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Thj s in-'¡esi,igaiion uas in'i-biai,ecl to investigate i;he effect of
the carbonaie content of '¿jre soil- on the avai_labilii;¡ of recentl-y

addecl and, naiive so:'_l_ phoschate" The inves.i,i¡¡aiion iircludecì greenhouse

¿:.ncl labora'bor¡' ,s'budies on fcur ,rirgin and- i;en cu.ltiva"bed. calca:r.eous

soils '".;ith a r,riCe range of cau"bona-be contents"

1'he resu.lts indicate tl:at tire carbona-te content of a given soil
is nci a criierion oÍ i'Ls irhosi:horus suppl3iing iloi.Jer" other facto¡s
i ncl uding soil texture ancj. prev-ious rranagerrreni a::e sho¡,.;¡ -bo Ì:ave an

iinporta:r'c j-níl-uence on '[,jre availab:'-]_ifu. s¡ soil r:hos¡¡ha-be. }itosi_.Ì-iorus

added to tle soils i.;as read-ii-;v avai-Iable Ì,o 'clie pl_ants re6rarcl.l_ess of

the CaCC3 coni,i:n'r, of bite soil . .li gra-cÌual ::eciu.ction in ti.re availabili1,y

of adcÌed phoslrlraie seerús io -i:alce r;lace. li-.lgÌtl¡r siLgnifica¡.b oosi.bi_ve

correiat]-ons Ïtere obiained- betr,:eeri 'i,he a.rncurts oí phosohoru-s .calren

tq: Ì;y tire i¡lants a-lici t,i:e anounts of pì:osphor"u_s extz"r,rcteci bJ. eil,l:rer

.iaiiC.r; o:: ,ii¡ ir cx'i;r-"ci;a.nLs,
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The pìiosphorus si;atus o.i calcareous soj-l-s is usuat)-y attributed

i;o reactions of slightly soluble calcium phosnhates. fn spite of

conflicting findings, 'r,he concl-usion that calcium carbonate depresses

tire solubil-ity and the availability of soil phosphates to plants, is

generall¡r accepted. This concl-usion is l¡ased. on ti:e effect of

calcium carbonate on: tire soil reaction, the reactive surdace of

the soj l-¡ and tle sotlrce of calciu¡n wliicir is a comon ion i.¡iti: calcium

phosphate.

Re1ativel;r fen in-vestj-gatj-ons have been conducted on the effects

o.í soil- carbonate ancÌ its content on phosphate availability i¡. calcareous

soils. .l''icGeorge and Breazeal-e (Z¿), i"lcGeorge (21), and Beirne, e-u al.

(1) co:rcl-uded that phosphate added to a medium containing calci-um

carbonate is convertecl to a rnore insoluble fozrn. Gile and -Ageton (f5),

Shreve and i'íallorv e2), lJas (fO), and Tirorne (31+) foi:ircl that tire

add-ition of various amowrts of calcium carbonate to the growth media

depressed the grovrth of some plan'bs, while growbh of other plant

s;recies Ì.Ies llardly a-ffecteo or l.ías increased due to inqtroved physi-

cal propertj-es. Ridle¡' and liedli-n (30) found- a negative correlatj-on

bett'¡een the calcium carbonate content of phosphate fertilized plots

and sodium bÍcarbonate-extractable phosohorus, Ib-l1er and I'icGeorge

(f3) found no correfation beti,¡een carbon dioxide-extraciable soil

phosphorus and the calcíun or rtar:tivettcalcium cont,ent of the soif,

They concluded i;hat phosphorus avaitability is influe¡rced by other
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faci,ors as r're1l ,

Lewis, et al, (20), Olsen, gt al. (26)r liaddoek a:rd Linton (IZ),

and Cliumachenlco (ó) concluded thai soluble phoslrhorus aclded io cal-

careous soils r,¡as avai1able for a long period of time"

'Since no concrusions could be drar^rn frorn previous findings,

investigations r.¡ere conducted Ì,o dei;ernri¡re the effects of soil carbon-

ate on the availabili-ty of adcied ancl native phosphorus i¡ some calcareous

iìanitoba soils o _
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Ïn i-!11, Gile anci Ageton (15) ac¿ed. varying arnounts of ca.lcium

carbonate to a soil riell suppfiecl uiih nitroqen, potash, and phosphoric

acj-d. ifþs¡r founcl 'bìrat, a}'ùhough bush beans and racÌisÌres T,rere un-

affectecl in grol.rth even by 35 per cent cal_ciurn carbonaie, the groluth

of su¡Íl-oi.¡ersr soybeans and suqai' cane ï.Ias sorircr¿hat depressecJ_ by

18;oer cen-b calciutn carbonate. The g;ror"rth of sr.¡eet cassava r,las slightly
depressed by 5 jrer ceni cafciLr-rn carbonate ancì rern¿-,rkabl-y so by 35 per

cent," The grolrbh of'rice and pineal:ple r,ras crepressed bJ. all_ tjrree

ievels of cal-c:'-iun carbcnate, ancì- 'i;L.e plants r.Jere macle chroro-i;ic.

''iit¡oc-s¡, phosi:horu.s, aircÌ irotassiu:l in bhe i-rlan'bs shoned- relation-
sÌ-rip to lirne acÌcìed.'co the soil. The iotal ash tendecì io increase anci

the iron in p1ani,s generally oecreased. as t,he finre content of i;he soil_

uas raisecl" The calci.run content ìncreasec, i_n all- of ilre plarrts

sfu-d,ìed except busj: beans. They concl-uclecj. bhai; iir genera.l the pl-ants

least affected in g::or.t1,h by Lhe ]_inæt,reatrneiri,s r.rere also leasi
changecl :'-n cb.e¡ri-cal colii;position,

-ln 1931, shreve a¡d i'tarlcry- (32) fou¡d ilrai ti:e gror.rtÌr of
covilla intas reiarcled Ì:¡r aC.cl'ì tion of jlncreasj-np; apourrts of ca.Ic j-¿¡i

car"i:ona'i:e io a nailra1ty allcaline soi]- ¡6"." Tucson, _A.r.izona. f.ire

plants absc,z"bed increa,sj.ng a.r'r.ou-:r-us of calciu¡n r^¡i'bh each acj-cied. increnreiri

of calci-um carÌ:ona-Le to ilte soil.
Ðas (rO) adciecj- variable a¡noun-bs of ci:all< to a relai;ively fertile

soil coni;aining 1& per cent clar',0"5 per ceni lime: and having a
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pi: of ó"I7. iie fou.nd that chalk addition up to 30 per ceirt of soil

rceight j-ncreased ti:e yielcì of Al-eucina lorCgglfu TI:e increasecl

yieids ¡rere atiribriteci to irproved. soil aeration froln the clialk

ireatrnents, itio chemical analyses l^Jere reported íor the pla:rts grolJn"

iicGeorge and Lìreazeale (22) conducted a series of exoerj-nents

on calcareous Arizona soils. They concluded that the presence of

calcium carbonate greatly reduces the solubilii;y of rrhosphate in

roclc phosphate as t^reLl as in soils, I'hey bel-ieved that uì¡on addiÌ;ion

of rock pi.osi:hate to a soil luhicli coniains an e>:cess of calciurn

carbonate, the rock phosphate becomes sa-turateci i.¡j-th calciri:n carbonate

as an iniegral nart of the molecule. This process leads to lìre forma-

tion of a vel:v. insoluble carbonato-apatite, the solubÍlity of which

is kept at a miai.num by calciun ion activity in the soil solution

and the carbonate ion concentration in equilibrium i"¡itl: the calcium

carbonat'e solid phase.

They also fourrd, using culture solution expe riments in r'¡hich

r'¡heat seedlings uere glorùn for seven days, 'bhat i;he addiÌ;j-on of

calcium carbonate depressed the anount of availa.ble phosphate from

dicalciun phosphate aild i;ricalciu¡n phosphate. They believed that

bcth compounds corabined with the calcium furnished by the ce.lciu¡n

carbona-te added.

On t}:e other hand, tliey found that applications of super-

phosphate to calcareous Arizona soils notably increased the phosphate

concentra-tion of the soj-l- sotrution, and r'¡ould inaintain this increase

for a pro-ûractecl period if good aeration ancl ruater penetraiion'are



5

rnaintained. They concl-uded tirat ti:e sclubirity of phoslrirate from

niore soluble rnaterials is less affected by calciurn carbona'r,e in soil-s,

fn a later stud¡r on the availal:il-ity of r.esiciual phosphate in
Arizona soils ì'icieorge (ZI) conclucled that sol_uble irhospÌrates are

fixed rapiilly as 'bribasic 'calcium phosphate and that final conversion

to calciu:n-carbonate-phosphate is a very s1or,¿ process.

In L936, Benne, ierkins, and lüne (1) s'i;u-clied the effect of

pli on a s¡rslsni by u-sing different reagents. They acided various

cornpounds of calciuq or a soil sa.'bura-Led ui'i;h calcium, alone and j:r

var¡ri¡g combj-nations, to portions of a st,andard:'-zed solu¡ion of C.25 gm,

of phosi:horic acid (7g.'t ry*n" of phosphoru.s) dil-uted Lo Z5o cc" They

.found that cal-cium ions cÍid not precii:itate phosphorus from sol-ution

u¡rtil the pil approached 5"5" iiaxi¡num precipite.tion or rrnninrum solu-

biiity rras not reacl:ed ruri;il the pli apÞroached 7.5. Large excesses

of calciri¡r carbonate -îaj.led to comfiretely precil:i'cate the piros¡rhorus

from solution" Tl¡-is r.¡as attributed to ti:e sli-gir-u solubilitl' of the

calciurn carbonate" They arso Íouncl i;hat the soil sa.-r,urated with

caÌcium precipitated 'phospllorus siinilar to a sparingly soluble calciu:n

salt of a ru'eak acid. The pìrosi:horus sclubility cu-rve of this soil

was simi-lar to that of calciu.m carbonate, but uas displacecl i,.rith

respect to it, i.¿hich they attribu.ted to adsorption. Tire phosohorus

solubirity curve of tÌie soil showed a nri:rimu¡r at pI{ 2.56, then a

gradual r'ise occriz'red till a naximun r.ias obtaineci at approxit*ra'l,e1y

pIl 5. :\dditions of sociirx*,r Ìryciroxide, calcium oxicle, and calcirm

carbonaie louereci the curve from ì;he m¿xirnum at pIÌ 5 but io ciifferent
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extents and by slightly diíferent paths. calcium oxj-de caused com-

prete precipitation of ohosphorus at plJ 7 "L6" carcium carbonate ciid.

not raise the pl{ above neutral-ity'end oid not cause complete pre-

cipitatic:n of -r,he pilosi:liorus, sooium hyciroxide raisec, tìre pH to B,

but compl-ete precipi'bation did not occuro

Puri a¡rd -{'sg}rar (27) ciescribed a nethod for deternrining avail-
able phos¡rhates in soils ì:y carbon cU-oxide-saturated solution extraction.

They concluded from their experinental data that the ad.di-tion of

calcitur carbonate to the soil lol.¡ers the value for available phosphate

as deterrnined by this nethocr.

In l9I+6, Thorne (3h) use¿ bentonite clay liith a base exchange

capacity oÍ about 130 m"e ",/too gm. to i-nvestigate the infru.ence of

calciun carbonate on the gror.rth and composi'bion of plants. stone

tornato and- barley plants T{ere gro'wn in culi,u.res consistlng of cal-ciu¡r

saturated bentonite clay mixed r^rith sarrd, and varying amounts of

calcj-r-rm carbona{e" The calcium carbonate/clay ratios in the cultures

varied, îron I/5-2h.

