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Characterization of acid piedmont rice soils for phosphorus
sorption and phosphorus saturation

M. A. Islam”, M. A. Saleque?, A. J. M. S. Karim?,
A. R. M. Solaiman® and M. M. Masud”*

Abstract

The maximum phosphorus adsorption (S...) and Phosphorous saturation index (Pw) of a soil provide informa-
tion for the proper management of the P fertilizer of the soil. The objective of this investigation was to determine
Smax and develop a P, for 14 rice soils. Soil samples were analyzed for pH, clay content, dithionite extractable Fe
(Feo), Mehlich-3 (M3) extractable P (PM3), and Fe (FeM3). The S... value and P,, based on M3 extractions were
determined. The Su. value ranged from 110 to 625 mg kg™, and correlated with sand (r=—0.70, P>0.01), silt
(r=0.70, P>0.01), clay (r=0.59, P>0.05) and Fe, (r=0.71, P>0.01). Soil pHizo and organic carbon content were not
correlated (P>0.05) with S,.., while pHxo was negatively correlated (r=—0.64, P>0.05) with S,... Multiple regres-
sion found that the combination of pHka and Fe, were the two most important soil properties related to the Sy of
the soils studied. Conventional adsorption equations, such as the Langmuir, Freundlich and Temkin equations, sat-
isfactorily described the P sorption of the soils. The P sorption capacity of the studied soils varied from 80 to 316
mg kg~'. The calculated energy of adsorption of the soils ranged from 0.18 to 1.56 mg L™', and there was apparently
a negative correlation between the energy of adsorption (k) and the observed S... values. Buffering capacity ranged
from 14 to 69. Phosphorus saturation indices (P.) of the tested soils varied from 1.82 to 28.21%, and were corre-
lated with sand (r=0.56, P>0.05) and silt (r=—0.59, P>0.05), but not with the other soil properties we studied.

Keywords: Maximum adsorption capacity, phosphorus buffering capacity, energy of adsorption,
Langmuir equation.
Introduction

Phosphate adsorption by soils is important, because adsorbed phosphate equilibrates with P in the soil

solution and this P, in turn, is the immediate source of P for plants. Phosphate adsorption isotherm inte-
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grates the P intensity, capacity and quantity parameters of the soil, and these factors play an important role
in controlling the P-flux to the roots of growing plants (Chand et al., 1995). When a material containing
P is applied to a soil that initially has low levels of P, the soluble forms of P become increasingly less solu-
ble with time (Holford ef al., 1997). From an agronomic point of view, this is a concern because P that
is strongly retained by the soil is less available for plant uptake. But from an environmental point of view,
strong retention of P by the soil may prevent losses of soluble P in runoff, as well as movement to ground
water. Thus, sorption and desorption reactions involving P, as well as the P-buffering capacities of soils,
may play an important role in both the agronomic and the environmental aspects of P management (Sui
and Thompson, 2000). Many investigators have suggested that a phosphorus sorption isotherm be used
to determine the amount of P that must be added in order to bring the concentration of P in the soil solution
to a level optimum for maximum plant growth (Fox and Kampath, 1970; Fontes and Wilcox, 1983). Such
a sorption isotherm takes into account both the intensity and capacity factors, which are considered to be
important in estimating the amount of soil P required for maximum plant growth. If the critical solution
level for plant growth (including rice) can be identified, P-sorption isotherms can be used for predicting
the amount of fertilizer P needed to adjust the soil solution P to a level optimum for the crop. The phos-
phorus sorption capacity of rice-growing soils in Asian countries has so far received little attention, but the
P availability of these soils changes tremendously with seasonal variations in temperature (Saleque et al.,
1995).

Phosphorus saturation in Asian rice soils has not been characterized thoroughly, although P run-off
from rice fields, especially during the rainy season, is a potential source of eutrophication. The concept
of P saturation is meaningful, as it estimates the degree to which P sorption sites have been filled and in-
dicates the potential desorbability of soil P (Beauchemin and Simard, 1999). Sibbesen and Sharpley
(1997) reported that phosphorus saturation has been highly correlated with P desorption such that P
desorption increases with higher degrees of P saturation. Phosphorus saturation is viewed as an environ-
mental indicator of soil P because it has been found to be a good indicator of the amount of P available
as run-off and leachate (Kleinman and Sharpley, 2002). Phosphorus saturation can be measured as in
Sharpley’s study (1995),

