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ABSTRACT

To observe the availability of phosphorus by different extraction methods in some cultivated soils of Hathazari Upazilla
of Chittagong District, this study was carried out with 36 surface soil samples (0 - 15 cm) belonging to six soil series,
namely Bijipur, Pahartali, Mirsarai, Manu, Raojan and Noapara. Physical and chemical characteristics of the soils were
also determined with an objective of identifying the soil factor(s) regulating P extractability. Three P extraction methods,
namely Olsen (0.5 M NaHCO;, pH 8.5), Mehlich-3 (0.2 N CH;COOH + 0.013 N HNO; + 0.015 N NH4F + 0.25 N NH,4
NO; + 0.001 M EDTA) and Bray & Kurtz-1 (0.03 N NH4F + 0.025 N HCI) were used. There was a wide variation in
the extractability of P ranging from low to high categories. Olsen method extracted the largest amount of P (2.07 - 45.36
mg'kg ") while Bray & Kurtz-1 extracted the smallest amount (1.02 - 21.79 mg-kg ). The mean extractable P in soils
was found to be in the order of Olsen > Mehlich-3 > Bray & Kurtz-1. Soil pH was the most dominant factor in deter-
mining P extractability. Available P was negatively correlated with percentage of clay, organic carbon and CEC and
positively correlated with pH. Although the three methods extracted different amounts of P from soil, values of P ex-
tracted by the different methods were strongly correlated among themselves and with the leaf phosphorus concentration
of rice growing in these soils.
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1. Introduction rus often use distilled water or a variety of other extrac-
tants (solutions of acids, bases, salts or a mixture of re-
agents as well) that may extract forms of P that can be
absorbed by plants. They may also extract some stable
and non-labile soil P which becomes available slowly.
Currently, there has become a tendency to encourage the
use of mild reactants for the simultaneous extraction of
both major elements and micronutrients, in order to per-
form simple, low-cost, and time saving routine proce-
dures [3]. Among these “multiple-element” or “universal
soil” extractants, the most popular is the Mehlich-3 ex-
tractant [4]. Nowadays, Mehlich-3 is widely adopted in
the USA and Canada. Conversely, most of the soil testing
laboratories of European countries are still employ the
Olsen reagent [5] as official soil test. Several other P
extraction methods using acids, organic and inorganic
complexing agents, or alkaline solutions have been de-
veloped [6]. The extractants often extract all or part of
*Corresponding author. the labile P, which is considered available to plants dur-

Phosphorus is an essential plant nutrient and has impor-
tant roles in plant physiology including synthesis of car-
bohydrates, fats and proteins. It performs important roles
in energy transformations in plants mainly involving high
energy phosphate compounds such ADP, ATP, NADP,
etc. [1]. Phosphorus is also involved in numerous enzy-
matic reactions in plants. Phosphorus contributes to both
vegetative and reproductive growth of plants. But the
chemistry of phosphorus in soil is extremely complicated
undergoing solubilization, insolubilization, sorption and
desorption. Soils become often deficient in this critical
element. It is considered to be the most unavailable and
inaccessible of all mineral nutrients [2]. For good P soil
management, it is important to know available soil P
status.

Conventional soil test methods for available phospho-
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ing their growth cycle, plus an undefined proportion of
other forms of soil P. Because several soil properties
influence the extraction of P, it is not surprising that there
is no one best extractant at all conditions [7,8]. Some
extractants may fail to extract plant available P if they
are used on soil types for which they are not appropriate
[9,10]. Unless a soil test P value is correlated with crop
response or plant uptake of P, it is very difficult to judge
suitability of an extractant for available P of a soil or
group of soils. In the present study, available P content of
soils of 36 rice fields belonging to six soil series were
determined by three methods including Bray and Kurtz-1,
Mehlich-3 and Olsen methods, and their values were
correlated with leaf P concentration of rice growing in
farmers field.

2. Materials and Methods
2.1. Collection of Soil Samples

Six soil series namely Bijipur, Pahartali, Mirsarai, Manu,
Raojan and Noapara were selected on the basis of their
land types, drainage, textures and parent materials and
covering major soils of the Hathazari Upazilla of Chit-
tagong. Multiple soil samples from each soil series were
collected for evaluating the P availability status. Charac-
teristics of these soil series have been defined by the Soil
Resources Development Institute of Bangladesh [11].
The soils were silty clay to sandy loam and within the
same soil order Inceptisols (Table 1).