Thorne found ihat the grorith of stone tomato plants r4ras soìrìe-

what inversely proport'ional to iìre calcium carbonate concentration

in the cul-ture nrediun. Tl:e decreasecl grol,tth l.¡as associated. l.¡ith

increases in calciuin a¡d decreases in potassium and pi:osphorus con-

centrations jn 'i;he plan'i;s,

ïn sirnilar cultures, '',/eivon ba.rley l¡as clecreased i:r growi;h

by only the higrest level of calciwn carbonate enployed (trvo parts

calcj-wn carbonate:one part clay)" The chenúcal composition o.f barley



Ilias al-so llTuci-L less affected by the calcium carbonate bhan l+as that
of the tomato plants"

The groHth and composÍiion of tomato plants were also siuciied

in otÌier cul-'br:res in r¡hich three levels of cal-ciu¡r carbonate r4lere rnixed

Ín cornbination r,¡ith four different ratios of excirangeable scC,-iurn to
calcium. lornato gror.*h decreased r.¡ith increasing degrees of soctium-

saturai;ion and the effects of sodium triiere accentuated by the presence

oí carcium carbonat,e, on the oti:er Ìrarrd, phosphorus content of the

plants was increased by sodiurn and decreased b¡r calcium carbonate"

J?hosphorus uptake by ì;ne planis r.¡as closely rela-r,e¿ to ¡ral,er

sol-u'ole phospha-te in the culture rcedia. Thorne concluded from the

erlrerimental data that j.n 'r,he arkaline range, pll is less Ímportant

than sucli Íactors as exchangeable sod.iq¡¡1 and calciura carbonate in
controlli¡rg phosphorus availabiJity to plants.

fn l-950, jfuller and I'i:George (r3) evaluated the available phos_

phorus in tr.renty cal-careous arizona soils. They found a clistinct

rela-tionship between the carbon clioxide-solubre phosphate and the

phosphorus avairable to barley and. tomato plants. They found that
the calciu:n conient of su.rface anci subsurface soils Í'ails to ind.icate

ti:aÙ high values of carbon ciioxide-solubl-e phosohate are necessari-ly

correlatecl r^rith loru velues of carbonate ca-rci-uär or rractivett calcium.

l'uriherrnore, a lor,¡ ratio of tåctive'cal-cium to carbona.te calcium r/Jas

not arways associated r'rith hi-gh solubirii;y of phosphoz.us thou.gh ihe

ratio ranged from O to ó,8. 'tActiverr calciurn as d_ì-stinguisiied from

total- carbonate calci-um in this investÍgation z.epi,esents ihe amount
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of soil ca'l ciu:n thai reacts r,¡ith 0.2 i,i al:rr;onium oxala"te.

llai;a obtained ìiy extracting soil samples ¡^;i-i;h su-ccessive ror-
t'ions of rvaier showed that only a snall arnount, from ZZ-JB:¡, oÍ the

solubre phosphor"u-s adcied to these ca]careous soils is fjxed. in a¡.

insolubl-e form" ûrly th-i-s srnall amount ap-;:earecì. to irave tjre charac-

teristic of carbonato-aoa'bite 
"

The concl-usi on 'birat the phosphorus add.ed to calcareous Arizona

soils is not all íLxed in a r,¿holly insoluble form iias supported by

the field obseri¡ations iirat the effects of phosi:,iLate fertilizers added.

to irrigated Arizona soils maJr influ_ence crop procÌuction for mar¡y

years after apÞlication,

rn a later study ll-rller and t"lcGeorge (tl¡) reported ihat in

calcareous Arizona soils, unliice tire su.rface soils, -bhere appears to

be a rai,her close relationshirr between carbon dioxici.e-soluble .i¡hosphate

and rractj-vert calcium ¡.¡j-thin a single soil 1:rofile, There tùas a tend-

encSr f6¡ carbon dioxide-soluble phosphorus to decrease r,¡ith greater

deptir. This decrea.se Ìdas associated r.:iih an j¡crease i¡r rtactivetr

and ca.rbonate calciuin. ûr-the other hand, there T"ras no correlation

betr.leen rtactivett caicj-um and carbon dioxide-soluble phosphorr-rs for fl-ie

sale depth among different soils. They concluded -t,hat different soj-l_s

possess inÌ:erently different characteristics, raaking Ít inrprobable

tÌ:at a single tÌ-rreshold value for calciìr.rrl for all- soils belor^r l¡hich

there r¡i-ll be sufíi cient phosphorus for rnaxi¡ru¡r plant growth, can be

estabrished readily. They believed tirat it is not rmiikeþ that

maximum calcium carbonaie solu-bil-ity is approaclied in üre soil



solution of all tirese cal_cium donrinated soÍls"

They concluded that phosphor:us a-,¡aiiabi j-i ty¡ hor,¡ever, i s

inÍl-i-Lenced not only by the cal-ciurn in 'i;he soi t solution, but arso

ìly tÌ:e natilre ancl proportion of the different cai;ions on .i;he colloiclal
corrplexo

In lg5o, Le'ruis, ì3aker, and Snyder (20) studiect phosphorus Íjxa-
tion i¡r irligated lle.nnock loam, contai-nilg ó"f per cent calciurn car-

bonaie, Íive pou-r'ids oi P2C5 per acre of carbon dioxicie-solubfe phospTrate

airc having a pIi of J.8" They reportecÌ ii:at carTron dioxid.e-soiubl_e

i:hosphate data shoi.ied that r¡¡hen various tyoes of phosphate carriers

r"rere added i;o this cal-ce"reous soil, a redu-ction in availabiiit¡i iso¡
place i'¡ithj:r 2l+ hours, I,,,-ììren r.¡ater-so1u'o1e fert,ilizers (treble ancl

single su-cerphosphate) i.rere acced, a faÍr1y constant but stightly
iolrer ievel- i¿as neintained throughout an incubation periocl o-f eigltt

months" A 100_l¡ound aoplication of p2o5 per aci,e mai¡tained. a carbon

dioxid.e-soluble phospìrate revel of 22-25 ;rou:-rcls of p2a5 per acre and

a 5GpouncÌ per acre applica'cion naintained a l-evel of l3-i_E ,oound.s

oer acre o

The same raì;e of ap;clications of citrate-sorubl_e fer-l,ÍIizers

(preciiitated ancl fused t::icarciurn phosrrhaie) gave a lever of E-lo

;oonrrds of P2C5 iter act"e tiirich r.¡as noi significantly clifferent frorn

tile level of tl:e cì:ecir.

üreenhouse ;rield data shor¿ed that the 1oo pouncì. per acre appri-

ca-tion of r¡ater-soluble fertj-lizers 3ave tÌre highest yreld fo1lor¡ed.

Ì:y the 50 porind per acre application from the sarne fertiÌizers, Very
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little, æd non-signi-ficant, j-ncreases in plant grouth over the checlt

r.¡ere obtaiuecl from the citrate-soluble fertilizer ap1:ii-caiions'

Three cï'ops of iìornaine lettuce u'i;ílized â+"Ô-lt+"3 per cent of

the applied water-sol-uble phosphate"

.iLecently Olsen, et al" (eó) used tt{tt v¿þes and four c}iernical

exirac,r,ion ïrlethods , Bray-, sodium bicarbonate-, water-, and carbon

clioxíde-extractable phosphorus, to eval-uate the avaíl-abiliiy of resi-

clual phosphate j-ri three calcareous soils from experimental plots which

had received phosphate ì,reai;ments und.er lcng-term crcp roiations.

The calcul-ai;ed rrAl! values incÌícated. i;hat the relative efficiency of tiie

phosphate residtæs corïpared to a freshly adcled resin phosphate (equa1

in availabilÍty ì;o superpirospha't'e) ltas:

26-3C per cent on ¡'t. Collins loam containing 2'l per cent

calcium carbonate

31-38 per cent on Pryor sil,o¡r clay (manured p}ots) t.l per cent

calcium cai'bonate

\o-56 per cen1, oir Tripp verJ¡ fine sa:rdy loam coniaini:ig 0.22

per cent calcium ca¡'bonate.

They stateo tha'b the differerlces among the blrree soils in the

relai;ive efÍiciency oi' the phosphate residu-es could be affected by

ma¡,v fac'i;ors, incluciing calciu¡n carbonate content, soi-1 types, texture,

and form of phospha'be material added-" Some evidence indicaies -bhat

the initial l-evel of avaj-l-al:le phosphorus is an important factor

positively affec'oi-ng ihe relative efficiency of the phospl-rate residues.

They also reported i;hat soil type, textwe, and calcium carbonate
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content in i;he range fron O "2-2.3 per cen-r, had little effect on the

percentage recovery of tÌre resin phosirhate from tiie check plots i'rhen

neasrirecl by the phosirhorus uptake by the plants ancÌ ùhe sodium bi-

carl¡onate-extractable irhosphai:e, They found 'i;hat i.,¡hen the inj-tia1

l-evel of availal¡le phosl:hoT"us ldas high, hor,rever, the percentage recovery

ruas higher i;l-ran at a lorv l-evel of available phosphoru.s. The percentage

recoveïy varied from JO-58 per cent of the added phosphorus.

They foimd that the Bray-, sodiurn bicarbonate-, and riater chemical--

extraction metiroos and surface piiospJrorus ïIere highly correlated l'¡iih

rr"/tr.rr values" Pirosphorus extracted by the carbon dioxicìe nethoci g ave ihe

poorest correlati-on, "{11 correlairion coeffj-cients were slati-sti-ca1ly

signi:iicant.

liaddock and Liniop (f7) stuclied the response of peas to super-

phosirhabe anci 'i;he relationship l¡etr¡een sodÍum cicarbonate-extractable

phosphorus anq tlie yield and phosphorus content of peas" They carried

on a five-year crop rotation experiraent (potatoes-sugar beets-peas-

2 years atfalfa) on a ìighJ-y caLcareous l,üllville loam o.f plJ B"O.

ûre rate of superphosphate applica'bion of l+L pounds of phosphorus

Ðer acre .,0." .,.uåd"

They found tha-b tlre yield of both pea vines and cannj-ng peas

¡"rere increased. significantly by the phosphate api:lica'bion" Yie1d res-

Ìlonse i,¡as in the order: cìlrl'ellt season application ) 1 year residual

(.^ì--osphorus appiied to sugar beets) ) 2 year residual (phosphorus

applied to potatoes). In all three cases the yield was significantly

higher -bhan the cìæcks. They estj-mated tha'b the Ðotato, sugar beet
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alìO: irea CroílS ea.cl1 l-'ei.,1CVe AllrrrOxin;aielJ¡ l_O CounCis ci- i:itosrhoj,Lr_S ller

3-c )'e . ir.liii-r¡ -i;:lis 'ì ni;o cons-i cierarii onr -the¡.¡ concluiect rì-iai che c¡on

u-f;iliza.iion o.f av¿r-ì j-¿.ble nhos:titonls ca.it otl;i¡ r;a_r.-i;-Lt¡ exo-l-¿_'i_n i;l-re c¡e-

crea.se C- llesilonses Ír.or¿ resi dua_l ¡ritoslhorus " .ire;,". be,Lj-eve cÌ tliai

ilil osDhoi-tr-s -ii::a'L,j-on into an u-navåi--raÌ:le foril nus-L irave -i;al<en 'pface,

Tiley also founC. significairt cor:'ela'i,'jons l.-.e'¿i.,leen 'che sod-iu-ur

c¡.rbcna.ie-cx'c::¿r.cta-bte soil i:hosi:Ïroru-s ancÌ tirr=. a-c-i d-soli.ible ohos0hor-u_s

iil nea t¡ine s a.i f our soi-i- iiroi-s'¡i:..re coirciittons u¡cier sprrrir-lrler i-rr.¡'ga-

-bj-oir.. ¡[-L oÍ' -Lhe lrhosr.r]ro::us in 'che cLrrrent season anlì j-ca-bion r.ras

ex'bracted b]' ,;he sorj-iu¡n bj-car.i:ona.'¿e methocì"

l,irciley (,it¡) io'.,::cl- a nege.tive cor::ela.bj_on Ìretl.¡een cal-ciu¡n

carÌ:onaie con'bent a.i-id socìiu¡n b-i carbonai,e*e:c'Lraci;able i:hosphorrrs on

¡:l-ois :ra-riL,.'ìng'in ca._L_cj,uni car:bonaie con-i,ent j:e-br.teen 
"32 a,td. _,9o irer

cei-li. liiese lIots hao recerv-cci applicaiions c-f rti:ospìlate over a .Lon¡3

;*ìer:i-oii of 'Li:rie. 'J'rlcre iJa-s nc sr;-ch coi:rel_a.'i;ioir or ur.treatccì- 1:lots.

