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Abstract: This study investigated the sequential fractionation of different forms of P from surface soils (0-20cm)
of forest, grazing and cultivated lands in the Dire Inchini District located in West Showa Zone of western
Oromia, Ethiopia. The concentration of extractable (Na, K, Ca, Mg, Al and Fe) ions of the three land use types
were measured in laboratory by using acid ammonium oxalate method in the dark at pH 3 and measured using
inductively coupled plasma atomic absorption spectrophotometer (ICP-AAS) and fractionation of the different
forms of P were determined using the modified Hedley fractionation experiment in which the soils were
equilibrated with solutions of different extractants and measured by using Spectrophotometer. Results of the
present study indicated that, most of the P forms in soils of each land use type comprised a higher proportion
of inorganic P and ranged from (51 to 72%) with smaller percentage of organic P forms ranging from (28 to 49%).
Land use changes from forest and grazing lands to cultivated land increased the contents of basic extractable
(Ca , Mg  and K ) ions and decreased the contents of extractable Al and Fe ions resulting in lower contents2+ 2+ +

of total P in soils of the cultivated land than the remaining land use types. 
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INTRODUCTION amount of P present in the soil. Knowledge on the various

Phosphorus (P) is very essential to life and environmental impact [4-7].
ubiquitous in nature. However, its concentration and the A sequential chemical extraction of phosphorus from
amount of its plant available form in the soil are usually soils, as developed by [8] provides a methodology for
quite low and often inadequate to meet the plant examining soil P that allows for a better understanding of
requirements. These results from the fact that it is soil P dynamics. The sequential extraction procedure
adsorbed strongly to oxides and other mineral surfaces removes inorganic and organic P of increasing chemical
commonly found in soils and forms precipitates of low stability as related to soil P bioavailability. Study made by
water solubility through reactions with cations commonly [8, 9] reported that NaHCO -inorganic P is the most
occurring in soils solutions such as Al, Fe and Ca  [1]. biologically available Pi form, NaOH-inorganic P is
The P solubility can be varied widely between the associated with amorphous and crystalline Al and Fe
differences in P sources [2]. According to [3] the low level phosphates and HCl-inorganic P represents stable Ca
of available soil P in Ethiopia is mainly due to its bound phosphates. NaHCO -organic P is considered to be
immobility and sorption. The degree and strength to easily mineralized and may contribute to the plant
which P is bound in soils are determined by the specific available fraction while NaOH-Organic P is made up of
types of Fe, Al and Ca compounds present and by other chemically protected forms that involve long-term soil P
soil properties such as pH, OM, clay mineralogy and the transformations. HCl-organic has not been measured in

forms of P is needed to assess their bioavailability and
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most  similar  sequential  P  fractionation  studies; According to the local and the Ethiopian agro-
however,  [10]  reported  that  the  organic  P in this climatic zonation [16], the study area belongs to the humid
fraction  is  Ca  bound  hydrolyzable   organic (Baddaa) and sub-humid (Badda Darree) climatic zones.
phosphorus. The ten years (1996-2007) rainfall record of the study area

Several studies [11-15] have been made on soil P showed a unimodal rainfall pattern with annual mean
status and its availability of soils in some Ethiopian maximum rainfall received in the month of August (Fig. 2).
highlands. However, the sequential fractionation of The topography of the study site is mountainous
different forms of P with respect to different land use and sloping landscape. According to the [17]
systems are not yet studied in sufficient detail in the classification legend, the main soil group of most of the
Western Oromia Region in particular. Therefore, the West Shawa areas is Vertisol. Similar to most parts of the
objective of this study was to characterize the different country; the economic activities of the local community of
fraction of soil P forms as affected by land use systems. the study area are primarily mixed farming system that
This study provided valuable insights into soil P involves crop production  and  animal husbandry. The
dynamics under different land use systems of the present major crops grown in the area are teff (Eragrostis tef),
study site in particular and other similar agro-ecological barley (Hordeum vulgare L), maize (Zea mays L.) and
zones in general. potato (Solanum tubersoum L.) and are usually produced

