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ASSTRACT

Studíes were conducted to determíne the amounts, forms and

movement of P in soil beneath a feedlot and to determíne the factors

affecting mineralízation of organic P ín the soi1. The above studíes

compared adjacent manured (feedlot) and non-manured (field) sites.

Greater amounts of 0.5 M NaHCO3 extractable P and water

soluble P were found in the surface feedlot soíl than in the surface

field soil. Phosphorus moved to a depth of about 150 cm in the soíl

under the feedlot. Concentration of total P in the feedlot soíl was

usually greater than in the corresponding field soí1. The fíeld soí1

conËained more organic P than the feedlot soíl, partícularly at a

depth of 0 to 90 cm. Organic P concentratíons at 0 to 15 cm were

268 and 56 pprn for the fíeld and feedlot sítes, ïespectível-y.

lfineralization of organic P in soil was rnainly ínfluenced

by the moísture 1evel and was greater under flooded (anaerobíc) than

fíe1d capacity (aerobíc) conditíons. Applicatíon of manuïe was also

necessary for minera1-ization to occur but its effect \,ras not as pro-

nounced as that of the anaerobic envíronment. Hence, both a reducing

or anaerobíc envíronnent and applicatíon of manure \¡rere essential for

signífícant mineralizatíon of organic P.

Organic and inorganic P moved at about equal rates in soí1

treated with manure extTact. Rates of movement of both decreased

wíth increasing depth in the feedlot soil. The feedlot soí1 below 30

cm and all of the fíeld soil samples exhibited a hígh potential for

both inorganic and organic P fixation. organic and ínorganíc P applied



as manure extract moved faster than an equívalent concentration of

WZPOh ín two field samples studíed.
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INTRODUCTION

The use of land for disposal of manuïes and the establish-

ment of large feedlots has resulted ín a need for sËudies on the

effects of manures on soil and water quality.

Phosphorus content of liquíd manuïe is about 0.31 and 0.49

kg P per 100 1 for beef and daíry cattle, respectív"1y.1' rf p is

not Temoved from the soíl by erosion or crop uptake, it can accumu-

late to very hígh amounts in the soil. very little research has

been conducted concerning the effect of manure additíons and accr¡nu-

lations on forms and amounts of p or movement of p in soíl.

The objective of this study was to ínvestigate the behavíour

of P ín soils beneath a feedlot. specífic studíes conducted were

as follows:

(1) determinatíon of the amounts and forms of p ín Ëhe soils;

(2) ínvestígaËion of the effects of moísture leve1 and manure on

mineralízation of organíc P;

(3) investigation of convective tïansport of organÍc and inorganic

P in soils treated r¿ith manure extract.

1. Progress Report L966, Research and Advisory service, Dept. of
Soí1 Sci., Univ. of Guelph.
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REVIEI^T OT' LTTERATURE

Forms of Phosphorus ín Soí1

The three principal fractions of soí1 p are organíc p,

inorganic P, and P in the soil solutíon. organic p accumulates from

residues of plants, animals, bacteria, and fungí. Mineral soils

generally contaín less organic P than organíc soils or pasture land

(Mattingly and ra1íbudeen, L967). organíc p is maínly associated

\^/ith the clay and silt fractions of the soíl and varies from 20 to

90% of total soil P. (Lawton, I96L; Marringly and Talibudeen, L967;

spratt and Mccurdy, L966). Fuller and McGeorge (1951a and 1951b)

reported that organíc P concentTations ín a variety of soils were

approximately one thírd of the total soil P concentrations. However,

Kurtz (1953) found that most soíl P in several soíls was ín the

organic form. Thomas and Lynch (1960) found that organic p concen-

tratíons ín the A and B horizons of some Alberta soíls varíed from

l-09 to 710 ppm and 70 to 333 ppm, respecrively.

The fíve principal groups of organic P compounds in soí1

are phospholipíds, nucleic acids, ínosítol phosphates, "metabolic"

phosphates, and phosphoproteíns (g1ack and Goring, 1953). Amounts

of phosphol-ipíd P are seldom in excess of three ppm although they

can be as high as 34 ppm (nlack and Goríng, 1953). Nucleic acids

constírure 17 to 587" and ínositol phosphates 41 to B3z (30 to L4g

ppm P) of the total organic P (¡1ack and Goring, 1953). According

to Mattingly and Ta1íbudeen (1967), 25 to 33Z" of soil organic p

cannot be positively identified.
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Hannapel et al. (7964a) found that organic P and organíc

C concentrations in calcareous soils r^rere positívely correlated and

Ëhat the ratío of C:P r¡/as approximately 110:1. Other researchers

reported that C:N:P ratíos (amounts of organíe C, organic N, and

organic P ín soil organíc matter) varÍed frorn 110:9:1. (Black and

Goring, 1953) to 135:10:1 (Dormaar and Websrer, 1963). Iuller and

McGeorge (1951a and 1951b) found C:P raríos of 13:1 ro 76:L for a

varíety of soi1s.

Inorganic P concentratíons ín some Alberta soils have been

found to vary frorn 300 to 1300 ppm (Oormaar and l'/ebster, 1963). Soil

inorganic P can be classífíed into four fractíons: water soluble

(usually less than one ppm), acíd-soluble (usually less that 40% of.

the inorganic P for acid soils and usually the majority of inorganic P

in alkaline soils) adsorbed or alkalíne soluble (usually a 1ow peïcentage

of inorganic P in alkaline soils and usual-ly a high percentage for

acid soils) and residual or lattíce P (Kurtz, 1953; O1sen, 1953).

Native soí1 P derived from primary apatites and other

P-contaíníng mínerals exísts in various forms ín the soil depending

on soíl pH and relative activitíes of Fe, 41, Ca, and Mg ions (Lawton,

1961). In acid soíls, Fe and A1 ions combíne with P to form compounds

such as taranakíte, strengite, varÍscite, and wave11íte. In neutral

and alkaline soí1s, Ca and Mg íons combine wíth applíed P to form

compounds such as CaHPOO ' 2H2O, MgHPOO 3H20, Mg3(PO4)2 22 H2O,

and CaOH(tO¿): 3H20 (Racz and Soper, L967; Srrong and Racz, L97O).

Iron and A1 phosphate concentratíon of soils varies from a trace to

about 280 pprn. Most of the ínorganíc P in neutral and alkaline

soíls ís present as Ca and Mg phosphates (Weir and Soper, L962 and

-3-



f9æ). Inorganic P added to

constituenËs with a series of

period. Inítía11y DCPD forms

to HA when Ëhe tíme of final

and Níxon, L944) .

base saturated soíls reacts with soil

reactions occurring over a consíderable

which then changes to OCP; OCP changes

equilibríum is reached (Nagelschmidt

Phosphorus concentratíon ín the soil solution is very low,

rarely greater than one ppm, but is signifícant in terms of avaíla-

bílity of P to plants. Phosphorus in solution exísts ís HrP04,

=H2PO4 , HP04 , or POO depending on the pH of Ëhe soil solution.

Phosphorus concentration of the soí1 solution depends on the amount

of P held on soil particles, solubility and relative abundance of

the varíous ínorganíc P compounds, and the amount of P míneralized

from organic sources. Extraction of soil P r¿ith 0.5M NaHCO, extracts

P in the soil solution as well as part of the readíly exchangeable

and rr¡ater soluble inorganíc P. Sodíum bicarbonate extractable P

contents of Manitoba soils vary from 1 to 30 ppm and average approxi-
1rnately 11 pprn. t'

Various factors affect the amounts and forms of ínorganic,

organíc, and solution P in the soí1. Amounts and forms of organic

and inorganíc P ín soil are infl-uenced by type of parent material,

climate, vegetatíon, microbial populatíon, soil texture, soil depth,

temperature, moísture, and soíl age (Bowman et al., L968; Lawton,

1961). Limíng or acidulation causes changes in the forms of ínor-

ganíc P (Lawton, L96L). Lining íncreases pH and amounts of Ca and Mg

of Soí1 Sci., Univ. of Man.1. unpublished data, Dept
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phosphates in a soil. Marringly and Talibudeen (L967) found thar

the pH of the soil at time of manuríng governed the dístríbution

of added P ínto various insoluble phosphates. Ridley and Hedlin

(L962) found that additíons of manure to a elay soíl over a long

period (38 years) íncreased total P, ínorganic P, and NaHCO, extract-

able P at a depth of 15 to 30 cm.

