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ABSTR,ACT

I4anitoba contains large acreages of ealcareous soils as well ae

noncalcareous soils, Most of these soils are deficient in available

phosphorus and phosphorus fertilization is an important aspect in crop

productj-on. The behaviour of applied phosphorus in Manitoba soÍls,

especially the movement of phosphorus in soj.Ìs, is not rvell knoÌ¡n. This

project was initiated to study the movement of applied phosphorus in some

ivtranitoba soils. Ten surface soiLs varying in textrlre and calcium carbon-

ate content were selected for the studies.

Phosphorus movement from a monoamnonium phosphate pellet was found

to be slightly greater than from a diammonium phosphate pellet. This

observation lras more noticeable in the calcareous soirs than i-n the

noncalcareous soils. Phosphorus movement was found to be greater in non-

calcareous soils than in calcareous soils for both sources of phosphorus

when added as a pellet or in granular form on the surface of soils i-n

columns and leached ùrith water. Phosphorus movement was greater in the

coarse-textured soils than in the fine-textured soils when the phosphorus

fertilizer hras added in granular form to the surface of soil colurnns and

leached r.¡"ith water. Soil texture had very liüt1e or no effect on

phosphorus movement when the fertilizer l¡as added as a pellet.

The movement of phosphorus was slíght1y retarded in both a

calcareous and a noncaLcareous soil when P32 rrtaggedrr monoamroniuin phos-

phate was mixed with CaC12î, MCCL* KCl, NaCl and NH4C1. In soils

saturated with Na, K, ffi4, Ca or l,fg phosphorus movement was greatest when

Nar K or NH,. was on the soil occhange complex. Saturatj-on of the soils4

with calcium reduced phosphorus movement whereas saturation of the soils



with nagnesium j-ncreased phosphorus movement wtren compared to the

r¡ntreated soil.

Rate of phosphorus movement studies indicated that movement of

phosphorus was more rapid j-n noncalcareous soils than in calcareous soils.

So1ubilÍty studies showed that the soil solutions of the phosphorus

treated calcareous soils contained greater amounts of calciu¡n and magnesium

than did the soil solutions of phosphorus treated noncalcareous soils.

ït is suggested that the large anour¡ts of calcium and magnesirr¡n in the

calcareous soils precipitated the added phosphorus very close to the

pe1let site and thus the movement of phosphorus r,tras restricted. Since

the supply of calcir¡n and magnesium in the noncalcareous soi.ls was not as

great as in the calcareous soils, added phosphorus r¡¡as able to move

farther away from the pellet site before it was precipitated by calciwr

and/or magnesium.
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T INTRODUCÎION

A proper r¡rderstanding of the inportance of applied phosphorus

in crop nutrition cannot be obtaj-ned r¡nless the behavj.otnc of applíed

phosphorus is clearly understood. An essential part of this beheviour

is the mechanisn by which plants obtain phosphorus from the soil sr¡rr

rounding a phosphorus fertilizer pellet. The movement of phosphorus in

soil systems is an essential part of this mechani.sm. Greenhouse ocperi-

ments conducted at the University of tr{anitoba have shot'm that f}a¡c gro}rn

on a calcareoì¡s soil utilized greater anounts of ferüiIízer phosphorus

as the volune of soil fertilized was i¡creased. This trend was not very

evident when fla¡r lras grolrn on a noncalcareous soil suggesting that

phosphorus movement from a fertÍlizer pellet nay be greater in nonca]-

careous than oalcareous soi.ls.

The infornatÍon on phosphorus movement' in soil systems Ís li"nited.

Research on this topic hes been 1i¡nited to acid and noncalcareous soils.

Manitoba contains large acreages of calcareous soils whÍch have to be

treated with phosphorus fertilizers if crop yíelds are to be increased.

Since the movenent of phosphorus in caleareous soils has not been studied

extensivety and plant grovrbh studies have suggested that phosphorus move-

ment in noncalcareous and calcareous soíIs nay be different, a compre-

hensive study of phosphorus movement is essential to better understand

the behaviour of applÍed phosphorus in'' our eoils.

The objectives of the work reported, T,¡ere es foJ-lows:

(r) To devÍse an experimental techni,que for determinlng phos;l'r

phorus movement in soil systems.

(U) To deternine the effect of phosphorus source, soi.l calci,um



Gerbonate Ievel and soil tercture on movement of phosphorus from a ferti-
lizer pelIet.

(c) To deternine the effect of incorporatlng CaCl2r 1{g0L2, KCI,

NH4C1 and NaCI w"ith the phosphorus fertilizer pellet on phosphorus

movement

(d) To measure movement of phosphorus from a phosphorus pellet

placed in soils saturated u"ith Ca, I&, K, NHU and Na,

(") To determine the solubility i¡f added phosphorus and the

rate of movenent of phosphorus from a pe1let 1n different soil systems.



II REVIEW OF LITERATURE

The importance of ùhe element phosphorus in plant nutrition has

been knor,¡n for a long ti-ne. The mechanisms by which phosphorus moves

through the soil have become of interest to soil scientj-sts in recent

years. Consequently, a great deal of time and researeh have been spent

in elucidating the problen of phosphorus movement through soil systems.

Soil and fertilizer phosphorus nay be transported in three Ìrayss

(a) Uy the action of soil organisms, (b) ¡¡ith floluing water (nass flow),

anl (c) Uy thermal movement along a concentration gradient (diffusion).

The rngnitude of phosphorus novement depends upon the fraction of soil
phosphorus involved and the rate of movement of that fraction (22).

Lehr et aI. (21) studied the cheni-caI behaviour of monocalcir¡m

phosphate monohydrate in soils and concluded that capillary flow rvas a

principal mechanism in the movement of phosphaùe soluti-on a.ray from the

tablet of fertilízer.

Henderson ard Jones (f3) found that phosphorus does not penetrate

very far from the source of application. They noted that the najority of

the phosphorus renained in the upper 1! inehes (3.8tcn) of soi1. In a

Cecil claÍr which had a high fixation for phosphorus, not more than ,,

5 percent of the added ca(Hreo,)z penetrated beyond one inch, and nore

than fifty percent renained in the Lop 3/8 inch (0"95cm). They also

found that when Ca(UreOU)a containing redioactivated phosphorus was

apptried to the surface of the soil and washed dor"¡n wÍth water equivalent

ùo precipitation of 2.5 inches. (6.35 cm ), the penetration of phosphorus

ranged fron lfi inches (3,lgcn) for CecÍl clay to about four inches

(10.16 cm ) for Crosby sÍIt loan. The add^itÍon of KCI caused the



radioactive phosphorus to nove farther into the soil than where no KCI

was added, but (NH4)2 t04 had no irunediate effect.

Hannapet et al. (tO) stu¿ied the novement of calcirrm and phosphorus

in the soil solution of a ealcareous soil. They fourd:jthat addlti-ons of

organic residues increased the amount of total phosphorus movement. They

concluded that the increase in phosphorus movement resuLted from aá

increase in organic phosphorus in the soil solution. In contrastr they

reported that additlons of inorganic phosphorus in amor¡nts equivalent to

that added in the plant resùdÉes failed to elicit any increase in phos-

phorus movement in the absence of simultaneous additions of organic

materials.

Bouldin and Sample (2) studied the movement of phosphorus from

monocalci-uû, monoamhonium and diamonir¡m phosphates. They fotxtd the

radial movement of phosphate from the three sources increased 1n the

order Ca(ttaPo.) 2.H2o < NH4H'P04< (ttHU)rHroO, whereas the concentratÍon

of phosphorus adjacent to the granule differed in the reverse order.

They used a Hartsells fine sandy loam (pH 5.2) aro a lrlebster silty clay

loan (pH 8.3) and found thaü the distribution of total fertilj-zer phos-

phorus did not change appreciably 3 weeks to 5 neeks after the fertilÍzer

was added. Fertilizer phosphorus moved about 2.5 and I.5 cm from the

center of the pellets with the Hartsells and Webster soils, respectitrètry.

Differences anong phosphate sources in the same soil were relatively

small. Dia¡nmonir¡m phosphate vras superior to monocalciun phosphate in the

Hartsells soils, but monocalcir.¡m phosphate was much superior to

dian¡nonir¡n phosphate in the !ùebster soil in providi.ng phosphorus to

growing plants. !þns¡mmonium phosphate was i¡ùermediate in supplying

phosphorus to plants in the Hartsells soíl, but was roughly equivalent



to nonocalciun phosphate in the !{ebster soil. The dístance of phosphorus

movement in the Webster soil with all phosphorus sources was much less

than in the Hartsells. The phosphorus concentration iurmediately adJacent

to the pellet site was higher in the I¡tebster soÍI than in the trlartsells

soÍl. Fron their work, they hypothesÍzed that the increase in the

avai-IabilÍty of phosphorus in a soil resulting from the addition of

phosphate fertilizer, was dependent prinarily upon the volume of soil

directly i.nfluenced by the phosphorus additions and the increase in

availabÍIity of phosphoru" in "a"t segrrent of soil i.n t,he voh¡me of

influence.

Dehghan and Þlilliarrs (6) applled phosphorie aeid trtaggedf' with

p32 t*o inches (5.o8cn) belowthe surface of a G1enda1e clayloan and a

Banbar sandy loan at for¡r moisture levels (5.2, 20, 40, and 60 percent

of saturatÍon) and allowed reaction for one week. Leachates were col-

leaüed at weekly j-ntervals for five weeks. They fowrd that the amount

of phosphorus removed by leaching showed no relation to the original

moisture content of the G1endale loam. Removal of phosphorus from the

Banbar sandy loam decreased with Íncreasing original moisture content.

Removal of phosphorus from both soils increased w"ith an inerease in

leaching. The distribution of phosphorus in the soil coh¡mr¡s after

leaching showed restricted movement in the Glenda1e soil and extensive

movement in the Banbar soil.

l{ackay and Eaton (e9) aetermined the penetration of phosphorus,

applied as superphosphate, into a podzolic soil. They incorporated mono-

calcium phosphate contalningP32 in the surfaoe,inch (Z.54cm) and then

estirnated the activity in f - inch (Z.5lncm) segments of core samples.

They forxtd that downward movenent of the applied phosphorus was very



slight in spite of the coarse tercture of the soil. Approxirnately 51( of

the added phosphorus Ìras located 1n the 2- 6 Ínch (5.0g - !5.24cn) zone

after two weeks and only 8.5fr had reached that depth in ó weeks.

Gunary (8) for¡n¿ that movement of phosphate frora orthophosphate

was greater than from a pyrophosphate source.

Heet (12) reported that the greatest penetrati.on of phosphorus

from monocalcir¡m phosphate occurred in soils of neutrat to slightly acid

reaction which contained little active iron or aluninr:n. He also:ilfound

that active calcium, iron or aluminum in the soil inhibiùed the dor¡¡nward

movement of phosphorus in proporÈion to the anor¡nts present, but i-nversely

proportS-onal to the solubilitles of their corrpounds u"ith phosphorus. He

found that Ín the slightly acid Miani såIt loam which contained littIe
active iron or aluninua, mar(imrrm penetration of phosphorus resulted

whereas in laterites, which contained large amor¡nts of active iron and

aluminrim, there Ì¡as very little phosphonus penetration. He concluded

that in soils conÈaining large anounts of aetive iron or alumi-nrrm, the

phosphorus was fiNed and held Ín difficultly available forns within a few

rÉ1Ii¡aeters of the point of application.

Jordan et 4. (I8) reported that two j-nches (5.O8cn) of irriga-
tion water moved phosphorus anplied as superphosphate from the surface

into the first ineh (2.5t+cn) of soil, and six inches (:5.Zbcn) of

lrrigation water noved the fertilÍzer phosphorus into the second inch

(2.5t* cn ) of soil. The ó- inch (I5.24cn ) irrlgation moved signifieantly

more fertilizer phosphorus from the surface than did the 2- lnch (5"O8 cn )

irrigati-on. SÍgnificantly more fertillzer phosphorus rras moved fron the

surface half-inch (I.Z? cn ) of soil by 15 Ínches (38.tOen ) of irrigation
water than by the snaller irrigation rates.



Stephenson and Chaprnan (4?) found that þhosphorus accumulated in

the soil horizons in which it wes incorporated, and that in nost soils

movement away from the zone of application h¡as very slow. They also

reported that in open loosely coryacted soils there was evidence of

phosphate movement below the first, foot (JO.48cn ). À rnarked penetration

of phosphate was forr¡rd into the seoond (60.9ócm ) and third foot (91.44

cn) horÍzons when conóiderable quantities of soluble phosphate were

supplied to the surface. They found that phosphate penetrated belo¡¡ the

first foot (30.48cn ) when moderateþ compacted soils were fertilized

for nany years with phosphate. They also found that the more soluble

the phosphorus source, the greater the penetration of phosphorus.

Midgley (33) fo.urd that under field conditions nost of the

phosphate applied as superphosphate was retained within the surfaee

inch (2.5t+cm ) even after an inùerval of six months. There was slower

movement of phoophorus from superphosphate than fron anmonirrm, potassium

or sodium phosphates. (r,rHU), sOU and Kzso4 urixed with equar amounts

of superphosphate retarded the novement of phosphaterl,'Srhile NaNO, greatly

increased phosphorus movement in a Mia¡ri silt loam soil. He suggested

that the action of the salts in repÌacÍng certain bases from the base

exchange compounds of the soÍl could be used to oçlain the results

obtained. PotassÍum ard a.rnmonium were more active in this respeat than

sodium, and thus had a terdency to replace calcium which was then free to

forn the more difficultty soluble tri-calcium phosphate. He stated that

there would be a tendency to form a more goluble phosphate when a sodir¡n

salt was used as the base exchange compourds seemed t,o have a greater

affinity for amonÍun and potassÍum than sodir¡m ions.

Many workers (9, 2L, 25, A6, j6,4ó) have utilized diffusi.on

ê



coefficients in stgdying the diffusion of phosphorus and rrptake or

availability of phosphorus to plants. Lewis and Quirk (24) for¡nd that

the ctrloride ion moves about lO0 ti¡res faster than the phosphate Íon in

mosü soils. Schofi-eld and Graham-Bryce (46) utifized the principle of

the Gaussian distrie*ution function in studying the dißfusion of ions in

the soil. they found that coupaction had a signifÍcant influence on

rates of diffusion, which had a na:ci-mr¡m at l.5gm.per nl. for the soiÌ

they investigated. Olsen et al. (36) otifiaed diffusion equations and

demonstrated theoretically that phosphate can diffuse fast enough üo

account for the observed uptake by plants"

Bouldin ard Black (3) studied the one-d.imensional diffusion of

Ittaggedtt phosphorus from Ca(HrfOU), and KHTPOU and estinated the result-

ing distributlon of diffused phosphorus by the use of X-ray filn and

Geiger tubes. The X-ray film shor,red nany loca1 areas of p32 concentrations.

They also observed large-sca1e irregularities in the ourves relatÍng

phosphorus concentraüion in the soil coh¡mn to distance from the source.

In both a Miami silt loam and a Muscatine silt loem with Ca(HZPO4)2 ,

peaks in phosphorus concentration were noted at 4 cm. intervals. One

peak about I cm. from the source of phosphorus l¡as for¡nd when K,[taP0U was

added to the Miani silt loan sofl" They also noted that the distribution

of diffused calcir¡m was similar to phosphorus distribution in the two

sofls when Ca(HZPOI*)Z was applied.

Heslep and Black (1/¡) founa that phosphorus díffusion increased

with an increase in the water content of the soil. lfhey found that

phosphorus diffusion from superphosphate was reduced by adnlxture with

nltrogenous and potassium salts. They aleo found that the distance of

diffusion increased w"ith ti-ue. The fertiJizer phosphorus did not diffuse



more than 3 or l¡ cm. in l¡ weeks, w1th more than 50 percent of the phos-

phorus diffusing w:Í-thin the first week, and more than 90 percent diffßusing

within the first three weeks. They also reported that the extent of dif-
fusion of phosphorus differed between soils, being conslderably more

restrÍsted in calcareous than acid goils, The extent of diffusion of

different phosphatic fertllizers increased u:lth an increase in the phos-

phorus in water soluble form.

Satchell (44) working under field and laboratory conditlons,

reported that there wês àn increase in phosphorus movement uith increased

rate of application and increased soil moisture content. Superphosphate

was the only source that gave a measì¡rable movement, when dicalcir¡m phos-

phate, cållciu¡r metaphosphate, superphosphate and fused nock phosphate

were added. He also noted that phosphorus moved farther Í¡ the Norfolk

sandy loam soil than in the Cecil clay loan soi1. His results suggested

that the distrÍbution curves obtained contained irregularities rather

than bej-ng snooth as would be predicted.