P = % (1)
where P, is the P saturation index, PM3 is the Mehlich 3 extractable P (Mehlich 1984) and S,.. is the P
Langmuir adsorption maximum (mg kg~'). Zhang et al. (2005) compared three methods for P saturation
and reported a very good correlation between this method and the other two. With the above considera-
tions, the present study was therefore undertaken in order to determine the P adsorption characteristics,
maximum adsorption capacity and energy of P adsorption, and P saturation of some acid piedmont soils

that had been being cultivated with rice for a long time.
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Materials and Methods

Fourteen soil samples used for this study were collected from cultivated rice fields after the harvest
of wet-season rice (Transplanted Aman) from the Hobigonj and Moulvibazar districts of Bangladesh. In
the FAO-Unesco legend, these soils are classified as Chromi-Dystric and Eutric Gleysols. According to
the USDA Soil Taxonomy, these soils have been classified as Typic Haplaquepts and Aeric Haplaquepts.
For the convenience of discussion, the 14 soils are referred to as soil 1 through soil 14, as shown in Table
1. These samples were collected from the surface horizon (a horizon or plow layer) of selected farmers’
fields, air-dried and ground to pass through a 2.0-mm sieve, and then mixed to form a composite sample

for each replication.

Table 1. Locations and descriptions of the Piedmont soil samples examined in this study.

Designation EI?HE; and gf;fllllta and FAO Soil Unit g:n]iﬁ] Soil Soil series
Soil 1 Iﬁiistchpiiltl;})ur i‘zzi‘fjl’sf;r Haplic Alisols Plinthic Haplustult | Sreemongal loam
Soil 2 I\Al?sl:l?lsr]l]tapl))uerb, ﬁ;zzﬁ?gag;;; Haplic Alisols Plinthic Haplustult | Sreemongal loam
Soil 3 gfg‘gﬁ&‘g‘;ﬁana’ ;}Ziﬁ%‘fj‘; Haplic Alisols Plinthic Haplustult f;:;’;“’“ga] sandy
Soil 4 E?:cﬁ};t;p]iftta’ ﬁ;iﬁﬁ?gf;;; Haplic Alisols Plinthic Haplustult lSOr:;monga] sandy
Soil 5 E?:Clﬁf‘nr; pllDJ:b’ ﬁ;iﬁﬁ?gf;;; Haplic Alisols Plinthic Haplustult ISOr:;mongal sandy
Soil 6 /;E;inzgzir’ ﬁ/}zirlr:/?sag;;; g?gsgil—sEutric Typic Haplaquept | Pritimpasa loam
sol 7 [ K|S | Qe e " s
ol |m ALl G | B
ol [Tt Bt | Koo |y g | B
Soil 10 ﬁzﬁl;féu?har’ Ei)lzi\iig‘t?:zj;lr. g?er;);r(l)il-sEutric Typic Haplaquept | Bijipur loam
sol 1 [Nada oK G i gt | o
Soil 12 ézzztlrl':ﬁa, ggg?ggijg'hat’ g{xer}(isrrolil-sEutric Typic Haplaquept | Bijipur loam
sol 15 [Kuh Ao |y e |2
Soil 14 gzgiaplufaul, Ihslé:)r;llel\}?l;);zj;r, g?éssnolil-sEutric Typic Haplaquept | Bijipur loam
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Soil Properties

The soil’s sand, silt and clay contents were determined using the hydrometer method (Black et al.,
1965). Soil pHwo was measured in a 1:2.5 soil water ratio, using the glass electrode method (Jackson,
1958), and the pHxo was also measured by using a 1.0 M KCI solution in a similar manner as in pHo de-
termination. The soil’s organic carbon content was determined by Walkley, and the Black wet digestion
method (Nelson and Sommers, 1982). Dithionite extractable Fe (Fep) was determined using a sodium
dithionate-citrate system buffered with sodium bicarbonate (Mehra and Jackson, 1960). Mehlich-3 (M3)
extractable P (PM3), and Fe (FeM3) were determined using the Mehlich-3 extraction method (Mehlich,
1984). The initial soil properties are presented in Table 2.

Table 2. Selected properties of the experimental soil samples.

