
This article was downloaded by:[McGill University]
On: 11 November 2007
Access Details: [subscription number 776207224]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Communications in Soil Science and
Plant Analysis
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597241

Phosphorus sorption capacities of calcareous soils
receiving cattle manure applications for 25 years
Joann K. Whalen a; Chi Chang b
a Department of Natural Resource Science and McGill School of Environment,
Macdonald Campus of McGill University, Ste. Anne de Bellevue, Canada
b Agriculture and Agri-Food Canada, Lethbridge, Canada

Online Publication Date: 28 May 2002
To cite this Article: Whalen, Joann K. and Chang, Chi (2002) 'Phosphorus sorption
capacities of calcareous soils receiving cattle manure applications for 25 years',
Communications in Soil Science and Plant Analysis, 33:7, 1011 - 1026

To link to this article: DOI: 10.1081/CSS-120003870
URL: http://dx.doi.org/10.1081/CSS-120003870

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597241
http://dx.doi.org/10.1081/CSS-120003870
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [M
cG

ill
 U

ni
ve

rs
ity

] A
t: 

21
:2

1 
11

 N
ov

em
be

r 2
00

7 

PHOSPHORUS SORPTION CAPACITIES OF
CALCAREOUS SOILS RECEIVING CATTLE
MANURE APPLICATIONS FOR 25 YEARS

Joann K. Whalen1,* and Chi Chang2

1Department of Natural Resource Science and McGill

School of Environment, Macdonald Campus of McGill

University, 21,111 Lakeshore Road, Ste. Anne de Bellevue,

Quebec, H9X 3V9, Canada
2Research Centre, Agriculture and Agri-Food Canada,

Lethbridge, Alberta, Canada

ABSTRACT

Manure management is an important issue for cattle producers in

areas where many intensive feedlots operate. Accumulation of

phosphorus (P) in agricultural soils receiving repeated manure

applications and transport of P from manure to ground and surface

waters has been documented. This study investigates the P

sorption capacities of soils amended with feedlot manure annually

for up to 25 years. Non-irrigated plots at the Lethbridge Research

Centre, Alberta, Canada, received 0, 30, 60, and 90 Mg manure

(wet weight) ha21, and irrigated plots received 0, 60, 120, and 180

Mg ha21 annually for 25 years. The quantity of P sorbed to surface

soils (0 to 15 cm) from solutions containing 0 to 40mg P mL21

was determined, and sorption isotherm models were fitted to the

Freundlich equation. The P sorption capacity of non-irrigated and
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irrigated soils declined with increasing soil available P

concentrations, but the P sorption capacity of surface soils that

received applications annually for up to 25 years was generally

not more than 50% lower than the P sorption capacity of

unamended soils. Soil organic matter content, pH, and surface

chemistry were altered by manure application, and may explain

why the P sorption capacity did not decline more as soil available

P concentrations increased. Further investigations will be required

to determine the fate of manure P not sorbed in manure-amended

calcareous soils to promote manure management practices that are

agronomically sound and protect water quality.

INTRODUCTION

Cattle manure has long been used to supply nutrients for crop production.

However, strategies to manage and utilize manure are required in areas where

many large intensive feedlots operate and land available for manure applications

is limited. The number of cattle in Alberta has more than doubled in the last 25

years, and intensive feedlot operations have increased in some areas due to

favorable climate, good access to feed and water, and proximity to markets (1).

The county of Lethbridge in southern Alberta covers an area of approximately

3,080 km2 and contains about 522,130 feedlot cattle, 16,650 dairy cattle, 40,950

hogs, and 836,610 poultry (2).

There is a large potential for nutrient losses from manure in feedlots,

storage facilities, and after land application through greenhouse gas emissions

and transport processes such as leaching, surface runoff, and erosion (3–5).

Migration of P from manure to ground and surface waters has been linked to

eutrophication of aquatic systems (3,6). Land application has the potential to

stabilize manure P in relatively immobile forms because many soils contain

minerals with high surface affinity for P. However, land applications rates for

manure are generally based on crop N requirements and will supply P in excess of

crop uptake when manure N:P ratios are lower than crop N:P ratios. The N:P ratio

of cattle manure varies with diet and handling, and generally ranges from 2 to 6

(7–10), while the N:P ratio of barley and corn is between 7 and 8 (11). Over time,

repeated manure applications can lead to P accumulation in soils and saturation

of P sorption sites (12–14). Evaluation of the P sorption capacity of soils is

required to determine suitable land application rates for manure that are

agronomically and environmentally sustainable.