MATERIALS AND METHODS growth and livestock populations at the study area has

Description of the Study Site: The study was conducted whereby food crops production took precedence over
in the Dire Inchini District (West Shawa Zone) of Oromia grazing lands, while most natural forest has been cleared
Regional State, western highlands of Ethiopia  (Fig. 1). for crop production and local fuel. These environmentally
The district is situated at a road distance of 150 km from unfriendly farming practices and the high rainfall amounts
the capital, Addis Ababa, within 08°59’and 09°06` north have exposed the soils of the study area to severe erosion
latitude and 37°09` and 37°51`east longitude. resulting in nutrient loss and natural resource

once in a year under rainfed conditions. Rapid human

resulted in a substantial change in land use system

degradation.

Fig. 1: General location map of the study area.
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concentrations of the extractable ions were analyzed from

Fig. 2: Mean monthly rainfall and monthly mean maximum soils P fraction of [8]. One gram of soils of each land use
and minimum temperatures of the study area system was sequentially extracted by end over end
based on records at the Ambo Meteorological shaking with 60 ml of distilled deionized water for 4 hours,
Station. then with 60 ml of 0.5M NaHCO , 0.1 M NaOH and 1.0M

Therefore, site specific study of the present type is filtered sequential extracts except the HCl was determined
believed to make a significant contribution towards following Kjeldahl digestion. In all cases, inorganic and
understanding of the Hedley fractionation of the different total P was determined on centrifuged, filtered using 0.45
forms soil phosphorus under forest, grazing and m and neutralized extractants by the colorimetric method
cultivated lands. Undertaking such kind of studies at local of [3]. The Organic P concentration of each extracted,
level is the first most essential step towards except for the HCl was calculated as the difference
understanding the forms of soil P and its management between the total and inorganic P concentration. All
practices across different land use systems of the study chemical extractions and P measurements were conducted
area  in  particular  and  other  similar agro-ecosystems in duplicate. Analysis of Hedley fractionation of soils P
and geo-physicochemical settings of the country in forms of the present study was made in parallel with the
general. previously analyzed known data of the Finnish soil

Site Selection, Major Features of the Land Uses and (Finland) to check the validity of the procedure followed.
Sampling Procedures: A preliminary survey and field
observation were carried out using topographic map RESULTS AND DISCUSSION
(1:50,000) in order to have general information about the
land forms, land uses, topography and vegetation cover Soil Reaction, Total Nitrogen and Phosphorus:
of the study site. Accordingly, three major representative Experimental data indicated the reduction of soil pH due
land use systems (natural forest, grazing and cultivated to land use changes from forest to cultivated land. Higher
lands) were identified from the Dire Inchini district of (6.2) soil pH-H °value was recorded in forest land while
West shawa Zone, Western Oromia Region. The forest lower value (5.5) was recorded in cultivated land (Table 1).
land is covered by indigenous natural forests with long As per the rating indicated by [21] the soil pH values
and dense trees forming canopies, the grazing land observed under different land use types were found to be
comprises of communal and private grazing areas whereas varying from strongly acidic for cultivated soil to slightly
the cultivated land is covered by rainfed annual crops and acidic soil reaction for forest land and moderately acidic
bounded by few scattered trees and settlements. Twelve for the grazing land. The lower value of soil pH under the
sub-samples from (0-20 cm depth) different sites of each cultivated land may be due to the depletion of basic
of the representing land use systems of the Dire Inchini cations in crop harvest and due to its highest microbial
District were collected and composited accordingly. The oxidation that produces organic acids, which provide H
composited soil samples were air dried, ground, passed ions to the soil solution lowers its soil pH value.
through a 2 mm sieve, packed and transported to Moreover, the relatively acidic nature with low soil pH
laboratory for analysis. obtained  from  all  the  representative  land  uses  may  be

