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Abstract 

An incubation study was conducted to investigate the effects of adding cow manure (CM), poultry manure (PM), 
city waste (CW) and triple super phosphate (TSP) on extractable P in a sandy loam acidic soil (Aquepts) and a 
silt loam alkaline soil (Fluvents). Phosphorus was added at a rate of 200 mg P kg−1 to the soil in the forms of CM, 
PM, CW and TSP. The soil was incubated at field capacity for 15, 30 and 60 days after which the P sources were 
extracted with Olsen, Kelowna, Mehlich-3, and Bray and Kurtz-II extractants. Regardless of the extractants and 
soils, after 15 days of incubation, the highest extractable P source was the TSP (88-97 mg kg-1 as Olsen P), and 
the lowest was the CW (11-15 mg kg-1 as Olsen P). The extractable P levels with the CM (41-48 mg kg-1 as Olsen 
P) and PM (71-73 mg kg-1 as Olsen P) were between the extractable P levels with the TSP and CW. Extractable P 
in the soils with the organic amendments increased slightly with increasing incubation time from 15 to 60 days. 
With the TSP, extractable P decreased sharply in the acidic soil, while it decreased gradually in the alkaline soil. 
In both soils, extraction efficiency was in the order of Bray and Kurtz-II> Mehlich–3> Kelowna>Olsen. The 
efficiency of the added P as measured by NaHCO3 increased with the organic amendments, while the efficiency 
decreased with the TSP with days of incubation. This study indicates that soil samples taken 30 days after the 
addition of CM and PM in the soil might reflect the most plant-available P. 
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1. Introduction

Soil P chemistry is different in alkaline and acidic 
soils. The availability of P for plant growth is influ-
enced by soil organic matter, pH, and exchangeable 
and soluble aluminum (Al), iron (Fe), and calcium 
(Ca) (Ulrich and Schnug, 2013). Phosphorus is gener-
ally most available to crops at a soil pH of 6 and 7. In 
acidic soils, P can be dominantly sorbed by Fe/Al ox-
ides and hydroxides (Adnan et al., 2003) as well as by 
clay minerals and form various complexes (Arai and 
Sparks, 2007). In alkaline soils, P retention is domi-
nated by precipitation reactions, although P can also 
be adsorbed on the surface of Ca carbonate (Naeem et 
al., 2013) and clay minerals (Devau et al., 2010) and 
become unavailable to plants (Arai and Sparks, 2007).
As P is a very limiting nutrient in both acidic and al-
kaline soils, continued inputs of high-cost chemical P 
fertilizers are required to increase and maintain plant 
production, although most (>90%) of the applied P 
remains in the soil as inorganic and organic P (Nash 
et al., 2014; Mόzner et al., 2012), and this continued 
input of fertilizer contributes to the deterioration of 
the environment especially through eutrophication 
(Song et al., 2017). In contrast, the addition of or-
ganic amendments activates Al-P and Fe-P in neutral 
and acidic soils and Ca-P in alkaline soil (Zhang et 
al., 2009), causing an increase in the levels of readily 
available P for use by plants. Ch’ng et al. (2014) con-
cluded that amending acidic soil with biochar or com-
post or a mixture of biochar and compost increased 
total P, available P, inorganic P fractions and organic 
P in the soil. Al-Rohily et al. (2013) revealed that CM 
and sludge manure (SM) applications had appreciable 
and different impacts on the availability of P in cal-
careous soils than P from manure that was gradually 
transformed into available forms of P over time. 

Different extraction methods were used in evaluat-
ing the status of available P in soil, which that was 
considered an important indicator for finding the 
capacity of the soil to supply P and for estimating 
the P fertilization rate and P loss risk from runoff 
(Shafqat and Pierzynski, 2013). Efficient extract-
ants such as Bray and Kurtz-II and Mehlich-1 are 
designed to extract P from non-calcareous soils, with 
Bray and Kurtz-I and Mehlich-3 from extracting P 
from acidic, slightly acidic and slightly alkaline 
soils, respectively. Kelowna extracts P from soils 
with a wider range of pH and Olsen from alkaline 
and neutral soils, but Olsen has also been shown in 
some research to be reasonably effective extracting P 
from acidic soils (Sims, 2000; Bray and Kurtz, 1945; 
Mehlich, 1984; Olsen et al., 1954). 
Considerable effort has been put into understanding 
soil P chemistry especially as it relates to P fixation 
and availability from mineral fertilizer (Khasawneh 
et al., 1980). In comparison, less research has been 
devoted to understanding P availability from organic 
amendments. The ways these amendments affect soil 
extractable P is crucial to making nutrient manage-
ment plans that maximize economic benefits and 
minimize environmental risks (Kashem et al., 2004). 
It is, however, important to compare the availability 
of P in different soils under different conditions for 
suitable P management. The objectives of this study, 
therefore, were to compare the extractable P in acidic 
and alkaline soils treated with CM, PM, CW and TSP 
fertilizer as P sources to determine the changes in ex-
tractable P with time in soil treated with either organic 
or inorganic P sources and to compare the efficiency 
of extractable P extraction methods between acidic 
and alkaline soils.
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2. Materials and Methods