The P retention characteristics of soils have often been determined by

fitting sorption results to standard isotherm models (15–17). The P sorption

capacity is lower in soils that have received high applications of animal manure

WHALEN AND CHANG1012
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than unamended soils (18–20). Phosphorus sorption capacities have been

reduced by 50% in agricultural soils that have received manure in excess of crop

requirements than forest soils (21). Yet, most soils where reduced P sorption

capacity with high or repeated manure applications have been documented are

acidic and P sorption occurs through reaction with iron (Fe), aluminum (Al), and

manganese (Mn) ions. Fewer studies have documented the effect of manure

applications on alkaline soils, where P sorption occurs primarily through binding

and precipitation with calcium (Ca) ions (22). Scientific evaluation of the P

sorption capacity of manure-amended calcareous soils is required to promote

manure management practices that are agronomically sound and protect water

quality.

A field experiment was initiated in 1973 at Lethbridge, Alberta, Canada, to

determine the effects of repeated manure applications, at recommended (before

1992 code practices) as well as higher levels, on both crop production and soil

properties. The purpose of this investigation was to evaluate changes in P

sorption capacities of calcareous surface (0 to 15 cm) soils that have received

feedlot manure applications for up to 25 years.

MATERIALS AND METHODS

Site Description

Soils used in this study were from non-irrigated and irrigated research

plots located at the Lethbridge Research Centre in southern Alberta, Canada

that have received solid cattle manure applications annually each autumn after

harvest since 1973. The soil in the study area was a well-drained calcareous

Orthic Dark Brown Chernozemic (Typic Haploboroll) clay loam. Information

is provided on initial soil properties (Table 1), cropping history (Table 2), and

Table 1. Soil Physico-chemical Properties in Soil Layers to 150-cm Depth in 1973 Prior

to Manure Applications (Values Are the Mean of Seventy-Two Replicate Determinations)

Soil Depth

(cm)

Sand

(g kg21)

Silt

(g kg21)

Clay

(g kg21) pH

Organic Matter

(g kg21)

0–15 386 220 394 7.75 21.3

15–30 387 213 400 7.78 16.6

30–60 478 225 297 7.90 9.5

60–90 399 257 343 7.89 6.3

90–120 458 247 293 7.86 5.0

120–150 473 227 300 7.82 4.4

P SORPTION CAPACITIES OF CALCAREOUS SOILS 1013
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characteristics of the manure applied from 1973 to 1997 (Table 3). Further

details of the research site and the effect of long-term manure amendments

on soil chemistry, fertility, and physical properties have been reported

(5,11,23–25).

Table 2. Cropping History of Non-irrigated and Irrigated Plots at the Study Site

Year Crop Grown Cultivar(s)

Non-irrigated plots

1974–1995 Barley (Hordeum vulgare L.) Galt, Leduc, Virden, Dukea

1996 Canola (Brassica rapa L.) Tobin

1997 Barley (Hordeum vulgare L.) Duke

1998 Triticale (X Triticosecale Wittmack) Pronghorn

Irrigated plots

1974–1995 Barley (Hordeum vulgare L.) Galt, Leduc, Virden, Dukea

1996 Canola (Brassica rapa L.) Tobin

1997 to 1998 Corn (Zea mays L.) Pioneer Hybrid 3957

a All cultivars were 6-row feed barley.

Table 3. Characteristics of Manure Applied to the Study Between 1973 and 1997

Moisture content (kg kg21) 32.8 ^ 2.2

pH (1:2 manure:water) 7.1 ^ 0.1

Electrical conductivity (EC, dS m21) 23.4 ^ 1.6

Sodium adsorption ratio (SAR) 20.6 ^ 1.2

Organic C (g kg21)a 267 ^ 17

Total N (g kg21)a 15.9 ^ 0.9

Total P (g kg21)b 6.1 ^ 0.3

Available NH4-N (g kg21)c,d 1.3 ^ 0.2

Available NO3-N (g kg21)c,d 0.21 ^ 0.05

Available P (g kg21)d,e 2.3 ^ 0.2

Available S (g kg21)f,g 0.53 ^ 0.09

Manure was applied each autumn. Nutrient analyses are expressed on a per kg of manure

(dry weight) basis. At least 5 manure subsamples were analyzed each year to generate a

mean value for manure characteristics.
a Analyzed using Carlo-Erba C and N analyzer (Milano, Italy).
b H2O2/H2SO4 digests.
c 2 M KCl extracts (1:5 manure:extractant).
d Analyzed by autoanalyzer (Technicon Industrial Systems, Tarrytown, NY).
e NaHCO3-soluble P (1:10 manure:extractant).
f Saturated paste extracts.
g Analyzed by AAS (Perkin–Elmer Corporation, Norwalk, CT).