Soil no. | Sand (%) (S;}S f(f/i})y pHe | pHwo | ApH Oré%% )C (;:1;) (If;;)
1 28 49 23 4.81 4.69 0.12 33 814 150
2 49 38 13 485 4.6 019 | 312 370 203
3 54 30 15 4.90 4.75 0.15 2.74 574 217
4 54 33 13 485 474 0.11 2.06 389 225
5 65 28 8 5.01 5.00 0.01 242 259 207
6 51 36 13 4.69 s8¢ | —115 | 338 407 207
7 80 15 5 5.10 5.12 —0.02 1.96 333 210
8 26 56 18 4.79 5.25 —0.46 0.96 1018 238
9 29 51 20 5.00 541 —0.41 1.62 315 220
10 48 44 8 4.90 6.05 —1.15 1.9 592 223
11 61 31 8 4.85 543 —0.58 0.59 444 231
12 40 43 17 5.25 5.83 —0.58 2.71 500 211
13 66 24 10 5.12 5.61 —0.49 0.7 241 204
14 47 38 15 4.77 5.35 —0.58 1.29 648 237

Adsorption Isotherms

Phosphorus sorption isotherms were constructed using the procedure delineated by Nair et al. (1984).
Briefly, one gram of soil sample was placed in a 25-ml test-tube with a given amount of added P (0, 1,
3,6, 12, 18, 24, 30, 37, 43, 55, 68 or 80 ppm) in 20 ml of 0.01M CaCl, solution. The resultant P contents
were 0, 20, 60, 120, 240, 360, 480, 600, 740, 860, 1100, 1360, and 1600 mg kg ', respectively. Then, the
test tubes were shaken for 24 hr on a horizontal shaker with low oscillation. After equilibration, the super-
natant was passed through a piece of Whatman 42 filter paper, and the filtrate was analyzed for P using
the following Murphy and Riley (1962) method. Sorbed P was inferred from the difference between the
concentration of soluble P added to the initial solution and the concentration of P in the solution at equi-
librium. The equilibrium P concentration data were interpreted by the Langmuir, Freundlich and Temkin

equations as described below:
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Langmuir equation

The Langmuir adsorption equation is given by:

c _ 1 C
= +b

x/m kb 2)

where C is the equilibrium P concentration (mg L™"), x/m is milligrams of P sorbed per kilogram of soil,
b (Sw.) is the adsorption maximum (maximum adsorption capacity), and k is a constant related to the
bonding energy of adsorption.

A plot of C/(x/m) versus C gives a straight line. The constants b (S,.) and k were obtained from
the slope and intercept.
Freundlich equation:

The Freundlich equation is described by:

x/m = aC’ (3)
By taking the log of both sides, the equation becomes

log &¢/m) = loga + blog C (4)

where x/m is milligrams of P sorbed per kilogram of soil, C is the equilibrium P concentration (mg L"),
and @ and b are constants. A linear plot of log x/m versus log C allows the calculation of @ and b from
the intercept and slope, respectively.

Temkin equation

The Tempkin equation is
xm=a + blnC (5)

where x/m is the amount of P adsorbed per unit mass of adsorbent (mg/kg), C is the equilibrium P con-
centration (mg L"), and a and b are constants. A plot of x/m against InC gives a straight line. The con-
stants @ and b were obtained from the intercept and slope. The b of Eq. 5 is considered to be the P

buffering capacity.

Calculation of S..., Adsorption energy, P-buffering capacity and P..

The phosphorus adsorption maximum (S,..) was calculated using the Langmuir adsorption equation
(Eq. 2). Sww was calculated by regressing C/ (x/m) versus C, where C is the equilibrium solution P con-
centration and (x/m) is adsorbed P. The reciprocal of the slope of the linear regression is S (Olsen and
Watanabe, 1957; Syers et al., 1973) . The energy of adsorption for phosphorus (binding energy) was also
calculated from the Langmuir adsorption equation, where k is a constant related to the bonding energy of
adsorption. The P-buffering capacity of soils has been calculated from the Temkin equation (Eq. 5),
where b is considered the P-buffering capacity. Phosphorus saturation (P..), proposed by Sharpley
(1995), was estimated from the equation (Eq. 1) by Mehlich-3 (M3) P (Mehlich, 1984) and the adsorp-

tion maximum (S,..) from the P adsorption isotherms.
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Statistical Analyses

All measurements of P were done in duplicate, and the data were analyzed by ANOVA using the sta-
tistical software IRRISTAT 4.1 (Windows version: Bartolome et al., 1998). Backward-stepwise regres-
sion analysis was utilized to evaluate the effects of soil properties on S.... Backward-stepwise regression
analysis was used to generate empirical models capable of predicting S... based on soil properties.
Backward-stepwise regression was used to identify crucial soil properties, explaining most of the variation
in Sua. Soil properties that did not explain a significant part of the variation (i.e., p>0.05) were not used

as independent variables in the multiple regression equation.

Results and Discussions

Phosphorus adsorption

The mean phosphorus adsorption and solution P concentrations due to the effects of different soils
and phosphorus concentrations are presented in Table 3. There was significant variation among soils in
P sorption (P<0.001), and the application of P largely increased P sorption (P<0.001). Interaction be-
tween the soil and phosphorus was also significant (P<0.001). The highest mean P sorption (316 ppm)

was found in soil 1, the lowest (80 pp) in soil 7.