Analysis of Soil Samples: Soil pH was measured using
1:2.5 soil to water ratio [18]. Determination of extractable
(Na, K, Ca, Mg, Al and Fe) ions were made using acid
ammonium oxalate method in the dark at (pH = 3) as
described by [19]. Finally measurements of the

the supernatant solution using inductively coupled
plasma atomic absorption spectrophotometer (ICP-AAS).
Total N concentrations of the soils of different land use
systems were determined using the micro-Kjeldahl
digestion, distillation and titration procedure as described
by [20]. Phosphorus was sequentially extracted from soils
of different land use systems by a modification of the
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HCl each for 16 hours. The total P concentration of all

samples at the laboratory of the MTT Agrifood Research
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attributed to the fact that, soils were derived from lands. Extractable Na ion in the cultivated land and
weathering of acidic igneous granites and leaching of extractable K, Ca and Mg in the forest land were dominant
basic cations such as K, Ca and Mg from the surface soil cations in the exchange sites of the soil colloidal materials.
[22]. Soils with relatively low pH like cultivated land in the Variations in extractable bases among the land use types
present study attained higher extractable Fe and Al ions were insignificant (Table 1). Similarly, study made by [30]
(Table 1). As the soil pH increases, the relative proportion revealed that, due to land use change, basic exchangeable
of H PO  decreases and that of HPO  in the soil (Ca, Mg, K and Na) ions decreases from soils of forest,2 4 4

- 2-

increases [23]. This may be attributed to the fact that, grazing and to cultivated lands. When comparisons are
phosphate anion in acidic soils can form strong bond with made among the extractable ions and within the land uses,
the oxides and hydroxides of Al generating H ion through there was higher accumulation of the contents of
hydrolysis reaction that lowers the pH and higher extractable Al and Fe ions in soils of cultivated land with
extractable Fe and Al ions. The distribution of total N and relatively low soil pH. This may implies that, the contents
P content decline from forest land to grazing and of Al and Fe oxides played a leading role and is primarily
cultivated lands and ranged from (0.56 to 0.77%) for total responsible for lower total P and decreases other bases
N and from 651 to 1017 mg kg  for total P. Conversion of like Na, K, Ca and Mg ions in the soils systems of the1

natural forest to different land uses caused a decline of cultivated land than the remaining land uses. This finding
total N and P in the top soil layer of the present study. is in agreement with the findings of [14, 31, 32] who also
The decline in total N and P due to land use change observed that extractable Al and Fe had a greater
concurs with the findings of [24, 25]. Exposure of the top influence on P sorption in some acidic soils of the tropics.
soil to rainfall brings about erosion and intense leaching In line with study made by [33] also concluded that poorly
of basic nutrients rendering the soil infertile and the crystalline oxides of Al and Fe have a high P retention
agricultural production unsustainable. As per the ratings capacity and are those regarded as important regulator of
of [26], high total P in forest land and medium total P labile P in none- alkaline soil.
content was observed in the grazing and cultivated lands.
However, the rating of total N under the three land use Fractionation of Phosphorus forms in Soil: Composted
types was high. The relatively lower total N and P in soil samples collected from the three land use types were
grazing and cultivated lands as compared to forest land used for P fractionation and output of the laboratory
may be due to the dominance of the HPO4  anion in analysis are listed in Table 2. Most of the P in soils of1

strongly acidic soils than H 4  anion. Result of the each land use type was inorganic (465 to 514 mg kg )2
PO 2

present study is consistent with [27] finding who with smaller amount in organic (186 to 503 mg kg ) forms
observed that variations in total N and P contents in soils Inorganic P forms in soils of each land use type comprised
are related with the intensity of soil disturbance, the a higher proportion and ranged from (51 to 72%) with
degree of P- fixation with Fe and Ca ions. Similarly, [28] smaller  percentage  of  organic  P  forms  ranging    from
reported soil organic matter as the main source of (28 to 49%). When comparison are made among the land
available P and the availability of P in most soils of use types, soils from the forest land had the greater
Ethiopia decline by the impacts of fixation, abundant crop proportion of organic P (49%) than the remaining land use
harvest and erosion. types in which less than 28% organic P recorded in soil of