WHALEN AND CHANG1014
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Experimental Design

Solid feedlot manure was applied each fall after harvest beginning in

1973 and incorporated immediately after application by one of three methods:

plow, rototiller, or cultivator plus disk. Soil properties and crop production

were not affected significantly by tillage (26,27), and since 1986, manure has

been incorporated in all subplots with a cultivator. The experiment was

initially a split plot design with four manure treatments (7.5 m by 15 m split

plots) distributed among three tillage treatments (7.5 m by 60 m main plots).

Main and subplot treatments were assigned randomly and the main treatments

were replicated three times on 1) non-irrigated research plots and 2) irrigated

research plots. Since the tillage treatment has been discontinued, the

experiment is now analyzed as a completely randomized block design with 9

replicate manure treatments on the non-irrigated plots and 9 replicate manure

treatments on the irrigated plots.

Manure rates (wet weight) were 0, 30, 60, and 90 Mg ha21 y21 on non-

irrigated soils, whereas irrigated soils received 0, 60, 120, and 180 Mg ha21 y21.

At the initiation of the experiment, the recommended annual manure application

rates (wet weight) in this area were 30 Mg ha21 for non-irrigated soils and 60

Mg ha21 for irrigated soils, based on applying manure to supply crop N

requirements and permitting some N accumulation in soils (28). Current

recommendations are more conservative, and suggest that soil and manure testing

should be conducted to better match manure applications to specific crop N

requirements to protect water and air quality (29). In 1986, manure applications

to 3 replicate manure treatments on the non-irrigated land and 3 replicate manure

treatments on the irrigated land ceased completely. These plots do not receive

inorganic fertilizer, and are used to assess the residual effects of manure on soil

properties and crop production.

Phosphorus Sorption Isotherms

Soil samples were collected annually after harvest and prior to manure

application by extracting two cores (to 150-cm depth) from each plot, dividing

the cores in 15 to 30-cm increments, and compositing soils from each depth

increment. Sodium-bicarbonate soluble P (“available P”) was determined shortly

after samples were collected (30). Oven-dried (608C) and ground (,2 mm mesh)

soil samples from the top increment (0 to 15-cm depth) were stored in tightly

sealed glass jars in the dark, and samples collected in the 10th, 20th, and 25th

years of the study were archived for future study. Samples used in this study were

collected in 1983 (after 10 manure applications), 1993 (after 20 manure

applications or after 13 manure applications and 8 years of no manure) and 1998

P SORPTION CAPACITIES OF CALCAREOUS SOILS 1015
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(after 25 manure applications or after 13 manure applications and 12 years of no

manure). One gram of oven-dried soil was shaken with 40 mL of 0.01 M CaCl2
containing eight concentrations (0, 0.625, 1.25, 2.5, 5, 10, 20, or 40mg P mL21)

of inorganic P (NaH2PO4) in 50 mL screw-cap polypropylene centrifuge tubes

(17). The tubes were shaken continuously on an end-over-end shaker for 72 h at

208C, then centrifuged at 27,000 £ g for 10 min at 48C, and aliquots of the

supernatant were analyzed for ortho-phosphate colorimetrically at 840 nm with

the ammonium molybdate-ascorbic acid method (31).

Sorbed P (mg P kg21 soil) was the difference between added P and P

remaining in solution after the 72 h incubation. Temkin, Freundlich, and

Langmuir sorption isotherm equations were fitted to the results of sorbed P

ðY ¼ mg P kg21 soilÞ and equilibrium P concentrations ðX ¼

mg P L21 soil solutionÞ: The slope (B, related to maximum sorption) of the

Temkin equation was obtained from Eq. (1).

Y ¼ A þ Bðlog XÞ ð1Þ

The constant (K, related to maximum sorption) of the Freundlich equation was

calculated from Eq. (2).

Y ¼ KX1=n ð2Þ

The constants b (maximum sorption) and K (related to the binding energy) of the

Langmuir equation were obtained from Eq. (3).

X=Y ¼ Y=b þ 1=kb ð3Þ

Statistical Analysis

Sorption data for each replicate soil sample were fitted to non-linear

forms of the equations using the PROC NLIN procedure of SAS (32). The

effect of manure application rates on the constants of Temkin, Freundlich, and

Langmuir equations for replicate soil samples within each irrigation treatment

(non-irrigated and irrigated) were analyzed statistically by single-factor

ANOVA in a general linear model with means separation by LSD at the 95%

confidence level. The effect of manure applications on the constant of the

Freundlich equation within each irrigation treatment and group of samples

with the same manure history were analyzed statistically by single-factor

ANOVA in a general linear model with means separation by LSD at the 95%

confidence level.