2.1. Characteristics of the soils and organic 
amendments

A sandy loam acidic soil (Aquepts) of the Pahartali 
series and a silt loam alkaline soil (Fluvents) of the 
Sara series of Bangladesh were used in this study. A 
composite soil sample was taken from the surface 
layer (0-15 cm) of the soil, air dried, and ground to 
pass through a 2-mm sieve. Organic amendments 
such as the cow manure (partially decomposed) used 
in this study were collected from the  University  of

Chittagong Campus near the botanical garden, and 
the poultry manure and city waste were collected 
from the Veterinary University of Chittagong and 
Halishahar of Chittagong, Bangladesh respectively. 
Soil properties and important characteristics of the 
amendments are presented in Table 1. Particle size 
analyses of the soil samples were done by a hydrom-
eter method described by Day (1965). Textural class-
es of soil samples were determined by Marshall’s tri-
angular coordinates designed by the USDA (1951). 
The field capacity of the soil and moisture content of 
the soil samples and amendments were determined 
by the methods described by Black (1965).

Characteristics Acidic soil Alkaline 
soil 

Cow 
manure 

Poultry 
manure 

City waste TSP 

       
pH 5.00 ±0.10z 8.00±0.06 7.00±0.15 7.00±0.10 8.00±0.21  

Moisture content (%) 2.00±0.06 6.00±0.15 2.00±0.06 9.00±0.31 5.00±0.25  

Field capacity (%) 28.00±0.30 44.00±1.00 - - - - 

Sand (%) 68.00±0.71 27.00±0.10 - - - - 

Silt (%) 13.00±0.23 53.00±0.69 - - - - 

Clay (%) 19.00±0.06 20.00±1.00 - - - - 

OC (g kg-1) 3.40±0.10 3.70±0.20 97.90±0.35 181.40±0.40 50.10±0.10  

OM (g kg-1) 5.90±0.00 6.70±0.27 168.70±0.25 312.70±0.12 86.40±0.06  

Total N (g kg-1) 0.70±0.25 1.60±0.20 5.10±0.25 11.20±0.25 6.80±0.15  

Total P (g kg-1) 0.29±0.02 0.43±0.02 4.50±0.50 15.00±0.15 4.80±0.21 209.00±1.53 

Available P (g kg-1) 

(Olsen) 

0.003±0.00 0.009±0.00 0.80±0.21 2.63±0.15 1.57±0.42 209.00±0.26 

 

Table 1. Characteristics of the soils and the amendments used.

zeach number is a mean of 3 observations ± SD

The pH of the soil samples and organic amendments 
were determined by using the Jenway glass electrode 
pH meter (UK) as described by Jackson (1958) with 
a soil to water ratio of 1:2.5 and an organic amend-
ment to water ratio of 1:5, respectively. The organic 
carbon of both the soil and amendment samples was 
determined by the wet oxidation method (Walkley 

and Black, 1934). The organic matter was calculated by 
multiplying the percent value of the organic carbon by 
the Van Bemmelen factor, 1.724 (Piper, 1950). For the 
total P, soils and amendments were digested by the H2O2-
H2SO4 wet oxidation method as described by Akinremi et 
al. (2003) and were determined by using a UV-1800 UV-
Vis spectrophotometer (Shimadzu, Japan) employing 
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the vanadomolybdate yellow color method described 
by Jackson (1973). The total N was determined by the 
micro-Kjeldahl method described by Jackson (1973). 
The available P of the soil samples and amendments 
were extracted according to Olsen et al. (1954) and 
were determined by using a UV-1800 UV-Vis spectro-
photometer (Shimadzu, Japan) following the ascorbic 
acid blue color method (Murphy and Riley, 1962). 

