 0.01 M CaCl2 as supporting electrolytes that have 0, 30, 
60, 90, 120, 150, 180, 210, 240, 270, 300 and 330 mg P L-1 as 
KH2PO4 with increasing rate of 30 mg P L-1. Three drops of 
toluene were applied to all containers to stop the microbial 
action. The tubes were then closed and shaken on an end-to-
end shaker for 24 hours at a temperature of 25 ± 1 °C at 150 
oscillations per minute. After equilibrium, the soil 
suspensions were centrifuged at about 3000 rpm for 10 
minutes, then filtered through Whatman No. 42 to obtain a 
clear solution. The phosphorus in the supernatant was then 
analyzed following the Olsen procedure. The quantity of P 
absorbed was calculated as the difference between the 
amount of P added and that of left in solution by Equation 1. 

Pabsorbed=
(Co-Cf)V

Weight ofsoil (kg)
 [1] 

Where: Co = initial concentration of P (mg L-1), Cf = final 
concentration of P (mg L-1) and V = volume of solution (L). The 
soil P sorption data were adjusted to the linearized forms of 
Freundlich (Equation 2).  

X = KC1/n [2] 

The logarithm of Eq. [2], changes into log X = log kf + 1/n 
log C, the linear equation form 2 has been formulated by 
plotting Log C against Log X,  X (mg kg-1) = the concentration 
of P retained per unit mass of soil, C (mg L-1) = the equilibrium 
concentration of P, 1/n (L kg-1) represents the slope (the 
sorption energy) and Log Kf (mg kg-1) represents the sorption 
capacity in mg kg-1 (Dari et al., 2015). The external phosphorus 
requirement (EPRf) is calculated based on Freundlich models 
by using the required P quantity (0.2 mg P L-1) in the linear 
form of Freundlich equations (Getie et al., 2021). The P-
buffering capacity (PBC) of a soil is its capacity to resist change 
in the P concentration of the solution phase (Shirvani et al., 
2005). It was computed from the Freundlich adsorption 
isotherms at 0.2 mg L-1 of solution P as PBC (Eq. 3). 

PBC = Kf * n *Cn-1  [3] 

Whereas: PBC (L kg-1) = Phosphorus buffering Capacity; Kf (mg 
kg-1) = P sorption capacity; 1/n (kg L-1) = sorption energy; C 
(mg L-1) = the equilibrium concentration of P. The citrate 
bicarbonate dithionite (CBD) procedure was used for the 
determination of total free iron oxides in soils (Fan et al., 
2016).  

2.3 Statistical analysis 
The measured soil parameters were arranged in a 

Completely Randomized Design (CRD) with three replicates 
and subjected to analysis of variance (ANOVA) using the 
Statistical Analysis System (SAS) software version 9.4 (SAS 
Institute Inc, 2019). The Least Significance Difference test 
(LSD) at the 5% probability level was used for the mean 
comparison when the ANOVA showed significant differences. 
Also, a simple regression and correlation coefficient analysis 
was executed to assess the degrees and directions of the 
relationship between Kf and the various soil parameters. 

 

3. RESULTS  
3.1. Phosphorus sorption capacity of soils  

Table 1 shows highly significant (P < 0.01) variation among 
soils types for P-sorption capacity (Kf), level of P-sorption 
energy (1/n) (P < 0.05), and phosphorus buffering capacity 
(PBCf) (P < 0.01) but no significant difference in the external 
phosphorus requirement (Table 1).  
 

 
Table 1. P-sorption capacity (Kf), Slope (n),  EPRf and PBCf values after 24 hours of equilibration 

Soil Type 
(RSG) 

Kf 

(mg kg-1) 
1/n 

(L kg-1) 
EPRf 

(mg kg-1) 
PBCf 

(L kg-1) 
R2 

Nitisols 280b 1.40b 25 316b 0.95b 
Luvisols 336ab 1.48ab 30 395ab 0.97a 
Alisols 413a 1.67 a 32 471a 0.98a 
Andosols 299b 1.43 b 26 346b 0.96ab 
Mean 332 1.49 28 382 0.97 
LSD% 0.15 66.07 37.41 80.27 0.003 
SE 32.79 0.08 5.0 37.76 0.007 
F 9.70 7.46 1.52 9.70 7.59 
P 0.01 0.02 0.30 0.01 0.018 

Note: In the same column, means indicated by different letters are significantly varied at p < 0.05; Kf = P sorption capacity; 
1/n= sorption energy; EPRf = Freundlich External P Requirement; PBCf = P buffering capacity; RSG = Reference soil group. 