WHALEN AND CHANG1016
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RESULTS AND DISCUSSION

Sorption parameters from Temkin, Freundlich, and Langmuir equations

were determined using data from manure-amended soils collected in 1983 after

ten annual manure applications (Table 4). Freundlich and Langmuir equations, or

modifications of these equations, have been used for more than thirty years to

describe the relationship between the quantity of P adsorbed per unit soil weight

and the concentration of P in soil solution (Q/I relationships) (15,16). The slope

(B) of the Temkin equation, constant (K) of the Freundlich equation, and

maximum sorption (b) and binding energy (k) of the Langmuir equation were

shown to be highly correlated, suggesting that they all describe relationships

between solid and solution P phases and thus can be used as a measure of soil P

sorption capacity (33). The mean r value of the asymptotic correlation matrices

generated with PROC NLIN for irrigated and non-irrigated soils was 0.558 for

the Temkin equation, whereas the r values were 0.949 for the Freundlich equation

and 0.880 for the Langmuir equation, suggesting that the Freundlich equation

best described the P sorption isotherms of manure-amended soils. The isotherms

of non-irrigated soils that received 0 to 90 Mg ha21 of manure annually for

10 years are shown in Fig. 1. The slope of the Temkin equation indicates a linear

Table 4. Phosphorus Sorption Parameters of Surface (0 to 15 cm) Soils from Manure-

Amended Plots Collected in 1983 (Means Followed by the Same Letter in a Column Within

an Irrigation Treatment Are Not Statistically Significantly Different ðP , 0:05; LSDÞÞ

Manure Rate

ðMg ha21Þ

Temkin ½Ba

ðmg kg21Þ�

Freundlich ½Kb

ðmg kg21Þ�

Langmuir

bc

(mg kg21)

kd

(L mg21)

Non-irrigated

0 154 A 97 A 42 A 0.22 A

30 138 B 63 B 34 B 0.17 B

60 134 B 58 BC 33 B 0.14 B

90 117 B 49 C 34 B 0.10 C

Irrigated

0 202 A 81 A 42 A 0.37 A

60 144 B 61 B 35 B 0.15 B

120 142 B 31 C 36 B 0.08 B

180 128 B 45 BC 32 B 0.08 B

a B = Slope of Temkin equation.
b K = Constant of Freundlich equation.
c b = Maximum sorption of Langmuir equation.
d k = Constant related to binding energy of Langmuir equation.

P SORPTION CAPACITIES OF CALCAREOUS SOILS 1017
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decrease in P sorption, whereas the Freundlich and Langmuir equations suggest a

non-linear decrease in P sorption with increasing saturation of soil surfaces (16).

Our results indicate P sorption in manure-amended soils declined non-linearly

with increasing solution P concentrations, and therefore the Freundlich and

Langmuir equations best described the relationship between P sorbed and P in

soil solution. The P sorbed in this study may have included P adsorbed to soil

surfaces, complexed in organic matter, and precipitated by calcium to form

relatively insoluble calcium phosphates. Further investigations, perhaps with

radiolabeled 32P, would be needed to quantify the fate of P sorbed from the soil

solution.

The constant (K) of the Freundlich equation and the sorption maxima (b)

and binding energy (k) of the Langmuir equation were significantly ðP ,

0:05; LSDÞ lower in manure-amended than unamended soils from non-irrigated

and irrigated plots (Table 4). The constant (K) of the Freundlich equation

declined significantly ðP , 0:05; LSDÞ as the cumulative amount of manure

applied to non-irrigated and irrigated plots increased (Table 4). The constant of

the Freundlich equations implies P sorption decreases exponentially with

increasing saturation of soil surfaces (16), which is consistent with our findings.

The sorption maxima (b) of the Langmuir equation did not change, but the

binding energy tended to decrease with increasing manure application rates

(Table 4). Results from the Langmuir equation suggest that the sorption capacity

was reduced following manure applications, but the main effect of manure

applications was a reduction in the quantity of P bound tightly to sorption sites.

The sorption maxima of the Langmuir equation decline as soil available P

concentrations increase in soils amended with inorganic P fertilizer, but binding

energy was unchanged as soil available P concentrations increased (16).