Larnrbon a¡rd Vonrlcil (22) studied the dissoluüion and migration of

phosphorus from granular superphosphate. They concluded fro¡n their study

that nost of the water soluble phosphorus i.n the superphosphate noved out

of the granule in a relatively short period of tine and that the di-ssolu-

tion rat,e and diffusion of phosphorus was high Ín soils having a low or

hÍgh noisture content. Ðue to the hygroscopic nature of superphosphate

an interesting redistribution of moisture was found to take place between

the soil and ferti-Iizer granule. Moisture was drawn from the relatively

dry soil toward the granule w'ithin a period of hours, fornring a moist

soil shell around the granule. The effect was equivalent, to placing the

granule in a soll at a higher moisture content, allowing the granule to



absorb more moisture, and thus increasing the rate of dissolution. They

obsenved a rapid diffusion of phosphorus from the granule in the early

stages of dissolutlon i.n a moist soil i¡dicating that a very hígh con*

centration gradient ocisted between the solution within the ferüilizer ard

the adjacent soil. The difference in phosphorus concentration r.¡as

enhanced by a snall or¡bward spherical movement. They also found that

phosphorus diffused over a relatively short distance. I{aximun movement,

over a period of 3 to { weeks, was found to be I inch (Z.5Ucm ) or less,

even ín â coârse-textured soÍI. Both rate r of movement and dfstance of

movement v¡ere greater for the more acid and coarser soil. They also

substantiated the work of other workers (3, ]..h, l¡{) who found that

dtffusion from soluble phosphorus sources j"nereased w"ith j"ncreased rates

of phosphorus application.and soil moisture eontent.

PhillÍps et al. (39) st,¡died the self-diffusion of phosphorus in
clays and soils. Their result,s were in agreenent wÍth those of Hes1ep ard

Black (lÀ). They found that the calculated diffusion eoefficients

and phosphorus rates were linearly and positively coruerated. They

found a highly significant relationship between the diffueion coefficients

and rrater soluble phosphorus and/or alr¡ninr¡m phosphate eontent of the soil.
Sanple (45) orad" corparisons of the rates and disüances of phos-

phorus movement from spot pracements of NHUHTP0, and (mHU), Hpr0r.Hr0 and

a 5O z J0 ni:cbure of these two conpounds in ten soÍIs. R¿tes and distances

of phosphorus movement were estinated by exposing autoradiographs

periodically. In seven fine-textured soils, phosphorus had moved sub-

stantially farther from monoanmonium phosphate than from triple ammonir¡m

pyrophosphate when s¡qp1ed for a period of six weeks. phosphorus from

both compounds reached the edge of the container (5 coo. dÍaneber) in two
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v¡eeks when three soils of a sandy texbr.rre were studied. The presence of

monoammonium phosphate in the rrÍxbr¡re had little effect on the outer

limit, of phosphorus movement from triple ammonium pyrophosphate, however,

most of the phosphorus from monoanmonium phosphate r¿as found beyond the

zone influenced by triple amnoni¡¡m pyrophosphate. The phosphorus from

monoanmoniun phosphate was apparently free to move through the zone of

soil which h¿d reacted w:ith trôple anmoniun p¡rrophosphate.

Hossner and Richaras (15) studied the effect, of phosphorus source

on the movenent of band applied phosphorus. Phosphorus movement fron the

fertil-izer zone was sin:Ílar when ammoniun pyrophosphate, dianmonium phos-

phate or nonoammonir:ra phosphate were the sources. The movement of

phosphorus from monocalcium phosphate was considerably 1ess. The quantity

of applied phosphorus recovered from the soil was greatest for monoarr¡oniwr

phosphate, internediate for diam¿onirrm phosphate and snallest for a¡moni-r.¡m

pyrophosphate.,and monocaleirrn phosphate. They also noted that the pH of

soil layers imediately adjacent to anmonium pyrophosphate and monoa¡mronium

phosphate fertilizers waõ l¡.0 and l¡.2 respectively, and lncreased as the

dlstance from the fertilizer source increased.

Lai and Mortland (t9) reported that two kinds of diffusions

dependent on whether the clay mineral was a 1: I rattice type, collapsed

2: I lattice t¡rpe or the 2: I lattice type was possible in clay minerals.

Rowell et aI. (43) foun¿ that there was no movement of phosphate

in the exchangeable form. They also suggested that where a plant is

removing phosphate from a soÍl, ühis nutrient must pass into solution in

order to move towards a pÌant root. The presence of exehangeable phosphorus

formed a large reserve in the soil, buffering the solution concentration,

but no movement could occur in the exchangeable form to supply the needs
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of plants. This ¡rould be of special importance at low moÍsture contents

where movement in so1l soLution becomes very restrieted.

Bouldin and Sample (1) studied the effects of associated salts

on the availability of phosphorus. They reported that phosphorus distri-

butíon Ín the soil depended only on dÍstance fro¡a the center of the

pe1let and not upon direction. They concluded, too, that phosphorus

distrib¡rtion in the soil had reached a relati-ve1y stable value after

three weeks reaction in a Hartsells sandy loam soil. They.also reported

that salts in intimate contact with concentrated superphosphate had an

influence on the fraction of Ca(HrPOr)r"UrO which reverted to CaHP0U

at the pe1let, sÍte as well as on the distribution of fertÍlizer phosphorus

in the soil. Salts also had an effect on the solubility of soi-I fertÍlizer
phosphorus reaction products. The relative nagnì-tudes of these effects

deperded on soll properties.

Lirdsay and Stephenson (eB) Uvestigated the reactions of rtrotlo-

calcir,m phosphate monoh¡ndrate in a slÍghtly calcareous soil and found

that it resulted in an increase in pH ard precipitation of ùron, aluninr.¡m

and calciwn phosphates from solutíon. They reported that when nonocalcÍr:m

phosphate was plaeed in the soil it dissolved readily, the dissolution

being dependent onJ-y on the rate at whích water could reach the fertilizer
granule. They noted that during the dissolution process nuch of the

water entering the granules noves in by vapour dj-ffusion while the

L2

CaHPOU.2HaO which was formed moved,;,out as a liquid j-nto the surrounding

soil due to the capillary gradient that was established.

Lehr gÈ aI. (23) reported that a significant part of phosphorus

applied as monocalcir¡r¡ phosphate monohydrate remained at the tablet site

as diealcÍum phosphate anhydrate or dicalcir¡m phoophate dihydrate¿ The



octent of movement of phosphorus solution, formed upon dissolution of

monocalciun pþosphate, into the soil was nearly the same for aII the

soj-ls str¡died. The liquid in the wet zone persisted throughout the

ecperiment ( 9 aays ) in tfie acid soi-ls, but in the caLcareous soÍI, the

solution reaeted rapidly to form a precipftate of anhydrous and dj-calcium

phosphate d:i-hydrate on soÍl granules. They beli-eved that the initial
dissolution of the phosphorus was governed prímarily by the rate of

dissolutj-on of the monocaleium phosphate and by the rates of subsequent

interactions between soil and phosphate solution. These factors collec-

tively, rather than rdiffusionr alone, controlled the phosphorus concent-

ratj-on gradient.

l{any workers (3, Ll+, 17, 22, 38, 44) have used varÍous methods

for determining the rate of phosphorus ¡novement as well as the exùent of

movement of phosphorus. Johnsùon (1?) stated that the cornnronly used

neùhods were not entirely satisfactory. The usr¡a1 procedure involved

analyzing for phosphorus in succegsive cross-sectional segments of a soj-I

coh¡mn or leachates from a soil coh¡nn that had been treated with a

phosphatíc fertilizer. He further stated that the first method was

inadequate because of the inFossibility of obtaining a series of infinitely
thin soil sections to find the exact distribution of phosphorus with

depth. Moreover, the change in concentration w"ith depth ¡nafr in nany

casesr be so snêII as to be beyond the sensitivity of ordinary methods of

analysis. The second method tells nothÍng of the distribution of phos-

phorus with depth 1n the soÍl colu¡n¡r but, only whether the phosphorus has

nroved out of the colr¡rnn as a result of leaching. He devised a nethod of

sectioning the soil into thin sections and taklng radioautographs.
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Although his nethod provided findings no different than provided by

methods used by other workers (3, 3.b, 22, 38,44), he felt it was a

better method.

Some workers (2tr, 32) had indicated that ùhe error involved.

in using É2 measure¡nents to indicate phosphorus distribution was sub-

stantial. 1o investÍgate this aspect of phoophorus study, Bouldin and

Black (3) nade detailed distribution studies. They fourd signÍficant

changes in the apparent specific activity of the dÍffusing phosphorus.

They accounted for the above results by assrluing ercchange between

diffusing P32 and native soir phosphorus. They concluded from their
study that despite the observed changes, the ôverall picture of phos-

phorus diffusion obtained frour activity neasurements was not substantially

different from that obtained by ordlnary phosphorus analysÍ-s.

HaIl and Maskenzie (ft) nave suggested that when a solid

precipitation of a radioactÍve sa:nple is to be made, care must be paid

to the geometric conflguration of the sanple. The geometry of the sample

should be uniform and reproducible within narrow rinits. since al}
portions of the counting tube are not equally sensitive, the geometry of

the san{P1e must be unifor"m and its shape must not differ rad.ically from

the counùer tube opening" Provision should be nade such that the sample

could be rotated and all parts exposed to the counter if the sa'nn1es

being counted were not unifom or if the shápe of the samples were dj-ffer-

ent from that of the counting tube.
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ÏÏI },fAlERIAtS ÀND METHODS

The experimental nethods used for the several individual studies

reported in this manuscript are discussed with the results obtained

in the appropriate section. The analybj.cat procedures along wiüh the

final experimental nBthod of stud¡ning phosphorus movement are presented

in this section. The results of investigations required to develop the

seleeted method of studying phosphorus movement are presented Í-n

Section IV.

(t) soirs

Soil carbonate 1eve1 and texture were the two basie criteria used

in the eelection of the soils studied. A subgroup designatfon, mechanical

analysis and te¡cLr¡ral class n&nes are present,ed. in Table I. Other soil

characterlstics are presented in Table II.
(2) ChenÍcals

form of H3P04 obtained from Atonic Energy of Canada Ltd., OLtawa. 0ther

trre p32 used. in al1 Ínvestigations was carrierfree P32 Ín trr"

chenicals, such as NHUHTP0U ard (t'tHU)rUfOU, ïrere of reagent grade.

3) Preparation of É2 t't.gged'r FertÍlizer

The inactive phosphorus carrier was dissolved in a small volume

of water in a polyethylene container. P32 (usr¡ally 10 uc./O.Lg

NH4HZP04) ¡¡as then added and the solution nixed and evaporated to dr¡mess on

a sand bath. After evaporation, the P32 ,,taggedtt phosphorus fertilizer
crust was transferred to a beaker ard ground.

(¿) soir pH

The pH of the soil saraples or solutions was determined electro-

netrically by the use of the glass ard calomel electrodes on a Universal



TABTIT I SIJBGROUP DESIGNATTON, MECHANICAT ANALYSIS AND IEXTURAI CLASS OF SOTLS STUDIED.

MECHANICAI ANALTSIS
SOÏL NA},IE SUB GROIJP TEXTURAL NAMEI sa¡ra Ø sut % ctay

Stockton II

!ùè11wood

Lakeland I

Stockton ï

I¿keland II

Fine Ridge

Tarno

PIun Rid ge

Firdale

St. Norbert

OrthÍc Black

Orthic Black

Gleyed Carbonated Rego Black

Orthic Black

Gleyed Carbonated Rego Black

Gleyed Carbonated Rego Black

Carbonated Rego Hunic Gleysol

G1eyed Carbonated Rego Black

Orthic Ðark Grey

SolonetzÍc Dark Grey

92.72

22.3O

23.50

73.92

]'h.60

6l+.96

3.40

66.t6

35,87

5.88

2.gL

45.94

66.29

w,67

78.11

29.69

89.41

t7 "35

33.75

20 "47

l+.37

3L.76

LO.22

11.4I

7.29

5.35

7.r9

]-:6.lng

30.38

73.65

Sand

Clay Loan

Silt Loam

Sandy Loarr

SÍ1t Loan

Sardy Loam

silt

Sandy Loa,ur

Clay Loan

Clay

H
CA



TABI,E II SOME CIMMICAI, CHARACTERTSTTCS OF SOILS STIJDIED.

Organic
Matter

eÐ

Conductivity
(wnos/cn:2)

Inorganic
Carbonate
04 cacor)

Moi.sture
Content
at Field
Capacity

(fi)

Þctractable P
(ppm)

NaHC0U
NH¡.Ae DÍsplaceable

"(neg./toog,-;)
SoiI pH

KCa Mg

Stockton II

I¡Iellwood

Lakeland I

Stoekton I

Lakeland II

Pine Ridge

larno

Plun RÍdge

Firdale

St. fiorbert

6.9

5.5

8.r

7.2

7,8

7.8

7.7

8.0

7.5

6.o

2.16

8.0ó

9.91+

2.96

8,87

1.88

]-3,97

6.45

3.76

9.40

o.22

o.82

6.97

0"ó0

1.19

0.41

4.90

2.68

0.57

o.36

o,26

0.lg

23,8

o'70

L3,5

8.8

L2"4

19.8

0.95

0.50

u"98

28'93

3',5.20

t6.gg

34.75

].7.91+

l+9.82

Z+.61+

23.67

5L.77

4.1

l.o

2.L

2.5

5.9

l+.h

2.O

6.r

o.zL 9.70 2.L2

1.48 O".72 35.74 9.11

4.52 O.76 46.99 49.8/+

L.t+3 O"56 20.t+3 L.46

0.9ó 1.13 66¿1 zt+.OO

0.52 O.35 27,93 3.44

2.35 0.75 71..91 46"2L

o.96 0.25 t+7 .06 2L.45

1.70 0.51 37 ,42 ',.i8.32

L"26 O.92 52.03 2t+.42

H-\ì



pH meter 22. A soil-water saturated paste was used in deternining the

soil pHts listed in Table If.
(5) Soil Organic Matter

Soil organic matter Ìras determined according to the nethod

descrÍbed by irlalkley ard Black ( 5O). Excess potassium. dichronate was

used to ori.dize ùhe organie carbon foÌIowed by titration of the unreacted

potassium dÍchronate rrith ferrous sulphate.

(6) Conductivity

The electrical eonductivity of a soil-water saturated paste

extract was measured using a Conductiuity Bridge, Mode} RCl6 82.

Q) Carbonate Content

The nethod descrj-bed by Ridley (42) was used. A one gra.m soil
sample was digested in ten percent HCI for ten ni-nutes. The carbon-

diocide evolved was sucked through a drying and adsorption train, then

absorbed by Ascarite in a Nesbitt tube. The weight of carbondioxide

absorbed was determ:ined and expreosed as percent calcÍrln carbonate.

(S) Calcj.r¡n and Magnesir¡m in Solution

the procedure as outlined by Tucker and Kr¡rtz (491 was follor^¡ed.

The calcium plus ,nagnesir:rt content of the filtrate was first deternined

on an aliquot by titration nith ethylene diarnine tetracetic acid (nDfR ).
Eriochrome Black T was used as indicator. 0n another aliquot, the

nagnesium was first precipitated as the hydroxide by use of a sodium

hydroxide solution and the calcÍr¡m in solution titrated with EDTA using

Calcon as indicator. The nagnesi.un present in the extracts was obtained

by difference.

(9) Anmonirrm Acetate Displaceable Calelun, Magnesium, Sodir¡n and Potassium

Twenty-five granp of air-dried soj-I was shaken in 100mI neutral

18



anmonium acetate solution for one houn. The suspension was then filtered
through l¡Jhatnan No. 1 filter paperô The calcium, nagnesiun, sodium ard

potesslum contente of the filtrate were then deter.nined ard the contents

of these elements in the soiÌ calculated.

(f0) Sodir¡n and Potassiì¡m in Solution

by use

(11)

The sodir¡n ard potassium contents of the filtrates were deternined

of a Baird Atonric photometer Model Kï2.

NaHC0, octractable phosphorus was deterni.ned as outlined by

olsen et, a1. (3?), Five grams of soil was shaken w:lth roOnl. of the

0.5 M NaHCO, - extractable Phosphorus

0.5 M NaHCO, extracüing solution for thirty minutes. The suspension Ùras

filùered throrrgh Whàtnan No. I fÍIter paper and a 50m1. alfquot tra¡¡sferred

to a 10Ouù. volr¡metric flask. 1.5rù. concentrated HCI was added slowly

t'¡ith shalcing, followed by the additÍon of twenty nilliliters ammorriun.

roolybdate- HCI solution. Ten nilliliters of dilute stannous chloride

was then adcled and the total volume urade up to 10Onl. with d.istilled
water. The color¡r intensity was read on a Colenan Junior Spectrophotometer

I'fode1 6A after five ninutes at ó60 mu. By conparison of these readings

t+ith those from a standard curve and making the appropriate calculations,

the phosphorus contents of the soils were deterni.ned.