The mean solution P concentration (due to the high amount of P application) varied significantly
(P<0.001) in different soils. The highest P concentration value for a 2.5 ppm solution was observed in
soil 7, while the lowest, 13 ppm, was observed in soil 1. The second highest value for a 22-ppm P con-
centration was observed in soil 13, followed by soil 5 (21 ppm). In terms of statistical variation, soils 2,
6, 11 and 12 were in the same group, which showed similar amounts (19 ppm) of solution P concentra-
tion. A concentration of 18 ppm of solution P was extracted from soils 4 and 9, whereas soils 3, 8 and

10 yielded 16-ppm P concentrations.

High P sorption was attributed to the pH of the soil. Soil pH greatly influenced the P sorption of soils
(Lopez-Hernandez and Burnham, 1974; Mokwunye, 1975; White and Taylor, 1977). According to some,
phosphate sorption decreases with increases in pH within the acidic pH range (Parfitt, 1977; Friesen et al.,
1980), while others have shown that phosphate sorption increases with increases in pH (Amarasiri and
Olsen, 1973; Mokwunye and Chien, 1980). There is also some evidence to show that phosphate sorption
decreases with increases in pH up to 5.0-6.0, beyond which it increases (Barrow, 1987; Sims and Ellis,

1983) due largely to the difference in the exchangeable Al values of the soils.

Langmuir adsorption isotherm
The Langmuir adsorption isotherm explains the phosphorus adsorption maxima (S...) and energy of
the P-adsorption of a soil. The intercept, slope and R* values for the equation of Langmuir adsorption iso-

therms are presented in Table 4. Langmuir equations were found to well explain P adsorption in most of
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Table 3. Phosphorus adsorption and solution P concentrations of the piedmont rice soils.

Variable

P adsorption (mg kg™

Solution P (mg L™")

Soil
Soil 1
Soil 2
Soil 3
Soil 4
Soil 5
Soil 6
Soil 7
Soil 8
Soil 9
Soil 10
Soil 11
Soil 12
Soil 13
Soil 14

LSDU(YS

Phosphorus (ppm)
0

LSDoos

Replication
Soil (S)
Phosphorus (P)
S X P
Residual

26
26
26
26
26
26
26
26
26
26
26
26
26
26

28
28
28
28
28
28
28
28
28
28
28
28
28

df

13

156
181

316
195
256
223
168
206

80
266
213
264
202
207
133
296

0.00
20
57

103
164

218

248

289

300

308

344

369

391

8.34

0.018
P<0.001
P<0.001
P<0.001

13
19
16
18
21
19
25
16
18
16
19
19
22
14

0.01
0.03
0.18
0.86
3.81
7.11
11.61
15.57
22.00
27.63
37.79
49.57
60.48

0.42

0.017
P<0.001
P<0.001
P<0.001

n = No. of observations
df = Degrees of freedom
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Table 4. Intercept, slope and R* for Langmuir adsorption isotherms of different soils examined in this study.

Soil Intercept Slope R’
Soil 1 0.0053 0.0016 0.96
Soil 2 0.0141 0.0027 0.96
Soil 3 0.006 0.0022 0.99
Soil 4 0.0083 0.0025 0.98
Soil 5 0.0142 0.0034 0.98
Soil 6 0.0089 0.0028 0.98
Soil 7 0.0144 0.0091 0.99
Soil 8 0.0039 0.0022 0.99
Soil 9 0.0102 0.0026 0.97
Soil 10 0.0087 0.0019 0.95
Soil 11 0.0144 0.0026 0.96
Soil 12 0.0059 0.0031 0.97
Soil 13 0.0043 0.0067 0.96
Soil 14 0.0055 0.0018 0.97

the soils with R’ values ranging from 0.95 to 0.99. The highest R* value (0.99) was observed in soil 7,
the lowest (0.95) in soil 10. The intercept of the Langmuir equation varied from 0.0039 to 0.0144. The
highest intercept (0.0144) was found in both soil 7 and soil 11, the lowest (0.0039) in soil 8.

Because of differences in their slopes, the Langmuir isotherms of the soils we studied were different.
The slope of the Langmuir isotherm of soil 1 was 0.0016, the lowest from among the 14 soils. The slopes
for soils 10 and 14 were slightly higher than that for soil 1. Soils 3 and 8 both had a slope of 0.0022, al-
though their intercepts were quite different. Soils 4, 6, 9 and 11 had similar slopes (0.0025-0.0028), and
their isotherms look almost identical. A greater slope of 0.0067 was found for soil 13, and the highest
slope of 0.0091 was observed for soil 7.