However, the sorption maxima and binding energy values of the Langmuir

equation were lower in manure-amended than unamended soils (34). Organic

acids produced during manure decomposition may compete for P sorption sites,

dissolve precipitated P compounds, alter surface charge, or react with

exchangeable Fe, Al, and Ca to form organo-mineral complexes (20,35–38).

The decline in P binding energy in manure-amended soils suggests that P may be

more easily displaced from sorption sites in manure-amended than unamended

soils. There may be a greater potential for P transport from soils that have

received manure than inorganic fertilizers, and further work will be required to

determine how fertilizer sources affect soil P mobility.

In non-irrigated soils amended with 90 Mg ha21 for 10 years, there was a

55% reduction in P binding energy compared to unamended soils (Table 4).

There was nearly an 80% reduction in the P binding energy of irrigated soils that

received the highest rate of manure (180 Mg ha21) for 10 years, as compared to

unamended soils (Table 4). These results suggest that in soils receiving repeated,

higher than recommended, manure applications, P is not bound very tightly to

P SORPTION CAPACITIES OF CALCAREOUS SOILS 1019
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soil surfaces and could be readily desorbed. Significant P accumulation was

found throughout the soil profile (to 150-cm depth) of non-irrigated and irrigated

soils that received annual manure applications for 16 years, indicating P

movement through the soil profile (11). The potential for P transport in the soil

profile and possibly to groundwater is likely higher in irrigated than non-irrigated

soils. Although there was a balance between applied P in manure and recovered P

in crops and soils (to a depth of 150 cm) under non-irrigated conditions, as much

as 1.4 Mg P ha21 (180 Mg ha21 manure treatment) was not recovered in the crops

and soils of irrigated plots (11). Water table levels under irrigated plots fluctuated

from 50 to 250 cm below the soil surface, indicating the P leached below 50 cm

could eventually be transported to ground water (11). Similarly, Eghball et al.

(39) found that P from beef manure could move through soil layers and could

eventually reach ground water, especially in areas with shallow water tables. This

study’s conclusions from sorption isotherms in the laboratory were consistent

with findings from these field studies.

The P sorption constant (K) declined as soil available P concentrations in

non-irrigated and irrigated soils increased from manure applications (Fig. 2A and

B). P sorption constants were significantly ðP , 0:05; LSDÞ lower in soils that

received 10, 20, and 25 years of continuous manure applications than unamended

soils (Fig. 2A and B). Although P sorption constants declined as soil available P

concentrations increased, there was not generally more than a 50% reduction in the

P sorption constant of manure-amended soils relative to unamended soils. One

possible explanation why we did not see a greater reduction in the P sorption

capacity of manure-amended soils from the surface 15 cm is because manure

applications altered soil characteristics in ways that partly compensated for the

saturation of sorption sites in the soil. The soil organic matter content, particularly

in the top 15 cm, increased with repeated manure applications (24). Soil organic

matter can be a sink for available P through immobilization reactions and

adsorption of P to anion exchange sites in the organic matter (35,38). Eleven

annual manure applications at the study site caused a decline in surface soil pH

from 7.8 to 7.0 and an increase in the sodium adsorption ratio of surface soils due to

loading of Naþ from manure and displacement of Caþþ and Mgþþ on the

exchange complex (24,27). Adsorption/desorption reactions involving P are

influenced by soil pH, and the potential for P adsorption and precipitation is lowest

at soil pH 6.5 (40). More P is sorbed onto mineral surfaces saturated with divalent

or trivalent cations than monovalent cations, and the displacement of Caþ and

Mgþþ on exchangeable soil surfaces by Naþ may have reduced the P sorption

capacity of surface soils because these divalent cations were transported deeper in

the soil profile. Finally, the P sorption capacity we measured over a 72 h

equilibrium period may have been affected by organic and inorganic anions that

competed with inorganic P for sorption sites or microbial activity. The P remaining

in equilibrium solution after 72 h may have included manure P displaced from

WHALEN AND CHANG1020



D
ow

nl
oa

de
d 

B
y:

 [M
cG

ill
 U

ni
ve

rs
ity

] A
t: 

21
:2

1 
11

 N
ov

em
be

r 2
00

7 

sorption sites, inorganic P we added that was never adsorbed, inorganic P we added

that was sorbed and later desorbed, or P immobilized and/or mineralized from

microbial biomass. Without using radiolabeled 32P, it is difficult to determine the

fate and reactions of P added to soils.

Figure 2. Relationship of the P sorption constant (K) of the Freundlich equation with soil

available P concentrations in surface soils (0 to 15 cm) that were (A) non-irrigated or (B)

irrigated. Soils unamended with manure (0 Mg ha21 treatment) are indicated with a square (B).