(12) Phosphorus tontent of !ùater Extracts

The colori-metrÍc procedure as outrined by Jackson (1ó) was

folrowed. A suitabre aliquot was adjusüed to a pH of 3.0 rriùh

4NNH,.OH:or 4NHC1, usins 2- 4-dÍnitrophenol as indicator. one milliliter4

of sulphomolybdic acid was added and the volume nade up to 50 ml. Ìrith
distilled water. One milllliter of dilute star¡nous chloride was then

added and the colour intensity read on a Colenar¡ Junior Spectrophotoneter
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Mode1 óA after ó minuteg aü 660 nu. These readings lrere compared to

those obtained for a standard curv,e ard the phosphorus contents of the

solutions calculated.

(13) Mechanical Analysis

the pipette method for particle size anelysi-s was uoed. Duplicate

ten-gran soil s"nqrles were used. $he organic natter was destroyed by

oxidation wjrh 3ofr hydrogen peroxide. One nirriliter of glaciar acetie

acid was added. After the reactfon became less violent, the samFles

were placed on a hot plate to complete the reaction. Ten nilliliters of

a Calgon solution was added and the sample stimed nrechanically for thtihty

nj.nutes. The sand fraction was obtained by sieving the suspension through

a 300 mesh si'eve. The eluate was collected in a 1000m.1. cylÍnder and

made up to volume with distilled water. Aliquots were taken at a depth

of lOcm. for estimation of silt plus clay and clay fractions after

a] Iowing for the appropr5-ate settling times. The percent sand., silt and

clay were then calculated.

(U) Deternrination of ttater Content at Field, Capacity

The water content of the soils at field capacity r.ras deterr¡'ined

as folrows: soil, sieved through a 2¡r¡m" sieve, was placed in /¿Oonl.

beakers and sufficient waüer added to wet the surface one-half of soil.
The sarnples were enclosed in polyethylene bags and allowed to equilibrate

for several days. Soil samples were then taken above the wetted front,

weighed and placed in preweÍghed I00nI. beakers. The samples were placed

in an oven at r00o c tor 2h hours, removed, coored and reweighed. The

percent moistr:re, oçressed on an oven dry basis, ïras then calcu-Lated.

(15) Method used in StEdying phosphorus Movenent

sealright one-pint carilboard cartons (8.89cm. in dianèüer and
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9.65cm.long) were used throrrghout the investigation unless otherwise

stated. The cartons vÍere pre-cut horiøonta11yO.95cm. above and bel-ow the

point where Ae fZ t'taggedrr phosphorus fertilizer Ïras to be placed and

reJoÍned by Èaping, These cuts were made so that a 1.91cm. slice of soil

could easily be taken for sectioning from the phosphorus reaction zone.

The cartons were half-filIed with soil, watered to field capacity and

allowed to stand overnight. A gnall opening was nade at the centre of

the soil surface and 0.1g. NHUHTPOU conüalning lOuc . ú2 or another

phosphorus fertilizer al an eqr.u,.*valent phosphorus rate placed into the

opening, The carton !¡as then packed v¡:ith soil¿ir¡¡ùd watered to field

capacity. The cartons l¡ere placed ín a piilyethylene-IÍned box and

allowed to incubate for three weeks at room temperature.

The boc was frequently øpened to allow for aeration of the soils.

Snall amounts of distilled r.¡ater were added periodically to the samples

to naintaÍn then at field capaeity. After three weeks of incubation,

the Èape Ìúas removed fron the cartons and a 1.91cm. s1j-ce of soil rel¡6y6çt'..

from the fertflizer phosphorus reacüion zone. Soil samples r,vere taken at

o.o0 to 0.64¡ 0.ó4 to o.g5t o.9.5 lo ¡.2?t 1.27 lo L.5g, 1.5g to 1.g1,

1.91 to 2.22, 2.22 lo 2.54t 2.54 tro 3.18, 3.18 to 3.81, eüdl3.8l to 4.45

cms. from the site of phosphorus application using sarpling rings of

approprlate sizes. The samples Ì¡iire air-drÍed, ground- and thønoughly

nixed. A one-gra.n sample Ìras placed in a steel dle and pressed for five

ninutes at 151000 Ib. per squafe Ínch on a CarVer Press. The activity in

the pressed soil-briquet was measured on a Geiger Mueller End Window

Counting Unit. The counts Ìùere corrected for background and radioactive

decay, and recorded. SarnFles with a cor¡nt rate less than or eqìiål to

baekground activity plus the counts attributed to error in counting were
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considered statistically insignificant (51). Using this criterÍon, it
coul-d be assumed that no fertilizer phosþhorus lras present in a sample

v¡l¡en the count rate dropped to less than five counts per minute above

background countrate. However, in deternlning the octent of phosphorus

movement from the site of applieation values below one percent concent-

ration were considered Ínsignificant.

The activities of the soil-briquets were also expressed as percent

concentration and percenü distribution. Expressing the activity of the

soil-briquet at anJr one distance as a percentage of total activity (sum of

the activities of all sampling cl.istances) was terned percent concentration.

Percent distribution represents the fracüion of add.ed phosphorus in radial

shells at various distances from the source of phosphorus application.

Experimental neasurement of the exact value of percent concentratÍon and

therefore percent d.istribution, however, is si-nop1y iurpossible because of

the inability to sa.niple shell volumes. Since,Soil samples were taken as

cylinders, aE has been explained previouèty, the true percent concentration

of p32 r^ri1l be greater than the experimental value. However, in the calcu-

lations conducted, the percent concentration of P32 in a particular shell

Ïraslexpressed by the value d.eternined. e:ç eri-nentally.
' Percent disùributj-on was calculated as follows¡ first, the activity

of each soil-briquet, which represents the concentration of added phosphorus

Ín the soil, was multiplied. by the radial shell volune. Since samples were

taken at 0.00 ts O.64, 0.64 t,o O.95t 0.95 to I.27, L.Z7 to !.59.; I.59..io 1.9I,

1.91 to 2.22, 2.22 lo 2.54t 2.54 Lo 3.I8r 3.18 to 3.8I, and 3.8I to l+.b5 cm.

from the pellet, t,he radial shel1 volumes sampled or factors wbre a.O7r 2.55,

4.95, 8.I9, 12.18, L7.O5ri:22,62, 65.hO, 97.56 and l3Z;53, reopectively. These

counts per minut" * 
"*3 

were thenr,,totalled and the activity of each soj-I-

22



briquet expressed as a percentage of the total count. The calculated percent

distribution values are a funetion of the volumes of the spherical shells

sampled. A1so, the true value of percent distributÍon cannot be obtained

due to the inability to sample exact shell volunes as oçlained above.

However, e,xpressing the results by these two methods shoul-d help to illus-
trate differences in phosphorus movement and also aid in deternining the

fractiönrrof added phoçhorus that Í-s present at specific distances from

the site of fertilizer phosphorus application.

It was found that in some soils the fraetion of added phosphorus

(percent distributi-on) decreased as the distance from the site of nhòsphorus

application hras increased. In other soils, the percent distributi-on values

increased then decreased w"ith an increase in distance from ùhe site of

phosphorus application. In many of these soils, however, a further increase

in percent distribution after the initiaL decrease was noted. This increase

in percent distributj-on values was assumed to be error as they represented

very lowrvalues of percent concentration and therefore these percent

distrj-bution values were not included in the final calculations of percenü

distribution.
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IV RESULTS AND DISCUSSION

A. Method of Studying Phosphorus l{ovement

The revj-ewed nethods for sttdlring the degree of movement and

penetration of phosphorus in soils nay be sr¡mmarized as follows¡

(a) *nafysis for phosphorus of successive cross-sectional segments

of a soil colunn prevj-o3rsly treated with a phosphatic fertj.Iizer.
(U) .qnafysis of the leachates from soil colunr¡s for phosphorus.

(c) Oeternination of phosphorus diffusion coefficients by the use

of ú2 and application of Ficks Laws of Eiftusion.

(d) ¿pplieation of p32rttaggedrr phosphorus to the soil saurple,

freezing and then taklng thin sections for autoradíography (1?).

(e) Measr¡rement of p32 by direct corrnting of an air-dried sample,

soil extract, or a precipitate formed by evaporating soj-1 exbracts.

The techniques used in (a) and (U) are limited by the detectÍon

linits of chenical methods used in extracting and measuring the amount

of phosphorus in soils. The deternination of diffueion coefficients, of

aII techniques reviewed, is possibly the onJ-y method by v¡trich a finite
lin:it can be placed on the distance of phosphorus movement, but iù was

not the objective of this study to deahr.with this aspect of phosphorus

movement. The applÍcation of autoradiography in phosphorus movement

studies $ives only a qualitative estimation of phosphorus movement. It
also suffers from poor resolution, especially when used for beta

particles w"ith low specific ionizati-on which traverse a long irregular

path through the emulsion giving rise to a diffuse image. E:rbremely thin

samples are needed for optimal resolution. Filns used in auüoradiography

also have the disadvantages of relatively poor resolution and a high



sensitivity for background radiàtion (5f¡.

Since the reviewed nethods corrLd be used mainly for qualitaùive

measì.lrements or were laborious, a nel¡ technique, 5.nvolving the use of P32

was developed. The nethod involved the placement of p32 ,,L"gged'r phos-

phorus fertilizer into the soil. Soil sarrples were then taken at specific

distances from the site of fertilizer application, air-dried, grourd,

pressed into soil-briquets and the activity of ühe soil-briquets measured.

It was assr.¡med t,hat if sanpling and cotrnüÍng procedures could be standard-

ized, the radÍoactivity of a soÍl-briquet would represent the concentration

of fertilizer phosphorus in the soil. Since the concentration of phosph-

orus !'r-ithin the soil could be deteruulned, infor¡nation on the amount of

added phosphorus present at various dtstances from the site of fertilizer
application could also be obtained. Prior to application of this technique

it was necessary to determine the following:

(a) tne amount of p32 required to give a relatively high counting

rate.

(U) ttre weight of soil necessary to giver.an infinite or saturation

thickness to the soil-briquet.

(c) ttre reproducibility of counts obtained on one sampre.

Determination of Infinite (Saturation) Thici<nees,

A considerable fraction of the radíation enitted in the direction
of a detector my be absorbed before it reaches the sensitive volu¡ne of

the detector. ?his absorption ¡nay occi¡r in the sanpre itself, in the

intervening air space or in the window of the detector. AbsorptÍon of

beta particles in air spase or in the windows of the detector are

usually low or negligible in Geiger-Mue1ler detectors (51). Hol,ûever,

when radioactivity measurements are nade on a series of beùa-em:itting
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samples of increasing thickness but of constant specific activity, the

phenomenon of self-absorption takes plaee, The absence of self-absorptÍon

should result in a counting rate which increases linearly as the anount

of sample increased. However, with thick samples beta particles from

the lower layers are absorbed by the overlying sarnple nrateríal. Eventually,

a sample thickness is reached where only the beta particles from the

topmost layers are beSng counted. A plot of such counting daüa would

show ühat the observed activity does not increase linearly with sanple

weight or thickness, but bends away from the calculated activåty cr:rve

and approahhes a limitíng value. This value is called the infinite (or

saturation) thickness. The countrate of sa.urplses when onJ-y the top layer

of soÍI is being counted would not be affected by small errors in weighing

and countrateg on several samples could be compared if the geometry of

counting was sùùndardized.

The a.mount of soil required to produce an infinitely thick briquet

was deternined as follows: one-half gran of p32tttaggedtr monoammoniun-

phosphate was thoroughly rdxed into ó0 gra,ns of soilir, One half, O.?j,

1.001 1.25t 1.50, 1.75 and 2.00 grarns of soil lrere pressed into briquets,

as previously descri-bed, and cor.¡nted on the Geiger-MuêI1er Counter. The

results of this strdy, surnmarized in Tab1e III indicate that a relatively

small soil sarqple could be used. The activity of the sanples increased

as sarprei,;weight was inereased. This increase, however, was not very

large and nay have been due to the geometry of corrnting. Since the larger

sarryle weights produced thicker briquets, increasing the sauple weight

also decreased the distance between the erd window counting tube and the

briquet. fn order to overcome diffùculties in obtaining a stable briquet

i-n coarse-toctrrred soÍ.ls, a 1.00 gran sarnple weight was serected.
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REPRODUCïBILITY 0f SAMPIE COUNTS ;r

The decÍsion to measure the activity of the soj-l in the form of

bri.quets required that the sample counted represent the activity of all
the soil sampled and therefore sanples would have to be homogeneously

nixed. An ocperiment was condueted to deterrrine if the count on a soil

sample could be reprodueed after air-drying, grindíng and nixi-ng. Ten

one-gran samples taken from a soil treated with P32 ,,t*gged'r phosphorus

ltere pressed into briquets and counted on both sides. A high reproducib-

ility of cowrts was obtained (laUle fV), indicating that an accurate

measure of the activity of soils treated l¡i-th P32 ,rtaggedil phosphorus

could be made provÍding ¿¡s s¡mples were thoroughly nixed. There was

some variation between the counting rates.ron different sj-des of the

briquet. However, this was not statistically significant. The standard

deviation for the counts on side one $¡as ! ,*fO and the coefficient of

variability 3.10. The standard deviation and coeffi-cient of variability

for side 2 were tgSg arß. 2.ta6, respectivery. since counting on ei.ther

side would result in high reproducibility, the briquets were eounted only

on one side in other studies.

ôô
R.A,TE OF P," APPLICATION

The a¡aount of p32 required for each phosphorus fertilizer placement

had to be deternined prior to the application of ùhe techniqrre. One-tenth

2B

gran sanples of NHIH2POô were labelled r,rith 2.!, 5.O and lO.0 uc. p32.

Weighed quantities of NHUHaPOU were dissolved in distilled water and

sufficient P32 addeA such that 0.1 gram samFles of \HrP0U would contain

2.5t 5.0 and 1O.O u.c ,P32 af+,er evaporation. The prepared NHrHrpOU

fertilizers hlere added to the Stoclcton II, Pine Ridge, St. Norbert and



TABLE IV REPRODUC]SILITY OF SAMPI,E COUNTS

I

2

3

l+

5

6

STDE 1

cpm

1¿:669

14866

u+76L

L5L74

u727

u787

u763

u730

14814

)4773

STDE 2

cpm

14675

t4928

w659

15148

j4n0

l¿,672

r4668

u663

l-528L

JJ+724

)q

MEAN

cpm

9

10

]'4672

u897

14710

T5161

Ll+7L9

u730

JJ+7I6

l¡;682

15048

].t+7h9



Tarno soirs. The soils were placed into cartons, the iltaggedil phosphorus

addedr- soil sarqFles surrourding the phosphate pellet obtained âird the

activity of the soi-I samples measured as previously described.

the results, shown in Table V, indicate that 2.5 and 5.0 u.c p32

per 0"1 Eram NHUHTPOU were insufficient to irdicate the movement of sna1l

a¡aounts of phosphorus beyond 1.59 and 1.91 cm. distanee Ín the St. Norbert

and Tarno soils, respectively. iftlthoughrrates higher than l0 u" ,p32

were not investigated, a rate of 10 ,ue P32 p", o.I gram of fertilizer
naterial was selecüed for subsequent studies. This rate of ú2 g u. 

^
relatively high count on most soil samFles, would not create a health

hazard, and wourd result in detection of snall anounts cf phosphorus

that had moved large distances.

I,EAOHÏ}IG STT]DY !

This experi.ment was initiated to obtain inforuation on movement

of swface applied phosphorus ùnto soils. Five calcareous and five non-

calcareous soils of varying texùure r+ere selected for the study. The

experimental method employed was sinilar to that used by Ler"ris (27).

Plastie tubes of 6.73 cm. in diarneter bg 5.o9 cm. were cut into o.32 cm.

ringsr rejoined with tape ard fllled with airdried soiI. Phosphorue at

30

a rate of I00 lb. NH4H2P0U per acre l¡as spread

of the soil in the col¡¡¡nns. The MiUHrpOU was

The colunns were then leached rtith water equivalent lo 7.62 cm. of

precipitation at a rate of approrirnately I cm. per ninute. After leaching

the tape was removed from the soil colunns, and the soÍl secti.ons removed.

The soil sarnples were air-dried, ground, thoroughry nixed, and the

activity of the sanples measured"

evenly over the surface

tttaggedrr w:[th ]00 'uc P12.



