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ABSTRACT
The purpose of this study was to determine the effect of animal

waste loading rates on P adsorption-desorption characteristics of two
soils. In a laboratory incubation study, Norfolk soil was treated with
beef, poultry, or swine wastes; and allowed to decompose under op-
timum moisture conditions for a period of 30 days. Phosphorus ad-
sorption-desorption characteristics of the soil were measured at the
end of the incubation period. Application of beef, poultry, and swine
wastes to a Norfolk soil decreased adsorption capacity of the soil and
increased soluble P (in 0.01A/ CaCU), acid-extractable P (O.OS/V HCI
+ 0.025/V H,SO«), equilibrium P concentration (EPC), and P desorp-
tion (after four 1-hour extractions).

In a field study, increased rates of swine lagoon effluent application
over a period of S years to a Norfolk soil (Site 1) and for 3 years to a
Cecil soil (Site 2) also increased soluble P (in 0.01M CaCU), acid
extractable P, P desorbed, and EPC values, and decreased the ad-
sorption capacity. At high loading rates of swine lagoon effluent,
soluble P movement occurred to a depth of 75 and 30 cm at Site 1 and
2, respectively. Phosphorus adsorption increased with depth, and
EPC values decreased with increasing depths of soil profile. A sig-
nificant relationship was observed between EPC values, and soluble
and acid extractable P.

Additional Index Words: equilibrium P concentration, loading
rate, swing lagoon effluent, beef waste, poultry waste, swine waste, P
migration.
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Application of animal wastes on farm land is usually
regulated according to N requirement of crops to pre-
clude nitrate leaching and ground water contamination,
resulting in no control or consideration of P application
rates. When soils are utilized for disposal purposes, P
application rates of animal wastes are considerably
higher than crop uptake, resulting in greater accumula-
tion of P in the soil. Accumulation of P in soil increases
with increasing waste application rates as measured for
beef wastes (Herron and Erhart, 1965; Murphy et al.,
1972; Vitosh et al., 1973), dairy wastes (Olsen et al.,
1970),3 swine wastes (Collins et al., 1978; Sutton et al.,
1974; Cummings et al., 1975), and poultry wastes (Per-
kins et al., 1964; Shortall and Leibhardt, 1975)." These
researchers concluded that application of animal wastes
increases plant available P in acid or alkaline soils.

A few studies have observed significant amounts of P
movement in the soil profile (Adriano et al., 1975;
Bielby et al., 1973). The movement of P in the soil pro-
file is dependent on the rate of P application, type of
waste, and P reaction with the soil. Several researchers
have observed a P sorption by soils in the presence of
organic residues (Dalton et al., 1952; Gaur, 1969;
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Struthers and Sieling, 1950; Vyas, 1964). It was con-
cluded from these studies that during decomposition of
organic residues, organic acids form stable complexes
with Fe and Al, and consequently block P retention in
the soil. However, increased retention due to organic
residue application has also been observed (Fokin and
Chistova, 1964; Harter, 1969; Jackman, 1955; Larsen et
al., 1959; Rennie and McKercher, 1958). So far, very
little is known about the effect of animal waste applica-
tion on P sorption by soils.

The objectives of this study were to determine the ef-
fect of various animal waste loading rates on: (i) the
phosphorus adsorption-desorption characteristics of the
soils treated with fresh beef, poultry, and swine wastes
(studied under laboratory conditions), and swine lagoon
effluent (studied under field conditions); and (ii) 
characteristics of P movement in the soils treated with
long-term application of swine lagoon effluent.

MATERIALS AND METHODS

The soils used in this study belong to the Norfolk and Cecil series
(Table 1). Norfolk series, a loamy sand, typical of th.e Coastal Plains
region, is a member of fine loamy siliceous, thermic family of typic
paleudults. These soils often consist of a deep, well-drained profile
formed in a loamy Coast Plains sediments, with a grayish brown Ap
horizon (0 to 22 cm) and a light yellowish brown A2 layer (22 to 
cm). The Cecil series, a sandy loam typical of the Piedmont regions, is
a member of the clayey, kaolinitic, thermic family of typic Haplu-
dults. The soils have dark grayish brown or brown sandy loam A
horizons (0 to 15 cm) and red Bt horizons. In all experiments, animal
waste application rates were based on the N content.