P SORPTION CAPACITIES OF CALCAREOUS SOILS 1021
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The P sorption constants of non-irrigated and irrigated soils that received

annual manure applications from 1973 to 1985 (thirteen manure applications) and

were sampled eight years later (in 1993) and twelve years later (in 1998)

exhibited similar trends as soils that received manure continuously (Fig. 2A and

B). P sorption constants declined as soil available P concentrations increased, and

were significantly ðP , 0:05; LSDÞ lower in most soils that had received manure

than unamended soils (Fig. 2A and B). However, only the P sorption constants of

non-irrigated soils that received 30 Mg manure ha21 for 13 years, and then did

not receive manure for 12 years, were not different from P sorption constants in

unamended soils (Fig. 2A). It appeared that the P sorption capacity increased as

soil available P concentrations declined after manure applications were

discontinued. However, it took more than a decade for the P sorption capacity

of soil with a history of manure applications to reach a level that was not different

from soils with no history of manure applications. Part of the reason may be that

the crops planted at the study site did not have high P requirements, which would

be required to reduce the available P concentration in manure-amended soils.

These results suggest that soil P sorption capacities can remain lower in manure-

amended than unamended soils for many years, even after manure applications

are discontinued. Further investigations will be required to determine the fate of

manure P not sorbed in calcareous soils with a history of manure applications. If

manure P is not precipitated in Ca–P compounds, sorbed on clay surfaces and in

organic-mineral complexes or immobilized in organic matter, it could be

transported from soils to surface water bodies.

CONCLUSIONS

Phosphorus sorption by calcareous soils that received cattle feedlot manure

annually for up to 25 years was best described by the Freundlich equation, although

results from the Langmuir equation suggested that both P sorption maxima and P

binding energy were lower in manure-amended than unamended soils. It appeared

that P would be more readily displaced from sorption sites in manure-amended than

unamended soils. The P sorption capacity of non-irrigated and irrigated soils

declined with increasing soil available P concentrations, but the P sorption capacity

of surface soils that received manure annually for up to 25 years were generally not

more than 50% lower than the P sorption capacity of unamended soils. Soil organic

matter content, pH and surface chemistry was altered by manure application, and

may explain why the P sorption capacity did not decline more as soil available P

concentrations increased. After manure applications were discontinued, the P

sorption capacity increased as soil available P concentrations declined, likely

through depletion of available P through plant uptake. However, it took more than a

decade for the P sorption capacity of soil that received 30 Mg manure (wet weight)
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ha21 for thirteen years to reach a level that was not different from soils with no

history of manure applications. Since it may take more than 10 years of continuous

cropping to reduce soil saturation with P following long-term manure applications

based on fertilizer N requirements, there is a risk of P leaching through the soil profile

and possibly reaching groundwater in soils that are saturated with P, particularly in

irrigated soils. Our results support the adoption of manure application rates based on

crop P requirements rather than crop N requirements. Further investigation will be

required to determine the fate of manure P not sorbed in manure-amended calcareous

soils to promote manure management practices that are agronomically sound and

protect water quality.

ACKNOWLEDGMENTS

Thanks are extended to Elaine Nakonechny, Janna Carefoot, Sherry Foran,

and Brett Hill for assistance with P sorption measurements.

REFERENCES

1. Canada-Alberta Environmentally Sustainable Agriculture Agreement,

Agricultural Impacts on Water Quality in Alberta: An Initial Assessment;

Alberta Agriculture, Food and Rural Development: Edmonton, Alberta,

Canada, 1998; 1–95.

2. Olson, B.M.; Bennett, D.R.; McKenzie, R.H.; Ormann, T.; Atkins, R.P.

Manure Nutrient Management to Sustain Groundwater Quality Near

Feedlots. Canada-Alberta Environmentally Sustainable Agriculture Agree-

ment Research Report RES-028-93; Alberta Agriculture, Food and Rural

Development: Lethbridge, Alberta, Canada, 1998; 1–214.

3. Sharpley, A.N.; Chapra, S.C.; Wedepohi, R.; Sims, J.T.; Daniel, T.C.;

Reddy, K.R. Managing Agricultural Phosphorus for Protection of Surface

Waters: Issues and Options. J. Environ. Qual. 1994, 23, 437–451.

4. Sims, J.T.; Simard, R.R.; Joern, B.C. Phosphorus Loss in Agricultural

Drainage: Historical Perspective and Current Research. J. Environ. Qual.

1995, 27, 277–293.