Contents  of  the  Extractable  Ions  (Ca,  Mg,  K, Na, Fe of inorganic P forms (72%) in soils of the cultivated land
and Al): The relatively higher extractable Fe and Al ions and lower P forms (51%) in soils of the forest land. The
in the exchange site of soil of each land use type causes sequential extraction of P showed that the distribution of
for lowering of exchangeable bases and tie-up plant both inorganic and organic P forms differs among the land
nutrients like P in the soils. However, numerically it was use types (Table 2). For instance, 24% of the inorganic P
higher in the soils of cultivated land than the remaining in the soils of cultivated land was water extractable (154
land use systems. Similarly, study made by [29, 30] mg kg ) although the proportions inorganic P (10-18%)
concluded that man`s land use activity may affect its for soils of grazing was extracted by water (157 mg kg ),
suitability, soil fertility status and soil P cycle. The bicarbonate (101 mg kg ) and acid (91 mg kg ). Similarly,
contents of basic extractable (Ca, Mg and K) ions most of the inorganic P in grazing land (18%) was water
decreases from soils of forest, grazing and to cultivated extractable (159 mg kg ).
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the cultivated land. However, there were a predominance
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Table 1: Selected analytical properties of experimental soils of the different
land use systems.

Land use type
-----------------------------------------------------------

Soil Parameters Forest land Grazing land Cultivated land
pH (H O)  6.2 5.8 5.52

TN (%)  0.77 0.59 0.56
Extractable Na (mg l )  2.7 2.9 3.01

Extractable K (mg l )  14.0 8.0 7.01

Extractable Ca (mg l )  3.0 1.0 0.11

Extractable Mg (mg l )  14.0 5.0 3.01

Extractable Al (mg l ) 115.0  135.0  245.01

Extractable Fe (mg l ) 187.0  215.0  235.01

Table 2: Inorganic and organic fractions of P in soils of forest, grazing and
cultivated lands. 

P forms  Forest land  Grazing land  Cultivated land
P concentration (mg kg )1

Inorganic
Water 157 159 154
Bicarbonate 109 101 85
Hydroxide 133 113 122
Acid 115 91 104
Organic
Water 99 54 25
Bicarbonate 149 25 64
Hydroxide 255 340 97
Inorganic p 514 466 465
Organic p 503 419 186
Total P 1017 885 651

Percent of total P (%)
Inorganic
Water 15.5 18 24
Bicarbonate 11 11 14
Hydroxide 14 13 19
 Acid 11 10 16
Organic
Water 10 6 4
 Bicarbonate 15 3 10
 Hydroxide 25 39 15
Inorganic p 51 53 72
Organic p 49 47 28
Total P 1017 885 651

Forest land had a higher total P (1017 mg kg ) and1

inorganic P (514 mg kg ) concentration than the1

remaining land uses, higher proportions of inorganic P
forms (72%) and (53%) were recorded, respectively in
soils of the cultivated and grazing lands than the forest
land (51%). Results of the present study revealed that,
changes in land use types resulted in differences in the
relative distributions of soil P forms. This was particularly
evident for water, bicarbonate, hydroxide and acid
extractable P fractions which vary among the land use
types. There was appreciably more proportion of total P
in the forest land than the remaining land use types. Most
of the total P in soils of each land use type was inorganic
than organic P fractions. However, most of the

percentages of organic and inorganic P in the three land
use types were respectively hydroxide and water
extractable (Table 2). The distribution of P in inorganic
and organic forms varied among the land uses, even
though most of the P under the three land use types was
inorganic (51-72%). Differences in the relative amounts of
inorganic and organic P in the soils of each land use type
may reflects differences in the mineral P supplementation
and differences in the contents of acid forming cations (Fe
and Al) in the soils. [34] also used a modified [8] P
fractions scheme to evaluate P forms in poultry manure
and swine slurry from the Lower Saxony region of
Germany and made similar conclusion. 

CONCLUSIONS

Results of the present study showed that, most of
the P forms in soils of each land use comprised a higher
proportion of inorganic P with smaller percentage of
organic P forms. Land use changes from forest and
grazing lands to cultivated land increased the contents of
basic extractable (Ca, Mg and K) ions and decreased the
contents of extractable Al and Fe ions resulting in lower
contents of total P in soils of the cultivated land than the
remaining land use types. Although there was
consistently more inorganic than organic P in soils under
different land use types, the relative distribution of P with
in inorganic and organic fractions as measured by using
a modified Hedley fractionation was variable. 
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