Úi:u¡iacìleüi<o (ó) conclu.d-ed fror,l l-abo¡.a1,or'.,¡ and. laboya'¡ori¡-íiel,:i

i-nvesli-6a.i;j-otrs i,.rai; pliosol.rorei-s ac]-clecl to caicar.eous soils of Centr¿Ll

¡isj-a rerra.j-ns j'r a-.foriil avaj_Iablc io,tlants fo:: a_ long .l,inie"



ïïT. i'iATlIRIlllS /ii'D i'iETiiODS

¡1, ITßST cREEÌ',lliOUSE ÐiPE,Ì,ftîEÌ'j'I

Four soils taken from virgin sites r,,'ere used. in this experiment"

They have the follol.¡ing deseriptions:

1" Isafold clqy loem

I-ega1 locationr ]W 5-l8-Ll,f

So-i-I sr:rvey map areas ?eu1on, i'ianitoba

Sub group: Cal-careous Rego Black

Parent material: Very strongl)- ealcareous glaci-aI tí11_

Lrrainage: Good.

Topography: Very gently to gently sloping

Vegetation: Sedges, grasses and herbs

2. Ba1mora1 h_eavy clay loam

Legal location¡ SC f9-15-38

Soil survey nap area: Teu1on, i.Íanitoba

Sub group: Calcareous j{eadow

Parent ¡rateriar: strongly calcareous, mod.erately fine to fine

texiural deltaic sedirients

Drainage: Poor

Topography; Slnooth, 1evel to deoressional

Vegeiation: Ì{eador¡ grasses, reeds and sedges

3. Clarllleiglr heavy clay loam

legal location: I[1,] 5-18-hi',i

Soj-I survey rna.Ð area2 Teulon, lia:rii;oba
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Sub grou-p: Salj-ne i'leadol¡

?arent material: Thin d-eposj-t of lacustrine sedimen"bs over

strongl¡r cai-careous gla.cj-a] tilI

Drainaget Poor

'1'opography: Depressional

Vegetation; Sedges, meadolr grasses and herbs

L. Lal<eland silty clay loam

Legal l-ocation: ItC 23-Ió-21ì

Soil survey nap area: Teulon, i\Íaaitoba

Sub group¡ Calcareous Gleyeci Bl-ack

Parent rnaterial-: Strongly calcareou-s lacustrine sediments

Drainage: ïmperfect

I'opography: Level to very gently sloping

Vegetation: Asoen, wi11or,r, dog'r+ood, rose and meadol,¡ grasses

and herbs

Î'iore detaj-led descriptions are outlined j:r ¡fanitoba Soil S\irve¡r

Soil Report i'Io . 12 (2g) ,

ä:e-t-glep
Tire soils Ìtrerê sâ.fiìp1ed to the boitonr of tlie A horizon" The

saniples r¡ere ai-r dried, i;eIl mixed and ground to pass through 0"5

inch square sieve. A representative sam;ole froni each soil uas taken

anci the follol.ring properties l.Iere deterynined; pH, the soluble sait

content, moisture eqr-úvalent, carbonaie conteiet a:id i;iie organic niatter

content, The nrocedures u-sed for these cieternúna-tions are described

uncier anaiybical proceilu-r.es, The-se da-i;a are sunmarized. i:r Table I,
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T.{BLE T

SO¡',X CÌi.Aiì,ACTìtRfSTfCS üI' TIA SOIL SAIltrLES

FÏììST GIÙÌ[JiIiOi ìSE ]TTPERTI']N1{T

.aa

: ctcoq 3 organi-c ;
: Soil 2 --": ) ? rlatter i

: Conductivity : i.toisture. i
ñrr ! equfval3nt 3Y'- ' ri:illi nhos.At

"/c

Isafold

Bal¡roraI

Clarkleigh

LakeLand

2"I

th.c

lc.Il

L2"7

l? ôL) oL

7"7

L5.7

6"9

I oO

7.9

7"5

^ .O
U oiL)

0.81

1.61r

o.(,2

l+f .O

h[].3

)+L"2

ltï.lJ
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Tha cro-"v srweilhouse experiment r,las set up to consÍst of these foì]r
soils l''j-th three treatrnen-',s iohich iniere replicated. four times. The

'breattients Ìrere as folIol.¡s:

ï. rncu-ba';ed i'¡ith r0o pop.m. of phosphorus mixed throughout" At

seeding time phosphor's labelled with p32 nas adoed at a rate
equivalent to Il8 pou,nds of p2O5 per acrec

Iï, Incubated i,rith no phosphorus add.ecl. -{t seeding time l:hosohorus

labeIlec1 r.;ith Pj2 l,¡as added at a rate equivalent to IIB pounds

of p2O5 per acreo

fII" fncubatecl i¡ith no phosphorus aclcted,

The soil samples ivere diuided into 45OO_gran portions. For the
soils receiv-ing loo p"polì1. of phosphorus, a stocrç sor-ution alÍ_quot

containing 
"L'.5 gm" of phosplioru-s as I{li2PQr r¡as dj-lutecl to the vol'me

required to bring the soil samples to their resÌrective íield. capaci_ties.

Portions of the soil r,¡ere praced in a ¡.razed galron j:ot, a smalr anou¡t
at a tirne, æd sprayed with the pliosphorus solui;ion to insure as com-

plete and u'iÍorrri clistribution as possibre. The rest of the soir-

sanples (tz'eatments rr and rrJ-) were placecl i¡.tlazed garlon pots and

watereci to field capaci-ty. Air tire pots wero coverecr ruitì: pol;r-
ebhylene paper to prevent evaporation of rnoj-siu.re. The sanpres înrere

incubated for four r¿eeks in the greenhouse i.ii:ere the temperature was

abou-t 75nF.

At the end of the incuba.ùion peri_ocl the salrcles ï,ûere air dried
and each treatnlent rvelI rn-i:ced. Â ref;resenta.tive sampie lvas 't,a.Jcen

írom eacir treatrnent fcr deterrninaiion of nitrate nitrogen and lIaHCO, -
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exi;ractable chosphorus as described. uncler. anal¡/orcal procedures.

the experinent r¡as set up to consi st of .,,he tjr:,ee previou_sly

mentioned treatments. ûre replicate of each treatment consistecl of

2000 gra.nrs of air-dried soÍl in an hal_f garlon glazecl pot. At seed.ing

fime, each repJ-icate of treatments T and II r.¡ere treatecl as follows;

¡{ one a¡ci a half inch l-ayer of soil was removed, A 2ù cc, aliquot of

I{}12P0¡ solution:containing 21 mgrn, of phosphorus labelled uith pJZ t,o

g'ìve about i+oo ¡r curries /grn. oi plrosphorus T,Ías ad.ded in ¿ circular
bar:d, ihen covered r,¡ith a o "5 inch layer of soil " p32 was in the foriri

of I"laIi2PO¡ and i.ras obtaìned from Charles E, kosst and Co., i,iontreal.

'I\uenty seeds of Parkland bar:Iey r.iere evenly cì.istributeci and. covered.

ttitl: the rernaini-ng soil" The check treatments r.rere seeded in the

SâJrre ÌTlânner except tjtat no p]rosi:horus r.ras added. _{11 soils r.¿ere

watered- to field capacity" Through i,;eigh-ing the pois every other day,

enough r.¡ater was ad-ded to maj-ntain all- pots at -fielcl caoacity. The

pots r'rere randomized on a greenhouse bench and roiatecl every Tveel("

The greenhouse l'ras ilIu-id-nated 1ó hours a day and the ternpera-bure i,üas

around 75oF"

'Ìw-o i.¡eeks after seecling, the treatments i^¡ere thirrned to L2

evenly dis'bribuied plants per pot. hi.itrogen in the form of IiÌV03

was add,ed to bring all the soi-Is to a level of ¡0 p.p"ì.rl" of niirogen.

T\to t'¡eeks Iater, ctue to large prant groi,;th, an additional 20 póìrôrnø

of nitrogen in tlre for¡i of i(i'IO, iras ad.decì io insi-rre that nitrogen

would not be a linu_-bing factor.

si-x r:eeks aíter seeding, il:e plan'r,s i¡r each pot were cut at
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the soi] surface and dried i:r an oven at 7ooc" The oven-cÌ-ried plant

niateri al from each pot r+as r+eighed, grounoì. and- uet ashed. usi:rg the

method- developed b)' iackson and associates (fg). The radioactive

phosphorus r'Jas determined in the sampres from irea1;men'cs r and t1 bx

the solution corurting method. 'Ihe total phosl:horus Í¡as deter¡úned

irr all 'tire sar"nples using the Va:raciomoiybdophosphoric yelloi^r color

neihod (r9),

Second Crôl:

After tlie first cro;o 'was harvested, tire soil samples r"tere kept

in the greenhorise .for six rironths in a dry state, The sarnpl-es '.vere

then taiten out of the pots and each treatment r,tell ruìxed" The sarqoles

frorn treatment ï and rIT r¡ere used to grobr a second crop of barley

r¿ithou.t introducing any further trea.tnrents. For eacit soil, the sarrrples

from each treatment l¡ere divided into four repli,cates of 2ooo grams

of air-d.ríed soíl and placed in harf gallon glazed pots"

The po';s were seeded in tire same n€mner descrj-bed before 
"

Ìüeough ruater i'¡as addec io bring all- the soils to fierd capacity"

Since tire nitrate content of the soils r+as at a high l-evel no aclditional

nitrate lras added"

The experiment was carried out u-nder silii-rar conditions as

described for the f'ìrst crop.

After six i.¡eeks -Lhe plants from each pot r.vere cut at the soil

surface, dríed at 70oC", weÍghecl, ground, rr¡et ashed and the total
phosphorrrs deternined f ollowíng 'i,he saJne proeed'.rres mentioned beÍore.
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¡. Silüti¡Ij Gfr.EriÌ'lEOiiSE !*-ii,*1.ìf¡iil!î

Ten cul-',,ivateC su-rface soil salrroies (O-ói'¡ sel-ectecl from tìree

locations i.¡ere u.sed in this ex¡e.riment, iitese j;irree loca'¡'i ons uere:

l-, gnadenthal sa'ï-Lt' Loary (i¡ saniples)i:

r.e¿al,'l-oc¿.i-i-on: ;.-':.3-!-3'.:

Soil su-r've)¡ lnall areat !;j-¡lç-l er, l,a.ni"boba

S;ub grou-p: Rego E1acÌr

la-renL material: ileciiu¡r texì;ured caicareous cie|Laic deposì-i;

Üraitrage: I;r1:erfec-i;l¡r to rrioderately r"rell cirained

Tonograpi,y: Smooth, level- -bo .¡erv gently sloping

2" Laiielanci sil'i,y cl-ay' lcam (3 sami:l-es)

Lcgal loca-bio:o: \iö 23-L6-2Ê

Soil s'u:-rvey rÉp al:ea: Teu-Ion, iianitoba

This soi"l se::-jes is cìescribecì u-nder Lhe first greenhouse

e:cperi men-b "

3. lalcelaird cla.i. IoanL (3 sa.irrptes)

Legal locatj-on: SL 27-I2-2ú

SoiI survejf liìap area: r;,,rì-n¡ii¡eg, iianitoba

The sat;e soil s."1cs a-s nrent:-oneci in 2"

Ïhc soil sarrri:les T.,iere air ctried, each r.¡ell- rni;<cd a¡cl grou-nci 'co

ira.sstl:::cugh a 0,9 incl: so-uere sie.¿e . ii rei:resei:'¿aÌ;i-ve sarm1e fron

eacir soil i¡as 'bdren arlc ';ire -fol]o";ing d.eteriiúne-i;j-cns r¡i€ie coilo.u-cteo:

-"1;nnu-bli sheC lnÍor¡r¿tti-on ol¡tained. fr"oür i.iairitoba So'i1 Su-::vey, -tiniversiiy
of i,ânitoba,
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iextu-re, car:bonate conteni a"ircl its irari,-Lcle size cj.istribu-bion, organic

ma.Lter, ci-i, i;ire sohrbre salt ccnicnt,, i;otal nhosr:hoz"',-is, organic

i:hosi:horus, a:rd l-l'3 aLüiosi:,rere nioisture con'i;en'u. some of |he cha:lac-

-ber:'-s'r,:'-cs of -uite soils are sunrnarized in Tabfe l-T.