2.2. Incubation experiment

The experiment was carried out using three organic 
amendments: CM, PM, and CW in comparison with 
TSP to measure the extractable P at different incuba-
tion times in two different soils (acidic soil and al-
kaline soil). One-hundred grams of air dry soil from 
each sample was mixed with the CM, PM, CW and 
TSP at rates equivalent to 200 mg P kg−1 in the soil 
based on the total P on an oven dry weight basis. The 
amount of total N among  all the treatments  was kept

almost equal by applying urea at a rate of 200 mg 
N kg-1 in the TSP amended soil. Each treatment was 
replicated three times. The soil was incubated at field 
capacity for 15, 30 and 60 days at room temperature in 
plastic jars with perforated lids to allow gas exchange. 
The total number of jars was 90 [5 (amendments) × 2 
(soil) × 3 (time) × 3 (rep)]. The samples were weighed 
weekly, and additional water was added as required. 
Following incubation, the soil was air-dried, ground 
and passed through a 2-mm sieve for analysis. The 
soil P was extracted using four different extractants 
(Table 2). The P concentrations in the various ex-
tracts were determined by using a UV-1800 UV-Vis 
spectrophotometer (Shimadzu, Japan) following the 
ascorbic acid blue color method (Murphy and Riley, 
1962). The extraction efficiency of the added P was 
determined as [(net extractable P/added P) X 100] 
after each incubation time where net extractable P is 
the difference between the P in the amended and the 
control soils at each incubation time. 

Methods Extracting Solution Soil to solution 
ratio (W:V) 

Extraction time Reference 

Olsen 0.5M NaHCO3, pH 8.5 1:20 30 min at 120 

strokes per min 

Olsen et al. (1954) 

Mehlich-3 0.2 N CH3COOH + 

0.013 N HNO3+ 0.015N 

NH4F+0.25N NH4 

NO3+0.001 M EDTA 

1:10 5 min at 120 

strokes per min 

Mehlich (1984) 

Kelowna 0.25 M CH3COOH + 

0.015 M NH4F 

1:10 15 min at 180 

strokes per min 

Van Lierop (1988) 

Bray and Kurtz -II 0.03 N NH4F +0.1 N HCI 1:10 1 min at 200 

strokes per min 

Bray and Kurtz (1945) 

 

Table 2. Different methods used for extracting P from soils.
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The results obtained after 15 days of incubation, as 
extracted by NaHCO3 (Olsen-P), in both acidic and al-
kaline soils are used to illustrate the amendment effect 
on the extractable P. The trends in the data obtained 
with other extractants were similar to that of Olsen-P 
(Table 3). After 15 days, the highest soluble P source 
from the acidic soil was TSP, with an Olsen-P of 88 
mg kg-1, which represents 39% of the added TSP. The 
city waste, on the other hand, had the lowest extract-
able P, accounting for 11 mg kg–1, which represents 
approximately 15% of added CW. The extractable P 
in the soil amended with CM (41 mg kg–1) and PM 
(71 mg kg–1) was intermediate between TSP and CW. 
The results obtained for the alkaline soil after 15 days 
were similar to that of the acidic soil (Table 3). 

2.3. Statistical analyses

The results were statistically evaluated by Pearson cor-
relation coefficient, analysis of variance (ANOVA), re-
gression equation and descriptive statistics by using the 
Minitab program (Release 11, Minitab Inc., 1996).

 3. Results

3.1. Effects of amendment on extractable P

Regardless of the extraction method, there were sig-
nificant differences in the extractable P among the 
amendments; however, these differences were in the 
types of soils and time dependent (Table 4).