TABLE V COUNT RATE OF UNIT SÜTL I,I]ETGHT AT VARIOUS RA1ES OF APPLTED P32

Distance
*-"*(cn)

Stockton II Sand Píne Ridge Sandy Loam St. Norbert Clay ?arno Silt
2.5 IJQ 5.0 UC IO.0 UC \ 2.5 UC 5.0 UC 10.O UC 2"5 tJC 5.0 UC 10.0 UC 2.5 VC 5.0 UC 10.0 UC
cpm cpm cpm cpn cpn cpm ffiTFñ

0.00- 0.ó4

O,6l+- O"95

o.95 - L.27

L.27 - L.59

r.59- 1.91

L.9r- 2.22

2.22- 2.51+

2.5h- 3 "L8

3.Ì8- 3.81

3.8I- 4.45

L39

L59

tzg

t56

82

40

L7

L2

272

97

r57

95

95

55

2

L5

779

627

3t+6

r91

L7l+

82

3T

3l+

3L5

l-53

14

L9

12

t

lto45

282

57

23

10

18

2962

349

65

30

r5

28

706

39L

118

36

20

L253

875

37

lll

t4

L2r3

l+l+8

923

?40

ó8

25

-a

3

3r8

94

r05

..r/,ì6

2956 53L7

506 2395

t+5 296

L7

I

6

-:: 28

\,
F



The leachates from each soil colu¡¡n were also collected for radio-

assay using a DM 6 liquid Geiger-Mueller Tube. Phosphorus movement was

greater in the coarse-textured noncalcareous soj.Is than in the finer-
textured noncalcareous soils (Table VI). Some of the applied phosphorus

moved completely through the coh¡mn in the two Stockton soils. Some of

the apþlied phosphorus moved to the 3 cn. depth in the Firdale and Ï,iellwood

soils and to about the 2. J cm. depth ín the heavy-textured St. Norbert

clay. This greater movement of applied phosphorus in coarge-terctr¡red

soils was ress apparent in the calcareous Lakerand, pLrxr Ridge, pÍne

Ridge and Tarno soils. However, the applied phosphorus moved to a greater

depth in the calcareous Pine Ridge sandy loanr than in the other calcareous

soils whieh contained more silt and/or clay. The percent concentration is
generally higher adjacent to the phosphorus pellet in the calcareous soÍls

than in the noncalcareous soils t+hen soils of comparable texture are

cornpared. This indicates that phosphorus nay move more readÍly in non-

calcareous soj-Is than in ealcareous soils and that the carbonates present

in soils restrict the movement of phosphorus. The results of the counting

rate on the soil leachates are not presented. However, the activÍty of

the leachates obtained from the noncalcareous soils !'rere very much greater

than those from the calcareous soils. The activity of the leachates

obtaíned fron the coarse-textr¡red soils were also much greater than those

obtained fron the heavy-textured soils. These results conflrm the results

obtained by measuring the actÍvity of the soir at various depths.

THE Mo\El'fENT 0F FHgsPHoRus FROM ¡{ol[0AI{MoNIiIM pHospHATE (MAP) AND DIA}4MoNIUM

PHOSPI{ATE (n¡,p) Fellets in Calcareous and Noncalcareous Soils,

?)

Phosphorus fertiu.zers are added to soils in pelret form and praced



TABIE vr DïsrRrBIJTrON oF p32 ,'TAGGED" MON0AMM0NIUM pHospHATE ïN s0rl coL{JiuNS AETER AppLïcATr0N 0F

7.62cm. ESUIV}I].ENT OF DTSTILI,ED !üATER ¿T tUN RATE OF ]-cn¿ PER MINUTE.

Firdale Stockton II Stockton I l¡'fel1wood St. Norbert
Distance clay Loan sand sandy Loam clay Loaar clay
("*) cpû1 ffi ãpn -7ffi; 

"pm ffi: cpm æ- cp* --ffi;

i 0 ,OO - O.32 6669 2'l .22 1113 8.t+6 32S6 L3 .Ot+ 73ht+ Z? .Ot+ 1O4ZS 43 .t+z

ì 0,32 - O.6t+ 5570 22,73 L064 8.Og 2635 tO.57 5379 lg.go 6080 25.L9
i

i 0.6t+ - o.95 t+3L7 r?.62 th5 6J+2 2528 10.13 4269 L5,72 3565 !6.02
i o.gj - L.z7 3bz6 13.99 Boa 6.10 zt+34 g"T5 î,635 t3"3g 2zTr g./+t

I I .27 - t.59 2222 9.O7 652 4.96 2L74 8.7r 2560 g J+3 rO0à 4.t6
:

i 1.59 - L.gl 119s 4.89 644 4.9o t9T2 7.go r6st+ 6.20 35L L.u5
i r.gL - 2.22 72L 2.g4 746 5.6? r7,5g 7.O5 L2O5 4.t+4 50 O.2r

| 2.22 - 2.54 276 1.13 694 5.28 L5gS 6.40 665 2.h6 33 0.14
i 2.54 - 2.86 S6 O.35 Sg4 ó.80 t375 5.5I 32t+ 1.Ig
I 2.86 - 3.I8 18 A.O7 1080 8.21 1319 5,Zg 55 0.ZO

' 3.L8 - 3.5C gSg 7.52 1O2O 4.Og 37 0"14
I' 3.50 - 3.92 g96 6.gr sgo 3.56' 3.82 - 4.L3 73g 5.62 757 3.O3

4.L3 - 4.45 SOg 6.L5 57L 2.2g
l+.45 - 4,77 i'r6 3.92 t+zs 1.Zr
4.77 - 5.O9 673 5.LZ 2l+S 1.OO

\J)
\¡)



TABLE VI (Continued)

Lakeland I
SiIt Loan

Plum Ridge
Sardy Loam

Lakeland II
Silt Loan

Pine Rldge
Sandy Loan

Tarno
sÍ1r

Distance
(cm) % Conc. 16 conc. % Conc. %.j'aonc. cpm î6 Conc.

o.00 - o,32

o"32 - 0.6l+

0.64 - o.g5

o"95 - L.27

1.27 - L.5g

1.59 - 1"9r
L.9L - 2.23

2.23 - 2.51+

2.5t+ - 2.86

2.86 - 3.18
3.L8 - 3.5O

3,50 - 3"82

3.82 - 4.13

4.t3 - h.45
l+.45 - l+.77

b.77 - 5.Og

LL625

59L8

3929

2082

ú33
742

524

226

L95

55

16

l+3.63

22.2I

u.75
7.8L

5.00
ie':q8

L"97

0.85

o.T3

0.21

0.06

t23L3

3378

t556

773

r59
l+6

7

6

67.5r

18"52

8.53

4.21+

0.87
0.25

0.04

0"03

l/:e3
7IL3

t+at+o

249r

932

236

25

48.71

Z+,26

u"46
8.50

3.r8
o.80

0.09

7540

t$6o

3308

2625

226L

205r

L754

L26T

832

905

533

5529

359

r90

rh4
87

26.24

l-5.T7

u.51
9"L3

7.87

7.U
6"ro

4"39

2"90

3.15
1.85

1.84

L.25

o.66

o.50

0"30

T3O2L

5508

368o

2378

L322

73r-.

l+Ol+

400

L83

7l+

4)

46.92

L9.85

L3.26

8.57

4.76
2.63

L.l+6

I.U+
o.66

o.27

o.1

UJÞ



into the soil when annual crops are fertilized. SÍnce a leaching experi-

ment doeE not give infornation on the movement of phosphorus adjacent to

a phosphorus fertilizer pelIet, an ercperÍment r¡as sonducted to deter¡aine

the movement of phosphorus adJacent to a monoarmonium phosphate (l,lAp)

and diamnonium phosphate (DAP) pellet when placed into salcareous and

noncalcareous soils of varying texbure.

Monoammoniun phosphate (Mnp) and diamnonium phosphate (l¡p) at

rates of O.1000 gra^n ard 0.1150 Brer respectively, were added as a pe1let

treatment to ten solls and incubated for three weeks. The details of

ørperi-uental and radioassay procedures have been described earlier. The

results of this experi-ment are presented in Table VII and Figr:res I to lO.

Calcareous and noncalcareous soils of sirullar texbure were paiied so that

an easy comparison could be nade between the behaviow of phosphorus in
calcareous and noncalcareous soils. Since the resuLts have been expressed

in terms of percent concentrati-on and percent distribution, the following

criteria can be used to detect differences in phosphorus movemenü.

(a) The lower the percent concentratlon or pereent distributíon
of phosphorus renainlng at the pellet site (0.00 - O.64cn" distance) the

greater the movement of phosphorus.

(U) tte higher the percent concentration or percent distribution
of phosphorus at a relatively large dj.stance (eg. 1.9lcm. ) fron the

pellet site, the greater the movement of phosphorus.

The results obtained for the Stockton II and Fine Ridge soils are

shor¿n in Figures I and 2 as welr as in Table vrr" phosphorus from

monoar¡nonirrn phosphate (¡,t¿p) and dia¡nmonÍum phosphate (nm) moved to a

dj-stance of approxÍmately 3.8 and 3.Ocno, respectively, in the Stockton

fI soÍl. The movement of phosphorus in the ealcareous Pine Ridge
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TABI,E VII MOVEIIENT OF PHOSPHORUS 21 DATS AFTER APPTTCATIÐN OF ivfAP AND DAP PELI,ETS.

Stockton ïI Stockton ï
MAP DAP MAP DAP

DistancefS%%fr167(%i6
(c*) cprtr conc. Di.str. cpm conc. oÍstr. cpm cónc. Diátr. cpm cónc. Distr.

I 0.0c- 0.6à 1187 35.35 L2.82 .5r4 32.L5 10.21 L365 33.32 8.60 3LT+ 37,78 10"82
,,

i 0 .64-*0,95 8O2 23.88 20.64 411 25.70 l-g.l+5 L38g 33.90 20"86 2722 32.40 22.L2

io.95-L.27t+56L3.5822"77236Ih.7621.6858sl4.35L7.I4l2o214.3118.96
ì

il

1 .27 - !.59 32O g .53 26 .45 L6l+ LO.26 2J+.93 3O3 7 "t+O 14.ó1 601 7 .L5 L5.68

i r.lg-t.gL 14r b.zo L?.33 r05 6.j7 23.?u Lgg 4.86 u+.2? zgz 3.t+g tl.j3 ì

r.gl- 2.22 150 4.47

2,22- 2.54 U7 4.38

2.54- 3.r8 91 2.7L

3.18- 3.81 5r t.52

3.8t- 4.45 ß O.39

66 4.L3

39 0.à6

16 0.19

MA P : NH4H2 HP04 (monoammo'i* pno3pn"t"l'10
D..A.P = (nUU)aUfOU (aiarnmoniun phosphate)

67 4.Lg

25 L.56

11 0.69

1138 3.37 L3.86 Lg3 23O 10.49

80 L.95 10.66 U7 t.75 10.60

2L O.5O

10 0.21+

15 0.18

\,J
o\



TABLE VII (Contlnued)

!{eIIwood

MAP D A|P MAP DAP
Distance ffiffi*WW

(cm) cp'm cånc. oiåtr. cpm cånc. oistr. cpm conc. Distr. cpm cån"" Distr.

0.o0-0.64l+33Ll+3.2Ll2.6659o25L.h4L7.66556s5t+.2222.3Lt+56o53.652L.85
:

0.64- o.g5 260\ 25.95 18.12 2??3 2)+.r7 1g,?8 2gOA 28,2t+ 27.69 23L6 27.25 26.45 
l

l

o.95- t"27 1481 14.78 2O.O3 1411 L2.3O L9.53 1O4I 10"14 Lg,zg 1021 12.01 22.63 I

ìL.27- L,59 7T 7.69 t7.25 ?t+2 6.47 I7.OO t+37 4"26 I3;4O, 334 3.g3 12.25 
,

I

1.59- I,91 li],,T À.16 13.88 39¿+ 3.t+3 L3.42 2:-5 2.Og 9.81 l.S5 2.19 lO.Og 
l
i!.gr- 2.22 2l+3 2.b2 L1.32 :.45 J-.26 6.91 ?g O"77 5.O4 7L 0.g4 5.1+2 
.

2.22- 2.54 109 1.09 6.?4 90 0.?8 5.69 29 o.28 2.t+6 13 0.15 L.32 r

2.51+- 3.L8 '7O Ø.7Ð l7 0.15 ;'

.

3.18- 3.8I

3.8I- 4.45 ¡E¿ p = NH4H2 PO' (monoamronium phosphate)

\}){ìDA P = (mr.)¡tno' (oiamnonÍum phosphate)



TABLE VfI (Continued)

St. Norbert Lakeland I
DAP-

DistanceWmWW
(cn) cpm, Conc. Distr. cpm Conc. Distr. cpm Conc. Distr. cpm Conc. Distr.

MAP DAP MAP

0.00- 0.64 482J+ 37.34 9.57 SzU+ 45.6L t3.5t+ 27gt+ 29.?4 LO.zg 2J+662 93"?6 65.93

0.64- a.95 32h2 25.Og L5.33 45L3 23.5t+ L6.66 3:.i35 gg.3? 27.52 t+265 14.48 27.te l

I

o"95-t.27 2l+67 19.09 2?.65 2935 t5,3L 2L-O3 3t63 33.6? 53"90 t+6t+ 1.58 5.7L 
:

a

r,27 - r,5g LO73 8,3O 16"30 l¿,t+z 7.52 r7.Og 236 2.5L 6.655 3L 0.16 0.63 l

I.59-1.9177I5.97I7.l+L9755.o917.1939o.l+2L.64I70.01o.52

L,gr- 2.22 3OL 2.33 9.52 4A7 2.L2 10.04 7 O"O? 6 i
t,

2.22- 2.5t+ 22O L.7O g.23 L36 A.T 4hti5 11 0,12 i

2.5h- 3,r8 22 0.17

3.18- 3.81

3.8:..- 4,45

18 0.Og

MA P : M4HZ P04 (monoammoniun phosphate)

5 0.o5

5 0.o5

\,J
00DA P : (wH/aHfOU (diarmronium phosphate)



Ti{BLE VII (Continued)

Pine Ridge Tarno

I,fAP DAP MAP ÐAP
Distance

(cm) 7á%
Conc. Distr. dp¡n %

Conc,
þ

Di.str. cpm
ú
/þ

Conc.
76

Distr.
dþ

Conc.
þ

Di.str.

0.00- 0"ó4

o.64- a.g5

o.95- r.27

r.27 - L,59

1.59- 1.91

L.gL- 2.22

2.22- 2.54

2.51+- 3.I8

3.18- 3.81

3 "81- 4.45

2454 47.54

13ó8 26.50

ó01 11.ó4

?825 7.t+o

188 3.6t+

95 1.94

Ð57 1"10

L7 O.33

26].2 48.91

1619 30.26

670 t2.52

266 4.97

114 2.r3

53 o.99

17 0.32

18.51 1LA53

27.34 5087

2r.97 2507

u.43 805

9.2O 494

5.98 2r1

2.55 85

T7

2L.37 L33Ot+

23.4t+ 57t+5

22.t+3 4t5g

11.91 772

IO.87 297

6.50 75

3.1+7 15

54.60 23.32

23.58 24.AO

17.o7 33.73

3.L7 l:0,36

1.22 5"93

0.31 2.IO

0.06 0"56

15.08

20.O3

17.09

17 "97

t3.r5

9.30

7.1+o

54.56

25.TL

12.37

3.97

2.Ll+

1.04

o"43

0.08

MA P : N% H2 POlå (monoarnmoniirm phosphaÈe )

( diamnontun phosphat e )
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TABTE VII (Continued)

Pl-um Ridge Lakeland fI

MAP DAP MAP ÐAP

( cn) uPir 
Conc .

cpm coln . oiÍ,ri cpm coïn". niÍ,". cpm cÍn " niÍt . cpm cuÍnt. Di"{
úd/v /o fn". niÍ,". cpm cÍn"" niÍt . cpm cuÍnt. uiÍ,*.

o,oo- 0.64 10556 ?3.4g t+8"2g s5g4 ?o"or t+2.7O ,rrt t 
" 

.

o.6t+- o.g5 3033 21.11 33,07 2722 22.L7 32.23 3S2g 30.8g 4O"g2 55SO 26.L5 40.34 i

j

o.95- L.zq 546 3.90 LL.56 7gt+ 6.47 -19.25 675 5.47 n+.O? 65]- 3;O5 g.L3 ,

I

r.27 - L.59 W6 I.o9 5"46 Lz3 1.oo L.& zJg r"?7 7. jz r?B o.83 t+.L3 i

l.59-1.913}o.22l.62380.312.I566o.i53::}3.3735o"1ó1.21

r.gr- 2.22 25 0"17

2.22- 2"54 LL O.08

2.54- 3.L8 5 O"O3

5 0;04 l+ 0,02

Distance

3.r8- 3.81

3.8J-- 4.45
MA P : M.He P04 (monoanmoniun phosphate)

DA P : (mHU)rUeOU (aiamoniun phosphate)
F.o
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soil was less than in the noncalcareous Stockton II soil. Phosphorus

fron monoarmonir¡m phosptrate (Unf¡ and dia¡¡nonirrn phosphate (Unp) moved to

a distanse of 2.5 and 2.2cm. in the Pine Ridge soi1, respectively. Although

the concentration of phosphorus (erçressed as a percentage) appear very

eirnif¿¡ Sor both soils and phosphorus sources, there were higher amounts

of phosphorus present adjacent to the phosphorus pellet in the calcareous

Pine Ridge soil than in the noncalcareous Stockton II soil (pigure 1).