The exr:erirneni consi s'Led- of .for:-r' treairnents r.¡hich r.;ere replicated

íoltr times, ùrie re¡l-ica-te of eacii trca'i;rnent consisied of ]SOO gm. of

air-dried soil in a half gall-on glazed not, The treatrnen',s T^rere as

f o}lot'¡s I

I, Tncu-ba'r,ed r"¡ith L0 p.jl .¡1. o.f i¡hosphorus rnixecÌ throughou-i"

rT. Incubated uith 20 p"il.m. of pliosì¡horu-s n-jxecl -i,hroughou.i;"

IIf . Inc,-rbated uii;h no pirosphoru-s added. At seecling time IO p.¡l .rn.

of ':'32 labelled phosphoru.s r,res adcled"

IV" Check, incubated r.¡iilr no nhosi:horns a.d-cied ancl- carri er Í'ree p3,i:

added at seeclj-ng tine.

All the trÌrosphoius aaded r,,:a.s in the forrn of ïi-i2P01,. The phos-

phorus aplrlied beÍ'ore incubation r.ias addecl in the same i:rlanner deseribed

i-urcier tÌre first g'reenhoi-rse erpei.irnen't,. The iucuba'r,i9¡ r.¡as carried

oub ai, Íi-elci capac-ì--i;y for s:x '.¿eelcs in the greenÌrou-se r¡here ilrc

tetipera-i;ure r,',râs around 75'ï' "

.rü Ì;iie encì of -uhe incirbai;ion periocl the saäi.;Ies r.tere air dried

ancL each ireatrneni; r'¡ell- i¡rixed" ;l repr.esen'bai;ive sarni:Ie i,¡as taken

frorn eacir treaì;¡rieni: anC- tbe folloi+ing cie'ber"ririnr'¡:i-ons '¡ere conduci;ed"

f . iiitra'ce con't,eni"

2. Samples .fron 'i,he cÌreck, 20 .¡t"i:.rn" aird IIO pup"rno ireainenis .rdere

ana-l¡rzed Íor l:aliiìO3-extraciable pìlosphorus,
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TABLE II

SOl:.¡i ClL4lì,4üTERt-ST-l-CS 0i¡ Tr,]] SOr], S.S,1?L¡S

sücO]'ill GiìIri'íuous¡t &{pERri.,il}IT

rí¡n* - l' CaCOa C-i.i- ' ¿vu.!
il,ocat,ion2 -*-') 2 -:;-': pF. :Concluctivity: :)

\j ,Ji : "' i t ; nil-limhos:p"p.rûo

Organ-ic : :'P : Te:rture z

p"p.mo 2 i

:Altona !
rlc

,c

,:).)
.i,.Ll

) "55

O o))

ñô
7 eL

10"2

)1, 1.

';'7 ()

ôôa

2,c

lL.ó

1a 1)) øL

7"9

4"1

,o

L.L

,-"

)r.9

,?^
I o7

l.O

1.2h

'r Qn
) ool

o "73

JoUl

I.OB

1" B1

L,37

'L.72

2"57

L.T j

77Lt

677

,/OB

777

l*9Lr

ó¿1

r'ôO
) .t)

?63

9L5

ÔBÓ

Lr55

l+o¿

35]-

LroB

560

6tr

\)3

q i, T

s.1,,

-S.l,o

-q.L,

C.L.

L,

L"

'7 1.
I./

7,7

7.9

?o

:Teulon i
:l-3
.o
.L

.?.)

: i¡Jinnipeg:
.!

"?

L"

L"

L.

^1O¿)\)

)>b

J10

g"B

9"6

I "l
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/oO
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3 ' Tìre inorganic phosÞhorus content of sarnples fro¡r .bire eheck and

l+o p.p"m' trea-brnents was fraciionated j-nto aluniÍlum, iron a¡rd

caLcium bowrd phosphat,e 
"

rn the greenÌrouse eacrr pot 
'as seecìed r.¡ith 20 evenly distri_

buted Garry oa'c seeds" Trea.bnrent TII received 10 p.p.m. of labefled.
phosphorus in the same manner as descríbed in .bire first greenhouse

experiment" ilitrogen Ín the form of 1,Jli¡ÌrlO3 r¿as adcied. to bring all
the samples to the iii.ghest niiraùe nitrogen content found after
incubabion. Potassiurn r.;as added in the fonn of KC] to equarize the
amount of potassiun ad.ded in ihe J+O p"p.m" pitosphorus treatment"

r'or the check san¡oles ca:'rier free p)2 equ-ar to the amount

of P32 appfied-i;o the 10 p.p.mn treatment was added in solu_tion of
sufficient volune 'bo bring tÌre d.ifferent soils to 'bheir resrrective
field capacities' The rest of the sarnples were r"¡atered to the field
capacity,

The pots t^lere rarid.oruj-zed in a greenÌrouse bed and rotated- each

r^leek" si-nce this greenlrouse e4peri-ment iras carried. out i_n i,Iay and

June, no artificial illu¡nination was a;opIied. The r:ots were r.¡eighed

everJ¡ other day and enougÌi i,¡ater was addecl to majntai¡r tjre soils
at fielct capaci.i;¡r"

The pla:rts T.rere thinned to 12 i:Iants per pot t¡¡o r¡eeks after
seeding time" Ti';o r,'eeks rater an addi-tional 20 p"p.m". of nitrogeie
t'ias added to al-l- pots ìn ilre form of i'ii{¡r\*o-1 to i¡sure that nii;rogen
l¡ould not be a linri_ting facior"

i.fter &5 days the plan-i;s in each pot r^rere cut at tlre soil
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" , uei-gÌted, grouricl,

piros,:l'ronr_s cieierriij_necÌ on i;he sairiples .Írorn

i:ìre -i;ot¿Ll phosohoru.s deter"ndned on all -ujte

j, iliL,J,Y'I-LC.'r¡ pììOCiìri.jIMS

23

r¡ei asired, tite rad.ioaciive

'ureainenj:s l._l.I encì .L\r, ¿:rd

ql l¡i -'l a cvçlr¡tr r-v u o

1. p:ì. Ðll üas cleterüiined in a soj-r-l^;ater satura_i:ì_on oasLe

u-si-irg a tniversa-ì_-oir r¡¡eter 22.

2" ïire solul¡l-e sal_t conte¡ti. The sol_u-ble salt content r,;as

esi;imatecÌ bJr rrreasu-r-ì ng bhe elecirical cond-u,ctivit¡, oÍ' a soir-r^rater

sa'bura'r,ion exirac-';, u-sing a conol.uc'i;ivity b::.i_d-ge--nrocel Iì. c. LaLjz"

3. ¡=1!_lg"i"r¿" l¡or t:re firs,u greenholise exnerj-ären¡, ,ciris

:lronei'ty Ì'ias Ïrleasu-r'ecÌ u,sing tire moistrire equive.icni ltrocecÌ1re " In

this nrocedr-rre, 'bJre rnoisiuz'e heIc1 b;r -i;he soj,i- a-fi;er ceni;rj_fuga-bÍon

for iio ninutes a'c 2li:ii ï,.p,¡1c i^ras deLernrneci and e>cpressecÌ as percen-

tage of tjre oven-cìr;r ss¡-1 ii'ei-gìrt,

Since iile soj-l sa.nmles u-secl in the seconcl greenholr.se experiment

t^rere rnedi-uiil te'ltLr-red¡ it r';as birou-glri inore sui-tablc 'bo r¡,se ihe L/: at-
¡rcsjrher"e ,rroced.u::e as outh.necl i:-i' the üni_-i;ec si;aies Decarilnen-u oí
j[^rl_ct-l.I-r,rire I J I ) "

Ii. l'he carbona-te ccnbent as caco3-. TÌre r*ethod. outlinecì by

lìi-dley (Jo) 'was usecì. A tr^;o gm" san,rle of fess than-b,..ro ¡ra1, air-d,rv
soil T'ias digested in óo nr" of lo,, j_cl Íor l_,; üiinutes. The carbon

dio,";ide evolve'cl r¡as sucl<ed tÌroug;Ìr a cìr;dng ancl abscrlrij-on -Lrain con-

srstin¿ oÍ coltce:rtra-r,ecì ;-2504: clei:yCr:li;e anci cal-ci-u¡r cl:loricì_e, -l,l-ien

adsorbeci by Ascariie j-n a Llesbitt iube. jllte air str.eenr Ílor.ring illrouq.h

ihe a.pparatu-s r,:as rend.ered. ji::ee froril CO2 ìr¡r buì:bli_n3 i.t, i;hr.ou.gh
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acid rnethod

7"

concentra-teci ilaoij" The weig;ht of cOz absorbed- by the i'iesbitt tube

r+as deterrnineci and expressed as percenia.qe of CaCo, eoriivalent"

5" Otgt"i" *tt"" "*t""t. The procedure developed by i'ra]Aley

an<i Black (+0, ¿tf) r,¡as usect ín i,¡hicl: organic l¡ratter is oxidized by

chronic acid"

j'jii;rate determina*r,ion" Tìre coiorirnetric ni-t r opire no 1d j- s ul-f oni c

as lnodi.fied by Flarper (f9) r.¡as used.

?otal and organic soil phosphorus. The igni_ii-on nietj-oci of

i'lattson, l'illia¡:is and Barkoi'f as nodj-fied by ,saulders ancl i,!'aliiaïûs (31)

l¡as used. Tn 'chis lle-i,hoct 2 gn" of ai-r ciry soir ( 2 mm. r.;as igni-bed

in a sj-Ii,ca cru-cible for one irour at,i5,loC" The ignitecl residue and

a fresh 2 ,¿m. 1oì; of uirignitecl soil- rere extracted. overnight v¡i ilr

100 i:ii" of J"2 itl Ii2S01, on an end-over-end shalcer. Tnorganic phos;ohorus

l'.'as theu detevnrined by drrect co.t-orimetrj-c estinai;ion on the ex-bracts,

ïi:e dif-ference betweeri inorganie phosphorus from i-gnited sojl (total

phosi¡horus) and inorgani-c phosphorus from the unignitecl soil l,¡as

taJcen as organic phosphorus in the soil-.

B. Texiure. The automatic pif'eì;te ¡rethod used by tiilrrrer and

Alexa.nder as outii-ned by the United States Department of Ágriculture

(J7) ilas usec1" ?ire -bextnï'e r{as obtained. frorn a iex'oure iriangle

chart (:e¡,

9" Carbonai;e particle-size d.istr:-bution. -Ln ,¿he vai.ious soil

.fractions (sand., silt, alcl clay) oì¡tained by the i:ipette methoci rneu-

ti oned above -bhe carbonate maieri-al r¡as dissofved by 1 Ìd sodiun

aceta'¡e buífered a'r, pl.i 5, according to the procedure oescribed by
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iackson (18). The l-oss of rueight after thorough washing r¡as considered

'bo be the carbonate material present in the parÌ;ieular fracbion.

Corrections rùere made for the r.reight of dispersing a,gent lost through

washing "

10" i'ibt ashing of plani nra-r,erial. The plant material r^¡as

oxidized by neans of a ternary acid mixture Il1,[0j-I2S0¿+-HClC¡ (10-I-L)

according to the proceciure developed by Jackson and co-¡¡orkers (t9).

Il" iÌadioactive phosphorus dete-li¿ination. The ir32 l-tas rrteâsì-ìÍed

in i;he wet-ashed ;oiani; materi al- using a solution counting iube 
"

The beÌ,a-ray activity i,,¡as measured by a i't-uctear-CirÍcago i.iodel ió14

basic BÍ:rary Scaler"

12" Total, phosphorus content of lrlant tissue" The total

pliosphorus in the i'¡et-asired plant sariples r"¡as deter¡r-ined colormetricalty

using the Vanadoinolybdol:hosi:iroric yellor,,i color irrethod as outlined by

Jaclcson (19).

l.3" 0"5 l-i iüaFICO3-ex-irractable 'phosphorus" The soil sanlcles

uere anaj-yzed for extractable ohosphorus usÍng u.5 1.1 ÌialiCO, at

pH 8.5 according to the procedu.re described by Oisen, et al. (25).