Dinssa & Elias SAINS TANAH – Journal of Soil Science and Agroclimatology, 18(2), 2021 

139 

 

 
Figure 2. P sorption Isotherm for Nitisols (a), Luvisols (b), Alisols (c) and Andosols (d) 

 
The sequence of soils based on their Kf was Alisols > Luvisols 

> Andosols > Nitisols. Alisols had the highest Kf (413 mg kg-1) 
and 1/n (1.67 kg L-1) but Nitisols had the lowest Kf (280 mg kg-1) 
and 1/n (1.40 kg L-1). The linear form of the Freundlich 
equation formed by taking log C versus log X is displayed in 
Figure 2. It confirmed a satisfactory agreement with the 
Freundlich equation (R2 = 0.96-0.98) for the studied soils. The 
P sorption isotherms were formed by plotting the amount of 
P adsorbed on the soil surface (Nitisols, Luvisols, Alisols, and 
Andosols) against the solution P concentration. 
 

3.2. The Soil External Phosphorus Requirement (EPRf ) 
and Phosphorus Buffering Capacity (PBC) 

The actual quantities of P required by Nitisols, Luvisols, 
Alisols, and Andosols were 25, 30, 32, and 26 (mg kg-1) 
respectively for optimum crop production at the study area 
(Table 1). The highest (32 mg kg-1) and the least (25 mg kg-1) 
values of EPRf were obtained for Alisols and Nitisols 
respectively. The buffering capacity of soils was computed 
from the Freundlich adsorption isotherms at 0.2 mg P L-1 of 
solution in the 24 hours of equilibration were 316, 396, 471, 
and 346 for Nitisols, Luvisols, Alisols, and Andosols 
respectively (Table 1).  

Table 2 shows there is variation in soil characteristics and Kf 
among the soils. Accordingly, the mean clay content was 
significantly varied (p < 0.05) among various soil types, and the 
highest value (54.67%) was observed under Alisols while the 
lowest value (36.0) was under Andosols. Even though 
statistically no significant difference in pH between the soils, 
Andosols had the highest (6.30) and Alisols had the lowest 
(4.80) pH. There was a strong and significant (p < 0.001) 
difference in mean OM content between the soils. The highest 

value (7.51%) and the lowest value (3.36%) of OM were 
observed under Andosols and Alisols respectively. Significant (p 
< 0.05) differences were observed in exchangeable aluminum 
(exch. Al3+) and exchangeable acidity (exch. Ac) of the soils 
under this study. Alisols had the highest exch. Al3+ (1.18 
cmol(+)kg-1) and exch. Ac (1.67 cmol(+)kg-1) but Nitisols had the 
lowest (nill) exch. Al3+ and exch. Ac (0.52 cmol(+)kg-1). The soils 
were strongly and significantly (p<0.001) differs in both Al2O3 

(%) and Fe2O3 (%) content. Nitisols had the highest mean Al2O3 

(26.68%) and Fe2O3 (16%) while Andosols had the lowest mean 
Al2O3 (14.05%) and Fe2O3 (9.24%). A significant (p < 0.05) 
variation was observed among the soils in Kf (413 mg kg-1). 
Accordingly, Alisols had the highest and Nitisols had the lowest 
Kf (280 mg kg-1) values. 

 

3.3. Correlation between soil properties and P-sorption 
capacity  

The relationship between the Kf and selected soil 
parameter is displayed in Table 3. Statistically, a positive and 
significant (P < 0.05) relationship existed between exch. Al3+ 
and Kf. The Kf had a positive and non-significant (P > 0.05) 
relationship with clay content, exch. H+, exch. Ac and aluminum 
oxides (Al2O3) and iron oxides (Fe2O3). In addition, the Kf value 
had negative, non-significant (p > 0.05) relationships with pH 
(H2O) and OM content of the soil. The sorption energy (1/n) had 
a positive non-significant (P > 0.05) relation with clay content 
while it had strongly significant positive relationships with exch. 
Al+3 at (P < 0.001) level of significance and for P sorption 
capacity (Kf) at 5% level of significance. Moreover, the 
equilibrium concentration of phosphorus, the slope (sorption 
energy) had non-significant (P > 0.05) relationships with soil pH 
and soil OM content. 