Phosphorus Solubility, Avaílability, and Fíxatíon

Solubílity of soil P is generally 1ow under native soil

conditíons (Lawton, 1961). Factors favouríng íncreased solubility

of P compounds are a good supply of organic matteï, neutral pH, high

amounËs of soil P, substantial soil moisture, and a high sílícate:

sesquioxide ratío (Lawton, 1961). Availability of p to plants is

affected by the form of inorganíc P present whích in turn ís affected

by liming or acj-dulatíon (Lawton, 1961). Phosphorus fíxation depends

on pII, concentTatíon of P, and ti-me of contact (Hibbard, 1935; sakdinan,

797L). Phosphorus fixation involves primaríly chemical precípitation

and physiochemical sorption (Lawton, 796L). orthophosphate ions

added to the soíl are retained by anion exchange adsorptíon on soil

constítuents and precipitatíon of simple and complex phosphates of Mg,

ca, 41, Fê, and Mn when theír solubilíty products aïe exceeded ín the

soí1'solution (Mattíngly and ralíbudeen, Lg67). phosphorus adsorbing

constituents are clay mínerals, hydrated and anhydrous oxídes of Al,

Fe, Mn, and allcaline earth carbonates and sulfates (Mattingly and

Talibudeen, L967). Adsorbed P is believed to be present

-5-



as a mono-molecular layer on the surface of the soíl colloids (Rennie

and McKercher, 1959). The strength \^rith \,rhich some organíc P com-

pounds are adsorbed ís as fo11ov¡s: nucleoproteíns ) nucleic acids >

nucleotídes (Mattingly and Talibudeen, 1967).

Phosphorus is retaíned by clays and precipitated as Fe and

A1 phosphates at pH values of 2 xo 5. At pH values 6 to 10, P is

fixed by dívalent cations prímarity Ca and Mg (Lawton, 1961). Saini

and Maclean (1965) found that P retention was related to A1 and organíc

matter levels and not to the amount of clay or Fe in some Ner¿ Brunswick

soíls. Sol-ubility and avaílabilíty of P decrease in both directíons

from neutrality (Heck, 1934; Lawton, 1961). An exception to thís is

aË pH values 8.5 to 10.0 where Na ions are released forming relatively

soluble phosphates.

Phosphorus is rapídly converted to water-ínsoluble forms

and becomes extTemely ímmobile r¿hen added to an aerated soil (Holt

et al., L970). Increases ín the availabílity of native and applied

P have been rì.oted in soils submerged continuously (Holt et al-. , L970).

This nay be an important factor when consideríng amounts of P suppl-ied

to !Íater from soil. If soí1s containíng relatívely large amounts of

insoluble P are tTansported to an anaerobíc envíronment, lake or

stTeam sediment, P may be converted to soluble or avaí1ab1e forms.

Initial removal of applíed organic P from solutíon is rapid

suggestíng its dírect combination wíth col1oidal matter in soil

(Hilbert et a1., 1938). However, increases ín fíxation of organic P

with time is primarily due to Ëhe action of microorganísms on the

organic P. Macura and Kunc (l-965) defined biological inmobilization

-6-



of P as the dífference between the amount of P fíxed in soíls r,rith

glucose added and P fixed wíth no glucose added. rn soil columns

to which glucose had been added, the amount of bíological immobíl-

izatjon was directly related to microbía1 population distribution.

Organísms involved ín bío1ogica1 fixation are of both faunal and

floral origin, includíng protozoa, nematodes, earthworms, insects,

algae, fungi, and bacteria (Macura and Kunc, 1965). Tmmobilizatíon

by organísms causes a release of co, which faculitates release of

P from relatively ínso1ub1e soí1 minerals (Lawton, L96L).

Phosphorus Movêment

Phosphorus (soil and fertilizer P) flux through the soil

is by soil organism transport, mass flow transfer by \,üateï, or thermal

movement along a concentratíon gradient (diffusíon) (Larsen, L967;

Lewis, L96B; Mattingly and Talibudeen, L967). Factors affecting p

movement are the soil: \^rater ratio, morphology and growth pattern

of plants, soil type and texture, and soil organisms such as earth-

ürorms (Hibbard, 1935; srephenson and chapman, 1931). Nel-1er (L946)

studied the mobílity of P and found that P díd not move dor,¡n the soil

profile to any appreciable extent and moved less than all other major

nutrients. Henderson and Jones (1941) found that P did not move very

far from the point of application. Phosphorus applied at a rate of

1-09 kg P/ha as Ca(H,POO), moved 3.2 cm from rhe point of applicatíon

-7-



in clay as compared to 10 cm in sílt-loam. Sakdinan (L97L) found

that orthophosphate movement through a soí1 was affected by chemícal

reactíons ín the soí1 such as adsorption, exchange, precipitation,

and other transformations. Dehghan and hiilliams (L967), and Ridley

and Hedlin (1962) found very little movement of P in soíl with a high

clay content. Movement of P was greater in eoarser textured soíls

(Oehghan and l^Iil1iams, 1967). Lewis (1968) found that the amount and

rate of P movement ín calcareous soíls !'7as less than in non-calcareous

soíls. He studied the movement of applied fertl1-izer P and found that

P movement decreased with íncreasíng amounts of Ca and/or Mg ín the soil

solutíon. Stephenson and Chapman (1931) found thaË P accumulated in

the soil horízon wíth which ít had been íncorporated and that movement

from the zone oÍ application hTas slow. The more soluble the P source

the greater the penetratíon. Neller (1936) found that water-so1ub1e P

content in sands was higher than in sandy loams or 1oams. More movement

would thus be expected ín the coarser soí1s. Dehghan and Inlilliams (L967)

found that when the original moisture content of a sandy loam was

increased, leaching losses of P from the soíl decreased. These find-

ings are contradictory to Ëhose obtained by Stephenson and Chapman

(1931) who found that P diffusion increased wíth an íncrease in soil

r{aËer content. They also found that P díffusíon in acid soils vras

greaËer than in calcareous soí1s. Stechel (1970) found that P move-

ment r¡ras associated wíth high rainfall . The site was heavíly manured

r,rith poultry manure and movement of P occurred to a depth of about

130 cm. Levesque and Hanna (1966) found that movement of P ín a

podzol soí1 was associated with movement of Fe.

-8-



Organic P compounds have a greater penetrability than

inorganic P compounds (Hannapel et al., L964a). In calcareous soí1s,

consíderable P ís transported in organic form by saturated flow of

water (Hannapel et al. , 7964a; Híbbard, 1935). Degree of P movement

was related to the organic P content of the soíl solutíon. Large

applications of manure or ínorganic fertiT-Lzer can increase downward

movement of P (Stephenson and Chapman, 1931). Early tests on some

Rothamsted fertilíty plots showed that P penetration \^ras especíal1y

marked in manured plots as compared with plots receÍving ínorganic P.

PenetratÍon, however, tras less than 100 cm. Hannapel et a1. (7964a)

found that addition of organíc residues increased the amount of total

P movement and that íncreases ín P movement resulted from increases

in organic P ín the soil solution. Hannapel et a1. (L964a and 1964b)

found that organic P movement was related to the mícrobía1 populatíon

and hence to factors affectíng their metabolíc activity. Addition

of a microbial energy source increased P movement thíTty-eíght fold

witlr 957" of the mobíle P being organic (Hannapel et a1., L964a and

L964b; Macura and Kunc, 1965). Using column leaching studies, Bowman

et al. (1968) found that phytíc acíd moved very slowly because it

was rapidly bound by the soi1. Inorganic P accumulated at the base

of the column and organic P at the surface. Bornrman et a1 . (1968)

concluded that P movement míght be sígnificanË in soil genesís but

ínsignífícant regarding movement ínto ground water. Larsen et a1.

(1958) applied labe11ed P to organíc soíls and found that P moved

completely through 30-cm organic soil columns but moved only 3.8 cm

in mineral soíl columns.

-9-



Phosphorus Mineralizátion

Most organic P compounds must be acted upon by microor-

ganísms before P is released to the soil solution andf or rrater en-

vironment (Black, 1"970). organíc P ís converted to soluble ínorganíc

P by phytases and nucleases. Plants and animals convert the soluble

inorganic P to organic forms (Mattingly and Ta1íbudeen, Lg67).

Thompson et al. (1954) found that organic P míneralízatíon íncreased

wíth soil pH. However, no soí1 pH values gïeater than 8.0 were used

in the sËudy. In a review of data on míneralizatíon, Black and

Goring (1953) reported that the amounts of organíc P mineralized

depended on prevíous heatíng, dryíng, f.reezíng, temperature, pH,

aeratíon, and type of organic material. They also reported that the

loss of organic P was accounted for by an increase in inorganic p.

-10-



METHODS AND MATERIALS

Descríption of Soils

Soil samples were obtained from and near a confined cattle

unit locaËed close to Haywood, Man. (1ega1 description StrnI 26-8-6tñ),

on an Almasippi sandy loam soil. Samples \¡7ere taken at two locations:

(1) r^ríthín the confíned cattle feeding area (feedlot) and (2) ín a

fíe1d approxímately 150 m east of the feedlot site. In the feedlot,

soil samples were taken at depths of 0 to 15 crn and 15 to 30 cm,

and at intervals of 30 cm to a depth of 300 cm. Simílar depths were

sampled in the field but only to a depth of 240 cn. Approximately

4.5 kg of soil were collected from each depth at both locatíons.

The feedlot had been in exístence for about 13 years resulting in

manure accumulatíons of 30 crn or greater. If movement of P was to

occur, it should have been most easí1y detected ín the Almasippí

sandy loam because of its coarse texture (Oehghan and Willíams, L969;

Ne11er , L946). The varying moisture conditions caused by the rela-

tively high and fluctuating !üater Ëable facílítated study of the

ínfluence of a range of oxidation-reduction environments on amounts

and forms of P in the soil.