Amendments 
Olsen Mehlich-3 Kelowna Bray and Kurtz-II 

15 30 60 15 30 60 15 30 60 15 30 60 
____________________________________________________ Days of incubation ____________________________________________ 

 Acidic soilz 
Control 2±0.06 4±0.10 4±0.06 4±0.78 4±0.62 2±0.05 4±0.31 3±0.47 1±0.06 3±0.47 4±0.90 2±0.26 

TSP 88±0.60 58±0.23 30±0.25 144±1.14 105±1.11 58±0.96 140±1.11 97±1.00 56±0.25 145±0.29 101±0.13 62±0.17 

CM 41±0.25 49±0.06 51±0.10 70±0.75 91±1.85 96±1.00 68±0.65 76±3.36  79±0.28 102±1.00 121±0.72 124±0.10 

PM 71±1.00 90±1.01 94±0.23 116±1.07 138±1.00 144±1.24 114±0.38 132±1.21 139±1.89 129±1.28 150±0.29 158±0.43 

CW 11±0.79 15±1.00 16±0.17     12±0.75   16±0.28 18±0.58  13± 1.11     18±1.00    20± 1.15  14±0.33          20±1.00             22±1.00       

             

  Alkaline soily 
Control 4±0.21 6±0.64 6±0.78 5±0.42 9±0.43 6±0.78 5±0.75 8±0.69 5±0.33 6±0.51 9±0.25 8±0.79 

TSP 97±3.83 75±0.15 65±0.08 134±1.61 90±0.17 52±0.10 139±0.06 95±0.10 55±0.10 131±4.36 96±0.09 49±0.17 

CM 48±0.53 52±1.16 52±3.15 61±0.31 65±0.29  67±1.39 60±0.90 63±0.95 65±0.10 80±0.66 87±0.50 89±0.17 

PM 72±0.49 95±0.50 97±0.06 103±0.90 123±0.90 125±0.10 77±1.25 85±3.50 90±1.13 121±0.15 116±1.38 127±0.06 

CW 15±0.32 20±0.23 21±0.10 16±0.17 21±0.14  22±0.10 17± 0.51  22±0.86 24±1.01 18±0.52   25±0.14       25±0.27       

             
 

Table 3. Extractable P concentration (mg kg-1) following incubation of amended acidic and alkaline soils.

zeach number is a mean of 3 observations ± SD; yeach number is 

a mean of 3 observations ± SD

Olsen = NaHCO3-extractable P; Mehlich 3 = Mehlich 3-extract-

able P; Kelowna = Kelowna-extractable P and Bray and Kurtz 

II = Bray and Kurtz-II-extractable P

TSP= Triple Super Phosphate; CM= Cow Manure; PM= Poultry 

Manure; CW= City Waste
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Treatment Olsen Mehlich-3 Kelowna Bray and Kurtz-II 

Acidic soil 
 
Amendment 65** 85** 86** 110** 

Time 14** 18** 7* 15** 

Amendment x Time 26** 19* 22** 35** 

     

Alkaline soil 
 

Amendment 173** 71** 51** 80** 

Time 28 31 NS NS 

Amendment x Time 19 23 4* 3* 

 

Table 4. F-values of the analysis of variance of the effect of amendments, rate and time on the extractable P.

*, ** Significant at p < 0.05 and p <0.01, respectively; NS, not significant

3.2. Effects of incubation time on extractable P

The effect of incubation time on the extractable P 
in the amended soil depends on the type of amend-
ment and soil (Table 4). The Olsen-P data obtained 
in acidic and alkaline soils are used to illustrate the 
effect of incubation time (Table 3). In the acidic soil, 
the TSP-P declined sharply with an incubation time 
up to 60 days. For example, the Olsen P from the 
TSP-amended acidic soil declined from 88 mg kg–1 
after 15 days to 30 mg kg–1 after 60 days, a 66% 
reduction. The corresponding decrease in Olsen P 
in alkaline soil was more gradual, and most of the 
P  changes  occurred during  the  first  30  days. 
The extractable P in the organic-amended soils, on 
the other hand, increased slightly with incubation 
time. In the acidic soil, Olsen P from CW-amended 
soil increased from 11 mg kg–1 after 15 days to 16 
mg kg–1 after 60 days, a 46% increase (Table 3). The 
corresponding value of Olsen P in the CW-amended 
alkaline soil was 15 mg kg–1 after 15 days increasing 
to 21 mg kg–1 after 60 days of incubation, indicating 
a net mineralization of CW-P. 