(a) (b) 

(c) (d) 
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Table 2. Variability in soil properties and P-sorption capacity (Kf) for different soil types in Ethiopian highlands 

Soil type Clay 
(%) 

pH-
H2O 

OM 
(%) 

Exch.Al3+ 
(cmol kg-) 

Exch.H+ 
(cmol kg-) 

Exch. Ac 
(cmol kg-1) 

Al2O3 

(%) 
Fe2O3 

(%) 
Kf  

(mg kg-1) 

Nitisols 51.7a 5.71 3.8b 0.0b 0.52 0.52ab 26.7a 16.a 280b 
Luvisols 48.7ab 5.73 3.83b 0.26ab 0.35 0.61ab 23.9ab 15.9a 336ab 
Alisols 54.7a 4.8 3.36b 1.18a 0.49 1.67a 22.6b 13.3b 413a 
Andosols 36b 6.3 7.51a 0.13b 0.11 0.24b 14.1c 9.24c 299b 

Mean 47.8 5.63 4.62 0.39 0.37 0.76 21.8 13.6 332 
LSD% 15.42 1.97 1.87 1.02 0.87 1.19 3.74 1.67 0.15 
SE 5.45 0.69 0.66 0.36 0.30 0.42 1.30 0.59 32.79 
F-value 6.79 2.34 25.52 6.50 1.09 6.63 50.8 86.6 9.70 
P-value 0.02 0.17 0.008 0.02 0.42 0.02 0.001 <0.001 0.01 
Sign. 0.05 Ns 0.001 0.05 Ns 0.05 0.001 0.001 0.05 

Notes: In the same column, means indicated by different letters are significantly varied at p < 0.05, ns = non-significant  (P > 
0.05), OM = organic matter, Exch Al3+ = Exchangeable aluminum,  Exch H+= Exchangeable hydrogen, Exch Ac = 
Exchangeable acidity, Al2O3 = aluminum oxide, Fe2O3 = iron oxide. 

 

4. DISCUSSION 
The variation in the Kf content of the soils could be 

attributed to the difference in the soil pH, exch. Al3+, clay, and 
OM in the soils and the percentage of Al2O3 and Fe2O3 in the 
soil (Table 2). Very high clay content (54.7%), strongly acidic 
soil reaction (pH 4.8), high level of exch. Al3+ (1.18 mg  kg-1) in 
the soil solution and moderate percentage of OM (3.36%) 
content in Alisols resulted in the highest  Kf (413 mg kg-1) and 
EPRf (32.33 mg kg-1) while, moderately acidic soil reaction (pH 
5.7), high OM content (3.8%) and nil exch. Al3+ in Nitisols 
attributed to the lowest Kf (280 mg kg-1) and EPRf (25 mg kg-1). 
Likewise, the Kf and EPRf of Luvisols and Andosols were varied 
based on these soil properties. This finding is similar to the 
results of (Wang et al., 2017). The Kf values of the soils of this 
study were the intermediate values (280 - 413 mg P kg-1) 
detected from (Melese et al., 2015) for the soils of Farta 
district, in the Northwestern Highlands of Ethiopia which 
varies from 80 to 259 mg P kg-1 and those Kf value stated by 
Wolde and Haile (2015) in soils from Bule District, in the 
Southern Ethiopia, which varies from 479 to 487 mg P kg-1. 
According to the rating established by Buresh et al. (1997)  
Nitisols, Luvisols, and Andosols were classified under 
moderate Phosphorus sorbing (280-316 mg P kg-1) soils. 
Alisols with Kf values of 413 mg P kg-1) were grouped under 
high P sorbing soils (Table 2).  

The Soil External Phosphorus Requirement (EPRf), Alisols 
with the highest PBC (471 L kg-1) had the highest capacity to 
restore a unit change in soil solution P and Keep a productive 
solution P concentration and make lower the amount of EPRf. 
Because of this, the external phosphorous requirement was 
not significantly differed among the soil types. The observed 
EPRf in the soils is more than double of the previously 
recommended amounts (20 kg P ha-1) for Alisols and 
Andosols, and 30 kg P for Nitisols and Luvisols. The result of 
this study revealed the need for twice phosphorus fertilizer 
application compared to the previously used phosphorus 
fertilizer of 30 kg P ha-1 for maize production at Bako and 20 
kg P ha-1 at Omonada Districts of Oromiya region that supply 
only15-10 mg P kg-1, which is half of the soils’ EPRf of 32-25 
mg P kg-1. According to this finding, 50, 60, 64, and 52 kg P ha-

1 for Nitosols, Luvisols, Alisols, and Andosols respectively were 

recommended for the study areas. Similarly, the Ethio SIS 
team, Karltun et al. (2013) suggested an initial critical value of 
30 mg P kg-1 soil (60 kg P ha-1) for soil fertility mapping and P 
fertilizer recommendations in Ethiopia was comparable to the 
finding of this study. 