Soí1 Analyses

1. Characterizatíon of Soíls

The soil samples were aír dried and soil texture determíned

by hand. Calcíum carbonate conËent (Skinner et al., L959), pH, total

N (Kjeldahl) (Jackson, 1958a), and organic matreï conrenr (Walkley

-11 -



and Black, L934) of the soils were determined. SoÍ1 pH was determined

on a 1:1 soil-waËer paste using glass and calomel electrodes and a

Coleman Metríon 3 pH meter.

2. Sodium Bicarbonate Extractable Phosphorus

The 0.5 M NaHCOa extractable P content of the soils was

determined as outlined by 01sen et al. (1954).

3. tr^later Soluble Phosphorus

Inlater soluble P was extracted from soil by shaking 20 g of

soil in 100 ml of distilled water f.or 24 t'r. The suspensíon was

filtered and the inorganíc P concentratíon of the extract determined

as outlined by Mozersky et al . (7966). The procedure r¡ras as follows:

10 nrl of 1.52 (NH4) 
6Mo7 O24' 4H2O in 0.5 N H2SO4 were added to an

aliquot of 10 ml of the extract. Twenty rn1 of an isobutanol-benzene

mixture (1:1) were then added, Ëhe míxture shaken for 30 sec and

allowed to settle for one mín. The organíc phase was decanted and

Ëhe color intensíty measured at 370 mu on a Coleman Universal Model 14

Spectrophotometer in order to determine inorganic P concentTation.

The total (organic and inorganic) v/ater soluble P concentration of

the extTact \n/as determined by evaporating an aliquot of 10 ml to

dryness ín a porcelain crucible follor,¿ed by ignition at 500 C for 4

hr in a muffle furnace. After coolíng, 10 m1 of HrO and 10 ml of

0.5 N H2 SO4 were added to the crucíb1e and the solutíon hydrolyzed

at approximately 90 C for 4 L'r. The P concentration of the solutíon

was determíned as previously descríbed (Mozersky et al., L966) except

for the substitutíon of 1.52 (NH4)e Mol OZ,r' 4H2O in 0.25 N H2S04
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îor L.SZ (Ma) 
6Mo7 O24' 4 HZO in 0.50 N H2SO4. The organic P con-

cenËratíon \Áras determined by the dífference between the total and

inorganie P concentrations.

4. Total Phosphorus Determínations

Total P content of soil was determined as outlined by Jackson

(1958b). One gram of aír-dríed soíl was digested with 10 m1 of HNO,

and 15 rn1 of HC104 unËí1 colorless. Phosphorus concentration in the

extract \,üas detennined by the vanadomolybdophosphoric yellow color

method in a nítric acid system (Method V, Jackson, 1958b).

5. Organic Phosphorus l)eterminations

Organic P contenË of soíl \^ras determíned by two methods.

The first method vüas as outlined by Olsen and Dean (1965). Igníted

(240 C for one hr) and non-ígníted one gram samples were extracted

\^/ith 20 m1 of HC1 for one hr, fíltered, and diluted to 250 rnl. The

molybdenum-blue colorimetric method was employed to determine P

concenËration ín the solutions (f-egg and B1ack, 1955). The dífference

in P concenËratíons between ignited and non-ignited samples was the

organic P concentration.

The second method hTas as outlíned by Mehta eË a1. (L954).

Successive extractions wíth 10 rnl of concentrated HC1, 30 rnl of 0.5 N

NaOH, and 60 m1 of 0.5 N NaOH r,¿ere conducted on one gram of soil .

The ext.racts r^rere combined and diluted to 250 rnl . The ínorganic P

concentTatíon was determi-ned on an alíquot of 5 m1 using the molyb-

denum-blue colorímetric method of Legg and Bl-ack (1955). A second

alíquot of 5 rnl ü7as tTeated with one ml of concentrated HC1OO and

-13-



digested by heatíng. The concentraËíon of P in the digested samples

\,ras detenníned by the method of Legg and Black (1955) . The diff erence

in P concentTatíon between dígesÈed and non-dígested samples repre-

sented the organic P concentraËion.

ülater Analyses

üIater samples r¿ere obtained from a well beneath the feedlot

and from five we11s located. at various distances from the feedlot.

The síxth r,rell r,¡as located near the field soil sampling site. Depths

to hrater table \¡rere recorded at all wells. Concentration of water

soluble P in the water obtaíned from the wel1s \¡ras determined. Inor-

ganic P concentrations were determined as previously deseríbed

(Mozersky eË a1. , L966). Total P (organíc and inorganic) was deter-

mined as previously descríbed (Mozersky et a1. , L966) followíng

hydrolysis of the vrater samples. Hydrolysis was conducted by heating

10 m1 of 0.5 N H2S04 and 10 rn1 aliquots of r¡rater at about 90 C for

24 1l'r. Organic P concentratíon r¡ras calculated by the difference be-

t\nieen Ëhe total and ínorganic P concentrations.

Míneralizatíon of Organic Phosphorus in Soils r¿íth and wíthout Manure

Soil from depths of 0 to 15, L20 to 150 and 210 to 240 cm

in the feedlot and from depths of 0 to 15 and 2l.0 to 240 cm ín Ëhe

fíe1d r¿as incubated wíth and r¿ithout manure at t\,üo moísture levels

for varying periods up to 28 weeks. Manure used for the study was

collected from a confined beef cattle feeding area, air dríed, míxed,

and finely ground. Organic P content of the manure vias determined
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as descríbed by Mehta et al. (1954). Total P was determined by digest-

ing 0.2 g of manure in 3 m1 of HC10O and measuríng P concentration

in the extract (Jackson, 1958b). Inorganíc P r¡ras determined by cal-

culating the difference between total and organic P. The manure

contained 3050 ppm of total P, 1070 ppm of organíc P, and 1980 ppm

of inorganic P.

f'ífteen-gram samples of each soí1 wíthout and wiËh manure

(1.5 g of manure to íncrease the total P concentration of the samples

by about 300 ppm), hrere placed into glass vía1s about 5 cm ín height.

In addítion to the soil and soíl-manure sampl-es, 4 g samples of manure

were placed in vials. The moisture levels were (1) flooded, for the

feedlot samples from depths of 0 to 15, 120 to 150, and 2l_0 to 240

cm and for the field samples from depths of 0 to 15 and 210 to 240

cm and (2) field capacity, for feedlot samples from depths of 0 to 15

and L20 to 150 cm and field samples from a depth of 0 to 15 cm.

Flooded soíls \^7ere saturated with water with a head of one cm through-

out incubatíon. Samples from the depth of 210 to 240 cm h/ere íncubated

under flooded conditions only as thís would Tepresent actual field

condítions. The vials were placed ínto a closed glass contaíner main-

tained at a high relative humídity, and íncubated aË 10 C for 0, 1, 2,

4, 9, 17, and 28 weeks.

At the conclusion of each incubation ínterval, the Eh of

each sample was measured usíng an Orion model 801 lonalyzer wíth

plaËinum and calomel electrodes. The electrodes r¿ere ínserted 1 to 2

cm into the sample and the readíng taken after 30 sec. The samples

\¡rere removed from the vía1s, air dried, and concenËrations of soil
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organic and inorganíc P determined. Inorganíc P r,ras extracted by

shaking one gram of soil with 20 ml of concentrated HCl for one hr.

The P content of the filtraËe r,ras determined by the molybdenum-blue

colorimetric method of Legg and Black (1955). A second set of one-

gram samples was ignited at 550 C for one hr. Tventy ml of concen-

traÈed HCl were added to each ashed sample, the míxture shaken for 5

min, and then heated at 7O C f.or 4 }:rr. The samples \¡rere then shaken

for 10 min, filtered, and diluted to volurne. Phosphorus concentration

in the filtrates was determined by the molybdenum-blue colorimetric

method of Legg and Black (1955). The dífference in P content between

the ignited and non-ignited samples \,/as considered as organíc P.

Movement of Phosphorus in Soil Treated r,ríth Manure Extract

The soils selected for study were from depths of 0 to 15,

15 to 30, 30 to 60, l2O to 150 and 210 to 240 cm ín the feedlot and

depths of 0 to 15 and 210 to 240 cm at the field location. The manure

extract r¡ras prepared by míxing 400 g of manure wíth 2400 rnl of \,/ater.

The míxture rnras allowed to stand for 24 hr and then filtered. AbouË

1150 m1 of extract !,rere obtaíned. The extTact was diluted T,rith dís-

tilled T¡Iater (4 volumes of dístílled HrO to one volume of extract)

and concentratíons of organic and ínorganíc P determined (01sen and

Dean, 1965). Inorganic P was determined as fo1lor,¡s: 5 m1 of (iVtt.)U

Mo7O24 - HC1 solution was added to one ml of extract and the solution

diluted to about 40 ml . The solutíon T,ras fí1tered, treated vrith 5

ml of dí1ute Sn Cl, and díluted to 50 ml. Color intensity uras measured

at 660 mu on a Spectronic 20 colorímeter. Blank deËerrninatíons were
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conducted using extract and the above reagents except Sn C1r. A

second one-ml sample of extract \^Ias digested r¿ith one ml of concen-

Ërated HC10, and transfered Ëo a 50 ml volumetric flask. The pH was
4

adjusted using 6N NH4OH and 0.5 N HC1. Fíve ml of (NH4)6Mo7 OZ4-

HC1 solution were added and the míxture díluted to about 40 rnl. Five

rn1 of dilute Sn Cl, were added and the solutíon diluted to volume.