2.2. Soil Analysis

Collected soil samples were air dried, ground and sieved
through a 2 mm sieve. Soil samples were dried in an
oven at 105°C for 48 hours before analysis. Particle size
analysis was made by hydrometer method described by
Day [12]. Soil pH was measured by corning (Model-7)
glass electrode pH meter from soil water suspension at

the ratio of 1:2.5. Soil organic carbon was determined
by Walkley and Black’s wet oxidation method [13].
Cation exchange capacity was determined by using IN
NH4OAC solution at pH 7.0 [14]. Available phosphorus
of soil was extracted with three different extractants [4,5,
15]. To measure Mehlich-3 [4] and Bray & Kurtz-1 [15]
extractable P, 2 g soil was extracted with 20 ml of Meh-
lich-3 extractant (0.2 N CH3;COOH + 0.013 N HNO; +
0.015 N NH4F + 0.25 N NH4NO; + 0.001 M EDTA) and
with 20 ml of Bray & Kurtz-1 extractant (0.03 N NH4F +
0.025 N HCI), respectively after 5 minutes shaking at
room temperature. In the case of Olsen P [5], 1 g soil was
extracted with 20 ml of 0.5 M NaHCO;, pH 8.5 at 30
minutes shaking time. Phosphorus in the soil extracts was
determined spectrophotometrically by the ascorbic acid
blue color method [16]. Statistical analyses were done by
using Minitab program [17].

2.3. Leaf Analysis

Mature leaves of rice (Oryza sativa) growing in farmers
fields during the time of soil sampling were collected,
dried in the laboratory, ground and digested in conc.
H,SO,4 + H,0, + LiSO, digestion mixture [18] and ana-
lyzed for N, P and K. Nitrogen in extract was determined
by micro-Kjehdahl distillation, P by vanadomolybdate
yellow colour in spectrophotometer and K in an atomic
absorption spectrophotometer. Soil test P values were
correlated (Pearson’s simple linear correlation) with leaf
P values.

3. Results and Discussion

The mean values for different physical and chemical pa-
rameters of soils are presented in Table 2 on soil series
basis. There was a wide variation in soil texture among
the soil series. For example, percentage of sand ranged
from 14 (Raojan series) to 74 (Mirsarai series), silt from

Table 1. A correlation between the soil series and different soil classification systems.

Bijipur Typic endoaquepts Etgg}? llaa:ll; to medium i(r)ngzl(‘)fre(:t Recent piedmont iz;zromngltlif ngz;él:d Sandy loam
ol A npoqus Medmlow il g ity i, Sl oo
M Typendoueps Mglumionand [t gy ity Sy o
Manu Aeric dystrudepts i\(/)[iil;}? 1211?1\3, land I(r)ngz;frect Piedmont alluvial plain iz;:roﬁgltf; gz;(r;d (S)rﬂ?l/a;lay
i Sk nboquot - Nelmbgbind T i dposs I Syl
Noapara Typic endoaquepts ﬁzd;l;liigirihlg?;fulian d gfa(;;lz d Recent tidal sediment Seasonally flood Silty clay
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Table 2. General properties of soils.

Soil series Sand (%) Silt (%) Clay (%) Textural class pH Org. C (%) Total N (%) C/N CEC cmol-kg™'
Bijipur 56 29 15 Sandy loam 5.4 1.10 0.12 9 9.77
Pahartali 45 35 20 Loam 6.5 0.83 0.08 10 11.81
Mirsarai 48 30 22 Loam 5.4 1.54 0.14 11 8.74
Manu 36 40 24 Loam 6.2 0.75 0.07 11 17.21
Raojan 16 46 38 Silty clay loam 5.6 1.03 0.09 11 15.68
Noapara 33 41 26 Loam 5.5 0.95 0.09 11 14.12

11(Mirsarai series) to 55 (Raojan series) and clay varied
from 12 (Bijipur series) to 41 (Raojan series). There was
also considerable variation in soil texture within a soil
series. However, soils were generally sandy loam in tex-
ture in Bijipur series, loam in Pahartali, Mirsari, Manu
and Noapara series, silty clay loam in Raojan series.
Thus, loam was by far the dominant soil texture.