Correlation between Soil Properties and P-Sorption 
Capacity, The reason for clay particles positively correlated 
with soils’ sorption capacity (Kf) was due to, the fact that finer 
smaller soil particles (clays) are more reactive and have 
greater P-retention capacity due to the larger surface area 
compared to larger soil particles (Jiang et al., 2015). 
Weihrauch and Opp (2018) also stated that most of the time 
clay minerals have a more net negative charge than chelating 
metal cations than sorb Phosphate. The soil pH was negatively 
correlated with Kf. As the pH increased, Kf decreased due to 
the increase in electrostatic repulsion created by the increase 
in negative surface charges.  

 
Table 3. The correlation coefficient between soil properties 
and P-sorption capacity (Kf) 

Notes: *** = very strongly significant (P < 0.001); * = 
Significant at (P < 0.05); ns = non-Significant (P > 0.05); 
OM = Organic matter; Exch Al3+ = Exchangeable 
aluminium; Exch H+ = Exchangeable hydrogen; Exch Ac 
= Exchangeable acidity; Al2O3 = aluminium oxide; 
Fe2O3 = iron oxide; 1/n = sorption energy. 

Selected Soil 
properties 

Correlation 
coefficient (r) 

p-value Significance 

Clay content vs Kf 0.55 0.45 Ns 
Kf  vs  pH-H2O -0.82 0.18 Ns 
Kf  vs  OM -0.54 0.46 Ns 
Kf vs  Exch. Al3+ 0.96* 0.04 * 
Kf  vs Exch. H+ 0.41 0.59 Ns 
Kf vs Exch. Acidity 0.73 0.27 Ns 
Kf vs Al2O3 0.17 0.83 Ns 
Kf vs Fe2O3 0.15 0.85 Ns 
1/n vs Clay 0.53 0.47 Ns 
1/n vs pH -0.88 0.12 Ns 
1/n vs OM -0.45 0.55 Ns 
1/n vs Al3+ 1.00*** 0.00001 *** 
1/n vs Kf 0.95* 0.05 * 
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The Kf had a negative relation with the soil OM. When the soil 
OM increased, the Kf decreased. Similarly, Wolde and Haile 
(2015) stated, presence of OM decreased Kf of the soils due 
to the organic anions occupying the adsorption sites. 
Weihrauch and Opp (2018) also noted, organic acids chelate 
Fe/Al/Ca/Mg on oxide surfaces and hinder P sorption. For this 
particular study, a significantly (P < 0.05) positive relation 
between Kf and exch. Al3+ revealed, Al3+ was the main 
contributor for phosphate sorption in high P fixing soils 
(Alisols). The current finding is in concord with the findings of 
Hoseini and Taleshmikaiel (2013) described as insoluble Al 
phosphates are formed from the reaction of phosphate ions 
with Al3+. A positive relationship between Kf and exch. H+ 

indicates phosphate becomes less available at lower soils pH. 
Also, Kf had a positive relationship with Al2O3 and Fe2O3 as 
these oxides much contributed toward the increased Kf of the 
soils (Table 3). In addition, Al and Fe have a very high Kf in pure 
systems compared to their oxide forms since the oxides of Fe 
and Al are important cementing agents in soils which reduce 
the total surface area; therefore absorption sites (Reza, 
2014).  
 

5. CONCLUSION 
There were clear variations in P sorption capacity and, 

therefore, External Phosphorus Requirement between soils 
of the study areas. The highest Kf (413 mg kg-1) was observed 
for Alisols and the lowest Kf (280 mg kg-1) was for Nitisols, 
even though, statistically no significant difference in the 
external phosphorus requirement. The actual quantity of P 
required by Nitisols, Luvisols, Alisols, and Andosols were 25, 
30, 32, and 26 (mg kg-1) respectively. The previously blanket P 
fertilizer recommendation in the country without considering 
differences among soil types is inadequate for optimal crops 
production. From the current study, 50 kg P ha-1, 60 kg P ha-1, 
56 kg P ha-1 and 52 kg P ha-1 can be recommended for 
optimum crop production on Nitisols, Luvisols, Alisols, and 
Andosols respectively. 
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