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Abstract 

Soil acidity is a common problem around the world particularly in tropical areas. It decreases agricultural 

production and productivity. Phosphorus deficiency is the main problem in many acid soils in 

Mozambique. To understand and mitigate the availability of phosphorus in acid soil, field survey was 

carried out. Additionally, speciation and solubility of phosphorus was calculated based on geochemical 

modeling.  

Key words: Soil acidity, Phosphorus, Chemical species, Solubility 

キーワード：土壌酸性度，リン，化学種，溶解度 

1. Introduction  

 Soil acidity decreases agricultural production 

and productivity due to aluminum, hydrogen, iron 

and manganese toxicity and low base saturation 

that impair root growth, and thus reducing 

nutrient uptake area (Caires and Fonseca, 2000). 

Approximately 30% of surface area in the world 

is acid soil and 68% of potential arable world 

land, mainly in humid tropics as Oxisoils and 

Ultisoils (Uexkull and Mutert, 1995). Africa is 

occupied by 22% of potential arable lands as third 

largest region with 16.9% of all acid soil. 

Mozambique does not have detailed studies of 

acid soil, but the soil types are mostly oxisols with 

high tendency of acidification. Phosphorus is the 

main element affected by acidity in the soil 

through immobilization as insoluble complexes 

with aluminum and iron.  The objectives of this 

study were to understand and predict the 

speciation and solubility of phosphorus in acid 

soil as one of the fundamental information for 

phosphorus management in agriculture.  

2. Methods and Materials  

2.1 Field survey 

Field survey of soil pH distribution (10 km  

10 km grid) was conducted at agricultural lands 

near Agricultural Research Institute of 

Mozambique (IIAM). The pH of the soil was 

measured in 1:2.5 soil-water suspensions (pH-

H2O 1:2.5).   

 

 

 

 

 

 

 

 

2.2 Geochemical modeling 

The Geochemist's Workbench (GWB) 12 

software, essential package (Bethke and Yeakel, 

2017) was used to manipulate chemical reactions 

and calculate predominant species, activity and 

solubility.  Using GWB, changes in chemical 

species of phosphorus was calculated in case 

studies under the presence of Al, Fe, and CO2. 

Picture 1 View of agricultural fields in Mozambique. 



3. Result and Discussion   

The majority of Mozambican soils has soil 

pH below 7 being mostly between 5.3 and 6.5, 

and a great tendency of acidity between 5.3 and 

4.3 according to our field survey (Fig. 1). Using 

GWB, phosphorus availability was calculated. 
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o
C due to pH and activity of 

dissolved gas (O2) in aqueous system (Fig. 2). In 

the presence of Al, Fe, CO2, however, it changed 

to 19 (HPO4
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, Berlinite, Strengite, Vivianite) species and 

minerals (Fig. 3). Regarding solubility of 

phosphorus, phosphorus has 9 different soluble 

species according to pH and phosphorus 

concentration in aqueous system at 25
o
C (Fig. 4). 

But, the phosphorus solubility changes to 12 

complexes species and minerals in presence of Al 

and CO2 and to 16 species and mineral in 

presence of Al, Fe and CO2. Formation of many 

different species in majority as non-absorbable 

affects the availability of phosphorus for plants. 

Al and Fe toxicity as complex soluble species 

with phosphorus is the great problem in low 

concentration and immobilization of phosphorus 

in high concentration. 
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Fig. 1 Survey results of soil pH in Mozambique 

Fig. 2 Eh-pH diagram of Phosphorus 

Fig. 3 Eh-pH diagram of Phosphorus, 

Al, Fe, and CO2. 

Fig. 4 Phosphorus solubility as a 

function of pH. 

Fig. 4 Solubility of Phosphorus as a 

function of pH. 

                        

                        

                        