Soil pH varied from 5.0 to 6.9. In Bijipur, Phartali,
Mirsarai, Manu, Raojan and Noapara series, the mean pH
values were 5.4, 6.5, 5.4, 6.2, 5.6 and 5.5, respectively.
Thus the soils are moderately acid [19]. Organic carbon
content ranged from 0.27% to 1.94%. The mean values
of organic carbon of six soil series were 1.10%, 0.83%,
1.54%, 0.75%, 1.03% and 0.95% in Bijipur, Phartali,
Mirsarai, Manu, Raojan and Noapara series, respectively.
The soils are, therefore, poor in organic matter contents
as most other soils of Bangladesh. According to BARC
[19], most Bangladesh soils have less than 1.5% organic
matter (organic matter = organic carbon x 1.724). Cation
exchange capacity ranged from 5.7 to 21.0 cmol'kg ™
with the ranges of 7.88 - 12.90, 8.85 - 14.87, 5.67 - 11.90,
12.62 - 20.96, 14.24 - 17.58 and 12.21 - 15.63 cmolkg ™
in Bijipur, Pahartali, Mirsarai, Manu, Raojan and Noa-
para series, respectively. Therefore, there was consider-
able variation in CEC within some soil series. The mean
values of the corresponding soil series were 9.77, 11.81,
8.74, 17.21, 15.68 and 14.12 cmol-kgfl. Mean total ni-
trogen content of the soil series varied between 0.07 to
0.14 percent, so that the C/N ratio became 9 to 11. Table
3 presents the F-values (variance ratio) of different soil
parameters and their sources of variation. Soil properties
included % clay, pH, Org.C and CEC. From the physical
and chemical properties, the presently studied soils ap-
pear to be poorly fertile.

The mean values of P extracted by different methods
from 36 soil samples of 6 soil series are presented in Ta-
ble 4. There was a wide variation amongst the soils in
extractable P.

3.1. Olsen P

There was an overall variation of in 2.07 to 45.36

Copyright © 2013 SciRes.

Table 3. Analysis of variance for different soil properties.

Parameters Sources of variation F-value
% Clay Series 14.817
pH Series 12.80™
Org. C Series 5.03"
CEC Series 13.73"
Olsen P Series 75.07"
Mehlich-3 P Series 114.70™
Bray & Kurtz-1 P Series 50.87"
Available P Methods 6.51"

“*Significant at p < 0.001; "Significant at p < 0.01.

mg'kg ' Olsen P in the soils samples. The mean Olsen P
values of six soil series were 25.80, 35.14, 4.66, 13.26,
5.44 and 3.10 mg'kg ' in Bijipur, Pahartali, Mirsarai,
Manu, Raojan and Noapara series, respectively (Table 4).
The average Olsen P was 14.57 mg'kg '. Tukey’s test for
multiple means comparison showed that the means of
Olsen P of Pahartali and Bijipur, Bijipur and Manu and
Pahartali and Manu are significantly different at p = 0.05
level. There was also significant difference in mean Ol-
sen P for Pahartali at p = 0.05 level from with Mirsarai,
Raojan and Noapara series. But no significant difference
was observed among Mirsarai, Raojan and Noapara se-
ries. On response by different crops, Bingham [20] estab-
lished values for Olsen P as follows: <5 mgkg ' low; 6
to 10 mg'kg ' moderate and >11 mg'kg ' high. Based on
this classification, the presently studied Noapara and
Mirsari series fall in low, Raojan medium and Bijipur,
Pahartali and Manu series fall in the high category. In
loam to clay soils for upland crops, SRDI [21] classified
soils on the basis of Olsen P as follows: <7.5 mg-kg™"
very low; 7.51 - 15.0 mg-kg ™' low; 15.1 - 22.5 mg-kg™*
medium; 22.51 - 30 mg-kg' optimum; 30.1 - 37.5
mg-kg ' high and >37.5 mg-kg ' very high. Based on this
classification, the presently studied Mirsarai, Raojan and
Noapara series fall in very low, Manu low, Bijipur opti-
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Table 4. Available phosphorus contents (mg-kg ") in soils different series determined by three different methods.