The good fit of the Langmuir adsorption isotherm explains why the P sorption affinity of soils re-
mains constant with increases in surface saturation (Mead, 1981). Mehadi and Taylor (1988) reported
that P adsorbed basically with one adsorption energy, which might explain the good fit of the linear
Langmuir equation. The Langmuir equation can be used to calculate parameters that are indices of the ca-
pacity for and the intensity of P sorption by the soil. Because the simple Langmuir model does not ade-
quately describe P sorption of soil when the surfaces have more than one type of adsorption site (i.e. sites
with different sorption energies), a two-surface Langmuir equation has been used in some P sorption stud-
ies (Holford et al., 1974).

Freundlich adsorption isotherm

Intercept, slope, and R* values for the equation of Freundlich adsorption isotherms for the studied
soils are presented in Table 5. The Freundlich adsorption isotherm fitted well in the studied soils. The
R’ value of the Freundlich equation was more than 0.84 for most of the soils (9 soils), whereas two soils

ranged above 0.91 and three soils ranged from 0.73 to 0.79. The highest R” value (0.92) was observed
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Table 5. Intercept, slope and R* for Freundlich adsorption isotherms of different soils examined in this study.

Soil Intercept Slope R’
Soil 1 2.04 0.55 0.84
Soil 2 1.74 0.53 0.85
Soil 3 2.04 0.42 0.85
Soil 4 1.96 0.41 0.85
Soil 5 1.73 0.47 0.92
Soil 6 1.82 0.50 0.85
Soil 7 1.36 0.47 0.84
Soil 8 1.99 0.50 0.78
Soil 9 1.88 0.45 0.79
Soil 10 1.95 0.50 0.87
Soil 11 1.77 0.50 0.88
Soil 12 1.85 0.48 0.85
Soil 13 1.70 0.40 0.73
Soil 14 2.04 0.51 0.92

in soil 5, the lowest (0.73) in soil 13. The intercepts of the equations for most of the soils did not vary
considerably. The intercepts of 13 out of the 14 soils ranged from 1.70 to 2.04, whereas the lowest inter-
cept value was 1.36 (soil 7). The highest value (2.04) was observed in soil 3, which was very similar
to soils 1 (2.04) and 14 (2.04). The slope of the equation ranged from 0.40 to 0.55. The highest slope
(0.55) was observed in soil 1 and the lowest (0.40) was observed in soil 13. The lower R* value in the
Freundlich equation than in the Langmuir equation for the studied soils shows that the P sorption affinity

of these soils did not decrease logarithmically with increasing surface saturation (Mead, 1981).

Temkin adsorption isotherm

The Temkin adsorption isotherm was better fitted to the studied soils than the Freundlich adsorption
isotherm (Table 6). With respect to the R* value of the equation, the Temkin adsorption isotherm was
found to be better than the Freundlich adsorption isotherm. Among the fourteen soils, the R” values of five
soils (soils 2, 6, 7, 8 and 9) ranged from 0.90 to 0.98, those of eight soils (soils 1, 3, 4, 5, 10, 11, 12 and
14) ranged from 0.84 to 0.90, and that of only one soil (soil 13) was outside these ranges, with an R’ value
of 0.67. The highest R* value (0.98) was observed in soil 8. The slope of the Temkin equation ranged
from 14.03 (soil 7) to 68.79 (soil 1). The highest intercept value (267.31) was found in soil 1 and the
lowest intercept value (53.48) was found in soil 7. Soil 13 was found to have the poorest fit for the
Temkin adsorption isotherm, meaning that the adsorption capacity of the soil did not decrease linearly with

increasing surface saturation.

Phosphorus adsorption maximum
The phosphorus adsorption maximum (S,..) was calculated from the Langmuir adsorption isotherms,
which showed that S,.. varied with the background P concentration of the soil (Fig. 1). The S of
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Table 6. Intercept, slope and R* for Temkin adsorption isotherms of different soils examined in this study.