The blank consísted of all Teagents and no extTact. Phosphorus con-

centratíon in the dígested samples was determined as described for

the non-dígested samples. The difference in P concentratíon between

the dígested and non-digested samples represented the organic P

concenËration of the extract. The extract contaíned 7 ppm ínorganíc

P and 28 ppm organic P.

Soí1 columns r¡iere prepared by placing soil in a plastíc

tube with a filter plate funnel as a base. A layer of glass wool

was placed on top of the filter plate to prevent soíl from passing

through. Glass wool was also p1-aced on the soil surface to spread

t.he exËract drop over the entire surface of the soíl column. Height

and weight of the soil coh¡nns varied from 3.5 to 4.0 cm and 20.5 to

2L.0 g, Tespectively. Column díameter was 2.5 cm. The manure extTact

was applied dropwise to the surface of the soíl columns. Flow rate of

the extract through the soil columns varied from 6.7 to 8.5 m1 per hr.

The extract passíng through the soíl column was collected at intervals

of 20 mín in Ëest-tubes in a fractíon collector for períods up to L2

hr. Inorganie and organic P concentratíons in the soil leachates

rnrere determined as described for the manure extract (Olsen and Dean,

L965). Leaching of the soils was continued until the concentration
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The movement of P in soíl Ëreated with KHTPOO was also

the depths of 0 to 15 and 2L0 to 240 cm

used in this study. A P solution of 35 ppm

Soil columns \,üere prepared as previously

descríbed and the P soluËion r¡ras added dropwíse to the surface of the

soil columns. Fl-ow rate of the P solutíon varied from 7.0 to 8.0

m1 per hr for both soil columns. Samples \¡rere collected at intervals

of 20 min in a fraction collector for períods up to L2 lnr. Inorganic

P concentration in the soil leachates was then determíned (01sen and

Dean, L965). One ml of the solution was placed in a 50 ml- volumetric

flask and the pH adjusted wíth 6N NH4OH and 0.5 N HCl. Five ml of

(NH4)6 Mo7 OZA - HCl solution were added and the new solution díluted

to about 40 m1. Five ml of dí1ute Sn Cl, were added and the color

intensity measured at 660 mu on a Spectronic 20 colorímeter in order

to determíne inorganic P concentration.

of both inorganic

the concentratíon

(c ).'o'

and organíc P in

of both inorganic

the soíl leachate

and organic P in

(c) equalled

the manure extract

studied. 0n1y soíls from

at the field l-ocatíon were

r,üas prepared using KH2P04.
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RESULTS AND DTSCUSSION

Soil Samples

Texture of the feedl-ot soil samples was loamy fine sand

(LFS) except for the 150-to 210-cm depth which was loamy very fine

sand (LVI'S) (faUte t). Texture of the field soil samples was fíne

sandy loam (FSL) frorn 0 to 30 cm and loamy fine sand (LFS) below 30 cm.

Soí1 samples from the l-20- to 300-cm depth at the feedlot

síte and all samples from the adjacent fíeld síte contained more than

four percent CaC03. No CaCO, was detected in the O-to 90-crn samples

from the feedlot (Table 1). At both locatíonsr CaCO, content of soil

above the water table increased wíth depth. The water table .rdas at

185 and 165 cm for the feedlot and field locations, Tespectively.

Calcium carbonate content of soil below the r,rater tabLe decreased

with depth. All soíls from both sítes were alkaline (Table 1). The pH

of feedlot soíl above the üraËer table varied from 8.3 to 8.5. The pH

of feedlot soil below the water table was slightly lower than for

soil above the \,rater table and varíed from 8.0 to 8.4. Thís trend

\,ras not as evídent for the field samples although samples from 120 to

240 em had lower pH values than samples from 30 to 120 cm.

Total N (Kjeldahl) and organÍc matter contents of both feed-

lot and field samples decreased wíth depth. It ís ínteresting Ëo note

that both toËa1 N and organic matter contents were higher for the

field site Ëhan for the feedl-ot síte at the O-to 15-crn depth. The

lower total N content of feedlot could be due Ëo a rapid mineralízation

of N during periods of dry weather and aerobic condiËions followed
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Table 1.

SITE

Texture,
organic

Feedlot

I

l.J
O

I

calcium carbonate
matter content of

DEPTH
(cm)

0-15
15-30
30-60
60-90
90-L20

120-150
150-180
180-210
2r0-240
240-270
270-300

0-15
15-30
30-60
60-90
90-L20

120-150
150-180
180-210
210-240

TEXTURE CaCO, CONTENT- (7")

content, pH, total nitrogen content and
the feedlot and fíeld samplíng sites.

Fíeld

LFS
LFS
LFS
LÏS
LFS
LFS
LVFS
LVFS
LFS
LFS
LFS

FSL
FSL
LFS
LFS
LFS
LFS
LT'S
LFS
LFS

¿

rL

o.28
8.57

l-9.77
18.56
L4.L2
1,2.85
10. 85

4.24
5.07

L2.99
13.99
L7.65
L7 .1-4
11.58
L3.T4
10.59

pH

8,4
8.5
8.5
8.5
8.3
8.5
8.5
8.4
8.2
8.1
8.0

7.9
8.2
8.5
8.7
8.6
8.3
8.3
8.2
8.4

TOTA], N
CONTENT (%)

0.101
0.139
0. 069
0.035
0.047
0.045
0.057
0. 039
0.023
0. 017
0. 011

0.232
0. 091
0. 035
0.014
0. 0l_2
0.012
0. 013
0. 008
0. 011

not detectable

ORGAN]C MATTER

CONTENT (Z)

2.06
J.J/

L.6L
0. 33
0. 70
0 .46
0. 33
0.40
0. 36
0.16
0. 13

6.09
2.57
0.76
0.68
0. 38
0. 30
0.40
0. 31
o.L2

!.

I
i.

Il



by volatiLizati.on of NH, andfor leachíng and dentrification of NO,

during periods of anaerobíc conditions. Below 15 cm, total N and

organíc matter contents were higher for the feedlot site than for

the field site at almost every sampling depth.

The 0.5 M NaHCO, extractable P concentration of the feedlot

soil above the r¡/ater table vüas very high (TabLe 2), and varied from

9.4 to 76.0 ppm P. Below Ëhe v¡ater table, P ¡¿as only slightly higher

in the feedlot than in the field soil and both were very low. Sodium

bicarbonate extractable P concentratíon below the water table ín Ëhe

fíeld was higher than just above the rnrater table (60-to 120-crn depth).

This was probably caused by an increase in solubility of P under an

anaerobic environment (Ilolt et a1., I97O). The íncrease ín NaHCO,

extracËable P in soil receíving manure agrees wíth results of other

workers. Ridley and Hedlin (L962) also found increases in NaHCO,

extractable P due to manure applícatíon. The NaHCO, extractable P

values show that under the feedlot P moved to a depth of at least 150

cm.

Accumulation of manure in the feedlot had a considerable

effect on the concentratíon of rnrater soluble P. Organic and inorganic

T¡rater soluble P concentrations at 0 to 60 cm ín the feedlot were

very high. Most of the \,rater soluble P in the O-to 60-cm feedlot

samples was inorganíc P. Most of Ëhe vrater soluble P ín the feedlot

samples below the water table was organic P. It ís ínteresËing to

note that a hígh percentage of total organic P was extracted by

\^rater. I,riaËer soluble P concentrations in the field samples rÁ7ere very

low and in several samples no r¡/ater soluble P was detected (Table 2) .

Inorganic \^/aËer soluble P concentration below the water table was
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Table 2.

SITE

Sodíum bicarbonate extractable, rnrater soluble, total
phosphorus concentraËíons in soíl-s from the feedlot

Feedlot

I

l.J
¡\)

I

DEPTH
( cnt)

0-15
15-30
30-60
60-90
90-L20

120-150
150-180
180-210
zLO-240
240-270
270-300

0-15
15-30
30-60
60-90
90-120

120-150
150-180
180-210
21-0-240

0.5 M NaHCO3
EXT. P CONC.

(ppm)

Tíeld

76.0
56.0
62.0
77 .O
19. 0
9.4
2.0
1.8
I.6
1.0
L.2

1.8
1.0
0.8
0.2
0.2
0.6
1.0
1.0
1.0

I^IATER SOLUBLE
P CONC.

ORGANIC ITNORGANIC

10.4
2L.0
12.9
1.3
0.2
0.2

0.3
0.4
0.8

0.3
0.6

.L

0.1
*

1.0

J.

0.7

and organic
and fíeld sites.