Series name Olsen Mehlich-3 Bray & Kurtz -1
Bijipur 25.80°+3.64 21.14"+3.38 15.17* + 4.54
Pahartali 35.14*+7.51 20.69° + 3.09 15.30° + 2.96
Mirsarai 4.66°+ 1.06 3.54"+1.39 1.95°+0.73
Manu 13.26°+2.71 4.15°+1.53 3.30°+ 1.44
Raojan 5.44%+1.80 2.53°+0.82 1.69° £ 0.27
Noapara 3.104+ 1.20 2.42°+0.78 1.76° + 0.55

Means followed by the same letter(s) in column are not significantly different at p < 0.05. + indicates standard deviation.

mum and Pahartali series fall in high range of available P.

3.2. Mehlich-3 P

Mehlich-3 P of the soils varied from 1.61 to 24.86 mg
kg among the individual soil samples. The mean ex-
tractable P concentration determined by the Mehlich-3
method ranged from 2.42 (Noapara) to 21.14 (Bijipur)
mg kg™ with an average value of 9.08 mg-kg ' for the six
soil series. The mean values of other four soil series were
20.69 for Pahartali, 3.54 Mirsarai, 4.15 Manu, and 2.53
Raojan (Table 4). Tukey’s test for multiple means com-
parison showed that the means of Mehlich-3 P for Bijipur
and Pahartali series with Mirsarai, Manu, Raojan and
Noapara series are significantly different at p = 0.05 level,
while no significant difference was observed in the
means of Bijipur and Pahartali series. There also no sig-
nificant difference was observed among Mirsarai, Manu,
Raojan and Noapara series. The critical level of Meh-
lich-3 extractable P for most common crops was about 50
to 60 mg-kg ' [22,23]. But Mehlich-3 P of the presently
studied soil series falls below this critical level.

3.3. Bray & Kurtz-1 P

The Bray & Kurtz-1 extractable P had an overall range
from 1.02 to 21.79 mg-kg '. The mean values of six soil
series were 15.17, 15.30, 1.95, 3.30, 1.69 and 1.76
mg-kg' in Bijipur, Pahartali, Mirsarai, Manu, Raojan
and Noapara series, respectively (Table 4) with an aver-
age value of 6.53 mg-kg'. Tukey’s test for multiple
means comparison showed that the means of Bray &
Kurtz-1 P for Bijipur and Pahartali series with Mirsarai,
Manu, Raojan and Noapara series are significantly dif-
ferent at p = 0.05 level, while no significant difference
was observed in the means of Bijipur and pahartali series.
There also no significant difference was observed among
Mirsarai, Manu, Raojan and Noapara series.

On response by different crops to Bray & Kurtz-1 P,
Bingham [20] classified soils as follows: < 7 mg-kg '
deficient; 7 to 20 mgkg ' probable response and > 20
mg-kg ™" high or unlikely response. Based on this classi-
fication, the presently studied Mirsarai, Manu, Raojan

Copyright © 2013 SciRes.

and Noapara series can be classified as deficient in
available P; Bijipur and Pahartali series fall in the prob-
able response class in P-status. SRDI [21] classified
available Bray & Kurtz-1 P in loam to clay soils for up-
land crops as follows: < 5.25 mg-kg™' very low; 5.251 -
10.5 mg-kg ™" low; 10.51-15.75 mg-kg™' medium; 15.76 -
21.0 mg-kg ' optimum; 21.1 - 26.25 mg-kg ' high and >
26.25 mg-kg ' very high. Based on this classification,
Mirsarai, Manu, Raojan and Noapara series belong to
very low, Bijipur and Pahartali belongs to medium range
in available P.

3.4. Comparison of the P Extracting Ability of
Different Extractants

A paired t-test was performed to compare the mean dif-
ferences of P removed by different extractants. Tukey’s
test for multiple means comparison showed that the
means of Olsen P and Mehlich-3 P; Olsen P and Bray &
Kurtz-1 P and Mehlich-3 P and Bray & Kurtz-1 P are
significantly different at p = 0.05 level .