5. Chang, C.; Janzen, H.H. Long-Term Fate of Nitrogen from Annual Feedlot

Manure Applications. J. Environ. Qual. 1996, 25, 785–790.

6. Daniel, T.C.; Sharpley, A.N.; Edwards, D.R.; Wedepohl, R.; Lemunyon, J.

Minimizing Surface Water Eutrophication from Agriculture by Phosphorus

Management. J. Soil Water Cons. 1994, 49, 30–38.

7. Ward, G.M.; Muscato, T.V.; Hill, D.A.; Hansen, R.W. Chemical

Composition of Feedlot Manure. J. Environ. Qual. 1978, 7, 159–164.

P SORPTION CAPACITIES OF CALCAREOUS SOILS 1023



D
ow

nl
oa

de
d 

B
y:

 [M
cG

ill
 U

ni
ve

rs
ity

] A
t: 

21
:2

1 
11

 N
ov

em
be

r 2
00

7 

8. Rieck-Hinz, A.M.; Miller, G.A.; Schafer, J.W. Nutrient Content of Dairy

Manure from Three Handling Systems. J. Prod. Agric. 1996, 9, 82–86.

9. Eghball, B.; Power, J.F.; Gilley, J.E.; Doran, J.W. Nutrient, Carbon and

Mass Loss During Composting of Beef Cattle Feedlot Manure. J. Environ.

Qual. 1997, 26, 189–193.

10. Dao, T.H. Coamendments to Modify Phosphorus Extractability and

Nitrogen/Phosphorus Ratio in Feedlot Manure and Composted Manure.

J. Environ. Qual. 1999, 28, 1114–1121.

11. Whalen, J.K.; Chang, C. Phosphorus Accumulation in Cultivated Soils

from Long-Term Applications of Cattle Feedlot Manure. J. Environ. Qual.

2001, 30, 229–237.

12. Breeuwsma, A.; Reijerink, J.G.A. Phosphate-Saturated Soils: A New

Environmental Issue. In Chemical Time Bombs; ter Meulen, G.R.B., Ed.;

Foundation for Ecodevelopment: Hoofddorp, The Netherlands, 1992;

79–85.

13. Heckrath, G.; Brookes, P.C.; Poulton, P.R.; Goulding, K.W.T. Phosphorus

Leaching from Soils Containing Different Phosphorus Concentrations in

the Broadkbalk Experiment. J. Environ. Qual. 1995, 24, 904–910.

14. Simard, R.R.; Cluis, D.; Gangbanzo, G.; Beauchemin, S.P. Status of Forest

and Agricultural Soils from a Watershed of High Animal Density.

J. Environ. Qual. 1995, 24, 1010–1017.

15. Fox, R.L.; Kamprath, E.J. Phosphate Sorption Isotherms for Evaluating the

Phosphate Requirements of Soils. Soil Sci. Soc. Am. Proc. 1970, 34,

902–907.

16. Bache, B.W.; Williams, E.G. A Phosphate Sorption Index for Soils. J. Soil

Sci. 1971, 22, 289–301.

17. Syers, J.K.; Browman, M.G.; Smillie, G.W.; Corey, R.B. Phosphate

Sorption by Soils Evaluated by the Langmuir Adsorption Equation. Soil

Sci. Soc. Am. Proc. 1973, 37, 358–363.

18. Mozaffari, M.; Sims, J.T. Phosphorus Availability and Sorption in an

Atlantic Coastal Plain Watershed Dominated by Animal-Based Agricul-

ture. Soil Sci. 1994, 157, 97–107.

19. Nair, V.D.; Villapando, R.R.; Graetz, D.A. Phosphorus Retention Capacity

of the Spodic Horizon Under Varying Environmental Conditions.

J. Environ. Qual. 1999, 28, 1308–1313.

20. Ohno, T.; Crannell, B.S. Green and Animal Manure-Derived Dissolved

Organic Matter Effects on Phosphorus Sorption. J. Environ. Qual. 1996, 25,

1137–1143.

21. Beauchemin, S.; Simard, R.R.; Cluis, D. Phosphorus Sorption–Desorption

Kinetics of Soil Under Contrasting Land Uses. J. Environ. Qual. 1996, 25,

1317–1325.

WHALEN AND CHANG1024



D
ow

nl
oa

de
d 

B
y:

 [M
cG

ill
 U

ni
ve

rs
ity

] A
t: 

21
:2

1 
11

 N
ov

em
be

r 2
00

7 

22. Kuo, S.; Lotse, E.G. Kinetics of Phosphate Adsorption by Calcium

Carbonate and Ca-Kaolinite. Soil Sci. Soc. Am. Proc. 1972, 36, 725–729.