EXPERIMENT I (LABORATORY)

Laboratory incubations were carried out in 400-ml plastic contain-
ers, which received 200 g of Norfolk soil (0 to 15 cm layer) incorpo-
rated separately with fresh beef, swine, or poultry wastes at 600 #g of
total N/g soil. Incorporation of the waste into the soil was achieved by
mixing soil-waste complex for a period of 5 min with a spatula. Some
of the selected characteristics of the wastes used in this study are
presented in Table 2. The moisture content of the soil-waste system
was adjusted to field capacity (10% soil moisture). Duplicate incuba-
tions were carried out for a period of 30 days at 25°C. At the end of
incubation, soil was dried at 40°C for a period of 48 hours and stored
at 4°C in tightly sealed containers.

EXPERIMENT !I (FIELD)

Soil samples were obtained to a depth of 105 cm, from two experi-
mental sites, where swine lagoon effluent was applied at a rate of 650
and 1,300 kg N/ha per year for a period of 3 years (at the Unit II
station) and at a rate of 325,650, and 1,300 kg N/ha per year for 
period of 5 years (at the Central Crops Research Station, Clayton). 
the Unit II station, soil samples were also obtained from plots re-
ceiving 31 kg P/ha per year as fertilizer P only. At the Unit II station,

Table 2--Selected chemical characteristics of fresh animal
wastes used in Experiment I.

Type of waste

Parameter Beef Poultry Swine

Moisture 83.3 73.0 72.9
Total C 48.8 22.4 44.6
Total N 2.45 6.03 3.97
Total P 0.71 1.79 2.29
PO,-P 0.23 0.43 1.59

Dry wt basis.

Table 1--Selected characteristics of the two soils used
in the study.

Desorbed-P Acid pH in
Soil in 0.01M ext. 0.01M
depth Clay Silt Sand CaCI2 P CaC12

cm % ~g/g of soil --

Norfolk soil

0-15 3.2 11.8 85.0 0.20 43.5 4.2
15-30 4.3 9.7 86.0 0.10 5.5 4.1
30-45 3.1 9.4 87.5 0.08 1.5 4.0
45-60 3.7 10.0 86.3 0.08 0.5 4.0
60-75 7.9 8.7 83.4 0.01 0.2 3.9
75-90 28.2 6.0 65.8 0.00 0.2 3.9
90-105 21.9 6.5 71.0 0.00 0.1 3.7

Cecil soil

0-15 16.1 16.5 67.4 0.15 18.5 4.9
15-30 27.6 20.4 52.0 0.05 11.0 4.7
30-45 48.2 16.9 34.9 0.05 1.5 4.6
45-60 58.2 15.5 25.8 0.02 0.2 4.5
60-75 56.7 14.5 28.8 0.01 0.1 3.9
75-90 42.5 15.7 41.8 0.00 0.1 3.9
90-105 33.1 18.8 48.1 0.00 0.1 3.8

the soil type belonged to the Cecil series with a fescue grass system,
whereas, at the Clayton site, the soil type belonged to the Norfolk
series with a coastal bermudagrass system. At the Unit II and Clayton
sites, the plot sizes measured 9 m2. Plots at Unit II were irrigated with
effluent from about March through mid-November. At the Clayton
site, plots were irrigated with effluent from about late April through
mid-September. To achieve desired loading rates, about 12, 24, and 36
cm/year of swine lagoon effluent were applied at weekly intervals.
Selected characteristics of the swine lagoon effluent are presented in
Table 3. Details of the system layout and procedures were given by
Cummings et al. 0975).