TOTAI P
CONC.
(pp')

39.7
25.0
6.0
0.3
5.3
0.4
0.5

¿

0.3

0.8
0.1

Jrl

0.1

1.0
1".4

not detectable
1-. meËhod of 01sen and Dean (1965)
2. method of Mehta et al. (1954)
+ indícates \^rater table level

ORG. Pl.
CONC.
(pp*)

BB2
6L9
s35
458
478
6L5
699
684
66L
613
733

66L
523
45r
509
481
504
527
535
584

ORG P2.
CONC.
(pprn)

56
70
13

6
4

20
J

51
9
¿

15
L4

43
ú
¿

\q

)k

268
159
106

s4
47
33
27
29
4L

234
L37
104
111

54
10
11

+

75



greater than just above the water table. This was probably due to

an increase ín solubílíty of P under anaerobíc condítions. I^Iater

soluble P concentratíon in samples from the feedlot indicated that

P from the manure moved to a depth of at least 120 crn.

Total P concentratíon in most feedlot samples vras greater

than in the fíe1d samples (faUte Z). Símilar findings were noËed by

Ridley and Hedlin (7962) for soíls manured over a períod of 38 years.

Total P concentratíon decreased !'rith depth to 90 and 60 cm for the

feedlot and fíeld sites, respectively. Total P concentration below

these depths \^ras greater but did not increase with depth. It was not

knovrn if Ëhe vrater table at the sampling l-ocations had an effect on

this phenomenon.

Organic P was deËermíned as descríbed by Olsen and Dean

(1965) and by Mehta et a1. (1954). Both methods showed that Ëhe

surface feedlot samples contaíned very low amounts of organic P.

Most P in the soil beneath the feedlot was in the inorganic form.

The O-to 15-cm field sample contained about 250 pprn organic P whích

was about 407" of Ëhe total P content of the soil. The low levels of

organic P ín the feedlot samples might have been caused by a greater

míneralízation of organíc P under nanured than under non-manured

conditions. Also anaerobic soí1 condítíons would generally prevail

under the feedlot whereas aerobíc conditions r¿ould generally prevail

ín the fíeld. This might have also affected míneralizatíon of

organic P.
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The C:N and C:N:P ratíos were calculated for depths of 0 to

15 and 15 to 30 cm for each location (Table 3). The C:N ratíos were

sÍmilar for both sítes and varíed from L2:I to 16:1. The C:N:p ratios

of the feedlot site indicated a much lower organíc P content ín rela-

tion to c and N contents than that for the fíe1d site. Ratios of c:N:p

of 110:9:1 are conmon for soils (nlack and Goring, 1953). Values of

C:N:P for the field samples were símílar to those reported by Black

and Goring (1953). However, values of C:N:P for the feedlot samples

díffered greatly from those for the non-manured soí1s. The hígh

C:N:P ratíos in the feedloË soil were due to low organic P levels

since the C:N ratios for the fíe1d and feedlot sítes were simílar.

I¡Iater Samples

Depths to \,üater table in the feedloË and fíeld we11s were

185 cm and 165 cm, respectívely. Samples of water from the feedlot

well and from wells located at increasing distances from the feedl-ot

contained non-detectable amounts of P (Results not shovrn). The method

used tias the same as that for detecting water soluble P in the soil

samples ín which P concentrations as 1oT,¡ as 0.1 ppm were detecËed.

Thus, the 1eve1s of P ín the well water samples must have been less

than 0.1 ppr.

Mineralizatíon of Organíc Phosphorus ín Soíls wíth and. withóut Manure

The previous studies showed that the organíc P content of

soil beneath a feedlot was very 1ow. It was thought that mineraLiza-

ËÍon of organic P would be increased when manure was mixed with soí1,
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Tabl-e 3.

I

N)
ut
I

OrganÍc carbon, Ëota1 nítrogen
and C:N and C:N:P ratíos of the
f ield samples.

STTE

Feedlot 0-15
15-30

DEPTTi
(cm)

Fíel-d

ORG. C1'
CONTENT (Z)

0-l_5
15-30

and organÍc phosphorus concentrations,
0-to 15- and 15-to 30-crn feedlot and

L.20
r-.95

3.54
L.46

TOTAL N
CONTENT (%)

1. üIalkley and Black (1934)
2. rnethod of Olsen and Dean (1965)

0.101
0.1-39

0.232
0.091

ORG. P2'
CONTENT (Z)

.0056

.0700

.0268

.0159

C:N

L2:!
L4zL

15: 1
16: I

C:N: P

2L4:LBzL
279:20:L

L32:8,7 zI
92:5 .7 zI

,

:l

:



particularly under anaerobic condítions such as those in the feedlot.

Thus, an experiment \,ras desígned to study the míneraLizatíon of organic

P in soíls wíth and wíthout manure added and under aerobíc and anaero-

bic conditíons. Manure used ín the mineralizaËion experÍment conËained

3050 pprn total P, 1070 pprn organic P and 1980 ppm inorganic p. Thus,

about one third of the P was organíc. A total P concentration of 3050

pprn ís equivalent to about 0.32i( P or 3.2 kg P per ton of dry matter

r¿hích is consíderably higher than the 1.0 kg of P per Ëon of dry matter

reported by researchers at the uníversíty of Guelph.1' sínce the toËa1

P concentration of soils was increased by 300 ppm P, the organíc P

concentTation was increased by 100 ppn P.

The Eh readíngs (fable 4) were obtained as an indícatíon of

the oxidation-reductíon environment of the samples. The flooded treat-

ment \,ras designed to create an anaerobíc environment while the field

capacity moísture tÏeatment created an aerobíc environment with ade-

quate moisture for microbial actívíty. The O-to 15-cm feedlot samples

were ín a more reduced state than the fíeld samples for correspondíng

treatments and sanplíng tímes. Thís may have been due to Èhe higher

amounts of available P ín the feedlot samples resultíng ín greater

mícrobial activity and depletion of oxygen supplies. The flooded

samples all exhíbíted lower Eh values than samples at field capacity

for corresponding soil treatments and sampling times. This was ex-

pected as saturaËion of soí1s wíth water usually lowers the oxygen

content of the soíl . Sarnples treated r¡ith manure hrere more reduced

1. Progress Report L966, Research and Advisory Service, Dept. of Soil
Sci., Univ. of Guelph.
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SA}fPLE
SITE

Manure

Table 4. Eh values (mv) of samples
under fleld capaclty and

I

N'{
I

N.A.

FeedLot 0-15
0-15
0-l_5
0-15

120-150
120-150
120-1 50
l_ 20-150
2]rO-240
2L0-240

Field 0-l-5
0-15
0-t_5
0-l_5

2L0-240
2IO-240

DEPlII
(cn)

AMOIJNT OF MOISTURE
MANURE LEVEL

ADDED (g)

N.A. N.A. 1'
N.A.

1_.5

l_.5
0
0

1.5
1.5

0
0

L.5
0

l-.5
1.5

0
0

l_.5
0

F.
F. C.

I'

F. C.
F.
F. C.
F.
F. C.
F.
F. C.
F.
F.

F.
F.C.
F.
F. C.
r'.
T

fncubated for varyfng perlods with and r,¡lthout manure,
flooded condltfons.

t
3.

t=0 wk

+224
233

243
247
264
269
242
26L
273
268
283
316

298
3r7
316
347
272
336

t=1 wk

1.
2.
3.

+77
1-57

28
L2

1_t_9

r-03
26

26L
240
l_96

8l-
297

]-43
208
338
384

79
404

N.A. = not appl-1cab1e
F. = f l-ooded
F.C. = approxlmately field capaclty

t=2 wk

+84
228

13
95
55

101
0

22L
l-60
270

34
r37

59
L23
140
384

8
4L2

t=4 r^¡k t=9 wk

Eh (mv)

+89
90

55
78
6l_

t62
43
53

r67
270
-9

+230

90
245
138
284

L4
309

+96
L52

l-1 3
262

83
t87
109
138
239
289
104
L78

L42
319
244
446
83

229

t=l-7 wk

+20
324

34
223

28
349

67
37

180
328

58
250

r4t
358
L78
456

63
341_

Mean t=l
t=28 wk ro 28 wk

+]-44
235

146
386
L32
339
L34
390
407
420
L23
388

161
401
t77
430

77
¿+JJ

+84
198

65
L76

80
207

63
l_83
232
295

65
247

L23
276
202
397

54
355



than non-manured samples except for the O-to 15-cm feedlot sample which

showed no defíníte trend. It is possíble that the addition of manure

to Ëhe samples increased mícrobíal actívíty and the utilization of

oxygen.

The Eh val-ues of the flooded samples generally decreased

for about the fírst two r,reeks then remained relatively constant or

íncreased for the duration of the study (28 weeks). A símilar trend

occurred for samples maintaíned at fíeld capacíty except that the

decrease in Eh rüas generally less than for the flooded samples. The

decrease in Eh with time for manured samples followed a pattern símilar

to that of non-manured samples. The decrease in Eh for manured samples

\ías greaËer than for non-manured samples.