-t14. Soil_j.norgj4i.c phosphorus t , Tnorganic irhos-

phate .ror" ,"ãonated into alumj¡rum, iron, and calciurn phosphate

accordìng to the procedure cìeveloped by Chang a¡o Jackson (5) as

incdified by Glenn, R" C., IIsu, 1r, H"e Jaclcson, it. L", and Corey¡ R" il"

(unpubrished ciata)" This Ìlias accomoiisi-red by using the various

extraction procedi-rres in the folloi.ring order:

a. U.5 l',i irlä4tr at pl1 J.2 exLractable .phos¡hate l¡hich was
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lneasured corormetrically by ihe Dickrnan a.d. Bray

me'i;hod (tf ¡.
b. c"r i'r ifaoir-exiractabre phosphate l¡hich was rneasured.

colorrnetricarly by Lhe Truog ancì. r.reyer method (3Ð 
"

c. 0.5 i'l ärsO4-exbractabre phosirhate wjrich r,ras measured,

colormetrically by the Truog and. iíeyer meilrod.

Occluded phosphorus was not cieterrnined since the procecture l¡as

used to icLenr,ify the forrns of recently api:lied- phosphorus.
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ilirst Cr.op.

TLre ¡'ield anci r¡e:r cent yielcr of barrey are presented in Tabre

Iif . il-he checlc -breatiiient data reflect large differe¡:ces in yietcÌ,

being lr"ó ancl 9,7 gn" per poi for cr-arr<reigir ancÌ Tsafold, resr¡ectj-ver¡,.

Iiot+ever, -bhese differences aÌloareni,ly i.rere not rel-aì;ed to tjre carbonate

content of the soj-ls as expressed as cacc-3, This oj:servaii on is
clearly illusi;rai;ed b;' the faci; 'r,hat titere Ì,{as iro si-gníficant difference

i-n yi-eld i:eit¡een Isafoici and Lakefancl san,ples r¡hicit !;ad.2,1 and 1ó"[
per cent CaCO3t respecti-vell'. In s¡:ibe of the abnorrnall¡, large p]a.nt

5rol'itÌr of the cÌreclc '¿i:ea-ûrnen1,s, phosphate 'breatnents greailr. increased

ine "-ield on all four soirs" Tirese incyeases, signif icairt at tìre
l per cent level, irrcÌicate bhat soil phosphor.u.s sup¡tJ_¡r r,üas an irn,-rorta:rt

factoz' in fiinii;itrg i;la,nt grolÉh. r=t al-so sugg;ests i;hat tire soil saäples

contalned a hi-a,h su,o¡:ly of nutrients other ihan phosirhorr_rs, rn bo¡r

phosphate ireatnents, 'Ll:ere Tdas no significant difference at ¡1re 5 rrer

ceirt level beiiueen i;he ¡'ields frorn fsaÍolcl and Clarlcleigh soils, r..¡hich

have 2.1 a.d lJr rrer cert caco3 respectivery" in boi;Ìr trea-bments,

Eal-noral had ì;ire lor.¡est barley J,ield.¡ alfl_¡ougjr this rras not true of
-bìre cjreclr '¿rea'or¡r¿n1,s. Staiistical_ anallrses of the data f ro¡r al l
treatruen',,s shoi¡ed no i¡1y6¡se corr.e}a.Liol beirveen yield or yÍeld.

z'esponse anci -r,l:e carboneie content of the soil"

Fhos;chorus conient r:f rrlant rna.terial- (Taute r\r) gives further
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TAELE

YTELD ü..D TER IJiiT Y-[]ILD BARJi¿Y ( FnìST CROP)

ïrï

OF

1öot-I Yield grn"/pot :: í W"ld ,fiert. x 1OO. :
\-7T.- ) '' ut\2i 2

Treatment: I-TT " TT rTT

13,B

il,0

13.o

LL.9

I¿1. /t z i

I I L ¡¡LLê)

Lr"2 2i

Lj "lJ. : :

thl.3

r6h.2

282.6

IJÕ "4

1¿r8.5

171. ó

J3C "lr

r>5 "ö

Isafold

Balmoral i

Clarlcleigh z

Lakela:rd 2

9"7

O" 1

'4.6

Li "ó

Yielcl; L.S,D. bet¡:een soil-s (P=,r"05) t,l+O
L"S.D. betl^¡een soils (p=ur.û1) 'L.72

L. S.D, betl,¡een t,reatments (P=C.05 ) l_" 2I
t"S"D" betr¡een treai;ments (l'=o"tI) L"h9

The trea'i;ments r.Jere;

:1" Incu-bateci r^¡j-th l-OO p.p.n" of pi,osphorus and ir8 pounds per acre

of P2O5 added a.t seeding time.

II" Tncubated r,;i-tir no phosr:horus aclcted, and ilü pound.s ïrer acre of

P205 added at seeding time.

TTf . Incubated i^¡ith no pirospÌroru.s aclded-.
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support to i;he trends observed from yield cÌa-t a" iÌith tl:e exceotioi:

of cl-a::kle-;-gh, total pirosphorus uptake from i;he ciieck sanples proved.

to be iri-gh cornpared i'¡ith normal cultivaied soil-s" lhe per cent lthos*

phorus in the cireck treatment, h.olrever, Has conq:arativery loi,i in

rnagnii;ude" This condj-t:'-on is further evidence 'Lliat phosphorus T^ras a

limiting factor for plant gror^rth :',n these soirs" The significant

resÌ)onse to added piiosì¡homs is refl-ected by the l-arge i¡crease in
total pirosphoms uptake from t::eatments T and -ir. The high per cent

pilosohorus in treatment f ruoulcl i:rdicate a luxury consr:rn¡rtion of this

el-ernent. These observations are strong indicai;ions ihat large amounts

of addecl phosphorus, both before incubation and ai; seeding tine l.rere

avail-abre to tire barle¡. pralts" rn both phosphorus treatrnents, the

total- phosi:ilorus uptaice of bariey frolir the Balnoral samcles was tlre

lowest of the four soils. Statisiical analyses of the data indicate

no sìgnificaiit correlai;ion between ei'bhez' total phosphorus con-bent

or per cent phosphoru-s in plant material and CaC03 con'bent of the soil-.

The availability of soil phospho::us and the phosphorus added

before incuba'b'i ot-t hlas evaluated by tÌie ilaiiCO,-extraction methocÌ a¡-rd

It.,rrtt v¿l¡ss caJ-culated accordi¡rg to l,iriedl aäd Leanrs equation (]2)"

rrArt - ti'er cent plan-b phos;oÌroIIls cierived froin the soi-I x rai,e of
1èr cent plani pÌrosphorus cierivecl frora tìie Í'er.tj-lizef pÌtosphorus

aplrlir:d

rial-lCO"-extraciable soi.l phoslrhorus from treatment,s f and fII,)
nerceilbage utilizatioir of tjre labelled phosphorus, and rrArr values cal-

cltlated -frorn trea'brnents f and fI are presented ín Table V.

The data, írom the r'iatlOOr-exiractable phosÞhorus, inciica'r,e ì;hat
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TJ.BLE I\T

Pi.;OSPiiOlìUS UPTÂ]G A1,I]] P;R CX},JT -F}IOSPI1ORUS fi\i BéP.IEY PLAI\rTS

(FTRST CnC¡)

j'hosphorus uptake
nrg*in./pot

i'er cent
plant

phosphorus in
ine.teríal

Treatment: rr]_ TI' T
¡ Jr . LT ÏII

fsafold

Balrrtoral

Cf arlcleigh

Lal<eland

L2"6

12.1

ó"8

i2 "ó

27 "3

11ø I

¿ll . \)

2t J+

,.) O l)rJO c U

5L"7

ö4.J

'7t J

0 .13u

J.l-¡il-

O "lLB

rJ.IL7

u "lgu

O"20ó

c . -191

o "2c5

u.or /

0.h50

Ò "555

U.5LJ¡.
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the Clarkleigh soil lacj.'r,he l-or,¡est amourri of native ava_ilable soif
l¡ìiosphoreis, l.rì-rile ti're other soils Ìrad sirrilar amounis" FÌrosphor.us

added before incubai-Lon g::eatly Íncreasecl the i,ialiCoj-extractable soil
ohosphorus from each soi-l" u ihe amou_nt of phosphorus biiat was

e;tt'racted froär tile c:reck treatrnent is subtracted from rlhat exiracted
from treatment t, it is evident that this rnethod extracted from 2ó-Jl+

per cent of ihe added phosphorus. Iiouever, there r.ias no apparent

relationship betrveen tÌre amormts e:itracted and caco3 contento For

instance, the smar-rest arno,nt e>rt:.acte¿- (26 pôp"nô) rvas from the

Ba]moral soil r,¡iricj: has 8,3 pur cent CaCO' l.rhile the higÌ"rest amount

(32"2 p"p'lrl") iias exbracted- froio i;he lalcelancl soÍl rohicii co¡iains 16.j+

¡:er cent cacOj" statistical- analysis sir.oi.red that a highly significant
positive coffelation exi sied betl¡een irJal-CO3-extractable soíI 1:hos¡:horus

and i;ota1 i:Ì:osphorus conient of i;he barJ-e¡, pIa:rts frorn both treatments.

The correlation coef fi cien'b l;as +O "937 i;hi-ch was significant at tÌre
l per cent level' ;it the sa:ie time no correl-ai;ion be-bween I,JailCO3-

extractable soil phosi:horus and caco3 revel r,¡as detectecì..

rn'breatrneiri,s r and rr, per cent uiirization of raberled plios-

phorus, listed in Table v: sLioi.r abnonnally high values Í'oz: all soils.
?hi-s i:rciicate s that phosphorus adcled in a band at seeding time was

quite avai.lable to the barrey plants regardless of the caco3 level of
the soíI" The percentage utilization of l-abelled. phosphorus in trea.i:-

nent f rr¡as lower than the corrrcarabl_c values frcrn treaiment l-f" This

cou-Id be attributed to the j:rcrease j_n aveilable soil ohosohoru-s ciue

io tire i:irosphorus appiieci befo::e i¡rcubation"
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Soil

ïsafold

laLmoral

Clarkleigh

L'Iai-lCÐ; ext::ac tabl_e

T_rr_ltt rf

p.p"m" . p"p.*"

TABLE V

0F IDDED Pli0spiio,Ì.us Âi\rD ],,IaHCOj -arir"ACTABLil pltospt-iORuS

20.'l

2I.0

I¿1. ¿+

ziJ "6
l,akeland

Ð\,

-;l- .After four i,¡eeks of incubation peri_od

5Lt.o

LJ.2

Lr'2.0

52"8

7,j u.bilization
of added P"

Treatnrent II

5r.r

l+f"f

>u.5

Ll !.

ItÁtr values
p up.Ifln

33 "5

1!-' l,)) c4

¿9 "I

ar l.
)L6t_L

); utilizati-on
of addecl P.