On soil samples obtained from Experiments I and II, soluble P in
0.01M CaCl2, P in 0.05N HCI + 0.025N H2SO,, P desorbed after
four l-hour extractions, and P sorption characteristics such as equi-
librium P concentration (EPC) and P adsorption maximum were de-
termined as described below.

PHOSPHORUS IN 0.0134 CaCh EXTRACTS

Twenty g of soil samples were shaken in 50 ml of 0.01M CaCI2 solu-
tion for 60 min. At the end of the shaking period, pH ofthe soil sus-
pension was measured. The suspensions were then filtered through a
0.45-~g Millipore filter and analyzed for ortho-P.

PHOSPHORUS IN 0.0$N HCL + 0.025N H2SO4 EXTRACTS

Five g of air-dried soil were shaken for 5 min with 0.05N HCI ÷
0.025N H2SO,, in a soil to extracting solution ratio of 1 to 10. The soil
suspensions were filtered through a 0.45-#m Millipore filter and
analyzed for ortho-P.

DESORPTION OF P

Soil samples obtained from Experiment I and II were subjected to
four 1-hour extractions. Five g of soil were shaken with 100 ml of
0.01M CaCl2 for a period of 1 hour. The soil suspensions were then
centrifuged. The supernatant liquid was removed for analyses, and re-

Table 3--Selected chemical characteristics of swine lagoon
effluent used in Experiment II.

Parameter Average concentration

mg/liter
Chemical oxygen demand 1,140
Total organic C (C} 375
Total N {N) 224
Total P (P) 55
PO,-P 50
Total solids 3,000
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placed with an equal amount of 0.01M CaCI2 (containing no P). This
procedure was repeated for four consecutive extractions. Phosphorus
desorbed at the end of each extraction was measured and summed to
obtain the total quantity of P desorbed from four extractions.

EQUILIBRIUM P CONCENTRATION (EPC)

Five g of soil, mixed with 100 ml of volumes of phosphate solution
(made in 0.01M CaC12) of known initial concentration ranging from 0,
5, 10, 20, and 50 #g/ml, plus three drops of toluene, were equilibrated
under continuous shaking for a period of 18 hours. Longer equilibra-
tion periods were not used because of problems associated with
suspressing the microbial activity beyond 18 hours. This was due to
high availability of energy source in the soils treated with animal
wastes. After equilibration, the supernatant liquid was filtered
through a 0.45-/zm Millipore filter and analyzed for P remaining in
solution.

The method used to determine EPC was essentially the same as de-
scribed by White and Beckett (1964). EPC is the concentration that 
supported by the soil samples when in contact with an ambient solu-
tion such that no P is either gained or lost by the solid. Phosphorus
adsorption parameters were determined using the Langmuir isotherm
in the following general equation:

C/S = C/Smax "]- 1/K Smax

where C is final solution concentration and C/S is quantity of P ad-
sorbed or desorbed per unit mass of adsorbent. A linear regression
analysis was performed between C and C/S. The Smax, the adsorption
maximum, was obtained from the slope and intercept of the regression
equation, respectively. Phosphorus adsorbed at 1,000 ~g P/g added
(50/~g P/ml in 0.01M CaCI2) was compared with the adsorption maxi-
mum estimated from the Langmuir isotherm.

ANALYTICAL METHODS

Soil extracts obtained either by 0.01M CaCI2 or dilute acid were
analyzed for ortho-P using an automated colorimetric ascorbic acid
reduction method on a Technicon Auto analyzer (USEPA, 1974).

RESULTS AND DISCUSSION

EFFECT OF DIFFERENT ANIMAL WASTES ON P
ADSORPTION-DESORPTION CHARACTERISTICS
OF NORFOLK LOAMY SAND

Addition of different types of animal wastes, based
on N loading rate, resulted in varying amounts of total
and ortho-P applied to the soil. The ratios of total P to
total N were 0.29, 0.30, and 0.58 for fresh beef, poultry,
and swine wastes, respectively (Table 2). Application 
animal wastes increased soluble P (in 0.01M CaCl2) and
acid extractable P (Table 4) in the soil at the end of a 30-
day decomposition period. Similarly, increases in
soluble P (in 0.01M CaCl2) due to animal waste applica-

tion to alkaline soils were also reported by Olsen and
Barber (1977).