Percent Tecovery of applied P (300 ppm increase) was calcu-

lated for the manured samples (Table 5). Percent recovery varíed from

65.574 to L287. for the various Ëreatments. Percent recovery of applied

P for the O-to 15-cm samples \^ras greater for the feedlot than for the

field samples. Hor,rever, percent recovery of P applied to sampl-es ob-

tained at the 270-to 240-cm depth ü/as greater for the fíeld than for

the feedlot samples. Slightly greater amounts of applied P r,¡ere

recovered from the flooded samples of the O-to 15-cm depth at both

sites Ëhan from the fíe1d capacíty samples. The converse \,ras true

for the 120-to 150-crn feedlot samples. Percent recovery varied consíd-

erably with tíme, but there \¡ras no apparent trend in change of percent

recovery wíth time. Due to the large variations in percent Tecovery

of applied P wiËh time for any one soí1 sample, ít ís unlikely if the

dífferences in recovery were sígnificant.
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SA}ÍPLE
SITE DEPTII

(crn)

Feedlot 0-l_5
0-15

120-150
120-150
2ro-240

Field 0-15
0-15

210-240

Table 5. Pe.rcent recovery of appl-fed phosphorus (inorganfc and organfc for sampl-es
Lncubated for varyÍng perlods, under field capaclty and fl-ooded condltfons.

I

t\)\t)

I

AMOUNT OF MOISTURE
MANURE LEVEL

ADDED (e)

1.5
L.5
1.5
t_.5
1.5

1.5
1.5
1.5

F.
F. C.
F.
F. C.
F.

F.
F. C.
F.

1.

t=0 wk

2.

7. recovety =

P. = fl-ooded

3.

t 1t-
86
86
91
76

l_01
73
85

t=l wk

F. C. = f1e1-d capacfry

97
78

109
t_03
79.5

93. 5
90. 5
82.5

E=2 wk

extracted

Z RECOVERY

113
7s.5
96
94.5
80

83. 5
95.5

106

t=4 wk t=9 wk

LL4
108

85
116

IJ

77
78.5

106

81
97
88
98.5
65. 5

108
94.5
98

t=17 r¡k t=28 r¡k

11-4

90
88
99. s
7 4.5

82.5
tJ.>
8s.5

81
L28

85
92
80

78.5
90
86.5

Mean t
to 28 v¡k

101
95
9L
99
7 5.5

89
85
93

x 100

ri
¡
i

i
I



Organíc P concentrations ín the feedlot samples were very low

in comparison to organic P concentrations of corresponding fíe1d samples

(Table 2). These results suggested that the methods employed did not

extract all of the organic P in the manured soils. However, percent

recovery of inorganíc and organíc P, applíed as a manure, indicated

that the method used did recover most of the P. Thus, the low amounts

of organic P found in the surface feedlot soils were probably not due

to íncomplete recovery of organic P but due to the very rapid mineral-

izatLon of organic P.

Inorganíc P concentratíons ín the samples r¿ere determined

for each sampling time (Tab1e 6). For a partieular site, moisture

treatment and sampling tíme, manured samples had hígher concentratíons

of inorganic P than non-manured samples. Flooded samples usually had

lower ínorganíc P concentrations than sampl-es maintained at field

capacíty during the first few weeks of incubation. Hor¿ever, flooded

samples contained more inorganíc P than samples at field capacity

when íncubated for more than 17 wk. This suggested that microbial

irnmobílizatíon or chemícal fíxaËion of ínorganie P in flooded soils

vüas greater than in soils at fíe1d capacíty duríng the fírst few weeks

of incubation, but that the reverse \^ras true duríng the later stages

of íncubation. Inorganic P concentration of manure alone decreased

during the first few weeks of incubatíon. Tnorganic P concentration

of fl-ooded samples \,ras greater than for samples at fíeld capaeity

after L7 to 28 wk of íncubation. This was simílar to results for the

soil samples.

Organic P concentrations of manured samples \^rere greater
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SAMPLE
SITE

Table 6.

Manure

Feedlot

Inorganic phosphorus concentration (pprn) of
periods with and wíthout manure, under field

DEPTH
(cm)

I

u)
H
I

N.A.
N.A.

0-15
0-15
0-15
0-15

L20-r50
120-150
I 20-150
120-150
2L0-240
2r0-240

0-15
0-15
0-15
0-15

2L0-240
270-240

AMOI]NT OF MOISTURE
MANIIRE LEVEL

ADDED (g)

N.A.1'
N.A.

1.5
1.5

0
0

1.5
1.5

n

0
1.5

0

1.5
1.5

0
0

1.5
0

Fíeld

F.
F. C.

F.
F. C.
F.
F. C.
F.
F. C.
F.
F. C.
F.
F.

F.
F. C.
F.
F. C.
F.
F.

)
J.

t=0 wlc

L720
2r96

648
686
506
523
s86
624
432
449
634
466

444
442
283
302
610
463

t=l wk

samples íncubated for varyíng
capacity and flooded conditions.

1.
t
J.

185B
2059

605
653
463
480
610
sB6
408
418
638
456

420
367
262
283
6L9
442

INOR.GANIC P (pp*)

N.A. = not appl-icable
F. = flooded
F.C. = fíeld capacíty

t=2 wk t=4 wk t=9 wk

I 368
L692

6sB
6L4
4Bs
478
600
s64
401
394
662
478

4L0
403
276
278
605
490

L332
2009

653
658
550
545
638
6L4
46L
456
638
466

454
494
307
295
662
494

1_519

2326

643
706
485
494
624
595
427
418
629
502

444
45L
276
295
600
456

t=17 wk

2088
2498

7ro
624
494
s33
61"9

s66
437
432
638
466

439
425
278
293
629
482

t=28 wk

262r
2570

7LB
7sB
530
533
643
634
46L
45r
70L
s38

511
456
286
293
69L
490

4. soils extracted with 20 m1 concentrated HCl
wíthout ignitíon



than for non-manured samples (Table 7). Organíc P concentratíons

of flooded samples were similar or slíghtly hígher than for samples

at fíe1d capacíty during the first 2 to L7 wk of íncubatíon. After

28 wk of incubatíon, organic P concentrations of flooded samples

tended Ëo be less than Ëhose of samples at fíeld capacity. Generally

organic P concentrations of samples íncreased for the fírst few r¿eeks

of incubaËíon then decreased duríng the remaínder of the incubation

períod. These findíngs shovred the same immobilízation and mínera1í-

zation trends as for ínorganic P. Increases in organíc P during the

first few r¿eeks of íncubation corresponded to the decreases in ínor-

ganíc P over the same time períod.

Ratio of inorganic to organÍ-c P was calcul-ated (Table 8)

and statistieal- analyses conducted to determíne if significant changes

in the ratio occurred with tírne of incubation. A significant increase

in the inorganic : organic P ratio would have indícated that net min-

era1_ization of organíc P occurred. The ratios of Ëhe O-to l-5-cm

feedlot samples were higher than the ratíos of the O-to 15-cm field

samples due to the differences ín organíc P concentrations of Èhe

feedlot and fíeld soíls. The manured feedlot samples have consider-

ably lower ínorganic : organic P ratios than the norÌ-manured feedlot

samples due to the P concentration of the added manure. A similar

trend existed for the 210-to 240-cm field sample buË not for the

O-to l-S-cur fíel-cl sample because the native P concentration of the

latter vüas very hígh. Inorganíc : organíc P ratíos of flooded and

fíeld capacity samples decreased the first few weeks then increased

wíth time.
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Table 7. Organic phosphorus
periods (wk) with
eondítions.

SAMPLE
S]TE DEPTH

(cm)

Manure
'Nt 

^

Feedlot 0-15
0-15
0-15
0-15

120-150
120-150
120-1"50
120-150
270-240
zto-240

Fíe1d 0-15
0-15
0-15
0-15

2L0-240
2ro-240

I

u)
U)

I

AMOI]NT OF

MANURE

A-DDED (g)

N.A.

concentration (ppm) of samples
and without manure, under field

N.A.1
N. A.

MOTSTURE
LEVEL

1.5
1.5

0
0

1.5
1.5

0
0

F.
t

3.

t=0 wk

C.

F.
F. C.
T
En
F.
F. C.
F.
T. C.
F.
ñ

F.
Ën
F.
F. C.
F.
F.

1.5
0

1.5
1.5

0
0

1.5
0

L347
L570

3L9
T76
r28

B2
189
202

86
1-05

L75
1l_5

42s
345
2BL
267
177

70

t=l wk

1.
)
3.

incubated for varying
capacíty and flooded

ORGANIC P (ppr) 4

L706
1505

300
233
223
773
240
247
115
105
L76
r20

430
490
307
303
]-73
103

N.A. = not applícable
F. = flooded
F.C. = field capacity

t=2 wk t=4 wk t=9 wk

2448
2124

316
279
1"49

189
22L
269
L32
156
754

9B

4]-6
4s4
300
293
228

26

2L82
1-533

384
357
L46
]-46
L49
303

72
113
195
r48

372
327
288
29L
lBB

39

2L46
1684

267
204
L82
I25
190
250
L23
732
163

93

401_

370
24s
243
209

60

t=17 wk

1109
L774

305
3L7
183
139
r68
29r
86

L27
17L
L20

394
367
308
278
168

58

t=28 wk

4.