Soil Intercept Slope R’
Soil 1 267.31 68.79 0.90
Soil 2 139.15 40.70 0.90
Soil 3 233.22 40.41 0.88
Soil 4 196.56 34.04 0.87
Soil 5 129.24 29.42 0.89
Soil 6 160.50 39.04 0.94
Soil 7 53.484 14.03 0.94
Soil 8 22421 52.91 0.98
Soil 9 173.39 38.99 0.91
Soil 10 218.75 51.00 0.86
Soil 11 151.33 38.61 0.84
Soil 12 167.87 36.36 0.89
Soil 13 107.71 19.23 0.67
Soil 14 258.97 56.24 0.87

700 ~
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500 ~

400 -
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200 +

100

Maximum adsorption capacity, (g g h

S1 S22 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 Si4

Soils

Fig. 1. Maximum phosphorus adsorption capacity (Smax) in fourteen northeastern acid piedmont
rice soils of Bangladesh.

different soils varied from 110 to 625 (g g '. The highest S, value (625 (£ g g™') was observed in soil
1, the lowest (110 g g™") in soil 7. Due to the background P concentration, the maximum phosphorus
adsorption capacities (S...) of the different soils fell in the following descending order of soils number 1
(625 1Lgg™",14 (556 1tgg ", 10 (526 ;tgg),3and8 (4551 gg ") ,4 (400 gg ), 9and 11 (385
rteggh,2 B0ngeg),6 B571gg D, 12 B23ngeg™",5 29%ugg "), 13 (149 gg™") and 7
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(11opgg™.

Abedin and Saleque (1998) reported a P adsorption maximum of 450 mg kg ' for BRRI farm soil.
Shil (2002) reported a lower P adsorption maximum (240 mg kg™ ') for the same soil because he limited
the P sorption to 300 ppm of added P, compared to 1600 ppm in the present study. Harter (1984) has
shown that the sorption maxima estimated by the Langmuir equation could be in error by more than 50%
if the entire isotherm is not used in calculating the sorption parameters. Mehadi and Taylor (1988) ob-
tained adsorption maxima of 233 mg kg~' for virgin soil and 250 mg kg ™' for cultivated soil in the USA.
Correlation analysis showed that soil reaction, organic carbon, and clay concentration did not significantly

influence soil S Masud (2003) found that S.. varied from 617 to 1481 (g g for his 15 soils.

Adsorption energy

The energy of adsorption for phosphorus (binding energy) was calculated from the Langmuir adsorp-
tion isotherm (Eq. 2). The energy of adsorption was highest in soil 13 (1.56 (g ml ") and lowest in soil
11 (0.18 1gml') (Fig. 2). In fact, there was apparently a negative correlation between the energy of
adsorption (k) and the S... (b) values, which was observed in most of the soils we studied. A similar re-
lationship between k and b values was also observed by Rao et al., (1983), Abedin and Saleque (1998),
and Islam (2003). Their studies revealed that the value of » decreases with increases in the value of k.
Energy of adsorption expresses the binding energy required to adsorb phosphorus. Thus, a soil with
greater energy of adsorption would have less P adsorption than a soil with low energy adsorption. In other

words, the energy of adsorption is negatively correlated with the phosphorus adsorption maximum (Su..) .

[u—
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o
o
1

0.6

0.4 -

Energy of adsorption.k (ug mr?

0.2 A

S1 S2 S3 S4 S5 S6  S7 S8 S99 S10 S11 S12 S13  S14

Soils

Fig. 2. Energy of P adsorption in fourteen northeastern acid piedmont rice soils of Bangladesh.
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Buffering capacity

The P-buffering capacity of a soil is its capacity to resist a change in the P concentration of the solu-
tion phase (Sui and Thompson, 2000). The buffering capacities of the soils were calculated from the
Temkin adsorption isotherms at a 1 /£ g ml™' level of solution P. Buffering capacities ranged from 14.03
to 68.79 (Fig. 3). The highest buffering capacity was 68.79 (soil 1), the lowest 14.03 (soil 7). In most
of the cases, the trend was almost identical to that observed for the maximum phosphorus adsorption ca-
pacity (Sumw). The buffering capacity values of the tested soils differed greatly from one another. Only
one soil (soil 1) was found with a value above 60 (68.79). Three soils with a buffering capacity between
50 and 60 were identified (Soils 8, 10, and 14). Five soils (Soils 2, 3, 6, 9, and 11) were very similar
in buffering capacity, with values ranging from 38.61 to 40.70. The buffering capacity of two soils (Soils
12 and 4) ranged from 34.04 to 36.36. The buffering capacity of soil 5 was 29.42, while those of the other
two soils (Soils 7 and 13) ranged below 20, relatively very low. The rate of P diffusion was related to
buffering capacity. For soils in which the buffering capacity was higher, the diffusion rate of P would be

lower.

80 ~

70 A

60

50 A

40 1

30

P-Buffering capacity

20 -

S1 S2 S3 S4 S5 S6 SS_7l S8 S9 S10 S11 SI2 S13 S14
oils

Fig. 3. Buffering capacity of phosphorus in fourteen northeastern acid piedmont rice soils of Bangladesh.