In this study, P desorbed during four 1-hour extrac-
tions was highest (Table 4) in the soil treated with swine
waste, followed by poultry and beef wastes. Phosphorus
adsorbed at 1,000/zg P added per gram of soil was 28,
52, and 140 #g P/g of soil for beef, poultry, and control
treatments, respectively; while the soil treated with
swine waste desorbed an additional 54 #g P/g of soil
rather than adsorbing any P. This indicates that swine
waste P was applied beyond the assimilatory (adsorp-
tion ÷ precipitation) capacity of the soil. EPC values
(Table 4) determined at zero sorption from isotherms
were 14.0, 7.8, and 0.06 #g/ml for beef, poultry, and
control treatments, respectively; whereas, the soil
treated with swine waste did not reach zero sorption in
the concentration range (0 to 50 #g P/ml) studied. This
indicates that EPC values for the soil treated with swine
wastes are much higher than those obtained for the soil
treated with beef and poultry wastes.

The parameters shown in Table 4 are also presented
based on 100/zg P applied through animal waste. The
data indicate that swine waste application increased
soluble P in the soil per unit of P added as compared to
beef and poultry wastes. The ratio of ortho-P to total P
was 0.66 for swine waste followed by 0.32 and 0.24 for
beef and poultry wastes, respectively. However, very
little difference was observed in acid-extractable P
values between swine and poultry wastes applications.
This was probably due to the nature of waste material.
The data reported by Reddy et al. (1980) indicate that
poultry and swine wastes have a large fraction of easily
decomposable organic matter, compared to beef wastes.

EFFECT OF LONG-TERM DISPOSAL OF SWINE LAGOON
EFFLUENT ON P ADSORPTION CHARACTERISTICS
OF NORFOLK AND CECIL SOILS

Continuous application of swine lagoon effluent for a
period of 5 years on a Norfolk soil and for 3 years on a
Cecil soil increased the soluble P (in 0.01M CaCI2) in re-
sponse to the increase in loading rate (Fig. 1). In the
Norfolk soil, soluble P concentration increased to about
12 #g P/g of soil in the surface soil samples (0 to 15) for
the application rate of 322 kg P/ha per year. This was
followed by 3.4, 2.5, and 0.2 #g P/g of soil for applica-
tion rates of 161 kg P/ha per year, 81 kg P/ha per year,
and a control (no P applied), respectively. The bulk
density of the soil was about 1.65 g/cm3, yielding a

Table 4--Effect of animal waste application on P behavior in a Norfolk soil, after a 30-day decomposition period.

P desorbed P sorbed at 1,000/~g
Type of P loading Soluble P in Acid-ext. after four 1-hour P/g of soil added

animal waste rate in 0.01M CaCI2 P extractions in 0.01M CaCI~ EPC

#g/g of soil ~g/ml

Control -- 0.2 49 1.5 140 0.06
Beef 174 9.0 124 30.0 28 14.0

(5.1)~f (43) (16.3) (16)
Poultry 178 9.8 214 39.0 52 7.8

(5.4) (93) (21.1) (29)
Swine 345 34.0 372 102.0 - 54 ND~t

19.8) (94) (29.1) (- 16)

The #g P/100 #g P added through animal waste.
Soil did not reach zero desorption in the concentration range studied.
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Fig. 1--Soluble P (in 0.01M CaCI=) in Norfolk and Cecil soil
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as influenced by loading rate of swine lagoon effluent.

porosity of 0.38. Appreciable amounts of soluble P
were observed even at a depth of 45 to 60 cm for the
treatments with a high manure loading rate. However,
at all loading rates, soluble P decreased with increasing
depth. No detectable amount of soluble P was measured
beyond the 75-cm depth. In the Cecil soil, no appreci-
able amount of P moved beyond the 30-cm depth. Solu-
ble P concentrations of the surface soil samples (0 to 15
cm) were 3.6, 0.6, 0.2, and 0.1 #g/g of soil for high,
medium, low, and control (no applied P), respectively
(Fig. 1). The bulk density of this soil was about 1.53

g/cm3, and the total porosity was 0.42. Differences in
soluble P concentrations between these two soils were
probably due to differences in physico-chemical
properties of these two soils and cropping system, and
period of swine lagoon effluent application.