.L'reatment T

1Q O
')U orJ

35.L

4) ".t

)9 "5

Ir.4'lr values
;rt "p "m"

li,J "5

Ö7 "2

o"?
./ I ø)

UUO<

N)
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irr"ieo and- iean (tZ) consi-cl-er"ecl 'uhe !¡lrrt v-lue Íor a i:artìcular
so'i I to ::el:reseni an alnouni, of soil i¡i:osjthai;e i;hai i s as ava_i la.ble j;o

; l-:::ts as tlie l¡irosirl:ate a,ctciec in a siairdard ,:hos¡!:,ate fe rì;i lizer. The

,'uio tu.¡,ra.i;ecÌ r^ r'.t" ; ;".r"=r" ;'.;r ;:""' ;;. "";":."";;";","" r"
rlÄrl va"l-".r-es Íor irea.'i:meni I as coini:ared to valrr-es i'or -ure¿.trrleni i_I"

This observai-i on subs'ban'¡ia'ces tllai Ia::-e a.rriotì"itts of the ì:hosr:horus aclciecì

before incubati on ire t'e as availabl-e to tire Lar1ey plants as ti:e jabellecÌ

1:ilosrrhorus adciecl at seeCring ì;-i ntc. Ti-,e d-i fferences i¡etlreej-l Ir/ìir val_ues

f or treatrrents ï a¡rd _[T: e:lpressed. in i¡.;c.1i.1. of iri:osphorus rde]"e 77 .(),

Ó8.2t a¡rcì 5L"8 -ior Isa.Íolti, Clarlileiglr, anci l,a-keia-ird. soils, resnecti-vel-y,

¡¡hile B¿rliaora-l I'rad'¿ire for.rest val_ue of jl.B. It is aÐllareilt tjiai; the

ave.j-Iab'j lii;y of ,oirosphoru-s afier incu.ba'¿i on r¡Jâs large and i ird.epeud.en_t

of "i;Ìre ûacOr l-evel o:î ihe soi-ls" ;\ irigh correiaij_on uas fou_ric] beti¡een

the ,r-"irl vÐ-fÌ]os frotit'r,reairnent, rI aird i;ile total- phosphor-ur s uptalte of
barley fr"o¡n i;i:c check ireaiilenbs. ì'ror¡ever: ciu-e to ii-:e sicall nuriÌijer"

oí-' sa-rrr¡tles, thi_s cor.r,el_ation ,,.ras not signiÍic".rnt. ^ eani"iltrle, a

nighly significa-nt posj-tive correl-ation nas fou-ncÌ betneen calcurated.
tr:ltr 1¡¿f¿3s -['or ireain'eiris i ancl It ancÌ cor]:esllonding ,iaHíJ(i-extracù-

abie ùhosphonr-s varu-es. The correra'r,ion coefficieni ïdas +J.923 r.;hicrr

r:as s-i g¡r'ificani ai; ihe r per cent l-evel-. Tl:ere r.Jas no sign:r_r.icani;

correlaiion be'brr'een iiiirr vaiues anoì cacrJ3 conient"

All- i;he p::esenied- ciaì;a j-nclic¿ite tirat the Clarl<leÍgh soif r+as l_oi,¡

in avaiiable soj_-L phosphorr:s, and_ tt.rat ol:osrrhorus adcled .bo ilLe Balnroral-

soil before i-ncnla-'oion t';as corroaraiively less avai iable tilan ,¡ire phos-

¡:hor"u-s adc.ed- 'bo ihe o-i;lier soils. iioi.ievcr, both observati_ons cor-r-lcr- not
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be ai;-i,ributed'bo the CaC03 content of tl-re soil, s:_irce aII tÌ:e <ia''ca

T¡reï'e consisteni: in shol.¡íng no alrjlar"ent rel_ationship beiween 'r,he

availabil-ii;y oÍ acideC or native soil- itirosphorus anci'i;l:e level of

carbonaie er,¡ressed as CaCO:, equivalent in -bhe v:r-rgi¡1 soils used,

Second Crop

I'irs't, crop ciaia c]ea.rl;r j-ndj caie Ì;i:at large anoì-r-nts of ihe

pìrosphorr:s acided befcre fou-r t.:eeks of j-ncuba--bion r,;ere av¿rila'ole bo

barley plants, In order to investigate tìre availabilib;r of aclded

ilhosphorus to fol-l-oi,I-in€, cucÌls, a"nd al-so ruhether. jrrcubab:Lon under ilj-efd

capaci-L'y Ìras a fac-bor j-n',,he high phost¡horu-s avai-l-abjlity'i:o the first

ctop2 the soil- sa.iqrles Írom'i;reatrnenis I and. Iif i.¡ere stored in a di3-

state f or six noi'r'uhs in the greenltouse. ::! seconci crop oÍ Ì-larl_e]' l:as

gr:orrn r.¡iihout in'i,roducj-ng furtirer treatnents.

lhe results obiained- a¡:e sutïnarized in Table Vf . f'c is noted

bha'r, i;ire second crop ;rie 1ol and pirospìror:us corl'reni; oi the plants i"iere

tiluch lo¡terbhan'bilose of 'ul:e first croco Tl,is cou,Id be ati;rii¡uted to
-l,i";o Íac-bors: (a) ì:reaki-ng virgin scils iirto cnlij-va-1;ion is u-sual}y

accompanied b¡. a teini:ora::y fl-ush rel-ease of nutrieuts ciue i;o 'bhe fast

cìecorposiLion oí o::ganic naiber" únder fierd condiiions, the l_arge

arnoun-b of nutr"ienis::eleased nr:'-ght lead'i;o a- dec.l-ining lr:xu-ry gror.;-ûh

of il:e firsi; iler.¿ crojrs. i-loi.¡ever, under 3reenirouse condi-i;ions, r.{l1srs

iru'r,rient consi,r-¡rro-Ui on i s relaii-r¡elJ¡ hiCherr 'LÌre effect of the released

nu'Lr,Lenì;s i'nighb i:e confined. to'che Íirst cj:ojl; (b) the high anounts c-f

phosphorus utrlj-zefl þy tl:e fj-rst crop o

ilot^iever, i;he daba j-ndicate thai, on all_ fou_r soils, l-arge and.
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ùot_J-

Isafold

Ealmora.l

Clarlcleigh

Lakeland

IIT

2. ]h

'¿ 
"78

'2.50

I" ÜU

field: L,S"D, betneen treatinents (?=0"05) O.5h
i,. S.D" 'between treat,-nents ( i'=:,t "Ol) C.T3

L"S.ll" betueen soi-ls (p=r,05) o"76

Plrosphorrrs uptake : L. s.D" betr+een treatrneirts (r.=,3.-)1) o "69

t.S.Ð. bet',*een soils (Ì,=0.,)1) O.97

i.! yield

irert. x 1rf0-F-

.) eUU

J,)IJ

l.l+B

? lo

L77 "6

120. r
'r?o ,

L77 "2

;hosr¡horus uptake
rngm./pot
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2 "Bg
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10.19
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sigirificant increases i:r yielct and phosphorus content of i;he plants

t'¡ere obì;ai-ned fron ireatrneni I sa,irples. It is noted that ner cent

phosr:horus in the plants froni the ciLeck treatment r"rere l-orv and sinúlar

to the coürparable values for tl:e first cropo I'er cent i¡hosphorus in

the plants frotn treatrrleni T i'¡as signiÍ'icantly higher ancl conloaraìrle

io val-ues nonnall-y obtained frorn cultivabed soils -L.rerl supltlied i¿ith

phosi:horus. This observation su.r,gest,s that oi;iler .factors i+ere lirrriti-irg

the plan'i; gror,ith on t,reatrnent I saniples" Previous observations

illustrai;e-bhat il spite of storing the soi-I sarnples Ín a c:iTr state

for six rnonths, tlte Íncubated trhosphorus had a considerable r.esidual-

ef,fect on tìte second barle¡r crop. Dai;a show ihai in bo'bjt treatrncnts,

tire CaC03 content of tire sarnilles irad no apparent infl-uence on resj-dua]

phospirorus avai lability lo -f he second crop of bar-ley.

B. SEC0]Û Gjü!-Ai'lliû'USï lillPr;RIil!=ÌJT

The results presen'i;ed in tl::e first pari of this investigation

l-ed to the conclusion that the availability of added and naiive phos-

phate in the four virgi-n calcareous soils tras not related to the CaCOS

content. Tn order to investigate the effec-i; of different level-s of

caccj on ¡rhosphorus ava-i-1abit:-i;y in cultj-vated soils, a second. green-

house exi:eri-ment rvas carrieä out" Ten soil sanrples which ranged in
CaCA3 content íro¡r 0") to 33"I pe:: cent riere used inthis experirneni.

'i'hese satqtles ¡'¡ere col-iecl,ed irom three locations. ?hus for saurples

fron i;he sarne roca'i;jon similarities i:r soi-l type, parent materiars

and previous treatrrrents uould be secured." .åt each l_ocat-Lon it was

notj-ced that the CaC03 content of the surface soil r^¡as qui'be variable.



These cl-iffe'ences coulci_ be ai;tributed to rnany factors,

variability in locai mixing r"rii;i: l-oi.¡er soir Ìror-izons

coni;ent, i;hickness of the _A horize¡s, a^nd. topography.

1ô
JI

inclucting

richer in úaCO,
,

si¡ce sur"face reactions are generally consi dered -r,o be a_n

irnpori;ant fac'bor i:r i;ire effeet of caco3 on phospìrorr:_s availaÌ:ility,
-i;he pari;i-cle sr-ze distrj-bution of i;he ca::bonaie inaterials i:r il-re soil
sanples was detenúned.. The resu.Its obtainecl are tabulated i-n Table
',. 

=-r / rl ã, 
-\:.IV \rage ) ().

1'lre experiinent uas ciesigned to consist of four treatrnents" In

tt,¡o ireatrnen'l;s, i:hosphorus r.ras applied a+,the rate of 2o a¡d J+o p.p,m" of
j'" before iircu-bation" Tr.¡o rates r.¡ere usec i:r this experiment to
investigate tire reia-bionship ì:etl^reen ihe rate of i:hosi:horus applica-

tion and bhe üac03 effec*r, on phospho¡'us availabiliby" rn a ilrird.

ì:hosplioru-s trea'bnrcnt, nhosphoi'us label_led with p32 r.ras aplrli_ed at a

rate oÍ lO p.p.tire at seeding'i,irne, The available so:.-l phosirha.be l,,loulct

be est-i maì,ec]" from this'i;rea'i;nent accord-ing to -Llried ano Dea¡.rs forrnuia

(re;.

Irried ancl Dsarrs nrcthod r,ras criticj-zed" by Sokolov ()3) r,vho

bclieved- i;hat -i;he a.pplication of a i:hosÌrhate fertili.zer citastges the

¿s¡r!'os-i tion and prooert:Les of phospirates alreacly in ilre soil" Thus

¡vith different :iorriæ, dates, and. nrethocs of rabefl-ed fert:Llizer
appl:r-cation, differeirt estirna'tes of avai iabfe soil pirosphates i¡ould

l:e obca:Lned" I:e suggested ü:e api:Iicatj_on of labelred pÌrosphaie con-

taining only a tregtigi-ble a-lrount of ioi;al phosphon:s r.¡hich i¿ou1ci

e;çert almos'L no effect on i;ire composi-bion oï ar¡ailability of soil
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lrhosphates. In this method- tlie stj-pulatecl store of available

i:iros¡rha'ües :'r-n the soil- lr,iit i" deternrined by tire for¡nu.la:-

Itlirr = .A¿lroy.nl, oi pÌrosphorus taken iuio the l:lani,:i lOOIi (u'bi_1iza'i;-ìon coeffic:'_ent of p32)

ije stated tirai this eval-uaiÍon is basecl on the proposition ihat
i;Irc !'i2 j,-s distritruted aniong d.i-fÍerent forms of i;he soil Ì¡hosphates

in proi:ortion to tl,eir participai;ion in the process of transferr-i.nE

phosirhoru-s froni i;he sol-i-d irhase into the soil solu'cion and vice versau

äe believed tha'i, the inethoci proposed rrra.i<es j-t -¡:ossible, through

cietermination o,f a P)2 utiU-za'r,ion coefficie,it, io cÌraracierize ihe

suplrly of exchangea.ble phosphates j¡ the soil and- the oegree of iheir
rrrobili-uy, or j-n otl'rer l.¡ords, their coni;ribu.tion io;cìrosphate i1 soil
sol-ut,ion i^;hicÌt is avail-abte 'bo i:lants, Solcolovrs rne'Lllocj. i.,ra.s apttlie d

in i:liis exl:erimeni" Car.rier free p)?_ uas adcled-i;o i;he fouril: and

cÌreck trea'bment tc cietermine sokolovts r? ri .¡al-ues and- :'jz ui;ilizat:i-on

coefficien'cs for the differeirt soil sarirples"

Oai; pra:r-üs r;ere used iirbhis exr:erirænÌ; since these plants

are less susceotible irran barley to ¡o.ru'cler mrlcÌer¡ ilhich l;as abu:rclant

in tÌre ¡:reenìrouse at the time of tire e;iperirnen-b,

Y:ì-eld of oats and per cen-r, J¡ield. ciata are pïesented. in Table VII"
The dai;a- incÌ'icai:e considerable ciifferences among the checl< yierds irorn

dj-fferent soil sanlples" l-f 'the checjç i¡ields from sa¡Ioles of the sanre

Ioca'bion are corqlared" as a seilara'r,e grouÞ, it is notec]. in the 4ftona

and lãnnipeg locatìons, r.rirere there are r^;ioLe rânges Ín C¿Cf3 conient,

that tirere is evidence of an inverse correiaiion be-i;l¡een ihe tatjû-.

cont,ent and iire cÌreck yiclcl, Iior.rever, althougÌr the caco3 conteni;s of
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ihe Teulon sarrlples are unifor.rrral-1;r high, the ci:eclr yielis rrere i:igh

and comrarable to'bìiose fro¡i ihe sanÞIes r.;ith lor+ CaCO3 content"

if iire cirec]; y-ielcls fro¡r all i;he san:l-es are conrl:ared., no significant

inr¡erse correfation be'l,l"ieen i;he CaC03 conteni ancl -bhe yield rrragnii,ud.e

is obtai-necì" This is il-l-ustrated by tÌre folror,ring oÌ:servations:

(*) Teulon 2 sa:rip-ìe had. the i'righest check yì-elcl although it contains

2l ") per cent CaCO3; (b) tiiere are no significant diÍfereÌrces betr^¡een

ihe cÌrecl¡ yi-elds Írom Altona l, innnipeg I, Teulon I and 3 saü{rles,

in spi'be of the fact f,Ìrat tliey contain O.5e Z"O, 2L"3, ancl 29.3 per

cent CaCOr respecti-vel¡r; (c) tirere is a si-3;nifícant clifference at tlie)-
1 per cent level betr,ieen ùhe check i¡ield from i\l-'bona 1 and 2 san¡.rles

although i;hey Ìrave sirnilar CaC03 contentso

l'rith the e.xcepti on of one yiel-d ¡¡a]-ue ('I'eulon 2 sanrple i;rea'i;ed.

i¡ith i¡hosphorus at a ral,e of 20 llo:r"rÌ1o of p.) ijre::e was signifj-cant

yi-eld resilonses frorn aII the sa¡rmles io each phosÌrhorus ireatirent.