The movement of phosphorus did not appear to be affected by the form of

phosphorus fertilizer added,

The fraction of applied phosphorus for¡¡rd at various distances from

the site of applicatíon was very similar for the phosphorus sources

added (figure Z). However, a larger fractj-on of the applied phosphorus

was found closer to the site of fertilizer application when diannonir¡m

phosphate (DAP) rather than monoar¡nonirrm phosphate (MAP) was added to the

Plne Ridge soil. Phosphorug from both sources disüributed itself over a

greater distance in the Pine Ridge soil than in the Stockton II soil.

Howevern a larger fraction of the applied phosphorus was found closer to

the site of phosphorus application in the calcareous Pine Ridge soil than

in the noncalcareous Stockton If soil.

Phosphorus from monoawnorrirrn phosphate (MAP) and dianmonirrn phos-

phate (¡æ) moved to approximately 2"5 and 2.2em., respectively, in the

lfelLwood soil (Table VII). Phosphorus from monoamonirrm phosphate (ttlAp)

and diamnonirrm phosphate (DAP) moved to about 1.6 cm. in the l¿ketand II

soll. The concentration of phosphorug imrediately adjacent to the ferüi-

lizer pe1let was hi-gher in both soils when diarmonir:m phosphate (O¿,p) rather

than monoarryronir:n phosphate (U¿p) was applied (figure 3). This observation

is also evident from the data in Figure 4 where the fraction of applied

l+2
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phosphorus irsnediately adjacent to the phosphorus pe1let is higher tùen

dianrronir:m phosphate (0¡,p) rather tha¡¡ monoanmonÍum phosphate (unp) is

applÍed. The concentration of phosphorus irmedíately adjacent to the

phosphorus pellet decreases in the order Lakeland II dianmonium phosphate

(DAP), Iakelard II monoa.mronium phosphate (MAp), Idel1wood diamonirr¡n

phosphate (DAP) and trriellwood monoamnonir:n phosphate (¡,fAP). The concentra-

tion of phosphorus and fraction of added phosphorus found in the reaction

zone of the phosphorus pellet, both indicate that monoamnonirrm phosphate

(Utip) or dianmonirrm phosphaüe (DAP) moved nore readily in the noncalcareous

l,Iellwood soil than in the calcareous Lakeland II soil.

Phosphorus from both sources moved to a distance of about 2.5 and

1.6cm, in the stockton r and Plun Ridge solrs, respectively,(table vrr).
The concentration of phosphorus and fraction of applÍed phosphorus found

in the phosphorus fertilizer reaetion øone were very sintlar when mono-

amnonfum phosphate (Unp) and dian¡nonirrm phosphate (O¿p) were used. (Figures

5 and 6). This índicates that phosphorus from diannonirrn phosprrate (D¿p)

moved as readily as phosphorus from monoa¡nmoniun phosphate (MAP) in these

two soirs" The concentratlon of phosphorus and fraction of added.

phosphorus ÏÍere higher i¡rmediately adjacenù to the monoarmonium phosphate

(MAP) and diannonirrm phosphate (oae) pellets in the calcareous PIum Ridge

soil tha¡¡ in the noncalcareous Stockton I soil. This again irdicates that

the presence of carbonates in a soj-I restricts the movement of phosphorus

ùn a soil.

Phosphorus from monoanmonium phosphate (l'{AP) ard diannonir¡m phos-

phate (DAP) moved to about the r.9em. distance in the Firdale soil
(taUle VIT). Phosphorus from monoa¡monir¡m phosphate (pfnp) and dia¡amonir¡n

phosphate {o¿p) moved to the 1.ó and r,3 cm. distances, respectivery, in

l+J+
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the l¿keland I soil. The concentration of phosphorus and fraction of

phosphorus at various distanees from the nonoarmroniurn phosphate (¡ilAP)

and diarmonirrm phosphate (Oæ) pellets vrere very similar in the Firdale

soil, indicating that movement of phosphorus from these two phosphorus

fertilizers were the same Ín this soil (Figures Z and. 8). The phosphorus

from monoannonium phosphate (unp) however, moved more readily than

phosphorus from diannonir¡m phosphate (DAP) in the calcareous Lakeland

soil. The concentration of phosphorus increaÉed slightly then decreased

with distance when monoannoniun phosphate (;MAP) was added to the Lakeland I
soil. This increase in phosphorus eoncentration, not evident in other

so1ls, could be due to the formation of Liesegang rings observed by other

workers (3, 4]-, 44¡, Phosphorus from diar¡unonium phosphate (¡¡,p) moved.

more readily in the noncalcareous Firdale soil,; than in the calcareous

I¿kel¿nd I soil. Phosphorus from monoawronium phosphat,e (MlP) moved as

readily or more readily in the calcareous soÍI than in the noncalcareous

soil,

Phosphorus from monoanmonirur phosphate (MlP) and diarnnonium phos-

ptaate (0¿p) applied to the st. Norbert soil moved approxi:naleLy 2.5 and

2.2cm., respectivery"(taute vrr). Phosphorus from monoarnrrontum phosphate

(une¡ and diarnmonir:m phosphate (næ) applied to the Tarno soil moved

approximately 2.2 and 1.9cmc, respectively. The movement of phosphorus

from both monoapmoniun phosphate (uReD ar¡d dianmnonir¡m phosphate (n¡,p) was

greater in the noncalcareous St. Norbert soil than in the ealcareous

?arno soil (Figures 9 and 1O).

Several conclusions can be drawn from the results obtained in this
experiment. Phosphorus from monoarnmoniun phosphate (ruap) moved, more

readily than phosphorus fron dianr¡onÍr¡n phosphaüe (DAP)" This was nore

46



^70d
60

fL

Ë50

ì+7

FïGURE 7 Concentration of Fertiliøer phosphorus at

.E 40
-o
È30
(¡)

Ëzo
C)

o
o
A

tr

Firdole
Firdole

Lokelond
Lokelond

Various Distanees fron the Site of phosphorus
Application in the Firdale and Lakeland I Soifs (Í)

MAP
DAP

MAP
DAP

I
I

ñq
FIGURE I Distribution of FertiLizer

Various Distances from the
Applicat,ion in the Firdale

50

^45
òe-40
(L

35
o

c30
.9

Ezs
L

É20

o Firdole
o Firdole
A Lokelond
tr Lokelond

MAP
DAP

I MAP

I DAP

Phosphorus at
Site of Phosphorus
and Lakeland I SoiLs (,%)

Distonce From Source of P

ñ qä
Applicotion (cm).



60

55

50

45

3'40
o\

o- 35

b30
L.9 2q
o
L

520o
L

6ts

a
o
A

tr

St Norbert MAP

St Norbert DAP

TARNO MAP
TARNO DAP

48

ooo

FIGURE 9 Ooncentration of Fertilizer Phosphorus at VarÍous
Distances from the Site of Phosphorus Applieation
in the St " l,lorbert and Tarno SoÍls ( % )

ö
From

8so
t25
o
.20
.9

ãrs
L

gro

Source of P Applicotion (cm).

r St. Norberl MAP
o St Norbert DAP
A TARNO MAP
tr TARNO DAP

Distonce F

o
I

sfq
o

rom

FIGURE IO

Source of P Applicotion (cm)

Distribtrùion of Fertilizer Phosphorus at Värious
DÍstances from the Site of Phosphorus Application
in the St, Norbert and Tarno Soils ( É )



evident Ín the calcareous soíls than in the noncalcareous soÍl-s. ft is
possible that' the addition of diamon:tr.rm phosphate (oæ) resulted in the

fornation of less soluble phosphorus compounds than when monoa¡monium

phosphate (r'mp) was added (21, 2g). rf the solubility of the added

phodphorus vras less when dia.mnonir¡m phosphate (DAp) was the eource,

then a decrease in phosphorus movement would be expected. Racz and Soper

(4o), however, have shov¡r that both diasmorü-um phosphate (o¿p) ana

monoannonirrn phosphate (Unp) added as a pellet to l{anitoba soils, form the
sé¡me reactlon product, but the pH near the pellet was slightry higher

when diarmonium phosphate (DAp) was added, since the pH near the .dåå,:¡*

a¡¡monir¡n phosphate (Uar¡ pellet would be higher than near the monoaumonium

phosphate (l4Ap) pellet, less phosphorus would be in the soil solution.
This would reduce the movenent of phosphorus.

The movement o! phosphorus in noncalcareous soils was much greater
than in the calcareous soils. This índicates that the presence of carbon-

ates in a soil reduces the movement of phosphorus in soils. The movement

of phosphorw from nonoa¡mtonirrm phosphate (l4AP) and diarnnoniun phosphate

(o¡ip) was not affected to any appreciable extent by soil texbure. A

greater movement of phosphorus in coarse-terLured soils hras recorded when

phosphorus !'tas added to the surface of these soils and leached u:Lth water.
Movement of phosphorus when placed as pellets in soiLs, as was done in this
exper5.ment, however, vras as great in heavy-textr¡red soirs as in light_
textured soils" The irregularities observed in some of the pereent con-

centration curves nay be due to periodic precipitation of insolubre
phosphorus compounds at various d.istances from the pellet. Bouldin, and

Black (3) i¡ave found slmilrt' irregularities and suggested that they rep-
resent Liesegang rÍ-ngs due to periodic precJ-piÈati-on of caH pou fron

l+9



solutions supersaturated with respect to Ca*t ancl Hp0l-.
4

THE EFFECT O¡' SA],TS ON THE MOVEI"ÍENT OF ADDED PHOSPHÜRUS

Ït is a practÍce to add salts containing elements such as nitrogen

ard potassium along w'ith a phosphorus fertilizer when fertilizÍng crops.

sj.nce these salts nay affect the movement of the applied phosphorus, the

effect of adding NH4C1,

was investigated.

Ï\uo medir¡m-textured soils, calcareous lakeÌand I ard noncalcareous

Firdale, were seLected for this süudy. 0.0134 equivalents of granular

NH4C1r NaCl, KClr I€CIa and CaCl, were mixed with P32 ,,L^gged,rr monoammonium

phosphate (MAP), added to soils as pellets and i-ncubated for three weeks.

The movement of phosphorus from monoannonium phosphate (tnp) was slightly
redueed in both the calcareous and noncalcareous soils by the addition of

salts with the fertilizer (TaUle VIII and Figures 11 to 14)" This trerd

becomes evident when one considers the percent concentration or percent

distributj"on of phosphoæus at a dj-stance of about Zcn. from the siüe of
phosphorue applÍ-cation. In all instances, the percent concengration and

percent distribution of phosphorus at this distance are highest for the

soil where only monoatmoniun phosphaüe was added.

The calcirrm, sodirrm and a¡nmoníum salts reduced phosphorus movement

to a slightly gúeater extent than did the nagnesium or potassirrm salts in
the Flrdale soil, This trend was not evident when the salts were added to

the calcareous Lakeland I soil. The effect of these salts on phosphorus

movement }¡as very slight and probably of no significance in ínfluencing

phosphorus uptake by plants as e result of changing the distribution of
phosphorus sumounding a phosphorus fertilizer pellet. The movement of

phosphorus l.ras greater in the noncalcareous Firdale soil than in the

NaCl, KCI, l4gCL, and CaÇl-, on phosphorus movenent
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TABLE VITI EFFECT OF' SAITS ON TI{E MOVEMENT OF PHOSPHORUS FROM MONOA},I}4ONIUM PHOSPHAIE.

FTRDATE CLAY LOAM

NaCI KCI
Distance

Check

-

hro
cr}m' uonc. uastr.

NH&CI

wffiwcDm --'-' Cone. Distr. ----' Conc. Distr. --"' Conc. Distr.

ÞreClZ

ffi
þh

cDm ^' uonc. uLgtr:

CaQl',

údñÆ
"Pt córr". Distr.(

0.00-0.64

o "6ti-o.95

0.95-1.

L.27-L.

L.59-L.
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2.22-2"
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g.o3

5.L9
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3306

1Ðe
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11.
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18.

1ó.

l-2.

6,

3\3L

L79l.

L76

367

181+

?h.43

24.LO

5.01

2"51

0.

o.2?

19.

37.

L2.

9"

5.

4953

2810

L]¿'z

54t+

289

1.22

49

574

?28

968
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186

t57
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3t+TL

235t+

u75
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34r

L62

l+l+

7
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278

L35

2L

.70 14"48 49.98 118.10 29.661 7. 40.1gl Lr.g5 5L22 58"l-51 21.00

28.36 I ztn.47 2.571 L9.62 27.731 ],,65 15.841 L3,6395

)Q!L.52 lLg.3t L8.241 2L.3/., 17 .38|. 8.eg 15.O9 | 25.2O
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1"

o.1
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TABLE VIII (Continued)

LAKELAND I STLT LOAM

NaCl KCl MSCIz

Distance/\CÐm(cm/

NHÀC1

dúddrþ ¡O lo lo

cónc" Di;tr. cPn conc. Distr.
dd
loh

cDm' uonc. ul-sEr.
údþþ

Conc. Distr.
úd
tþ /þ

Conc. Distr.

^^ 
rr1\/CIU¿^

¿
dd/oñ
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"

3.18-3.81

3.8].-b,h
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calcareous l¿keland I soil. Thisr,'result agrees with thoee obtained in

other e4perinents.

It is probable that the effect of salts on the movement of phosphorus

deperd on a variety of factors. The amount of salt added, the valency

of the cation, the ability of added. cation to exchange w'ith cations in

the soil, the Ínfluence of the salt on the reaction product forned, the

effect of the salt on the pH of the soil solution, as well as other

factors nay influence the effect of added salts on phosphorus movement.

ûne or more of these factors nay cause different distrj-bution and concent-

ration patterns. Hoü¡ever, the effects of the above factors seem to retard

phosphorus movernent in both calcareous and noncalcareous soils. Heslep

and Black (I4) f,an" found that there $¡as a reductÍon in movement of phos-

phorus when nitrogenous and potassir¡n salts were added. Bouldin et aI.

(t) sugsested that a variety of reactions, dependent upon the salt added,

are possible when nonphosphatic salts are nixed w'ith monocalcirm phosphate.

Henderson and Jones (13) found t,hat (NHA), SO¿ had no direct effect on

the distribution"of phosphorus but KCI increased movement of phosphorus.

Midgley (33) found that potassium and annonium salts retarded the movement

of phosphorus while addition of NaNO. increased it. Thus, the effect oft
salts on phosphorus movenent appear to be complex and requires further

study.

THE MOVE}MNT OF PHOSPHORUS AS AFFECÎED BY THE CATION I{ETD ON SOTL

EXCHANGE SITES

Soils contaln cations such as Ca, lfg, Na, K and NHU which are either

held on the surfaces of soil colloids or present in m:ineral form. Since

the cation held on the exchange complex of soils influences the reaction

product that is formed when phosphorus is added to soils (lf¡, it is
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probablp that the catj-on predoninating a soil system nay influence

phosphorus movement as we}I.

This experj-ment was devised to study the effect of various exchange-

able cations on the movemenü of applied phosphorus. lwo soils, Firdale

and Ï¿keland I, were saturated w'Íth amrnoniun, potassirln, sodirun, nagnesium

and ealcium ions. Four hundred gra^ns of soil were shaken in one liter of

1N solutions of NH4C1, KCI, NaCl, Mg0le and Ca0la for one day. The

solutions were decanted and ther.process of adding the salt solutions,

shaking and decantati-on repeated five tines. The sampres were then

washed free of chlorides using ettryl alcohol and air-dried. 0.1000 gra.n

of p3arrtaggsdrr monoamnonir.r.n phosphate was added to each soj.l as a pe11et

and incubated for three weeks.

The results of this experi¡rent are presented in Table ïX and Figures

15 to 18. The concentration of phosphorus renuining near the pellet site

decreased in the order c"a check, Mg#, K+, NH,+ for the Fi¡dare soir4
(Figr¡re 15). Saturation of the Firdale soil r.¡ith calcirrm resulted in
approxinately the same distrj.bution of phosphorus as in the untreated

soil. ThÍs r+ould be expected as the Firdale soil had a high exchangeable

calcirut content prior to treatment. The fraction of added phosphorus

found at various distances from ühe phosphorus pellet also irdicates that

phosphorus movement was much greater when the soiÌs were treated. with Na,

K or NH, than when treated with caorlk or not treated (rÍgure LÐ. The4
greater movement of phosphorus observed for the soÍls treated w:ith Na,

K or NH, is to be expected. SoCir:m, potassium or anmonir¡m would ncù form4

insol-ub1e reaction products w:ith the added phosphorus and thus a greater

movement of phosphorus would result.