Acid extractable P was also increased with an increase
in loading rates of swine lagoon effluent (Fig. 2). In the
Norfolk soil, acid-extractable P concentrations of
surface soil (0 to 15 cm) increased from 27 to 150 #g/g
of soil, whereas, in the Cecil soil, the increase in avail-
able P was about 18 to 87 #g/g of soil. A measurable

150

0
0

NORFOLK SERIES
{5 Year Application
Swine Lagoon Effluent)

15 cm

30-45

-- CECIL SERIES
(3 Year Application
Swine Lagoon Effluent )

45-60cm

15-30~
75-90cr ~ _/ 30-45crn ,

80 160 240 :320 0 80 160 240 320

PHOSPHORUS LOADING RATE, kg /ho/yr

Fig. 2--Acid extractable P (in 0.OSN HCI + 0.025N H~SO,) in Norfolk and Cecil soil as influenced by loading rate of swine lagoon effluent.
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Fig. 3--The sum of phosphorus desorbed after four 1-hour extrac-

tions with 0.01M CaCI= in Norfolk and Cecil soils (surface 15 cm) 
influenced by loading rate of swine lagoon effluent.

concentration of acid-extractable P was observed at the
75 to 90 cm and 30 to 45 cm depths, in Norfolk and
Cecil soils, respectively.

Desorption of P from four l-hour extractions of the
field experiment was measured only for surface soil
samples (0 to 15 cm). Phosphorus desorption increased
with an increase in P loading rate (Fig. 3). At high load-
ing rates, 41 and 23 /~g P/g of soil were desorbed by
Norfolk and Cecil soil, respectively. Phosphorus
desorbed into soil solution after several extractions was
probably a sum of P remaining in adsorbed phase plus
dissolution of precipitated P.

Adsorption isotherms of surface soil (0 to 15 cm)

Table 5--Phosphorus adsorption by a Norfolk soil receiving
swine lagoon effluent for a period of 5 years.

P sorbed at pH in
Adsorption 1,000 #g 0.01M

Depth maximum P added/g of soil EPC CaCI,

cm #g/g /~g/ml

High loading rat~ (322 kg P/ha per year}

0-15 - 18 22.0 3.8
15-30 67 49 5.30 3.9
30-45 118 114 0.46 4.1
45-60 138 129 0.29 4.6
60-75 169 162 0.09 4.0
75-90 872 656 0.05 3.6
90-105 877 829 0.02 3.4

Medium loadingrate(161 kg P/haperyear)

0-15 71 55 4.10 4.0
15-30 84 75 0.74 4.1
30-45 128 124 0.06 4.2
45-60 123 120 0.02 4.2
60-75 154 151 0.01 4.5
75-90 895 586 3.9
90-105 1,176 897 0.02 3.5

Low loadingrate(81 kg P/ha peryear)

0-15 90 58 1.65 4.0
15-30 125 117 0.12 3.9
30-45 81 81 0.01 4.2
45-60 103 102 0.46 4.0
60-75 224 221 0.01 4.2
75-90 652 567 3.8
90-105 1,058 883 0.03 3.3

200

150

I00

SWINE LAGOON EFFLUENT

o.--o CONTROL
~ 81 kg P h~"! yr -1

I.O IO.O 80

P in SOLUTION, p.g/ml

Fig. 4--Phosphorus adsorption isotherm of the Norfolk soil (0 to 15
cm) as influenced by application of swine lagoon effluent for 
period of 5 years.

treated with several loading rates of swine lagoon ef-
fluent are presented in Fig. 4 and 5, for Norfolk and
Cecil soil, respectively. For Cecil soil, no difference in
adsorption isotherms was observed between control soil
and soil receiving low application rate of P (31 kg P/ha
per year). An increase in waste loading decreased the ad-
sorption capacity of a soil, and increased EPC values
(Tables 5 and 6).