In general Ì;he lor.ier i^tas the c¡ieck J'ield¡ 'r,Ìre greater tcas the response

'oo phosphorus treai;ræn-l;s" Thr-is is illustratecl by the facb ihat aliho¿gh

the cÌreclt yields from Altona 1, leulon 3, lvinnipeg 2 and J sam,rles

range frorrr 2"9Ir-i;o 5.27 gn"/pot, there are no significant diffe::ences

among i;ne hO p"p,in, irea-brnent J¡ields froin tlrese soils. This inclicabes

thai; pilosphorus Idas an ilnoortant gro',lth lirai-ì;ing facto:. in these soils.

The low yiercÌ responses to pirosphonrs irea'b¡rents on Teulon

sarrples inciicate iira'b a hi-gh CaC03 content is not necessarily associ.aì;ed

toi-th hlgh yiei-d. response to phosphorus treai;nents"

-i-n general, si;a'bisti cal analyses of the dai;a ind-icated that i¡
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all four ì:reat¡ne¡rts, ti^.rere T^jas no significarll, inverse correia'1,i-on beti,¡ee¡

ei-birer yield or per cenÌ; yield a¡rcì the CaCO, conteni of tÌre san1oles.

i:osphoru.s uptake and i:er cent ohosphor.us j:r i;þe oat pla¡is
(ta¡te VIfI) indicate sir:dlaLbrends 't,o those observed. from 'blre r¡iefd.

l^r^ T-^crar,ao til the check t,reai;ment, oirosphorus upi:aice from different sarqoles

i'ias quiie diffe.ren't,, reÍlectìng large differences in avaj-l-ab]e soil-

pl:osphorus eniong the different sam"oles. ff phospho::us uptake values

fron the check treatlnent samples of the sanæ l-ocation are corqoared

separatel.y, ít is notecl- in the .tltona ancl'r,,rinnj-peg locations, that

tl.e3e is an inverse relationship bei-ween CaCO3 conient and phospirorus

uptake. IioÌfe-rer, phosl:rhorus uptaite from Teulon clleck sarnnles r,;as

conparativel;'r high and- comi¡arable to l:hosphorus uiltake frop the sanples

of low ClaCO3 frop ihe otner ttro locations.

Each phos,ohorus breatrnent srgniÍicantly increased phosphorus

upta.ke f ro¡t all- sanrpies. i:ith very few excei:tions ilie higher r^ras the

rate of adcled- lrirosphorus the highe:: i+as ihe increase i:r irhosi:horus

up'bake" iir each phosphorus i;reai;meni,, i;he increase in phos,ohorus

uptake frorn the dj-fíerent salûples had no appareirt relationsiiip i,¡ith

the CaC03 contciri" This is clearly illustrai;ed by per cent utilizabion

of addeci phosphorus in the ihree pirosohorus treatments (Table IX)"

I'er cent u'bilization of aclded pìrosr:horus in the 10 p..¡:o¡.ro tr.ea.ùrnent,

t^¡irich tuas label-led r.¡ith P)Zr r,tas obtained by rneasu-ring p32 uptalce by

iile oat planì:s. j'er cent util-r zaiions oÍ aclded phosphorus in the 20

aüd LO p.p"tn. treatments Trere obtained by exoressing iire increase i¡

l¡hos,ohorus u.ptake, due to each phos;,:horus trea-i;riænt, as per cent oÍ-Æ-s{Z-"3lfY Jq'

/il"*"*i" 3\tu#
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the added phosphorus. it is alri:aren'b in eacii trea'cment i;irat irer cent

u1;ili zat,j-on of' acid-ed pirosplioru.s i{as independent of t}re CaCO3 coütent

of the samì:le. Tir otÌ:er i.¡orcì.s, t1,e cacca level in the sai-nples

ailllaretri;Iy oj-d not a.ffeci tÌre avaj-lability oÍ ad-cled i:hosphorus ìn alll

three treainpnts.

ìia--ba presented in Table VI.l-f incij-cate -ui:at i:r i;he checl< treat-
ments tirere j-s arr inverse correlation betl¡een the per cent phosjthorus

in -bhe plaubs arrd i;he ¡:er ceirt CaCCa in the soil sai¡ples. This

correla-bion irad a rrrrr value of -0.ól ¡r'iricir uas no-t significant at

eitirer the 1 or $ per ceirt level-" Tiris is i,]re _iirst ind.icatj.on in
the investigation 'birat cac03 íJer se had any affect on the phospìr.ate

supplying pot^rer of tire soil"

Ï'iith the exceotÍon of tl.¡o values, each phosphoru.s irea'brnent

si-gniíicantl¡r increased the 1:er cen'b pliosphorus jn the oat prants.

the irigher^tdas tire ra'be of acldecl phosphoru,s,'uhe hiEiher r^¡as the increase

in per cetlt phosphoru-so l-n each phosphoms treatment the increase in
Þer cent phosphorus Í'or the different sa'n¡:l-es was indepen.d.ent of i,he

CaCA3 content,

statisticar analyses indicated thai; in all phosphorus treatnenis,

i:ei' cent phospirorus in plani maieri a.l_s haci no signij_i cani: correl_ation

r,¡itir the CaCal conten'b of i;Ìie soil san¡rIes"

i$ailable soil phos¡:Ìrate i{as estimai;ed by t-r"ro üiei;hods; r¡Jiir

val-ues cal-curateci according to i¡ried ai:d. Deants fonnul_a (12), and

estirrtating soi-I axciiangeable piiosphate liitl: P3l and. i'bs utilÍzaiion
coefficj-en-L as f¡roposed by Solrolov (33). llie da'i,a obtai-ned frorn ùhese
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rie-i;hods are tabulaiei in Table X"

The ltl\rr values incricate large d.j,ffe::ences in avaj-Iable soil

phospiiaie a:nong the soj-l sa:nples. I'b is noi;ed ì:ha.t Altona 21 3, and

h sa¡rples luÌrich hadthe lor,¡est rtrlrr vafues are also'bhe lightest i-n

iex-brire and contai¡r so¡ie of the }or.:est levels of organic ¡irabter arnong

ì;he sanp-Les under investigation, This nright be an i¡c;,ication 'bhat

avail-a'L,l-e soil phosphate has soüre relatioirship r"r':'r-th either soil texture

or organic maiter conten'i:, or botÌr of ì;hem. lirere nas no significant

correlatiou between i;lie CaC03 content of ti:e saniples a:rd i;he available

soil phospirate estj:nated by the r¡A1r values. i'iearuvliile tJrere ïJas a

highl5' si-gniÍican-,, posi't'ive cor"relation betl¡een rr.{i' values and piros-

i:horus uptake frorn the checlc -breatuient soil sarrrpfes, The correla'i;ion

coefficient i^¡as 0"83h r.¡hj-cir t¡¿s s'ignificant a-b '¡Ìre l per cent level.

TÌie values of e;tchangeaì:-ìe soil phosphate, 'ti", and its utiliza-

'uion coefíicient (falfe X) siroulei be considered. cauì,iously ciue to

-i;ire fact tirat carrier free i'32 t¡as foui:d to l.re adsoriled on -t,ire giass-

Ttare. Carrier -Ìree'P)2 nas a;otrlied io ihe so-i I samples in'r,he íorm

of a l.¡a'ber sol-ution, lart of this sol-u-iion uas i<ep'c as a standard,

ì;ìre activi.i;v oÍ l.¡hiclr could j:,e cieter¡úned a-t the time of Lhe P)'2

est.l-maiion i¡r -i;he plan'b rnaterj-al-. llirus per ceui; i-r-uilizaì;ion of 'cire

addecl. cari'ier fr"ee P32 could be calculai;ed lry relating iìre arnounts of

'P32 io naral-iel standard counts" ilotrever, it r¡as found i,hat large

a-rnorurts of ?32 from tì:e stat:daz"d soluiion haci been adsorbed on'i;he

glass container" This resulted in lor.¡er sta;-icìard counts than i;here

shoulci irave been. Since both tire carriet íree a.rrd lu p.jl"m. breatment
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s'bandarcis contaj-necì iclentical a¡iounis oti P)2, and since i-reg.l-igable

eiriottll'üS o.i ir32 a.cisor'lrtj-on occ-urrec.i in-bìre labi;eL: stancia.rd., ,r32 count,s

fronr ti:e l-0 p.p"Lti. '¿realmenÌ; s-i;ai:cìari iiere u-secl iir calculating 'i;he

car::ieriree P32 sii-]iz¿iion coefÍicienis ancl exciangeable soil phos-

pirate of i;he c1i-fÍeren'b sarnples" l'ltis nociificaiion uas Cone on iÌre

assulpi;i-oir bjrat the amoun',. of -i' j2 acisor"bed. Ír:om ,che carli sy f ¡ss

siandard, a-b'i;he time of ap;elicaiion of 'bhe -qoil sarplesr ldas cojn-

parat:i vely sieal_l relative to !r)2 in solu'r,ionu

fievertÌieless, sÌ_irce cai.::i er îree p3Z l^¡as acideC to the soil_s

r¡-i-bhin a sllor'-i; 'oerioci of tirire, J_t is reasonable to assrlrne i;j:at ì,he

anioun-ts of T)2 acÌcled to the cìifferent sanq:les l..iere equal" Thus the

ae"ia obiia-ínecÌ cou-"ì-d i:e u.seful- ìn cornparing the availabi-1it,;, of soi]

t:hosì:irate ê-lîon!-l 'l,L:e soil salrples"

The a¡rrou-nts oí exchangeable soif phospl-ratesr rneasured by the

rr,'f it values, c.i-fÍereol grea.ily arnong Ì;he cLiÍferen'b sa.rnples" Ho,oJever,

ì;hese i¡a,Lu-es Iùeïe not related to CaCC3 content of iire santoles. rlea:r-

i:lLile iiiere Itas a sj-gniiicant oos-i tive co::re-l-ation betr¡een n)-rr values

and .LJer ceni ciay in tire sani¡l-es. The coL:relatj_on cceÍ-ficj-ent r":as

0.7i[4 i,¡iric]r tu¿s s'ìgni.Íicarrt ai; LÌie 5 pex cent level. Å higlie:: posiiive

coi:::el-a.tioIìl.ras obt:iineci betr¡een ttjtt values ancl per cenil clay in tjre

saliples af'ber ¡:erno'v'al of bl:e carbona-be naterials .r:'::oäi ,che ci_aJ,

:Îra.etions (Ta.ì:Ie )iI) " i'he co::reia.t,r-on coefíicj-ent i.¡as tJ"7Tj i"¡h-Lch r¡.as

si-gnificant a-b i;ì:e I -.er cel,.i level " Tl:j-s indj-ca.tes i;i,at ercÌrrajlgeeì,11_e

soii r¡hoslhates neasir.L:ed b;.r -this i'nei;hod r,¡ere rel-a-tecl io i:he mi-neral clay

conteni oÍ tile sarru:Ies,
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he

l--i; is apl:arent jlrom tire data thai; sonie of 'uhe samples (-liona 2,

), and L sainol-es) trad siinj-la:: amoun'r,s of e:<ci-rangeable soil r¡liosphates,

J'et tl:ej-r u--r,iliza'bj"on coefficj-ents i.¡ere dif-ferent, Tlte com¡arabl-e

ciaia frorn Altona I a.,rd irirnipeg 2 sail-r--,Ies shor.red the sarire'i;rencl . r'¡is

sirggesis -i:Ïrat in cllfferent sorl-s, soil phosphai;es excÌtalgeabl-e l¡itji
'i:)2 are not eqr,i-alli¡ available to plants, This conclusion i s 1n agree-

nent r^titli the ::esnlts obtained b¡r äortiska;,a-;i.. This conclu-sion could.

explain i;he fact .bnat tl:e iros:ltive correla'Lion bei;'n¡een phosl_rhorus

uptaJce by the oat planj;s and i;he exchangeable soil pÌros¡rha-bes in t¡e
diffe::ent sarng:les (o.Z1/) '.r." lor+er than 'i,he coniparable correlation

r'¡ith rf.4rrr valu-es (O.83lr). Iiol.¡ever, erchairgeai:}e soil nhosphates d.eier-

lnination seerris -r,o give a niore corrprehens:ve pici;ure of ilre soil

;cì:osi:ho::us poi;eirÌ;ia} supoly"

'IÌre irialiCO3-extraction procedure developed by í_rlsen, et al" (25)

t¡as used to evalu-ate -i;lie availabilit¡' ei acÌded and soil pì:rosphate oÍ

ri:e sam,rle s used in the second greenhouse olperiürent" l'íai.iCO¡-extract-

able phosohorus fron tìre ci:eclc, 20, and l+O p.p.m" .brea_bnients before

seedi-ng and. after harvesting bhe oarr, cj.cil are relloj-l,ecl in Table jiII.

