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Highlights 

► Clear-cutting of the indigenous forests and their conversion into agricultural fields 
significantly decreased total P and total organic P levels. 

► Land-use conversion from the natural forestland to an agroecosystem (cultivated 
land) led to increases in total inorganic P and inorganic P forms levels. Labile 
inorganic P showed the greatest changes. 

► The refractory inorganic P fractions (HCl-Pi) were the major inorganic P pool. 
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Importance 

Natural forest, which relies on nutrient cycling, has developed the necessary 
mechanisms to obtain its requirements for rapid nutrient cycling. However, 
clearing and cultivation without fertilizer causes significant decrease in soil 
organic matter and depletion of P. In the Toshan Region, Golestan province, the 
indigenous woodland is rapidly being replaced by low input agriculture. This 
unprecedented rate of deforestation has resulted in environmental degradation in 
the region. However, almost no quantitative information exists about the impact of 
land use changes on the amount of P in these soils. The rational choice of cropping 
systems and supplementary fertilization with P should be based on the 
understanding of nutrient transformations, and if we do not understand these we 
are likely to manage the land poorly for agriculture. Therefore, this study was 
performed to evaluate the effects of clearing of the native forestland and 
cultivation on the amounts of the total P, total organic P, total inorganic P and the 
various fractions of inorganic P in studied soils. 
 

Introduction (Hypothesis and aims) 

The forms and dynamics of soil P can be greatly affected by agricultural 
management practices. When soils are put into agriculture, P inputs and outputs 
change resulting in an altered P balance and changes in P form. These changes 
reflect those occurring in soil organic matter and biomass, and via vegetation and 
fertilization. The aim of this study was to investigate the effect of land use change 
on the form and distribution of inorganic P using a sequential extraction 
procedure. 
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Other Information (including tables and figures) 

The results showed that clear-cutting of the indigenous forests and their 
conversion into agricultural fields significantly decreased total P and total organic P 
levels (P<0.05). In addition, the land-use conversion from the natural forestland to an 
agroecosystem (cultivated land) led to increases in total inorganic P and inorganic P 
forms levels [labile P, P non-occluded (NaOH-P), occluded in oxides of iron and 
aluminum (CBD-P), soluble calcium phosphate (OAc-P) and sparingly soluble 
calcium phosphate(HCl-P)] (Table 1). Labile inorganic P showed the greatest 
changes, such as labile inorganic P in the amount of change from 1.75 in the forest 
land to 13.01 mg per kg of cultivated land, which represent an increase of 
approximately 8-fold compared to control (natural forest). The results also revealed 
that the refractory inorganic P fractions (HCl-Pi) was the major inorganic P pool, 
comprising 50-70% of the total inorganic P pool, indicating CaCO3 control over 
phosphorus availability in the studied soils. 

 
Table 1. The effect of land use change on inorganic P pools levels (mg/kg) (P<0.05). 
 

Pi HCl-P OAc-P CBD-P NaOH-P Labile-P Land use 
276.54c 170.03c 17.96b 43.72b 43.06b 1.76d Natural Forest (Control) 
404.10b 187.10cb 73.28a 47.27b 43.29b 53.15a pasture 
465.68a 234.20a 81.98a 57.42a 46.51a 45.55b bower olive 
420.25b 227.79ab 81.00a 59.61a 38.83c 13.01c farmland 

Different letters within the column indicate significant differences between the means of the 
different land uses at P<0.05 (LSD). 