3.3. Efficiency of added P

The efficiency of added P varied with the amendment, 
soil, time of incubation and the extractants used (Table 
5). In both soils, the extraction efficiency was in the 
order of Bray and Kurtz-II> Mehlich–3> Kelowna> 
Olsen. The results obtained with the Olsen extractants 
were used to illustrate the percent efficiency of the 
added P. The P efficiency with the CW increased from 
4% after 15 days to 6% after 60 days of incubation in 
the acidic soil. The corresponding values in the alka-
line soil were 6 and 7% after 15 and 60 days of incu-
bation, respectively. With the CM, the efficiency was 
lower in the acidic soil (19%) than that in the alkaline 
soil (22%) after 15 days of incubation. In contrast to 
the CM, the PM provided a higher efficiency (35%) 
in the acidic soil than that in the alkaline soil (34%) 
after 15 days of incubation. These efficiencies slightly 
increased after 30 days of incubation while remaining 
relatively constant after 60 days of incubation with 
both the CM and PM. Among the amendments, ef-
ficiency was consistently greatest with the TSP in the 
acidic soil (43%) and the alkaline soil (46%) after 15 
days of  incubation. However, the  TSP produced the 
smallest efficiency of 13% in the acidic soil and 30% in 
the alkaline soil after 60 days of incubation (Table 5). 
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Amendments 
Olsen Mehlich-3 Kelowna Bray & Kurtz-II  Olsen Mehlich-3 Kelowna Bray & Kurtz-II  Olsen Mehlich-3 Kelowna Bray & Kurtz-II 

____________________________15 days__________________________  ___________________________30 days__________________________  _______________________60 days________________________ 

  Acidic soilz   

TSP 43±0.28 70±0.15 68±0.12 71±0.13 
 

27±0.45 51±0.06 47±0.00 49±0.24 
 

13±0.31 28±0.18 28±0.20 30±0.08 

CM 19±0.43 33±0.21 32±0.23 49±0.25 
 

23±0.32 44±0.42 37±0.40 58±0.45 
 

24±0.32 47±0.40 39±0.10 61±0.18 

PM 35±0.58 56±0.20 56±0.40 63±0.05 
 

43±0.10 67±0.34 65±0.46 73±0.12 
 

46±0.36 71±0.09 69±0.25 78±0.23 

CW 4±0.10 4±0.06 5±0.15 6±0.06 
 

6±0.06 6±0.10 8±0.15 8±0.15 
 

6±0.25 8±0.55 9±0.67 10±0.12 

  Alkaline soily   

TSP 46±0.15 65±0.31 67±0.60 62±0.14 
 

35±0.06 41±0.10 43±0.21 44±0.25 
 

30±0.10 23±0.50 25±0.38 21±1.00 

CM 22±0.75 28±0.46 28±0.76 37±0.28 
 

23±0.33 28±0.25 27±0.10 39±0.00 
 

23±0.40 31±0.06 30±0.90 41±0.00 

PM 34±0.47 49±0.08 36±0.57 58±0.51 
 

44±0.34 57±0.22 38±0.29 53±0.31 
 

45±1.00 60±0.61 42±0.12 60±0.06 

CW 6±1.10 6±0.27 6±0.25 6±0.27 
 

7±0.13 6±0.06 7±0.10 8±1.6 
 

7±0.06 8±0.20 9±0.64 9±0.00 

 

Table 5. Efficiency of extractable P (%) for both soils and P sources at 15, 30 and 60 days of incubation.

zeach number is a mean of 3 observations ± SD; yeach number is a mean of 3 observations ± SD

TSP: Triple Super Phosphate; CM: Cow Manure; PM: Poultry Manure; CW: City Waste

Kurtz-II extracted the highest amount of P in both 
soils. The amount of P extracted from the amended 
acidic and alkaline soils increased in the order of Bray 
and Kurtz-II> Mehlich–3> Kelowna> Olsen (Figure 
1). The amount of P extracted by the various extract-
ants increased with the increasing acidity of the ex-
tracting solution. However, the Olsen extractant was 
more suitable for alkaline soil than for acidic soil. 

3.4. Comparison of P extractability among extract-
ants

A wide variation was observed in the extractable P 
values obtained in the acidic and the alkaline soils by 
all the methods used in this study (Table 3). Consider-
ing the mean extractable P by the various methods, 
Olsen extracted the least amount of P while Bray and 
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Tukey’s test for the multiple means comparison 
showed that the means of Olsen and Bray and Kurtz-
II, Olsen and Mehlich-3, Olsen and Kelowna, Kelow-
na and Bray and Kurtz-II in acidic soil and Olsen and 
Bray and Kurtz-II, Kelowna and Bray and Kurtz-II 
and Mehlich-3 and Bray and Kurtz-II in alkaline soil 
are significantly different (p<0.05), while no sig-
nificant differences were observed in the means of 
Mehlich-3 and Bray and Kurtz-II in acidic soil and 
Olsen and Mehlich-3 and Olsen and Kelowna in alka-
line soil (Figure 1). 
To ascertain whether the extractants used in this study 
could provide a comparable and consistent evaluation