Phosphorus saturation indices

Phosphorus saturation (P.) was calculated from Mehlich-3 (M3) extractable P and maximum phos-
phorus adsorption capacity (S..) (Sharpley, 1995). The P values of different soils varied from 1.82 to
28.21% (Fig. 4). The highest Py value (28.21%) was observed in soil 7, the lowest (1.82%) in soil 9.
Due to the concentration of Mehlich-3 extractable P and the maximum phosphorus adsorption capacity
(S , the Py (%) values of the different soils descended in the following order: soil 7 (28.21),2 (7.56),
11 (6.76), 14 (6.66), 3 (6.60), 1 (5.76), 12 (5.58), 4 (4.50), 6 (4.20), 5 (4.08), 8 (3.30), 10 (2.09),
13 (2.01) and 9 (1.82).
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Fig. 4. Phosphorus saturation (%) in fourteen northeastern acid piedmont rice soils of Bangladesh.

A critical DPS (degree of P saturation) of 25% has been established for Dutch soils (Sharpley et al.,
1996) . Above this limit, the risk of P losses via leaching and surface run-off becomes unacceptable to the
Dutch government and further applications of manure may be prohibited. However, this method may not
be applicable to high-pH soils, especially calcareous soils, because the carbonates in calcareous soils tend
to neutralize the acidic extracting solution (Loeppert and Inskeep, 1996; Kleinman and Sharpley, 2002) .
Furthermore, Al and Fe oxides are less significant for P sorption in high pH soils than in acidic soils
(Lindsay, 1979). In our tested samples, only soil 7 seems to have a P saturation above the critical level
of 25%. The rest of the soils have much lower P saturations, where the application of P fertilizer or ma-

nure is safe from an environmental point of view.

Relationship between adsorption parameters and some soil parameters

The correlation between adsorption parameters and some soil properties is summarized in Table 7.
The correlation study shows that sand correlates well with maximum adsorption capacity (S,..), buffering
capacity, the intercept of the Freundlich adsorption isotherm, and phosphorus saturation (P.). Sand was
negatively correlated with Sy (r=—0.70, P<0.01), buffering capacity (r=—0.78, P<0.01) and the inter-
cept of the Freundlich adsorption isotherm (4) value (r=—10.73, P<0.01). However, sand was positively
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Table 7. Correlation coefficient (1) of adsorption parameters with soil properties.

S K’ BP’ 4 P’
Sand —0.70%* 0.29 —0.78%* —0.73%* 0.56*
Silt 0.70%* —0.34 0.78%* 0.70%%* —0.59*
Clay 0.59% —0.15 0.67*%* 0.68%* —0.42
pHxa —0.64* 0.49 —0.62*% —0.50 0.24
pHizo —0.14 0.22 —0.09 —0.06 —0.23
A pH —0.08 —0.06 —0.12 —0.11 0.32
0.C 0.19 —0.41 0.20 0.09 0.07
Fe (D) 0.71%* —0.19 0.79%%* 0.63* —0.16
Fe (M3) —0.09 —0.07 —0.19 0.06 —0.07
Soax 1.00 —0.58* 0.96%* 0.88%%* —0.46
k 1.00 —0.48 —0.32 0.04
BP 1.00 0.81%* —0.43
A 1.00 —0.70%*
Pu 1.00

! Maximum adsorption capacity (/tg g™'), >Energy of adsorption (g ml™"),
3 Buffering capacity, *Intercept of Freundlich equation, 3P saturation (%)
* Significant at 5% level, ** Significant at 1% level.

correlated with P saturation (r=0.56, P<0.05). We found a good positive correlation of silt with Sy (r
=0.70, P<0.01), buffering capacity (r=0.78, P<0.01) and the intercept of the Freundlich adsorption iso-
therm (r=0.70, P<0.01), but a negative correlation with P,, (r=—0.59, P<0.05). We also found a good
positive correlation between clay content and Sy (r=0.59, P<0.05), buffering capacity (r=0.67, P<0.01)
and 4 value (r=0.68, P<0.01). We found pHka to have a negative relationship with Su (r=—0.64,
P<0.05) and buffering capacity (r=—0.62, P<0.05) . pHi:o and soil organic carbon did not show any linear
correlation with the any of the adsorption parameters (r<0.50). Our results are similar to those of other
researchers who reported nonsignificant relationships between soil pH and S... (Zhang et al., 2005; Donor
and Oya, 2000). The Fe, concentration of soil showed a positive correlation with S... (r=0.71, P<0.01),
buffering capacity (r=0.79, P<0.01), and with 4 (r=0.63, P<0.05), but Fey; did not show any linear rela-
tionship with P adsorption parameters or with Py this result was supported by Zhang et al., 2005. Our
results are similar to those of Tran et al. (1990), who did not find a relationship between Fey; and P ad-
sorption in their study. Kleinman and Sharpley (2002) also reported an insignificant relationship between
Fews and Spx.