A greater movement of phosphorus occurred in the l,lg saturated soil
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TABI,E IX EFFECT OF EXCHANGEABTE CATION ON Ti{E MOVEMENT OF PHOSPHORUS FROI.{ MONOAMI{ONÏUIVÍ PHOSPHATE

Check NH4

Dj-srance =W 

--T
(c*) "P* corr". Ðistr. $P* conc" Distr.

o.00-c.64

o.64-0,95

o.95-1.27

r.27-t.59

1" 5g-1.91

r.9L-2.22

2.22-2.51+

2.54-3.L9

3.18-3.81

3.$L-b.¿+5

h4¿o9

19.86

L2.32

7.86

3.72

3.01

2,n

2.36

L.69

2,36

t7.57

18.85

22.7L

23.97

16.89

37

325

232

24L

208

161

87

95

73

18.87

]-5.54

J4"99

10.70

II.T2

9.59

7.1+3

4.0J

4.38

3.37

5.66

Ll.ro

20.79

u.54

37.9L

FÏRDATE CIAY

Na
ffi

lo lb
cDm ^^ uonc. ul-sf r.

t0Al.[

K

-æ' þlo
cDm ^' uonc. ulsfr.

6.96

t2.35

L6,46

27.35

36.}ti

Mg--7-3
"P* coo". Distr.

7.O3

11.12

L2.99

L6.62

L6.93

18.81

16.50

Ca

-

þ/þ
cDm ^' uonc. ut-sf,r.

25.æ

17.26

u.54

l.r,36

8.9ø

7.1+5

5,1+6

3.29

3.U+

3.O¿+

4.69

7.h7

L2.22

15.8O

!7.28

2r.57

20.98

503

374

257

258

234

206

190

w3

82

65

.76

.18

.L2

.Ió

.I2

8.91

8.22

6.L9

3.55

2.81

33.22

22.O3

]-3.26

ro "25

7.O3

5.58

3.69

2"O9

1.54

1.30

45,76

23.66

L8.33

22.59

r8.88

l.5.52

l-3.52

11.15

77

2

14

I

r51

91

95

84

L3

6

5

7

5

292 10.1

36

T7

L3

u
I

5.

)"

L.7

3.

3.3

2.

L.7

\tt
--ì



TABLE IX (Continued)

LAKEI,AND I
Na

SILT T,OA},{

Check
Distance

("n) o .

NH,4

æ
cDm ^- uonc. ut-str. w' uonc. ljr.str.

K

ffi
bþ

cDm ^' uonc. ul-str.

Me;;m. Ca

-

bþ

"P* cárr". Distr.

0noo-o.ó4

o.64-0.95

o.95-y.27

L.27-L.59

1. 59-1.91

1.9r-2.

2"22-2.5b

2.51+-3.

3.r8-3.8]

3.9L-l+.1+5

8658

2072

386

162

117

64

73

68

69

65

73.79,

L7.66

3.29

f .38

1.00

o.55

o.6?

0.58

o.59

o.55

l+5*69,

26.O3

g.4L

6.54

7.O2

5.37

385L

L285

532

229

I17

78

9I

94

98

ó8

59 "77

9.91+

8.26

3.55

r.82

1.21

1.4t

L,h6

1.52

1.06

.11

.35

7,96

.79

9.72

9.O7

79r

580

373

368

238

18I

r83

]-25

"::.?L

70

26.51+

L9.l+6

2.52

2.34

7.99

6.o7

6.u

4.L9

Ì?td38

2.35

g.3g

lJ+.67

16.31

.89

.75

r859

69r

268

228

190

l-22

IO2

r05

87

8l+

l+9 "76

19.5C

7.!:7

ó,lo

5.O9

3.27

2.73

2.81

2.33

2.25

L7.54

L5.54

1r.70

16.47

20.4L

l.8.31,

689

198

85

92

83

84

86

85

90

76

.91+

12.63

5.42

5.87

5.29

5.36

5.h8

5.42

5.74

l+.85

.5I

.7h

"28

58L6

r148

:r 1t8

89

ít6l+

89

88

59

9c

88

76.o4|¡55.35

15.O1126,O3

L.5l+l 5 .19

2L.97 1.161 6.t+8

.50 0.8/+ I 6.91+

1.1ó

1.15

o.77

1.18

1.15

\tt
æ
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than in the Ca saturated and untreated soil. This i-s probably due to the

formation of MSHP0U.3HZO in the Mg saturated soil ana CåUPOU.2H2O in the

rintreated and calcj.um saturated soil (¿f ). Since l{gHP04,3HrO is more

solr¡b1e than CaHPO'.ãHZO a greater movemenù of phosphorus would be

expected in the ì4g saturated soi,l (4f¡. The results obtained when the

calcareous l€keland I soil was saturated r¿-ith vari-ous cations are shown

in Figures 17 and 18. The results obtained are sinilar t,o that obtained

for the Firdale soil. Saüuration of the Lakeland soil with Nar NHU' K or

Ivfg increased the movement of phosphorus while saturation of the soil r¡rith

Ca decreased phosphorus movernent.

SOTUBIIITY ANÐ RATE OF PHOSPHORUS MüVEMENT STUÐMS

The previous studies have shor¡n that, phosphorus added as a peIlet

to soils moved more readiÌy in noncalcareous soils than in calcareous

soils. The reasons for the difference in movement could be rnany. However,

the rate at which phosphon-r,s moved fron the pe1let ard the solubility of

the reaction products formed could be two of the rain reasons nhy phosphorus

moved more readily in the noncalcareous sol1s than Ín the calcareous soùls,

If phosphorus added to noncalcareous soils formed more soluble

reaction pnoducts than phosphorus added to calcareous soÍls, then a greater

movement of phosphorus would be e:çected in the noncaleareous soi.Is, Also,

if the movement of added phosphorus was more rapid in the first two or

three days in the noncaloareous soils than in calcareous soils, then

phosphorub would distribute itself at a greater distance from the site of

application. F,:çerirnents vrere conducted to deternj.ne:

(1) the solubility of added phosphorus in calcareous and noncal-

careous soi1s.

t\ :,
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(Z) the rate of phosphorus movement in calcareous and noncalcareous

soils.

Solubility Studies

0.1000 gran monoarnmonir¡m phosphate r+as added as a pellet to soils

in cartons as previously described. A slice of soj-l, 1.91cm., by 1.9Icmr

rtras removed from the pellet site, air-dried and ground. A Ìo gram sample

was placed into 100n-1" distilled water and equilibrated w:lth shaking for
twenty-four hours at room temperature. The pH of the suspension vras

measured and the suspension filtered. The calci.um and magnesium eontents

of t,he filtrates were deterrcined by use of EDTA (49). The phosphorus

content of the filtrates was deter¡nined colorimetrically (16). The co-

ordinates for t'he solubility diagran were then caleuleted as follows:

The pH of the systems studied renained between pH 5 to 9, thus t,he

total phosphorus concenrration, frrl = ¡nreorl . lrrou-J * [mrpoJ Ð
where H2PO4- ard HPO._ are phosphate ions in solution and MHPO4 a soluble

conplex of carcir¡m @r någnesiu¡n w:ith *to; (i, lns). The dissociation

constant, Kur of the caHPOU and MgHPOU complex has been found to be L.?5

r-75 x 1o-3 ( 5, 3Ð and 1"2+ x 1o-3 (tg), respectivery. A mean value of

1.50 x 1O-3 was used when both aaleÍum and. magnesium l¡ere present in
soruti-on" substitution of activities for concentratÍons,

.ìr ,

::
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equati.on (1) results

I Pr] = (ff';)

t#*l (HPo;) r"" hcre'.tuJ ana (u+)(Hpou=) ror [Hrrou-J

Kz

in the follor,ring erçression:

t#+l+(H+)+ I )

K¿ f-Ke T



where tff+¡ represents calcium plus nagnesium, f- the activity coefficient

of the HzPo4 ion, f2- the activity coefficient of the Hpo; ion, Ka the

second dissociation constant of phosphoric acid, the brackets concentra-

tions and the parentheses activitj.eg. The total caÌcium plus nagnesj-um

in solution,

t^Ét =[t'f{ * þureou) (3 )

t-r-where l'f ' represents the concentratj-on of ca1cfu¡n plus magneslum in
solution and MHPOU the sotuble complex of calcium or üagnesium wtth tto;.
Thus,

[,fi] =(lf+) + (#+) (Hpo;)

-
î¿+ Ko

arxi (M2+) =

( r - (upo,=))
(rz+ - 

-flr)CT

tJ-
where f-' represents the activity coefficient of

Substitution of the ercpression derived for (pF+)

equatíon ( 2 ) results in the following quadratic

HPO,= ion activity was calcuÌå.ted.
4
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(¡ro;)'?[ (u*)r2- + r-K2]=+ rnror=l 
{,- 

[rrlr-r.r2-

Ka

Ã
T

The calcium or nagnesiun ion activity was obtained from the

follow'ing quadratic equation derived by substituting the expression

(HPO;) derived from equation ( z ) into equatfon ( 5 ).

((H+)r2- + r-K2)

(5)

calcir¡m and,/ ot nagnesÍun.

inequation (5)into

equation by which the

(+ )

- [erl nur

t2*

-ort'- = o

* [u+r'fl 
r-l'rtz- *

(6 )



tof*l 2 
t r- n rt'- )l* C rÉ*l 

I 

a+lxor2- + ror2- + [ rrl r2+r -o 
rrr- 4 tq ]?r*r-rrr2 ]

- tt4T 
It'*(t*)*o 

12- * r\r-icr)

The activity coeffici-enùs,

equation, log-,", f:-AE2 ff
t + naiff

calculated fron the øçression:

,, : å f, ci ,r' ßÐ. The ionÍc actj-rnlties were calculated by

a series of successive approxir¡ations, first assurni.ng no association of

ions in solution and then coruecting for complexing until a constant value

for the ion activity was obtained. The values for pca, pMg, ard RHpoU

were then calculated by taking the negative logarithm of the ion activities.
The values for lHrPOU were obtained from the expression

ÞH2P04=pffi04-pKr+pH

where pK, represents the second dÍssociation constant of phosphoric acid"

The solubility of the added phosphates was calculated by two

methods. First, using pH and calcir¡¡n and HrpOU- ion activities for the

calculati.on of the phosphate and lime potentials, and second, using the

magnesium ion activity rather than the calcium ion activÍty for the

caLculation of the lime and phosphate potentials. The two methods of

calculation are designated as ca-P and lrfg-p, respectively.

The pH of the filürates obtained from the phosphorus treated

calcareous soils were usually lower than those of the filtrates obtained

from the phosphorus treated noncalcareous soÍls (Tab1e X). The concent-

ration of calcj-un or nagnesiun in the fiLtrates obtained from the calcare-

ous soils was usually higher than in the filtrates obtained from the

=0

f, were calculated fron the Debyç-Huckel

ßLr). The ionie strength, u, '!úas

64
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TABI,E X TONIC CONCENTRATTONS AND ACTTVTTIES, AN? LIHE AND PHOSPHATE POTENÎIALS

OBTAÏNED BY EQUTTIBRATING SOTLS trtTTH ÞTONOAMMONTUIVT PHOSPHAIE.

soi,. pH -lf- 15 " J;r', åpc, åpus Rurpou pn_gca pn_åpr.rs *fËþ4 orrffuA

Stockton II 7.28 .L?3 .].g3 .031 L:I9Z I.S9 t+.gtþ j.36 j.jg 6.g6 6.gj ,,

:

hie1Iwood5.88.2o5.3L5.2821.88I.793.6o4.ooh.og5.485.3g
i

Lake1andr8.o8.l+2o2.o1"239I,77l.t+34.g36.3I6.656.7o6.36
astockton r ?.10 .o5o .5go .210 2.2o r.66 t+.oh 4.go 5.LU 6.zh D.To 
,

Lakeland II 6.35 .890 .BtO i¿Z|¡O t. jg I.ó1 3.7h 4.76 4.7t+ 5.j3 5.j5
i

Pf-ne Ridge 6.35 .620 .39o "096 r.6j L,76 t+.JJ+ 4.?o L.5g 5.7g 5.9o I

llarno 6.ga .855 r.4o .294 l.ó1 1.50 3.70 4.7? 4.gg 5.3L 5.20

Plum Ridge 5.93 .680 .?so .o9z I.6¿+ l.61 4.I1 t+.zg h.3z 5.?5 5.Tz
:.

Firdale ó.ó8 .l+75 .3ll, .aa6 L.?6 l.lo 3,8r+ b.gz 4.gg j.6o j.6t+ ;.

st. Norbert 7.88 .355 .535 .266 L.?g r.zo u.5t+ 6.09 ó.1g 6.33 6.2r+

o'\¡



noncalcareous soils. The anounts of phosphorus remai-n5-ng Ín solution were

small for all samples, particularly the stockton Ir, pine Ridge and plum

Ridge soils. The quantity of magnesir¡m in solution was greater than the

quantity of calcium in solution for all soÍls except the Firdale, Pine

Ridge and l¿keland II soj-ls.

The solubility of the added phosphorus h¡as between that of

dicalcium phosphate dùhydrate and octocalcir:m phosphate for the noncal-

careous St. Norbert and the calcareous l¿ketand I solls (figure 19). The

solubilÍty of the added phosphorus vras between that of octocalciun phosphate

and hydro:çyapatite for the noncalcareous stoclcton rI, stockton r and

Firdare soils and the caleareous Lakeland rr and. Tarno soÍls. The

phosphorus solubility values for the noncalcareous hiellwood soil and the

calcareous Plum Ridge soil were below the solubility of hydroxyapatite.

Ït appears from this study that the solubility of phosphorus added

to calcareous and noncalcareous soils .þ¡as approxiraùely equal after three

weeks incubation. The solubility of phosphorus in all soils was very low,

approximating that of octoeal-cium phosphate or hydroxyapatite. Phosphorus

added to Manitoba soils usually renains more soluble than shour in ühis

study (39, lro). The soilg used in this investígation, however, were arl
very low in NaHCO, exbractable phosphorus (Table II). Thus, the snall

amount of phosphorus added to t,hese soils may not have been sufficient to
produce a relatively soluble phosphorus compound.

Although the solrrbiliùy of phosphorus Ìras approximately equal in
both the calcareous and noncalcareous soils after incubation for three

weeks, it is possible that t,he soÌubility of phosphorus night have been

different in these soils the first two or three days after the phosphorus

was added. This, however, was not investigated and therefore a clear
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conclusion on the relative solubility of added phosphorus in calcareous

and noncalcareous soils cculd not be drawn.

Rate of Phosphorus Movement Studies,

Three calcareous and three noncalcareous soÍIs were selected for
this study. Monoarunonium phosphate was added to the soils in paper

cartons as described previously. A sufficient nunber of cantons were

prepared so that the movement of phosphorus could be neasured at, o.!,
L, 2, 3, 5, 7, g, Lzr 1ó and 2I days after the application of t¡re p32
rrtaggedtt r.ì',rnonoanmoniun phosphate.

The results of the experiment are presented in lables XI to XX, and

Figures 20 to 39r inclusive. The movement of phosphorus from monoammonium

phosphate was greater in the noncalcareous soils than in the calcareous

soils after 0.J day of incubation (Table XI and Figures 20 and 2t). This

indi.cates that the movement of phosphorus in noncalcareous soils i-s more

rapid than in calcareous soils. The data obtai.ned when samples were

taken at later dates also show:ra greater phosphorus movement in the non-

calcareous soils than in the calcareous soÍls. The movement of phosphorus

in both calcareous and noncalcareous soils oscurred mostly in the first
twelve hours after the phosphorus was added. There was snall but notice-

able redistributions of phosphorus around ùhe pe1let site for Z to J days,

after the phosphorus fertilizer was added. The distribution of phosphorus

around the pellet site remained relatively constant after three days.

These results indicate that phosphorus fertilizers added to soils wetted

to field capaciüy would dissolve and move away from the pellet site very

qui-ck1y.

The greater movement of phosphorus in noncarcareous soils as

compared to caleareous soÍls can possibly be explained on the basis of a
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TABLE XI M0I¡EI\ENT 0F PHOSPHORUS FROM THE SIÏE OF MON0A],DIoNII¡M PHoSPHAI¡]PLACEMENT AFTER 0.5 DAy.

FÏRDAI,E STOCKTON I I¡iELU^IO00

Distance
(cm) Conc. Distr.

î6 16 Trc. Distr. cPm Conc. Distr.
úd.) to þcPm conc. Distr.

o.00 - 0.64 45722 r+9.56 2a.94 7064 42.9) I4.?g 4O8O? 52.70 23.4L 
.