LI7 3
]-469

163
264
108
105
L49
LB7

77
94
98
2L

293
377
283
27L
101

43

dífference between
non-igníted

ígnited (550 C) and



SAMPLE
SITE

Table 8. Ratio of inorganíc to organíc phosphorus of samples incubated for varíous
periods (wk) with and without manuïe, under field capacity and flooded
conditíons.

Manure

Feedlot

I

(,
N

I

DEPTH
(c*)

N.A.
N.A.

0-15
0-15
0-15
0-15

120-150
120-150
120-150
120-150
2IO-240
2ro-240

0-15
0-15
0-15
0-15

270-240
2r0-240

AMOIINT OF MOTSTURE
MANURE LEVEL

ADDED (e)

N.A.1'
\t^

1.5
1.5

0
0

l-. 5
1.5

0
ô

1.5
0

1.5
1.5

0
0

Field

F.
F. C.

F.
F. C.
F.
F. C.
F.
F. C.
F.
F. C.
F.
F.

F.
F. C.
F.
F. C.
F.
F.

t=0 wk

L.2B
1.40

2.03
3 .90
3.96
6. 38
3. l-0
3. 10
5,02
4.27
3. 63
4.0s

1.04
7.28
1.01
1.13
3.4s
6.6L

t=1 wk t=2 wk t=4 wk

RATIOS OF ]NORGANIC P : ORGANIC P

1.
t
J.

1.09
1,37

2.02
2.80
2.08
2.78
2.54
2.38
3. 55
3. 98
3. 63
3.80

0.98
0.75
0.85
0. 93
3. 58
4. 30

N.A. = not applicable
F. = flooded
F.C. = fíeld capacity

1.5
0

0.56 0.61
0. B0 1.33

2.08 L.70
2.20 1. 85
3.25 3.77
2.53 3.7 4
2.72 4.30
2.LO 2.03
3.04 6.40
2.52 4 .04
4.30 3.28
4.88 3.15

o.99 I.22
0. 89 l_. sl
0.92 1.06
0. 95 1.05
2.66 L 3.52

18.85 1,2.68

Ë=9 wk t=17 wk

0.77
1. 38

2.4r
3.46
2.67
3.96
3.29
2.38
3.47
3.L7
3.86
5.40

1 .11
L.22
1.13
I.2T
2.88
7 .60

1. B8
7.46

2.33
T.97
2.70
3.84
3.69
t-. 95
5.08
3.40
3.7 4
3. BB

1.11_
L.L6
0.90
1. 05
3.7 5
8.32

t=28 wk

4.

2.L5
L,7 5

4.40
2.88
4.90
5.08
4.32
3.4-
6. 00
4. 80
7,L5 ,4

25.60

L.7 5

L.2L
1,.23
1.08
6. 85

11. 40



ft was diffícult to assess the sígníficance of net mineral-

ization of organic P from the trends in the ratio of inorganic :

organic P shovm in table 8. Therefore, línear regression analysis

rnras conducted and 12 v"l,res calculated (Table 9) . Sígnífícant miner-

alization occurred ín both manure samples but the greater rate of

míneralization occurred in the flooded sample. Significant mineral-

ization also occurred ín all manured soíl samples from both sites

but only under flooded conditíons. No sígnificant change in ratio

was obtained for all other treatments. However, alËhough not signi-

ficant in the time períod of the experiment, rate of míneralízation

appeared greater under flooded than under fíeld capacíty condítíons

for non-manured soíls.

This study showed thaË rates of organic P mineral-izatíon

\¡rere greatest in soil samples Ëreated with manure and incubated under

flooded condítions. Since the soíls under feedlots tend to be anaer-

obic, the low organíc P concentrations of the feedlot soils were

probably due to rapíd míneralization of native and applíed organic

P and a depletion of organíc P in the soil after the establíshment

of the feedloË.

Movement of Phosphorus ín Soil Treated with Manure Extract

The manure extract used in the study contained 7 ppro organic

P and 28 ppn inorganic P. The ICITPOO solutíon contaíned 35 ppm inor-

ganic P which corresponded to the total P concentration of the manure

extract. Breakthrough curves r,¡ere calculated for the seven soíl samples

used in the convective transport studies (Fígures L to 7). The ratio
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Table 9.

SAMPLE S]TE

Línear
under

I

oì
I

Manure

Feedlot

regression analysís of samples íncubated wíth and without manure,
fiel-d capacíty and flooded conditions.

DEPTH
(cm)

N.A.
'l\l 

^
0-15
0-15
0-15
0-r5

120-150
120-150
120-150
120-150
21-0-240
2L0-240

0-15
0-15
0-15
0-15

2L0-240
2L0-240

AMOIINT OF

MAN1IRE ADDED
(,)

N.A. 1'

N.A.
1.5
1.5

0
0

1.5
1.5

0
0

1.5
0

1.5
1.5

0
0

1.5
0

Field

MOTSTURE
LEVEL

F 2.

r. a. 3'

F.
F. C.
F.
Elì

F.
F. C.
F.
F. C.
F.
F.

F.
F. C.
F.
F. C.
F.
F.

LTNEAR EOUATÏON
y=ai¡*4'

= .762 + .048x
= 1.1-95 * .018x
= L.75 -r .077x
= 2.Bl - .010x
= 2.96 + .043x
= 3.78 + .030x
= 3.02 + .046x
= 2.30 * .021x
= 4.L5 * .058x
= 3.50 * .028x
= 3.33 + .l-03x
= 4.I3 * .011x

1. N.A.
2. F.
3. F.C.
4. y

X

not applicable
flooded
field capacity
Ratio of inorganíc : organic P

Time (wk)

LEVEL OF

SIGNIT'ICANCE

.5L4

.453

.784
,ot7
.2L7
.054
.449
.150
.207
.L43
.646
.008

.7 29

.043

.352

.064

.689

.245

0.98
1.10
0. 95
1.04
2.84
7 .1-0

.05

.10

:l
.10

_-

+
+
+
+
+
+

.022x

.005x

.008x

.002x

.11-2x

.141x

.05

:1

.;;



of the concentration of P in the leachate to the concentTation of P

in the extract (C/Co) was plotted versus pore volume.

Leachíng the O-to 15-crn feedlot sample with manure extTact

resulted in removal of both inorganic and organic P from the soíl

(Fígure 1). A value of C/Co = 1 was obtaíned at about a pore volume

of 1.5. Thus the soil was in equilibríurnrwith concentrations of P

in the soil sol-ution much hígher than those of the prepared manure

extract. The highest concentratíon of organic and inorganic P ín the

leachate was obtained ín Ëhe first sample col-lected and was 51 ppm

ar,d 26 ppm, respectívely. The C/Co value of 1.5 for organic and inor-

ganic P was obtained at pore volumes of 0.75 and L.25, respectively.

Thus ít would appear that organic P was leached from the soíl at a

faster rate than inorganic P. However, thís difference may have been

due to experímental- error. The determínation of organíc P was obtained

by the dífference between total and ínorganíc P. Errors in estimatíng

either total or inorganic P would result in a relatively large error

for organic P. A, C/Co value of about 1.15 was obtained for inorganic

P, whereas a val-ue of about 0.9 was obtaíned for organic P. A C/Co

value of 1.0 should have been obtaíned for both organíc and inorganíc

P. Thís would tend to verify that the difference in rate of movement

shown in fígure 1 was probably due Èo experimental error.

The 15-Ëo 30-cm feedlot sample (Figure 2) adsorbed P from

the manure exËract. A C/Co value of 0.8 r¿as obtained when one pore

volume of extract hras eluted. Thís indicated that P was moving at

a rate nearly equal to that of water. Thus, this sample had very

líttle capacity to fix P from the manure extract. The organic and
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C/C'o

3.2

3.0

2.8

2.6

2.4

2.2

2.0

1.8

L.6

L.4

L.2

1.0

0.8

x

o

Inorganic

Organic P

Figure 1. Breakthrough curves of ínorganic and organic phosphorus
for manure extract--0-to 15-cm feedlot sample.
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I

(,

I

1.0

0.8

0.6

0.4

0.2

ClC
o

PORE VOLUME

Fígure 2. Breakthrough curves of inorganíc and organic phosphorus for manure extract--
l-5-to 30-cm feedloL sample.

1.0 2.0 3.0

Inorganíc P

Organíc P

4.0 5.0 6.0



inorganic P moved at about the same rate sinc" C/Co = 0.5 was obtained

at 0.7 pore vohnnes for both organíc and inorganic P.

Apprecíable quantities of P were fixed by the 30-to 60-crn

feedlot sample (Figure 3). At C/Co = 0.5, pore volumes of 2.0 and 2.4

r¡rere found for organíc and ínorganic P, respectively. Therefore,

there vras very little or no difference ín their Tate of movement.

Values of. C/C- = l- were not obtaíned even at pore volumes of 15 to L7'o

suggesting that thís sample r¡as capable of fíxíng P even when leached

T¡rith large amounts of manure extTact. Thís sample exhibíted a rnuch

greater P adsorptive capacity than the 15-to 30-cm depth.