The P adsorption parameters of the studied soils showed good relationships with one another. We
found a negative correlation (r=—0.58, P<0.05) between the S... and k values observed for the studied
soils. A similar relationship between maximum adsorption capacity and k value was also observed by Rao
et al. (1983) and Abedin and Saleque (1998). In their study, they revealed that an increase in the value
of k decreased the maximum adsorption capacity. The energy of adsorption expresses the binding energy
required to adsorb phosphorus. Thus, a soil with high energy of adsorption would have less P adsorption

than a soil with low energy of adsorption. Maximum adsorption capacity (S...) also showed a significant
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positive relationship with buffering capacity (r=0.96, P<0.01) and the intercept of the Freundlich adsorp-
tion isotherm (r=0.88, P<0.01). The relationship between buffering capacity and the intercept of the
Freundlich adsorption isotherm was also positive (r=0.81, P<0.01). Masud (2003) also observed a simi-
lar relationship between buffering capacity and the intercept of the Freundlich adsorption isotherm. A
negative correlation between the intercept of the Freundlich adsorption isotherm and Phosphorus saturation
indices (P.) was also found (r=—0.70, P<0.01).

Multiple relationship of P adsorption with soil properties

Mean maximum phosphorus adsorption capacity (S..) was regressed with soil pH, sand, silt, clay,
organic carbon (%) and Feqw) stepwise, and multiple regression analysis was also done (Table 8). We can
see from the table that the S... of the tested soil samples had a good relationship with both pHkc and Few,
but not with the other soil properties. S... decreased with increasing pHxka, and changes in pHxa explained
about 41% of the change in S... The slope of the maximum phosphorus adsorption capacity decreased
with increases in pHke; this relationship was statistically significant (p<0.01). A good relationship was
found between S... and Few), one which indicated that S... increases with increases in Few). The R* value
(P<0.05) of the equation was 0.50, indicating that Few predicts 50% of the variation in the maximum
phosphorus adsorption capacity (Sw.) of soil. The combined significant contribution of pHke and Few) to
the maximum phosphorus adsorption capacity (S..) was 63%, meaning that pHke and Few) together ex-
plain about 63% of the variation in S..., and the remaining 37% of the variation may be accounted for by

other soil variables.

Table 8. Stepwise multiple regression equations between maximum phosphorus adsorption capacity
(Suw) and soil pHke, dithionate extractant Fe

Variables Regression equations R’ Prob.
pHka Shax = 2673.6—583.7 pHxa 0.41 0.013
Feo Swax = 160.5+0.46 Fep 0.50 0.005
pHka and Fep Swax = 1656.1 —366.6 pHia* +0.34 Fep** 0.63 0.05

* Significant at 5% level and ** Significant at 1% level of probability

Conclusion

Understanding the P sorption capacity of a soil can help to estimate the amount of P that a soil is ca-
pable of holding. Given the diversity in soil properties, the soils that we studied had differing P sorption
capacities, energies of adsorption, and P buffering capacities. Soil properties (sand, silt and clay content),
Fen, and pHxa were correlated with S,.., while soil pHiso and organic carbon content were not (p>0.05).
Multiple regression found that pHke and Fep together were the two most important soil properties related

to Su in the soils we studied. The maximum P sorption capacity (S...) varied from 110 mg g~' to 625
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mg g ' soil. The P buffering capacity of the soils varied from 14 to 68 at 1 ppm of the solution P.
Similarly, the variation in the P adsorption energy of the soils ranged from 0.18 to 1.56 ¢ mL™". These
great variations in the P sorption characteristics of soils collected from the same region indicate that those
in charge of P management ought to take a closer look at the soil rather than giving a general P manage-
ment recommendation for crop production on a regional or AEZ basis. The soils that showed lower P
buffering capacities may need more frequent application of P fertilizer than soils with relatively higher
buffering capacities.

The phosphorus saturation indices (P..) of different soils varied from 1.82 to 28.21% and were sig-
nificantly correlated with sand and silt, but not with the other soil properties soils we studied. Phosphorus
saturation may prove useful in identifying soils with increased risk for P loss, and it provides useful infor-

mation about the risk of run-off and P leaching. Therefore, the overapplication of P can be limited.
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