23. Sommerfeldt, T.G.; Chang, C. Changes in Soil Properties Under Annual

Applications of Feedlot Manure and Different Tillage Practices. Soil Sci.

Soc. Am. J. 1985, 49, 983–987.

24. Chang, C.; Sommerfeldt, T.G.; Entz, T. Soil Chemistry After Eleven

Annual Applications of Cattle Feedlot Manure. J. Environ. Qual. 1991, 20,

475–480.

25. Chang, C.; Sommerfeldt, T.G.; Entz, T. Barley Performance Under Heavy

Applications of Cattle Feedlot Manure. Agron. J. 1993, 85, 1013–1018.

26. Sommerfeldt, T.G.; Chang, C.; Entz, T. Long-term Annual Manure

Applications Increase Soil Organic Matter and Nitrogen, and Decrease

Carbon to Nitrogen Ratio. Soil Sci. Soc. Am. J. 1988, 52, 1667–1672.

27. Chang, C.; Sommerfeldt, T.G.; Entz, T. Rates of Soil Chemical Changes

with Eleven Annual Applications of Cattle Feedlot Manure. Can. J. Soil

Sci. 1990, 70, 673–681.

28. Alberta Agriculture, Land Application of Animal Manure; Agdex 538-1,

Alberta Agriculture: Edmonton, Alberta, Canada, 1980; 1–8.

29. Alberta Agriculture, Food and Rural Development, Code of Practice for the

Safe and Economic Handling of Animal Manure; Agdex 400/27-2, Alberta

Agriculture: Edmonton, Alberta, Canada, 1995; 1–38.

30. Olsen, S.R.; Cole, C.V.; Watanabe, F.S.; Dean, L.A. Estimation of

Available Phosphorus in Soils by Extraction with Sodium Bicarbonate;

Circ. No. 939, U.S. Dept. of Agriculture: Washington, DC, 1954; 1–19.

31. Watanabe, F.S.; Olsen, S.R. Test of an Ascorbic Acid Method for

Determining Phosphorus in Water and NaHCO3 Extracts from Soil. Soil

Sci. Soc. Am. Proc. 1965, 29, 677–678.

32. SAS Institute, SAS Procedures Guide, Version 6, 3rd Ed.; SAS Institute:

Cary, NC, 1990.

33. Anghinoni, I.; Baligar, V.C.; Wright, R.J. Phosphorus Sorption Isotherm

Characteristics and Availability Parameters of Appalachian Acidic Soils.

Commun. Soil Sci. Plant Anal. 1996, 27, 2033–2048.

34. Iyamuremye, F.; Dick, R.P.; Baham, J. Organic Amendments and

Phosphorus Dynamics. I. Phosphorus Chemistry and Sorption. Soil Sci.

1996, 161, 426–435.

35. Traina, S.J.; Sposito, G.; Hesterberg, D.; Kafkafi, U. Effects of pH and

Organic Acids on Orthophosphate Solubility in an Acidic Montmorillonitic

Soil. Soil Sci. Soc. Am. J. 1986, 50, 45–52.

36. Fox, T.R.; Comerford, N.B.; McFee, W.W. Kinetics of Phosphorus Release

from Spodosols: Effects of Oxalate and Formate. Soil Sci. Soc. Am. J.

1990, 54, 1441–1447.

P SORPTION CAPACITIES OF CALCAREOUS SOILS 1025



D
ow

nl
oa

de
d 

B
y:

 [M
cG

ill
 U

ni
ve

rs
ity

] A
t: 

21
:2

1 
11

 N
ov

em
be

r 2
00

7 

37. Hue, N.V. Correcting Soil Acidity of a Highly Weathered Ultisol with

Chicken Manure and Sewage Sludge. Commun. Soil Sci. Plant Anal. 1992,

23, 241–264.

38. Iyamuremye, F.; Dick, R.P. Organic Amendments and Phosphorus Sorption

by Soils. Adv. Agron. 1996, 56, 139–185.

39. Eghball, B.; Binford, G.D.; Baltensperger, D.D. Phosphorus Movement and

Adsorption in a Soil Receiving Long-Term Manure and Fertilizer

Application. J. Environ. Qual. 1996, 25, 1339–1343.

40. Havlin, J.L.; Beaton, J.D.; Tisdale, S.L.; Nelson, W.T. Soil Fertility and

Fertilizers, 6th Ed.; Macmillian Publishing Co.: New York, 1999.

WHALEN AND CHANG1026