In a recent study, Singh and Jones (1976) observed
that the amount of P sorbed by soil decreased when or-

Table 6--Phosphorus adsorption by a Cecil soil receiving swine
lagoon effluent for a period of 3 years.

P-sorbed at pH in
Adsorption 1,000 #g 0.01M

Depth maximum P addedIg of soil EPC CaCls

cm #g/g #g/ml

High loading rate {322 kg P/ha per year)

0-15 71 76 0.88 5.4
15-30 482 451 0.01 5.7
30-45 841 825 0.01 5.0
45-60 .... 4.3
60-75 1,081 938 -- 3.8
75-90 .... 3.6
90-105 940 876 -- 3.4

Medium loading rate 1161 kg P/ha per yearJ

0-15 209 190 0.16 5.4
15-30 896 742 0.01 5.3
30-45 951 865 -- 5.0
45-60 ...... 4.4
60-75 1,192 952 -- 3.9
75-90 ...... 3.7
90-105 893 875 3.3

Low loadingrate{31 kgP/ha peryear~

0-15 234 220 0.03 4.7
15-30 887 762 0.01 4.7
30-45 480 475 4.6
45-60 ...... 4.8
60-75 950 895 - 3.9
75-90 ...... 3.6
90-105 743 814 -- 3.2

Applied as inorganic fertilizer source.
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Fig. S--Phosphorus adsorption isotherm of the Cecil soil (0 to 15 cm) as influenced by application of swine lagoon effluent for a period of 3 years.

ganic material containing >0.31% P had been previ-
ously added to the soil. Organic residues containing
< 0.31070 P increased P adsorption capacity of the soil,
thus decreasing the level of P in solution. If we assume
carbon content of the residues used by Singh and Jones
(1976) was 40070, then the critical C/P ratio for decreas-
ing P sorption is about 130. Swine lagoon effluent has a
C/P ratio of <130, indicating that swine lagoon
effluent application could be predicted to potentially de-
crease adsorption capacity, and increase P concentra-
tion in soil solution.

Adsorption of P (measured as P sorbed at 1,000 #g
P/g of soil, added and estimated from the isotherm) by
soil samples obtained at various depths are presented in
Tables 5 and 6. Adsorption capacity of the soil in-
creased with increasing depth due to higher clay content
of the subsoil. Adsorption capacity of the Norfolk soil
was low up to a depth of 75 cm, followed by high ad-
sorption of P below 75 cm. This soil has a deep A
horizon (up to 35 cm) with loamy sand texture, followed
by BI horizon (35 to 45 cm) with sandy loam texture.
From 45 to 95 cm is a B32t horizon with increasing clay
content (sandy clay loam). Because of low adsorption
capacity of the soil at the 15- to 75-cm depth, P move-
ment occurred to deeper layers in Norfolk soil (see Fig.
2 and 3). In the Cecil soil, adsorption of P in the surface
15 cm soil was low followed by increase in P sorption
with increasing depth. This soil profile has a surface A
horizon (0 to 15 cm) with a sandy loam texture,
followed by BI horizon (15 to 17 cm) with a sandy loam
texture, and below 27 cm depth soil texture was clay.
Phosphorus movement did not occur into deeper layers,
because the B horizon acted as a sink for P moved from
the A horizon and because less total P was applied.