of the extractable P pool, values of soil extractable 
P as measured by the different extractants were re-
lated to each other using a correlation analysis. The 
P extraction methods were significantly correlated in 
acidic (r = 0.97 to 0.99) and alkaline soils (r = 0.94 
to 0.98) indicating that any of these extractants can 
be used to estimate extractable P in acidic and alka-
line soils. The regression equations showed that there 
were highly significant linear relationships (p<0.01) 
among the different soil P test methods with coeffi-
cient of determination, R2, values ranging between 
0.942 and 0.998 in the acidic soil and between 0.942 
and 0.998 in the alkaline soil (Figure 2).

 
Figure 2. Relationships between Olsen extractable P vs. Mehlich-3, Kelowna and Bray and Kurtz-II extractable 
P after 15 days of incubation.
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4. Discussion

This study showed that the extractable P in both 
acidic and alkaline soils increased with the addition 
of amendments from different P sources. Regardless 
of the extractants and soils, the highest extractable P 
source was the TSP, and the lowest was the CW in 
soils. The extractable P with the CM and PM was at 
values between those for TSP and CW. Similar find-
ings were observed in other studies (Kashem et al., 
2004; Ige et al., 2006; McCoy et al., 1986). Kashem 
et al. (2004) conducted an incubation study with bio-
solids (treated city waste), hog and cattle manures and 
monoammonium phosphate (MAP) and demonstrat-
ed that biosolids had the lowest extractable P, while 
MAP had the highest extractable P after 1 week of 
incubation. However, extractable P in hog manure and 
cattle manure was at an intermediate level between 
biosolids and MAP. The relatively small extractable P 
with the biosolids may be due to anaerobic digestion 
and the addition of polymers to flocculate the biosol-
ids. These polymers contain cations that are capable 
of fixing P (Hamad et al., 1992). McCoy et al. (1986) 
reported that biosolid P was four to seven times less 
available to plants than P in the TSP. Saleem et al. 
(2017), on the other hand, reported that P in poultry 
manure was very effective as P in the fertilizer be-
cause it contains 88 to 90% inorganic P. Our results 
indicate that there would be less environmental prob-
lems associated with CW-P compared with that of 
other amendments at equal loadings of total P, due to 
the smaller lability of CW-P in the soil. 
The changes of extractable P with incubation time in 
different amendments were remarkable and differed 
with extraction methods and soil types. Among the 
amendments, extractable P in the soils with the or-
ganic amendments increased slightly with increasing 
incubation time. However, with the TSP, extractable P 
decreased sharply in the acidic soil, while it decreased 