0-64 - o.95 25528 27.5h. 27,86 4927 29.88 21+.59 22809 29.46 31.1g 
i

o-95 - r,27 13130 W.32 2?.82 23s6 Lu.t+7 z3.rz giSi rz.3b z¡..3i l

i

L.27 - I.59 4726 5.15 16"57 1117 6.7? 1?.gO 3225 t+.!? 14.1ó ,

r,5g - L.g! goo o.g7 4,r7 44g 2.72 10.70 563 0,73 3.6g 
.

:

L.gL - 2.22 362 o'.39 2.6t+ LTl- r.oó j.sl+ Lz)+ 0.1ó 1.13 .

2.22 -",2';54 376 0.4I

2.54 - 3.L8 3l-,6 0,3t+

3.18 - 3.81 375 0.41

3.8I - 4.45 363 0.40

69 a.42 3.06 89 O.1I t.og

100 0"61

10o 0.61

105 0.6b

87 0.11

83 o.11

86 0.11

o.\o



TABIE XI (Continued)

LAKELANÐ I PLUM RIDGE LAKETANÐ II
Distance(c¡c) cpm cof". ri3tr.

16 -{
nc . Distr. cP!4 

Conc . Di-str "
cpm cnÍ". ni(t*.

0"00-0.645l+48l+55.t+32)+.6827t+2773.53t+g.3g6I34456,6326,7o

o.6t+ ' o.95 26590 27 .06 28 "Tr 6206 t6 "6t+ 26.63 31536 zg.r\ 32.72 
I

l

o.g5 - L,27 11311 11.51 23.70 L423 3"g1 11"85 IO33g g.5t+ 2o.g2 l

iI.27-L"5928262.879.8o4o81.o95,62278l2.57g.27
,7.5g - L.gI 105ó 1"07 5.t+t+ 3L7 0.g5 6.50 i,ggg o.gl b.go :

L.gr - 2.22 56]- O.57 4.05 295 0.76 448 0.4I 3.11

2.22 - 2.5t+ 379 O.3g 3.63 329 O.gg 270 0.25 z,t+g

2.54 - 3.t8 36t o.37 3og o.g3 401 0.37

3.18 - 3.81_ 365 O.3? 255 0.76 1I3 o.1o

3.8r - 4.45 363 O.37 3t4 o.g4 98 o.og

-\ìo



TABI,E XTT MOIIEI,IENI OF PHOSPHÛRUS FN,OM THE STTE OF MONOAFM{ONIII¡I PHOSPHA1E PLACEI',ÍENT AFTtsR 1 ÐAT

FTRDAI,E STOCKTÙN T hIELLWOOD
Di-stance

cm

0"00 - 0.64

0.61+ - o.95

0.95 - 1.27

r.27 - L.5g

1.59 - 1.91

L.9L - 2,22

2.22 - 2.54

2,54 - 3";18

3.18 - 3.8r

3.8I - l+"1+5

35552

23381+

L256o

5659

2L63

l+46

181

118

119

93

d
/þ

Conc.

4l+"29

29 "L3

l-5.65

7.O5

2.69

o.56

o.23

o.15

o.r5

0.12

dþ
Distr.

L5.58

24"4L

25.1+6

18.98

10.79

3.rL

1.68

8849

68tnl

3469

t762

823

337

238

200

t65

206

/o

Conc.

38"66

29.89

J.5.r5

7.70

3.60

L,l+7

1.04

0.87

o,72

o.90

--E-
/o

Distr"

11.88

2L"gO

21.55

18.11

12.59

7.2L

6.76

l+5LL5

28t76

IItl5

39t+9

54t

L65

242

188

L95

222

/þ

Conc.

50"2O

3r"35

L2.37

4"39

0.60

0.18

o.22

o..2I

o,22

o.25

2r.80

32.44

24"8t+

14.ó0

2.98

L.27

2.06

\tP



TABLE XII (Continued)

LAKEI"AND I PLI'M RTDGÐ I,AKELAND II
Distance

(cn)
dþ

Conc.

d
tþ

Distr.
ø
/þ

Conc.
16

Distr"
d
/þ

Conc.
rá

Distr.cpn0

o.00 - 0.64

0"6l+ - o.95

o.95 - !,27

t"27 - L.59

r.59 - þ.9r

L.gl - 2.22

2.22 - 2.51+

2.5b - 3.r8

3.18 - 3.81

3.8L - 4.45

to233g

28884

88t+2

1091

L72

119

103

77

108

110

72.L5

20 -36

6.23

o "77

0.12

0.08

0.07

o.o5

0.o8

Q.08

l+5,L9

30.40

l-8.06

3.69

o.86

,f0"84

o.96

26406

L375t

1:O22

249

L35

IL3

107

99

171

:r59

62.7O

32"65

2.1+3

o.59

o.32

4.27

o.25

o.24

0.41

o.L5

39,2o

48.66

?.o2

2.83

2.28

77538

L636?

6768

868

503

262

2L2

211

2L2

204

75.L7

L5.87

6.56

0"84

o.49

o.25

0.21

o.2l

0.21

o.2Q

45.91

23.tO

L8.54

3,93

3.39

2.1+7

2.65

\ì
N)



TABI,E XTü MOVEMENT OF PHOSPHORUS FROIVI THE SITE OF ¡4ONOAMMONIIIM PHOSPHATE PLACEMENT AFTER 2 DAYS

FÏRDAIE STOCKTON T 1/üELLhrO0D

Distance
(cn) dpm cof". niåtr.

% 16 ^_;T _Tnco Distr. cpm Cone. Distr. cpm Conc. Distr.

,, 0.00 - 0.64 268L3 t+3.rL Lj.oz 12297 t+i.oL r5.o7 2g634 t+3"6g Jt+.gg

]o"64-o.957826229.3624.38s9733l.3s26.2o191082g.L523.84

' 0 .g5 - !.2? ro25l 16.4s 26;'56 Lzgz 15.01 zi"3j 1015g L5.t+g 2'.60 :

i I .27 - r.59 37L7 5.98 t5.94 l:69l_ 5.91 1j.86 Lgzo 'l. jo Lg.?L :

:

, 1.59 - L.9L 2024 3.25 12.9L 62t+ z.r8 8.?o r5og 2.3o 9"99 '
:

t,

i r.gL - z.z2 3zz o.jz z.g7 3l.6 r.1r 6.rT 6gt+ l.06 5.7g :

'

|2.22-2.54I96o,322.32Lt+2O"5o3.68188o.292.o8

: p.5l+ - 3.I8 2O9 O.34 gZ O.2g ]:36 O.2I
:

3.18 - 3.81 2O2 O.32 l.2g O.45 130 O.2O :

:

3.gL - 4.45 Lgg O.32 4g 0.1? g3 0.13

\)\n



TABIE XIII (Continued)

LAKELA}ID I PLUM RIDGE J,AKEIÁT'ID II
Distance

0.00 - 0.ó4 $5l.6 74.6r t+g.gz 45izr ?7.oo 50.25 ioh6z 46.h¿+ zt.z5
l
1

I 0.64 - 0.95 2IL52 18.90 3o.I3 92rg 15.59 z|.z5 430g9 39.66 L3.25

o.95 - L.27 5438 4.86 r5"oh z93i L.g6 ru.gg Lr647 ro.7z 22.70 
l

L.27 - L.5g 760 0.68 j.tlg 625 I.0ó 5.2g zotg 1.g6 6,5! :

r1.59 - 1"91 2I2 0.19 L"44 Lgz O"32 2.t+! ?3t+ o.óg 3.5? ,

L.gt - 2.22 235 0.21

2.22 - 2.5t+ l:65 0.15

2.51+ - 3,I8 L58 0.Ì4

3.r8 - 3.81 r54 0.14

3.SI - t+!t+s :-5z 0.14

1ó0 o.27 z.gl 22O O.2O I.4g

1óO O.27

LOz 0.L7

108 0.19

99 o.t?

w5 0.13 L,zg

137 0.L3

r32 0.12

65 0.06

{È



TABLE XIV ],{OlEi!mNT 0F PHOSPHORUS FjìOM TI# SITE OF MONOAT'{MONIUM PHOSPHATE PIACEMENT AF1ER 3 DATS

FM,ÐAI.E STOCKTON T liELLhIOOD
Distance

i o"00 - 0.ó4 l;,og5 l+5.36 15.74 sr46 3z.zj g.og zogLL 3g.gg rt.0o 
,iÌ

i o .64 - o .95 S413 29 "I4 24.og 7265 28.77 L? .L7 t42il+ 26 .52 L7 "57

- 1 Òr1 Datl^ ì^ ã^ -/ :i 0 .95 ' 1"27 3962 ' t3 .73 22.03 t+3LL L7 .O7 L9.78 S?S4 16.33 2J.37 :

i 1.2? - L*99 L65t+ 5.73 L5"zL 26?9 10.61 zo.3t+ 5867 1c.9r zc.6L 
1

i 1"59 - I.gL S3? 2.go LL,45 1310 5.Ig tt+.1g 23Ot h.zg I3.7? 
Ì

j L.gL - 2.22 353 r.zz 6.76 699 2.77 11.05 :Jl67 1.9s g.gh 
.

\ 2.22 - 2.54 186 o.6t+ L"7z Lzo r.66 B.8o 310 o.5B j .Li ,

, 2.54 - 3"18 106 o, 37 176 o.7o L26 o.23 
',

3.18 - 3.81 l.:33 0.46 I3O o.5t ?5 0.1_4 ,

3'8L ' 4'45 128 o.t+4 tzo o.4B 73 o.14

\ì\r



TABi,E XgV (Conti.nued)

LAKELAND I PLIJM RIDGE LAIGLAND TT
Distance

d ----T
lo lo ddtoþ(c'n) "o cpm c"k. ni3t", cpm coÍ,". ni3¿*

0.o0 - 0.64 925Q2 70.99 43.2h 64gsr TL.IL 4i.3i 7zgz3 60,66 34.95 ,

,l -'Q¿' tk/*r vv'vv J*t'/2

.:
O .6t+ - O"g5 27OOZ 20.72 3O':O8 I5L79 17-(\5 )q.,lt, 

"Aa.tA 
2^ eA ?c êçr
¿v.ëv Jvovv

i 0 .95 - L.27 80ó0 6 .Lg t7 .43 452A. 5.5O 15 .57 S596 ? J5 17 .83 ,

i L.27 - L,59 161ó r.z4 5.78 L37s r.57 ?.36 L37g t.r5 , t+,73 I

I.59 - L"gI 375 O.29 2.OO 37+ O.43 2.97 257 O.zh t.h?

: 1.gr - 2.22 Lg7 0"15 !"47 2O5 O.23 2.29 138 0.11 O.gg

" 
2.22 - 2.54 L3g 0.11

) 2.t+3 - 3.!8 ¡l+h 0.11

3.18 - 3"8I 
'-33 

0.10

3.8I - 4.45 
'.9,2 

c.1o

7L O"08 0"90 L22 0.10 1,16

L23 0"14

rL7 0"13

l,3O 0.15

140 0.12

132 0.11

116 O.Og

{o.



TABI,E XV MOVEI,ÍENT OF PHOSPHORUS FROM THE SITE OF I,ÍONOA}N4ONTIJþI PHOSPFIATE PLACEMENT AFTER 5 DAYS

FÏRDAI,E STOCKTON I I{ELLWOOD
Distance

\ tm/ cpm cofc. Di-str. "p* cok. Distr. cpm cok. Distr.

0.00 - 0.64 9757 39.63 11.91 12901 39.32 10.16 t9362 h5.3¿+ 14.94
..

I 0.64 - O,g5 77h6 30.67 22.3t+ gIgI 2)+.g3 15.35 g6S4 23.gt Lg.65

i o.g5 - t.z7 3got L5.o5 zr.2g L;g5g r5.1r 18.06 6gj6 t?.18 z6.oL
'j

i 1 .27 - L.5g 2rO5 8.33 Lg.5O 3t5g 9.63 19.04 3176 7.84 Lg.65
:

r I .59 - I.9t 959 3.80 L3.2L L625 l+.95 th.57 1J+23 3.52 t3,Og

i

i I .9L ' 2"22 37I I.l+7 7.L5 899 2.7h 11.28 38O O.gt+ 4.89
i

\,i ,.22 - 2.54 184 O.n 4"7L 693 z.Lr LL,5t+ 169 0.41 2.97

ì

2,51+ - 3.L8 99 O.39 179 0.55 L23 O.3O

3.18 - 3.81 108 O.h3

3.8L - 4.h5 L36 O.54

93 0.29

L24 0.38

101 0,25

121 0.30

\-{



TABLE XV (Continued)

LA¡GLAND I PLUÏ'T RIDGE LAKETAND TI
Distance

("r) cpm ^ 
i: 70

'-- 'Conc. Distr.
%%%i6
nc. Distr. cPm Conc. Distr.

%i61¿%
nc. Distr. cPm Conc. Dist,r,

0.0o - 0.ó4 5L724 47.12 2A.57 3ggà2 69.8g 3?.6L 6gL7g 6L.t+3 3t.92 
,

o.6l+-o"954089037.2538.76I22L52!.o527.382s55525'733L.86

C.95 - 1.27 IL857 10,80 ZL.8Z 3:.64 5.t+5 13.77 10817 9.75 Z3.t+3 i

r.27 - r.59 3018 z.Tj g.L9 L57o z.7L tr.3o 2468 z.zz 8.84

1"59 - 1.91 114.1 1.O4 5.L7 3ï- O.57 3.54 362 0.33 r.g3

L.gL - 2.22 532 O.bB 3.37 257 O.t+4 3.gj 85 O.OE 0.63

2.22 - 2.54 ú3 o.12 I"Lz 128 O.22 2.5t+ L3g 0,13 1.38

2.54 - 3.LB 151 0.14

3.18 - 3.81 184 0.17

3.8L - 4.tn5 14I 0"13

97 0.L7

t]-z 0.Ig

179 0.31

125 0,11

ltl 0.10

143 0.13

{
æ



TABI,E XVI MOIIEMENT OF PHOSPHORI'S FT,O}.[ THE STTE OF MONOA},ß{ONIUT{ PHOSPHATE PLACE}ÍENT AFTER 7 DATS.

F]NDAI,E STOCI(TON T i'liELLï^I000
Distance

(cn) cpm cof". oiftr.
i6 i6 % -------g
nc. Distr. cpm Conc. Disùr. cpm Conc. Distr.

, 0.00 - 0.64 6e4t 37.L5 10.31 Lzgh9 39.63 LO.65 23060 39.75 10.70

i 0.64 - o.g5 4866 26.t+t L7.t+6 s52o 26.08 L6.7I t5}7g 26.69 L7.56
.:

i 
o .95 - L.27 27æ r5.Og 19.37 4656 JJ+.34 L7.&+ gzLg L5"49 lg.7g 

,

i

i 
t "27 - L.5g L47S 8.02 L7"A4 2557 ?.83 1ó.1r 5572 g.S7 20.85 .

1

i r.59 - L.gr 864 4.69 14.81 L74t+ 5.34 L6.3U 28t+b t+.78 L5.cz 
'

; l.gL - 2.22 446 2.42 10.?O l0rr 3.29 f4.04 1416 2.39 LO.t+7 :

2.22 - 2.5h 324 L"76 10.31 I+78 L.t+6 8.31 ,,573 A"96 5.62

2.5t+ - 3"18 3O5 L.66

3.18 - 3.81 266 L.44

3.8L - 4.¡*5 253 L.37

318 O.g7

141 O.l+3

2O8 O.6t+

26]- 0.44

I88 C.32

L92 O.32

-l\o



TABLE XVI (Continued)

IAKEI,AND T PLUM RTDGE TAKETAND TIDistance
(cm) cpn

d
fo

Conc.

dþ
Distr.

d
/o

Conc.

d
/Þ

Distr. cpm
d
/þ

Conc.

d
lo

Distr.
0,00 - 0.64

0.6l+ - o.95

o.95 - L.27

L.27 - L"5g

r.59 - !,gl

I.9l - 2¿.22

2,22 - 2.5t+

2.54 - 3.L8

3.18 - 3.81

3,8I - lì.1b5

76t+97

222t+5

60t+2

r856

t+34

320

299

3r8

3r3

287

70.l.13

20.48

5.56

1.71

o.40

o.2g

0.28

o,29

o.2g

o,26

l+2.LO

29.r8

L5,38

7.82

2.72

2.8I

65787

11446

3456

105l

373

300

208

253

208

240

78.96

L3.74

1+.L5

L.26

o.b5

o.36

o.25

o.30

o.25

0,29

50.l+O

20 "9O

12.25

6.16

3.25

3.66

3.37

89L29

3t764

4738

759

335

2,i/,,8

21.O

191

2L2

220

69.67

24.83

3.70

o.59

o.26

o.22

0.1ó

0.15

o.L7

0.17

l+3.43

36.99

10.ó8

2.83

1.9ó

2"L6

2.16

æo



TABLE Xl/ÏI M0VEMENT OF PH0SPHORUS FROM TIJE SITE 0F M0N0AM40NIU¡,Í PH0SPHATE PLACEMENT AFTER 9 DATS.