BreakËhrough curves of organic and ínorganic P for the 120-to

150-cm depth r,rere dífferent (Figure 4). A value of C/Co = 0.5 was

obtained at pore volumes of 3.8 and 6.5 for organic and inorganíc P,

respectively. Thus, organic P moved at a greater rate than ínorganic

P. Saturation (C/Co = 1) was attained at po1e volumes of 9.0 and 11.0

for organic and ínorganic P, respectively. This índicated a high

potential for P adsorption by the soil.

Breakthrough curves of organic and ínorganic P for the 21-0-

to 240-cm feedlot sample using manure extTact (fígure 5) shor¿ed that

the soíl \,ras not saturated wíth P even at a pore volume oÍ L2. At

C/Co = 0.5, pore volumes for ínorganíc and organíc P were 4.8 and 5.6,

respectively. This suggested that inorganic P moved at a slightly

faster rate than organic P. This may have been due to errors in

measurement of ínorganic and total P.

Organic, inorganíc and total (organic plus ínorganíc) P

breakthrough curves for the manure extr.act and the breakthrough curves
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I

N

H
f

1.0

0.8

0.6

0.4

0.2

ClC,o

Fígure 3. Breakthrough curves
3O-to 6O-cm feedlot

81072L4

PORE VOLUME

of ínorganic and organíc phosphorus
sample.

Tnorgan

0rganic
icP

P

for manure extract--



L.2

1-.0

0.8

0.6

0.4

0.2

I

À.
l'.J

I
C/C

o

Figure 4. Breakthrough curves of ínorganíc and organic phosphorus for manuïe extract--
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for a 35 pprn lGl2PO4 solutíon are shovm in figures 6 and 7 for the

0-to 15-and 210-to 24-cm field samples, respectívely. Total P con-

centration of the manure extTact was about equal to the total P con-

centration of the I<H.PO' solutíon (35 ppm). At C/Co = 0.5, pore

volumes for organic and inorganic P usíng manure extTact were 4.5 and

5.0, respectívely for the O-to 15-cm fíel-d samples (Figure 6). This

indícated the organic and ínorganíc P in the manure extTact moved at

abouË equal rates. Saturation (C/Co = 1) vras attaíned at about 7 to

B pore volumes for the organic P and 9.5 pore volumes for the inorganíc

P, índicating an apprecíable capacíty for fixation of P.

A comparison of the breakthrough curves of total P for the

manure extTact and KH.PO, solution shows Ëhe effect of the organicz4
P fraction on the movement of P. Pore volumes of 4.6 and 6.8 were

obtaíned at C/C^ = 0.5 for the manure extract and KI1.P0, solution,'oz4

respectively. Thus, P ín the manure extract \,Ías not retained as

readíly as KHTPOO by the soil and movement of P ín the soil \das greater

with the manure extTact than with the KH,PO^ solutíon. The greater

P movement obtained with the manure extract could be due Ëo the coatíng

of soil- particles wíth organíc matËer and a decrease ín number of P

fixing siËes. Also, inorganic P ín the manure extract may be assoc-

iated or complexed by organic matter whích would result in less fíxa-

tion as wel-1 . The soil became saturated r,riËh P (C/Co = 1) at pore

volumes of 8.0 and 14.0 for the manure extract and KHTPOO solutíon,

respectively. This índicates that the soil was capable of fixing

more P from the KH2PO4 solution than from the manure extTact.
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Pore volumes for organíc and inorganíc P at C/Co = 0.5

using manure extract were 3.8 and 4.2, respectively, for the 2l0-to

240-cm fíeld sample (Figure 7). This índícated that organic and inor-

ganic P in the nanure extract moved at about equal rates. Saturation

(C/C- = 1) was aËtained aË a pore volume of about 11 for inorganico'
P while the organic P did not reach saturatíon even at a pore volume

of L4 with the manure extTact. This may have been due to errors ín

the measurement of inorganíc and total P concentratíons in the leach-

ates. The curves indícate that the soil (210-to 240-cm fíeld sample)

was capable of fixing considerable amounts of organíc and ínorganic

P from the manure extract. Pore volumes of 3.8 and 5.0 were obtained

at C/C- = 0.5 for the nanure extract and KH.PO, solutíon, Tespectívely.oz4
Thus, the soil retained P from the ICITPOO solution more readily than

P from the manure extract and movement of P in the soil was greater

wíth the manure extract than wíth the ICITPOO solution. Differences

ín movement and fíxatíon of P between the marlure extTact and KHTPOO

solution were also noËed for the 0-to 15-cm depth. The soil became

saturated wíth P (C/Co = 1) at a Pore volume of. L2 for the ICI2P04

solutíon but the manure extract díd not reach saturation even at a

pore volume of 14. This was probably due to error in measurement of

total P in soíls leached with manure extTact. The breakthrough curves

índicate the 210-to 240-crn fíeld sample was capable of fixíng large

amounts of P from both the manure extract and the KH2P04 solution.
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SI]MMARY AND CONCLUSIONS

Beef and milk productíon and confined catË1e feedíng units

are part of many Manítoba farm enterprises. Thts has resulted in

problems assocíated wíth accumulations of manure on farmsteads. Effects

of large accumulations of manure on Ëhe soil environment, particularly

with respect to P, has received líttle attention by researchers. A

eonfíned cattle feeding area üras selected and studíes inítiated to

determine the forms and amounts of P in the soil- beneath the feedlot.

Laboratory studíes were also conducted to determíne the mineralization

rate of organic P applíed as manure to flooded and non-flooded soils.

Movement of both ínorganíc and organic P from a nanure extract \^ras

studied using several soil samples from the feedlot síte. The above

studj-es were al-so conducted on soil samples from an adjacent non-manured

field and comparisons made between feedlot and fíe1d samples.

Accumulatíons of marrure in the feedlot affected the amounts

and forms of P in the soíl-. Amounts of 0.5 M NaHCO, exËractable P in

the surface feedlot samples \,rere very high and showed that P had moved

to a depth of about 150 cm. The NaHCO3 extractable P concentrations

in the feedlot samples were much greater than those for samples from

the adjacerit non-manured fíeld. Inorganic and organic \,üater soluble

P concentratíons in the feedlot soils r,¡ere also high compared to the

rnrater soluble P concentTations of sampl-es from the adjacent fie1d.

Concentration of total P in the feedloË soil was greater than for the

fíeld soil at depths of 0 to 60 and 120 to 300 cm. Greater amounts

of organic P \,rere found in the field samples, particularly the O-to 60-cm
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depths, than in the feedlot samples ín spíte of the latter having more

than one-ft accumulatíons of manure. The C:N:P raÈios of the O-to 15-

and 15-to 30-cm feedlot samples were 2L4:18:1 and 279z2OzL, Tespect-

ívely. The C:N:P ratios of the corresponding fíe1d samples were 132:

8.7:1 and 92:5.7:1, respectíve1y. C:N ratíos for the two sites were

similar.

The laboratory studíes índicaËed that míneraLizatíon of

organíc P was signíficantly greater under flooded condítions (anaerobic)

Ëhan under conditions at fíe1d capacíty (aerobíc) in soils Ëreated

r,¡it.h manure. Thus, a reducíng or anaerobic envíronment and applica-

Ëions of rnanure \¡rere essentíal to obtaín signífícant mineralization

of organic P. Since anaerobic conditions usually prevaíl in soil

under a feedlot, Ëhe low organíc P concentrations in the feedlot soí1

\^7ere most líkely due to rapid mineralízatíon of organíc P.

Rate of movement of organíc, inorganic, and total P in soil

was studied using a nìanure extract and a KH2PO4 solutíon. Organic and

inorganíc P moved at about the same rate in most soils. Organic P

moved at a gteater rate than ínorganic P ín one of seven soíl-s invesËí-

gated. Rate of movement of organic and inorganíc P decreased with

íncreasing depth for the feedlot samples. The O-to 15-cm feedlot sam-

ples appeared to be saturated \^rith P and the 15-to 30-crn feedl-ot sample

had only a small potential- for P fixatíon. All other feedlot samples

and the field samples exhibited a hígh potential for both organic and

ínorganic P fixatíon. I+I2PO4 moved at a slower rate and was fixed

more readily than an equivalent concentration of organic and ínorganic

P applíed as manure extract to t\,üo f ield samples. The organic fractíon
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of the manure extract probably retarded fixatíon by coating soil par-

ticles thus decreasíng fixation sites and resultíng in a greater P

movement.

The studíes reported hereín indicated that movement of P

occurred ín soil beneath a feedlot having large accumulatíons of manure.

Movement of P probably occurred as both organic and inorganíc P as

these two forms moved at about equal rates when applíed as a manure

extract to soíl from the feedlot. The anaerobic conditíon exísting

in the soil beneath the feedlot was likely conducive to rapíd mineral-

ization and depletion of organíc P in the soil. Thís findíng suggests

that release of P from organic matter of soils enterÍ-ng lakes or stTeams

is greater than under field conditions.
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