EPC values (which is an intercept value at zero 
sorption) determined from adsorption isotherms de-
creased with depth in Norfolk and Cecil soils (Tables 
and 6). In the Norfolk soil, EPC values ranged from
0.01 to 22 ~g/ml, whereas in Cecil soil EPC values were

found to be 0.01 to 0.88/~g/ml. Estimate of EPC values
was shown to be better related to plant growth than
phosphate potential (Wild, 1967). Fox and Kamprath
(1970) showed that yields of millet approached 95070 
maximum, when P in soil solutions was adjusted to 0.2
#g/ml. In Norfolk and Cecil soil, P at zero sorption is
much higher than 0.2 #g/ml, indicating that these soils
have sufficient available P in the system potentially
available for plant growth.

The EPC values presented in Tables 5 and 6 for
several treatments are the approximate solution concen-
trations of P when each soil in contact with water would
neither gain nor lose P (White and Beckett, 1964). Thus,
if each soil were present as sediment in lake or stream,
these soils tend to release P into lakes or streams since
ambient P concentrations are in the range of 0.02 to 0.1
/~g/ml (Omernik, 1977). In addition, sediments from
manure application sites would have a greater P desorp-
tion per gram of soil than sediments from control (un-
treated) soil, in receiving waters. The amount of P de-
sorbed may depend upon soil (sediment) concentration
in runoff, solution P concentration in runoff water, and
ionic strength of the runoff water. However, during
sediment transport, clay particles having high adsorp-
tion capacity constitute a larger fraction of sediment,
thus resulting in lower EPC values. Further research is
needed to demonstrate the adsorptive capacity of the
soil as function of size fractions in the soil.

Significant relationships were obtained between EPC
values and soluble P in 0.01M CaCI2 (r = 0.75) and be-
tween EPC and acid-extractable P (r = 0.61). An in-
verse relationship was observed between P sorbed at
1,000 #g P/g added and EPC values (r = 0.47). These
correlation coefficients were significant at 0.01 level of
probability (n = 43).

In soils treated with long-term application of animal
wastes, P removal cannot be attributed to adsorption
alone because of possible precipitation reactions of P
with Fe, Al, or Ca. If P application is small compared to
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the potential sorbing surface, a rapid adsorption reac-
tion removes P from solution and the concentration in
solution remains low. However, if the P application is in
excess of the potential P sorbing surface, the solution P
concentration slowly decreases as soil minerals de-
compose yielding Fe, Al, and Ca to form precipitates
with P. In neutral to alkaline soils, the exchangeable Ca
is the first source to be precipitated, whereas in acid
soils Fe and Al are involved (Van Riemsdijk et al., 1975;
Fordham and Schwertmann, 1977; Walsh et al., 1976).

In conclusion, this study has shown that application
of animal wastes increased soluble P (0.01M CaCU),
acid-extractable P, and EPC values, and decresed the P
sorption capacity of the soil. These parameters were
directly related to the loading rates of animal wastes.
The positive effects of manure on the solubility of P was
due to the application of soluble inorganic P and miner-
alization of organic P durng decomposition of waste,
which probably saturated the adsorption sites. Another
reason could be that during decomposition of wastes
several organic acids are produced which form stable
complexes with Fe and Al and consequently block P re-
tention by them (Gaur, 1969; Nagarajah et al., 1970;
Struthers and Sieling, 1950). Thus, when phosphates
and organic anions are present together, the decrease in
P adsorption by an adsorbent must arise from the
specific adsorption of the anion resulting from competi-
tion between phosphate and the organic anions for ad-
sorption sites. The capability of organic anions to de-
crease P adsorption would be determined by the relative
stabilities of the Fe (or Al)-organic anion complex and
the Fe (or Al)-phosphate complex.

Animal waste application adds organic matter to
soils, and may reduce runoff and increase infiltration.
The effects of the decrease in P sorption capacity may
result in more soluble P moving into deeper soil layers
along with percolating waters, and being transported in
subsurface runoff or downward movement, leading to
potential ground water pollution. Upon using the land
for application of animal wastes, serious consideration
should be given to the P assimilatory capacity of the soil
system, such that risks involved in increasing P concen-
trations of surface waters may be decreased.
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