gradually in the alkaline soil. Triple super phosphate 
contains P mostly in the inorganic soluble form, a 
portion of which, on incubation, was in solubilized 
in the soil. In contrast, P in the organic amendments 
was mostly present in the organic form that could be 
mineralized to release available P in the soil. Such 
mechanisms could be responsible for the increase in P 
from the TSP and the decrease in P from the organic 
amendments with incubation time. Other studies also 
note similar findings (Kashem et al., 2004; Zhang et 
al., 2009; Ch’ng et al., 2014; Al-Rohily et al., 2013; 
Vásconez and Pinochet, 2018).
The differences in the magnitude of the changes in 
extractable P between the TSP and organic amend-
ments indicate different P retention mechanisms in 
the soils (Ajiboye et al., 2003; Kashem et al., 2004). 
The fertilizer P was mixed with the soil in the form 
of granules. High P concentrations around the gran-
ules would likely favor the precipitation of P as di-
calcium phosphate dehydrates (Kashem et al., 2004). 
In contrast, with the organic amendments, the low 
concentration of P will favor sorption and desorption 
rather than precipitation (Kashem et al., 2004; Aji-
boye et al., 2003). Ajiboye et al. (2003) reported that 
the P saturation index (PSI), a measure of the degree 
of P saturation, was smaller with MAP compared to 
that with hog and cattle manures in the Osborne soil 
(slightly alkaline soil). The relatively small value of 
PSI with MAP in the Osborne soil may be because 
the mechanism of P retention in the MAP-amended 
Osborne soil was precipitation.
A wide variation was observed in the extractability of 
P among the extractants in the acidic and the alkaline 
soils. Among the extractants, Bray and Kurtz-II ex-
tracted the highest amount of P while Olsen extract-
ed the least amount of P in both soils. Sims (2000) 
noted that the Olsen extractant has less ability to re-
move P from the soil than the acidic extractants. Bray 
and Kurtz-II, the most acidic, extracted the greatest 
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amount of P while Olsen, the most alkaline, extracted 
the least amount of P of all the soil test methods. This 
result is probably because as the pH of the extracting 
solution decreases, more of the phosphate associated 
with Ca dissolves (Ige et al., 2006). Moreover, the 
differences among the P extraction methods probably 
arose because plant available P in the soil is not from 
a discrete fraction but from a continuum of fractions; 
extracting agents preferentially extract from differ-
ent fractions depending on their reaction with the soil 
components involved in P sorption (Council for Agri-
cultural Science and Technology, 2000). In addition, 
each extracting solution has a different ability to ex-
tract varying portions of soil P because they were tar-
geted at different pools of soil P (Zhang et al., 2004). 
A correlation analysis was performed among different 
P extraction methods and it showed that the P extrac-
tion methods were highly correlated in both acidic 
and alkaline soils. Similar results were also observed 
in other studies (Zhang et al., 2004; Kashem et al., 
2004; Ige et al., 2006). The regression equations also 
showed that there were highly significant linear re-
lationships (p< 0.01) among the different soil P test 
methods in the acidic and the alkaline soils. Ige et al. 
(2006) reported a coefficient of determination, R2, val-
ues ranging between 0.91 and 0.97 among water ex-
traction, Olsen, Kelowna-1, Kelowna-2, Kelowna-3 
and Mehlich-3 methods. Zhang et al. (2004), working 
with a set of Alberta soils in Canada, also reported 
a high regression coefficient between the various P 
extraction methods. The significant linear relationship 
among the soil test methods indicates that the results 
from one soil test P method can be converted to anoth-
er using the equations generated in this study (Zhang 
et al., 2004; Kashem et al., 2004; Ige et al., 2006).
The efficiency of added P from different organic and 
inorganic sources is very important to a sound man-
agement of P addition to agricultural soils. This study 
showed that the PM provided a higher efficiency in 

both acidic and alkaline soils after 15 days of incuba-
tion followed by CM while the CW provided a lower 
efficiency among the organic amendments. These ef-
ficiencies slightly increased after 30 days of incuba-
tion while remaining relatively constant after 60 days 
of incubation. Triple super phosphate, on the other 
hand, provided the highest efficiency among amend-
ments after 15 days of incubation and its efficiency 
decreased with days of incubation. These findings 
have practical implications for soil testing follow-
ing the application of these amendments in the field. 
Farmers may be interested in knowing how soon after 
applying manure they should test their soil to provide 
a good reflection of plant available P. Our results sug-
gest that extractable P at 30 days of incubation of soils 
amended with CM and PM was generally the highest. 
Therefore, soil samples taken 30 days following the 
addition of CM and PM might reflect sufficient plant-
available P. 

5. Conclusions

Extractable P increased in the soils amended with 
organic P sources, but the increase varied with the P 
sources of the different amendments. The city waste 
produced the smallest extractable P, while the TPS 
produced the highest extractable P in both acidic and 
alkaline soils. The level of extractable P with the CM 
and PM was at values between those for TSP and CW. 
Among the amendments, soil extractable P under the 
organic amendment increased slightly with increasing 
incubation time. In contrast, extractable P in the TSP-
amended soils decreased with incubation time; how-
ever, the decrease was twofold higher in the acidic 
soil than that in the alkaline soil. The high correlation 
coefficient among the various extractants shows that 
all of them will provide a good index of P lability in 
these soils. Among the extractants, Bray and Kurtz-
II shows a higher extractability while Olsen shows a 
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lower extractability in both soils. Our results suggest 
that soil samples taken 30 days following the addi-
tion of CM and PM should reflect plant-available P. 
For the CW, soil samples taken within the same pe-
riod following application are likely to underestimate 
plant-available P. The results also indicate that the P in 
the organic amendments behaved differently upon ad-
dition to different soils, and these differences should 
be taken into consideration in managing their land ap-
plication. Moreover, future works are needed to jus-
tify these effects with plant uptake. 
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