The amount of extractable P varied markedly depend-
ing on the soils and extractants used. The maximum
amount of P (3.10 - 35.14 mg-kg') was extracted by
Olsen method and the minimum (1.69 - 15.30 mg-kg ")
by Bray & Kurtz-1 method. As per as individual soils are
concerned, the highest extractable P was obtained from
Pahartali series and the lowest from Noapara series. The
mean values of P extracted by different extractants
ranked in the order Olsen > Mehlich-3 > Bray & Kurtz-1
P.

The differences among the P extraction methods
probably arose from the fact that plant available P in the
soil is not from a discrete fraction but from a continuum
of fractions; extracting agents preferentially extract from
different fractions depending on their reaction with soil
components involved in P sorption [24]. In addition, each
extracting solution has a different ability to extract vary-
ing portions of soil P because they were targeted at dif-
ferent pools of soil P [25]. The Olsen method extracted
statistically higher P than Mehlich-3 and Bray & Kurtz-1
method. This methods was developed by Olsen et al. [5]
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for calcareous soils, but is now also used in acidic soils
as Fardeau et al. [26] described it as the best methods of
estimating the available phosphate, not only for calcare-
ous soils but also for acid soils.

Olsen method is the most commonly used in UK and
Pakistan. It is very satisfactory on soil with pH 6 or
above, but less satisfactory on acidic soils [27]. Accord-
ing to Olsen et al. [5] there are two major mechanisms in
NaHCO; extraction process: 1) increase in calcium
phosphate solubility by NaHCO; as a result of repression
of Ca®" activity, (common ion effect of Ca*" ions in the
presence of solid phase CaCO;) and 2) that HCO;,
CO> and OH ions replace phosphate ions on the sur-
face of soil particles. They further explained that the
main effect of NaHCOj in calcareous soils is to decrease
the Ca activity which in turn increases the solubility of P.
In acid and neutral soils the main effect is the ionic
competition of HCO;, CO} and OH ions. Chang
and Juo [28] and Pratt and Garber [29] had found Olsen’s
method to be satisfactory for acidic soils. Generally, the
Olsen method has been recommended for alkaline cal-
careous soils, however, in acid soils, sodium bicarbonate
(NaHCQO;) at pH 8.5 extracts the available P present in
the form of Al-P or Fe-P or adsorbed on clay surfaces
[30]. This could be the reason of its suitability for these
soils. According to Anam et al. [31], NaHCO; appeared
to be the best method for some soils in Bangladesh in
extracting available P. Olsen method was mostly used in
different experiments in our country [32-34].

In the present study, the quantity of P extracted by
Mehlich-3 extractant was relatively smaller than that
removed by Olsen’s reagent. Sims [35] reported that the
value of Mehlich-3 P generally set for optimum crop
growth and yield (45 - 50 mg P-kg ') is higher than the
critical values used for other standard methods such as
Olsen P. The critical value set for Olsen P was 10
mg-P-kg™' [36]. But the results of the present study are
not in good agreement with the findings of Sims [35].
Mehlich-3 extractant is a combination of acids, salts, and
a chelating agent and is appropriate for extracting P and
other elements from a wide range of soils, from acid to
calcareous soils [4]. On most non calcareous soils, the
amount of Mehlich-3 extractable P is approximately the
same as that determined by the Bray & Kurtz-1 method

[37].

The minimum amounts of P were extracted by Bray &
Kurtz-1 method from all soil series than other methods
used in the present study. The Bray & Kurtz-1 extractant
(0.03N NH4F + 0.025 N HCI) extracts mineral phos-
phates of Al and to a lesser extent that of Fe [38]. It is
suitable for a wide range of soils, than excluding cal-
careous soils [39,40]. Fluoride forms strong complexes
with aluminium (AI*") ions, thus releasing P from Al-P
[40].