FIRDALE SÎOCKTON I bIELLI/'IOOD

Distance
(cn) 

.. Conc. Distr.

, 0.0O - 0.ó4 L3559 41+,41+ 13.81 L274I 39,99 LO.l+2 L3356 36.5t+ 9.OI ;
:'i.
t. 0.64 - o,95 æ76 26,47 19.60 g3og 26"09 L6.2O g:.24 24.9A U+,64 ,

:l
r o 

" 
95 - r.27 3673 !2 "04 17 .3O 4213 13 .22 L5 .gt+ 55OS r5.O3 L? .L5 l

:,:i 1.27 - L.59 2678 8.78 20.87 265t 8.32 1ó.óo t+oz9 10.99 20.75 1

', r.59-L,91 1311 4"3o L5.2o 1718 5.39 ró.oo ?j,44 6.Lo L7.96 .

; 1 .9L - 2"22 510 L.67 8.28 l:O93 3.43 lt+.25 L345 3.67 ]-.t+.t+3 :

'l

ì 2.22 - 2.54 23O O,75 t+.95 6]3 L.gz 10.60 426 1.16 6,06

I

', 2,5t+ - 3:rl.9 I24 0.41 3OO O.gL Lg5 O.53 
:

3.18 - 3.81 192 0.63 151 O.t+? L5L 0.41 
:

,'

3 .8L - t+ "45 158 O .52 72 O .23 L29 O.35



TABIE XVII (Continued)

LAKETAND I PLUM RIDGE LAKELAND II
Distance("*) c'm cok. ni3tr.

7116%7¿7¿16
r¡c. Distr. cpm Conc. Dístr. cpm Conc. Distr.

',i 0"00 - 0.64 99228 69.03 40.41 65A35 74.A3 Lr7.8I 6LLZ+ 73 "Lh t+5.24 :

tt,

-1: o.6b - o.95 32066 22.3L 3L.t2 L6297 L8.55 28.55 r5g}5 1g.21 28.20 :

, l,]
i 0.95 - L"27 8¿rrO 5.85 L5.84 4LS5 t+.76 14.23 l+OL5 4,92 L3.75 

:.:
',i 1.27 - !.59 2693 1.87 8.39 996 1.13 5.60 l:065 1.29 6,03 

l

r 1.59 - l,9l 592 o.¿+l 2"74 266 o.3o z.?3 zl| o.zg 2.06
;

ir.gI-2.2223oO.].6I.4gL35o.151.58Lt+3o.L71.ó9
i,i 2.22 - 2.5t+ 2O7 O,l4 t5g O.1g Lg| O.23 3.Ot+

,1, .54 - 3.r8 t20 o.og 22L O.25 L57 O.Lg .

:

: 3.18 - 3.81 LLz o.Og 279 O.32 r50 0.1g

3.8L - 4.t+5 83 0.0ó 277 O,32 I/+8 0.L8

æ
¡\)



TABT,E XVIII MO\TEI'IENT OF PHOSPHORUS FRO},Í TI{E SITE OF IVÍONOA},IMONII'M PHOSPHATE PLACEMENT AFTER 12 DATS.

FÏRDAI.E STOCKTON T h¡ELLI/\IOOD

Distance
(cnu) cpm conc. Ðistr. cpm coãc. Distr. cpn coãc" Distr.

, 0,00 - o.64', 25709 5L,L7 Ig.6g I3t+23 37.29 10.13 17465 36.t7 gJ+3 
;

i
l

, 0.64 - o.g5 13964 2?.7g 25.t+8 11ogg 3O.g3 19.96 L433r 29,67 1g.44 l

,: 0 "95 - !.27 5652 tL.25 2O.O2 4g7t t3.53 1?.01 6SZ5 14.13 1?"05 :

. 1.27 - I.59 2489 l+.95 A.59 2689 7.47 L5.53 tr3j3 8.91 17.78 l

, 1,59 - l"gL l/'L5 2.82 12.33 1608 4.t+? 13.91 2727 5"65 L6.76 j

'^-^r^ô1^^Ii^l^r^i 1.9L ' 2,22 5o2 1.00 6.Lz l:ot+3 2.9o 12.54 L3S3 2.86 II.9o 
;

'

i\ 2.22 - 2.54 110 O.22 1.78 690 I.9Z 11.01 ?j6 I.57 9.63

2.5t+ - 3.I8 136 O.27 332 O.g2 Lg3 O.4O

,

3.18 - 3.81 138 O.27 r25 O.35 14S 0.31 :

3.8L - 4.45 L3r 0.26 118 O.33 1ó1 O.33

oou)



TABI,E XVIIL ( Continued )

IÁKEIA¡JD T PLU}'I RTDGE LAKEI,A,ND II
Distance

(cn) cPm conc. Dfstr.
16fr%f"
nc. Dfstr. cPm Conc. Distr"

ddlo /ocPm conc. Distr.

j o.00 - 0.ó4 g]-?6b n .7L ¿14,96 3Ol.24 48.23 23 "tO 26Lr5 69.57 36"90 ,

':

i 0 ,64 - o ,9 5 Lg |.36 L7 .6L 25 . 5li z53tz Lo . j3 ti.6 .z5 TtSt+ 19 .06 zÌ+ "o9

i 0.95 - L.27 6239 5.62 L5.93 t+3OO ó.Sg L5"25 2t+O4 6.t+6 L5.TL :

:
i:

I L.27 - L.59 2O5O 1¡'85 8.61 L765 2"93 10.36 LOzg 2.74 ]1.12 ,

i 1 .59 - r"gL 5rr 0.l+6 3.r9 39L 0.63 3.t¡ 377 1"OO 6.06 i

:

: 1.9L - 2.22 225 0.20 I"97 l-33 o.2I I,63 118 0.31 2,66 ,

t 2,22 - 2.51+ L3S O.I2 1¿i0 O.22 116 O.3I 3,1+6 l

2.54 - 3.I8 l4S O.I3

3.18 - 3.81 I5Z 0.14

3.8L - 4,45 L6g 0.15

69 0.11

r14 O.18

109 0.17

72 0.Ìg

67 o.1B

8ó o.23

@Þ



TABI,E XÏX MOVEMENT OF PHOSPFTORUS FROM TTIE SITE OF I'ÍONOA}fl{ONIUM PHOSPHA1E PI,ATEMENT AFIER 16 DAYS.

FÏRDAIE STOCKTON T hIELLWOOD
Distance

(cm) %

Conc.
1t

Distr.
d
/o

Conc.
þ

Distr.cpm
d
/o

Conc,

d
lo

Distr.

o.00 - 0.ó4

0.6l+ - o.g5

o.95 - 1.27

r"27 - 1.59

r.59 - r.gt

r.9r - 2"22

2.22 - 2.54

2.54 - 3.r8

3.18 - 3.81

3 "8L - 4.45

2022r

l.64]..6

6L52

26Lg

t?4r

997

404

r52

70

L26

4r.35

33.57

12.58

5.36

3.56

2"O4

0.83

o,3L

0,14

o.26

]-3.29

25"72

18.7r

13.18

L3.O3

L0 "l+5

5.62

u5u

11280

4637

3L5t+

2f28

1287

9L9

357

87

t35

37.80

29.39

12.08

8.21

5.28

3.35

2.39

o"g3

o.4)

o "35

9.68

r7.92

Ll+.3O

16.og

15.39

l-3.67

]-2.95

Loz38

9636

6181

3495

2267

970

986

318

53

1,I08

30,90

27 "73

t7.79

10.06

6"52

2.79

2.84

o.g2

0.15

0"31

7.Io

L5.19

L8.92

l-7.70

r7.o7

LO"23

13 "79

@\¡t



TABLE XIX (Continued)

LAffitAND I PLUM RIDGE LAKELAND TT
Dístance

(cur) cpm ^^f^ 
76 r¿ râ cpm ^ f %r Uonc. Distr. cpm Conc. Distr. . Lioncr Distr.

0,00 - 0.ó4 6t+223 55.9+ 23.19 3t+O27 55.25 2t+.25 55255 59.73 29,97 
r

o,6b - o,95 3L356 27.26 26.9? 181?2 29.51 30"8ó 29475 29.72 3t+.93

o.g5 - L.27 9272 8.06 15.48 522:- 8.48 r?.2r 656]- 6.6L 15.0g 
I

r.27 - 1.59 3810 3,3L rO.53 2258 3.67 l:2.32 3285 3.3L L2.5r
:

1,59 - 1.91 36gt 3.20 ::5.t3 1001 L.63 8.L2 TLl 0.72 t+.O6 l
I

1.9L - 2.22 IO57 O.92 ó.08 ItBZ 0,70 t+.91 3L5 O.32 2.5O 
.

l

2,22 - 2,54 343 0.30 2.62 L55 O.25 2.34 194 O.1g I"g3 :

2,54 - 3,I8 l+87 O,42

3.18 - 3.81 595 0,52

3.8L - t+.h5 2Ol+ 0.18

"L22 0.20^

62 o.1o

L37 O.22

t33 0"13

123 O"Lz

141 O.14

æo.



TABLE XX MOVEMENT OF PHOSPHORUS FROM TI{E SITE OF M0N0A},IÌ'IONIU',I PHOSPHATE PLACE}ENT AFTER 2t DAyS.

FIRDAiE sTOclToN I }TELLWOOD
Distance

(cm) "o^T cone. Distr. uF-- Oonc. oiltr. cpm colr, niÍt*"

., o.00 - 0.ó4 L2zt+2 41.89 rl.g8 toizz bì ,zg g,g7 z6iLo 3g.gi ro"4g :

i

, 0,64 - o.95 7739 26.48 r?.90 x+zj 2r.zg 12.13 rT667 25"96 L6.65

i.95.I.273ggg!3.68L7.96328I12.88It+.?J+111?8L6.422o.45
:

:-li 1.27 - L"59 2063 7.06 15.33 gfi g.L6 16"75 6L7g g.Og 1g.?0 r

:

¡ r -59 - L,gr r5L5 5.29 L7.o7 uor 5.5o Lt+.g6 Sszo j.6L LT.rg t,,

:

i 1 .9L - 2.22 872 2.98 L3.bg to73 L.zL 16.04 14s9 z.Lg g.3g 
:

\t

; Q.22 - 2.5r+ 311 1.Oó 6.39 gJ? 3.r7 16.0r s56 !.26 7.L5

: 2.54 - 3,Lg I?o O,58 397 !.j6 I5g o.Z3 )

3"r8 - 3.81 B5 0.!+6 r3g o.5r+ log 0.16 .

"

3.8I - ¡+.1+5 fli? 0.50 IO8 O "hZ g j 0.14



TABLE XX (Continued)

LAKEIJ{NO Ï PLUM RIDGE TAIGLAND II
Ðistance

(cm)
ú
lO

Conc.

rl
lO

Distr.
dþ

Conc.

dþ
Di-str.cpm

ú
lO

Conc.

(t
lo

Di-str.

0,00 - 0.ó4

0.6l+ - o.95

o"95 - L,27

L.z'l - L,5g

1.59 - 1.91

!.9L - 2.22

2.22 - 2.54

2.5h - 3.L8

3.L8 - 3.81

3.8r - L.h5

83227

LgtJ3

899L

3857

L620

505

r44

r2g

117

T3

70.l+4

L6.43

7.6t

3,26

r,37

o.43

0.12

0.1.1

0.10

0,12

36.L6

20.10

18.07

L2.93

s.01

3 "50

r.32

t+9737

827O

277t+

923

438

96

l-36

79.7b

L3.26

l+.1+5

1.48

0.70

0"15

o.22

50.37

Lg.96

13.00

7.L6

5,O5

L.55

2.9r

SOtnSo

265tg

6905

2357

857

iiAo7

120

68.52

22.58

5.88

2.Or

o.73

o.18

0.I0

38-bs

30.2L

L5.27

8.62

4"66

1.59

L.2l
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more rapid movement of phosphorus in noncalcareous soils. Since the

movement, of phosphorus in noncalcareous soils þras greater than the üove-

ment of phosphorus ín calcareous soils after 0.J day qf incubation, the

rate at which þhosphorus moved mustirt¡ave been greater in noncalcareous

soils than in calcareous soils. The solubility studies revealed that

more calcium and/or magnesir¡rn hras present in'the soil solutÍons of

calcareous soils ùtrar¡ was present in the soil solutions of noncalcareous

soils. The large amounts of calc:iwr and/or magnesium in the soil solutj-ons

of calcareous soj.ls probably restricted the movement of phosphorus.

The supply of calci-r¡m and/or magnesir:m irunediately adjacent to the

pelIet in noncalcareous soils is lower than in calcareous soils,

Thus, phosphorus added to noncalcareous soils wor.¡Ld move farther from the

pel1et before it would be preeipitated by calcium or magnesium. fn

calcareous soils, the large amounts of calcium and nagnesirrm supplied

from carbonates of calciun and magnesiun, would precipitate the added

phosphorus near the pellet site and thus restrict the movement of

phosphorus.
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V CONCTUSTÙNS AND SUMT{ANT

The study of phosphorus movement has engaged the interest of many

soil scj.entists. Many etudies have been conducted by researchers in other

countùies, but there has been little or no work of this natue using

Canadian soìls. A1so, the studies conducted have been li¡aited to acid and

noncalcareous soils. Since úrritoUa contains large areas of calcareous

soi-ls, a study was initiated to study phosphorus movement in several ca1-

careous and noncalcareous soi-ls.

A nethod for studying the movement of phosphorus in soils was

developed. The method luas as follows: A phosphorus fertilj-zer rrtaggedrr

u:ith P32 ,^u appried to soils as a perlet. A 1.91 cm. slice of soil was

then taken frorn the phosphorus fertilizer reaction zone and sectioned at

o.64t O.95, 1.27t I.59r 1.91, 2.22, ?.5t+r 3.18, 3.81 and L¡.\J cms. from

Ùhe site of fertilizer applicatíon. The sectioning was eond.ucted using

specially constructed steel rings of appropriate diameters. The sarples

were dried and. one gran representative sanrples pressed into a briquet. using

a hydraulic press. The activity of each sample was then neasured on an

End hiindow GeÍger lÏueller Counter. The nethod was found to gi-ve a high

reproducibilÍty of count rate and couÀd be used to measure the concentra-

tion of adcied phosphorus at various distances from the site of phosphorus

application.

The movement of phosphorus from monoârnmonium phosphate was usually

greater than that from diammonium phosphate in both calcareous and nonealcareous

soils when the phosphorus fertilizers h¡ere added pelIet. This

observation vras more noti-ceable in calcareous than in noncalcareous soils,

Phosphorus movement was greater in the noncalcareous soi-ls than in the



calcareous soils regardless of form of phosphorus added or method of

fertj-lizer application. Phosphorus movement was greater in the coarse-

textured soils than in the fine-textured soÍIs when the phosphorus
:

fertilizer v¡as added in granular for:n to the €urface of soil columns and

leached with r¿ater. SoiI texture had little or no effect on phosphorus

movernent when the fertilizer was added as a pe1let.

The movement of phosphorus was slightly retarded in both a cal-

careous and noncalcareous soil when P32 ,,t"ggedrr monoammonir:m phosphate

was nixed w"ith CaC12, M$QL2, KCl, NaCl ard NHUCI. In soils satr¡rated

with Na, K, Ca, I{gr or NHU, phosphorus movement was greatest when Na, K

or NH, vtas on the soil exchange complex" Satr¡ration of the soils with4

Ca reduced phosphorus movement, whereas saturation of the soils with Mg

increased phosphorus movement when conpared to the untreated soil.

Solubility studies wer'e corducted to deternine the solubility of

the reaction products formed in noncalcareous and calcareous soils when

treated with a phosphorus fertilizer. The studies showed that the

solubÍIity of the added phosphorus r{as approximately the same in the soils

Ínvestigated. This, therefore, indi"cated that the greater movement of

phosphorus in noncalcareous soils as compared to calcareous soi-ls was not

due to a greater solubility of the added phosphorus in noncalcareous soils.

The solubilit'y studies, however, showed that the soil solutions of the

catrcareous soils contained greater amounts of calcium and nagnesiìm than

did the soil solutions of the noncalcareous so1ls.

The rate of phosphorus movement in both calcareous and noncalcareous

soils was studied. Phosphorus was found to move at a greater rate in

noncalcareous soils than in calcareous soils. Mosù likely, the larp¡e

amounts of calcir:m and nagnesium i.n the so.il solutions of calcareous soils
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precj-pÍtated the added phosphorus rapidly and very close to the pe1let

site. Thus the more¡nent of phosphorus in calcareous soils was restricted

more than in the noncalcareous soils which contained smal-Ler amounts of

calcir¡m and nagnesii¡m in the soil solutions. Phosphorus added to the

noncalcareous soils was able to move farther from the pellet before it
was precipitated by calciu:n and/or magnesium.
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