3.5. Correlation of Extractable P among
Methods and with Soil Properties

Correlation coefficients among the methods studied for
all the soils are presented in Table 5. Correlation analy-
sis revealed that the amounts of P solubilized by extrac-
tants were significantly and positively correlated with
each other. The best correlation (r = 0.976, p = 0.000)
was found between Mehlich-3 P and Bray & Kurtz -1 P
followed by Bray & Kurtz-1 P and Olsen P (r = 0.927, p
= 0.000) and Olsen P and Mehlich-3 P (r = 0.924, p =
0.000). This result indicates that although the ability of P
extraction was different for different extractants, their
trends of P displacement from soil into solution were
similar. This is in agreement with the findings of Rah-
man et al. [34] and Rahman et al. [41].

Correlation between extractable P and soil properties
(pH, organic carbon, clay and CEC) were examined with
a view to identifying the soil factors involved in the
regulation of P extraction (Table 5). Influence of soil pH
was the most dominant factor in P extraction. The ex-
tractable P values for all the soils were positively corre-
lated with soil pH but Olsen and Bray & Kurtz-1 meth-
ods had significant correlation. The amount of P ex-
tracted by different extractants showed significant posi-
tive correlations with pH suggesting that the pH effect is
attributable to reversible adsorption of P by clays with
increasing pH up to neutrality and release of P from Fe or
Al oxyhydroxides.

A significant negative correlation was observed be-
tween extractable P with clay contents in all soils. The P
extracted by three methods were negatively correlated
with CEC but Mehlich-3 P and Bray & Kurtz-1 P have

Table 5. Correlation co-efficients between available P and soil properties.

Available P Clay (%) pH OC (%) CEC Olsen P Mehlich-3 P
Olsen P -0.553" 0.566" -0.242™ -0.196™
Mehlich-3 P -0.611" 0.286™ -0.081™ -0.383" 0.924"
Bray & Kurtz-1 P -0.591" 0.343" -0.153™ -0.341" 0.927" 0.976"
Significant at p < 0.001; "Significant at p < 0.05; "Not significant.
Copyright © 2013 SciRes. 0JSS
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Table 6. N, P and K concentration (%) in rice leaves.

Series name N P K
Bijipur 2.1+£0.12 0.20 £0.02 1.2+0.08
Pahartali 24+0.10 0.22+0.01 14+0.14
Mirsarai 23+0.14 0.10+0.02 12+0.12
Manu 2.0+0.08 0.16 £0.03 1.5+0.09
Raojan 23+0.14 0.12+0.02 1.3+0.15
Noapara 2.5+0.16 0.14+0.01 1.1 £0.07

+ indicates standard deviation of mean.

Table 7. Correlation coefficients between soil P and leaf P.

Independent Dependent Correlation

variable variable coefficients
Bray and Kurtz-1 P Leaf P 0915
Melich-3 P Leaf P 0.895"
Olsen P Leaf P 0.943"

"Significant at < 0.001 percent level.

significant relationship. All the extractable P was nega-
tively correlated with soil organic carbon content but
there was no significant relationship among them. The
results suggest that irreversible fixation of extractable P
by organic matter occurs and indicate the stability of
phosphorus-organic matter complexation.

3.6. Correlation between Leaf P and Available
Soil P

Phosphorus concentration in growing rice leaves ranged
from 0.10 (Mirsarai series) to 0.22 (Pahartali series) per-
cent (Table 6). Leaf P values were positively and sig-
nificantly correlated at <0.01 percent levels with avail-
able P values of soil obtained with all the three extrac-
tants, namely Olsen, Bray and Kurtz-1 and Mehlich-3
(Table 7). Significant correlation coefficients were also
observed when the logarithms of soil test values by all
these methods were correlated with P uptake [42]. Ngoc
and Phung [43] observed significant and positive correla-
tion between soil P availability indices and plant P up-
take in four cropping periods.

4. Conclusion

Extractable P in the present study varied considerably
with the kind of extractants and the type of soils. Among
the three extractants used (Olsen, Mehlich-3 and Bray &
Kurtz-1), Olsen extractant, i.e. 0.5 M sodium bicarbonate
extracted greatest amount of available P and Bray &
Kurtz-1 extractant, i.e. 0.03 N ammonium fluoride and

Copyright © 2013 SciRes.

0.025 N hydrochloric acid extracted the least. As phos-
phorus values extracted by the three methods were highly
correlated among themselves and with the leaf phospho-
rus values, it may be concluded that any of the methods
used in the present study is suitable for testing soil P.
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