,lefore seecling, Ìtial-iCO1-extracì;able phos¡;horu-s irorn tire ciii.ferent

satçles ruas noi necessarily related to CaC03 con'bent. If tire extract-

able phosphoi'u-s from santples of 'uire saìlie locai;ion are comjJarecl-, ii i g

noted'i;ìla-L the salr,oles r:ith the higÌrest arrroun'r, of extraci,able i:hosphorus

a::e also the heavj-est j-n te>r'cure and ilre highest iir organic mai;ter

-;i These result,s are referred to by Sokolov, -A. T,¡" (3J) .
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content" Statisi;ical ai-iallrses shor^led. a r¡ositj-ve correlation J:etween

'iaiit03-e:ttractable oirosphon-rs frorri the clieclc sanl¡}es a¡rd i;jre lidner"al

clay conten'i; of ihe samnles. The correlation coeffici_ent yas a"b33

r'¡llicÌr l'ras sig;nificelt at iire 5 per cent leveI" i'iearu.rhi1e, çiere l+as

a posi-ì;ive correl-aiion betueen organ:'-c maì;i;er con'Leirt of the sanrples

and. fiaHC03-extractable phosnhorus Í'ronr tÌie check samples" I-loliever,

th'îs correlaiion (r=0"5L5) r^:as not si-gnificanb at tìre r or I per cent

l-e vel- 
"

Both pilosphoru-s t-,reatments considerably íncreased the amo¡nis

of I'lali00:-exiraciable nhosphoru.s fron al-l 'cÌre sanqrles. ff iÌre increase

in exi::aciable phosphorus -from eacl: soil is relaieci on a i¡er cent basis

to the rate of acded Þhosphoms it is noted that l2.C to cl+.5 per cenì;

and >5"0 i;o 62"ü per cent of the acided phosphorus i-n ilie 20 and l+o

P.p,rn, treat¡rpnts respec'r,ive1¡- r.¡ere extre.ctable by the i,JaliCO, extraction.
This indicates that, regard.less oÍ cac(3 content, l-arge propori;ions

of iile phosphoru.s ruixed i;hroughout tire saini¡les and incubated for four
weelcs r'¡ere extracial,.le by tÌre itaiìCO3 method.. Statistical analy-ses

indicated tlrat phospl-iorus uptake by the oat plan-i;s -r.ja,s posi--Lively

correl-ated r¡rbh Ì'iaiìC03-extracta-bl-e ¡rhos;ohorr,r.s before seecÌi-ng time

in all -bi:ree -breailnents. The correla-bion coeffi-cient r¿as a.tt9z

significant ai tÌ.,e 1 jrer cent level.

Ab i;he end of tire greenhouse exi:erj-nteni, a red.uction in iùalicC3-

extractable phosnhorr)-s ïlas clearl¡, noticeabie in a.l-l cases" Since

ì,]lrs reduction could not be accounted íor. entire)-y by the amorrn-r,s

removecl. ìrythe oat Ðlan',,s, this r,;ould ind.:'-cate trrat dl_rringthe crop
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grot;ing ,oerj-ocL sorne of ihe acÌdeil ancl na,r,i¡¡e soil nhosi:hai;e r.,1er"e con*
--^ ---L _ -l rverleci i'o less ava-ì la.bl-e or unexiractaÌ;le fo¡r¡is. l;i-tll fer.: excentions

the :-ecluc'i;j-ons iir i'laììCO3-e;ltra.c-bable oirosl.horus irom uhe sa¡nrles

receiv:-ng 2Ò anci )ii_l t.p.ür" of i-. uerc Ëenerally u¡iforn and r.;ii;irin

tl:e saii¡e orcÌer oÍ' na¿lt:i-1;ucÌe for bo'bjr ì;reatn]enis. Th:l-s Íni j cates tjlat
tl:e redu-ction in iía.rc0j-extractabre i:Ìrosphorrr.s .ira.s incì-epeirdent of ilre
ra-te of phoschoru-s applilcation, itororever, the reclu.c,cions i:r jialiCO:-

extractabre phosohor"us in the phosirhor.us treai;ecl samçles r,.Jere .con_

sid-ev'allly higirer tnan cori,oarable reciu-ctions in 'i,lie clreclc sanr:l-es. Tliis
suggests li:at during tìle grolri-ng of a. crorr tirere is a- gracu.al conversion

oil addecÌ pÌrosi:horr,rs to a less ava-i.iable for.n i:i tirese soils"
fn e'11 tìlree ireaiments, ihe reclu,ctj-on i-n Ì'iaiic(þ-extrac-ba'bl_e

T¡hos]¡ho'us l"ias noi rel-aied to caco3 content of tÌ:e samples" This

indj-ca'i;es thaì; -i;he CaCOr content iLad. no aÞíJarent effect on phosphate

conversion to less a.vairabl-e or Lrnextr-ac't,al:l_e forns"

Sba'¡,isi;ical anall¡ses of tlie data t:resented. in Tai:le Xf shor,¡ed

no signif j-c ant c orr:e 1a.r,i on be t¡¡een i.iaÍi0 03 _extractable phosphorus

and 'cÌte CaCOl con-bent of the soil_ sarnples.

The nocÌifieo Cherng ancl- Jacksonrs frac-,.ionation proceciur.e of soil
inoL:ga:ric phospira-tes Ìias used to investigatethe efíect of cacoS con-
-bent on tire i;¡rpe and- 'r,he relati-ve ar¡ailability of the d.:Lffer.ent cìrem|cal

forrris of soi I and recentiy a-cÌded. .r:hosr¡hates 
"

?he soil sanples t¡ere extracted b.l. ti:ree reagents in i¡e foflor..¡-
:l-ng order, o"5 ì'i i\il'rl,rrr o.r Ì,i üaclrr and- ü,l :i E2sc¡. These reagents are

considered -r,o e;':tract a.l-'Ltnj-i'rur"r bound-, iron Ìrou:rcl, ancl. calciuL,r ¡ound.
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Ìrlrospha-bes resÌfec'r,;veIJ . Ilire si gni.ii ca.trce of these terriis i,¡.11 be

elaborated- ot: in i:i,e general- discr-r-ssion.

The ex'b::a.c'ced pl ros'phate Írac-b:'-oir.s of soils i,:hich i^lere satiçIed.

before seecli-ne tiile and- at-bile end oÍ tce g^reenirouse exi¡erinien'i: are

relrorbed. in Table ri-Lfi. The iron bourrd phosohate fractj-on l',ras not

reportecÌ siirce only trace antou-nts r"';ere cÌetected-

The anali'ses L'eÍore seedi-ng tj-lrre show tha.t iri all ihe soj-I

sa.ürples under invesi,igaiion, ¡itosj: of 'bÌie extracteci soil inorganic

phosphates'i.Jere j-n a calciu¡a bound for"m. The resi; of tire extractable

ì:hospÌrates r.rere recove::ed i-n the Ìili¡F ertract, Tire amounts of 'ohos-

phoru.s ertr.ac'¿ecl lry eì--bher reagents l.¡ere not necessaril:f relatecl- to

i;he CaCCa conbeir.'b of the saru:les, There '[das a oositive correl-aiion

l:etr.'een the iìI:¡,!r-ex-i;ractable phosirÌrorus a:rd, 'i;he rn-1nera} clay content

of the sa-r',rcJes. iior.Jever, ti,:e correl-aiion coeffici-eni (+O.577 ) was

not signifi-cant at ei-'birer ihe 1or.5 tler cen-U levels" ileant^rhile,

the i,,1i)rF-er';ractabl<; soi-l phosphorus r,jas highly correl-atecl i.;i-Ì;h ihe

excÌra:rgeable soil pliospbates estirnatecl by Sokolovrs niethod (33) " The

correlai;ion coefficìent r.¡as +0,80I r¡hi-ci: i.¡as signiíicant at the l per

cent l-evel" This, couplecl- i;.itli i,'..eir ai:d Soi:errs fjrrcìing ()-,2) i,ilaì; a

high oercentage of tile i;H¡,t--ex'i;rac'bable nÌiosphorus hras readily exc,range-

abl-e itj-th PJ2 ín sel¡-þion, sl,or+s tha.t the Ì'i!,F-extraci;able phosphaie

forln i-s a I abil-e one,

i*iti:j:r exr:erin:enta} error, all i;ir.e acìc'ieci phosphon-r.s in i;he

lr.O p.¡:.m" tr.eatnent rvas recovered by iire fraci;ionation proceiiui'e i-rsed,

uith hT.O to 3S.3 per cent, of i:lie adcìeä;ohosphoz'r-is recovered. i-n ì:he
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i',lJ-¡ì:r exi;re.ci;. lire renuini:rg acided pirosphorlr-s lnas il2S0¡, ex-bractaÌ¡le.

In boi;h i;Ìre cneck and ltO p"p"liL. ireatrnents, the iiilii,F-elctracbab.l-e

lrhosphoru-s froüi '¡hc ciiÍfereni sarnoles t.,ere higiil¡r corr"el-at,ecì rr¡ith the

pi,osphorus upia,,-e b]. i;he oat ì-rlanis " The correl a-1,ion coefí'icieirt r.ras

+J.927 t¡i-ricir i.ras sign-i-fica:r'¿ a'u the I per cent level. Tìiis su-3gests

i;irat -bire itli.Li¡-ex'bractabie Þhosr¡horus is highly related 'bo i;ire phosphate

forms avail-able to ì;he plants. f'c was also found thai the i{H¡jf-e:r-l,ract-

a1-.,1e phosr:horus l^ias highly correla'¿ed, rri-i;h i,Ìre phosi:honrs amowris

extracted by Olsenrs i\laliC:3-e>rtracì;ion rnethoC i'ronthe sane trea'bments,

Tle co:rrel-ation coeff-ìcient r¡as +Cr.91j r¿hicli 'nras significant at the

I per cent l-evel-" The li2SO¡-ertractable i:hosphoru-s IL:âs Ðot related

to either pÌrospirorrr.s uptake by the oat planls or ìihe i\iali0O3-extractable

ohosi¡horus.

il--he anall'ses at the end of ihe greenirouse experirnent refl-ect

rrariable clecreases in Ì;i:e ì,ìlì¡I'-extractable phosoho.r:us. A't the same

iime coiiloa.rab'ie increases in i;he ii2Sû¡-extra.ctable phos¡¡horus 'i.rere

observed in a1l ti-:e sarçlcs. This suggests i;iiat sorre of iþs riil-l¿,.F-

ertracta.bl-e phosi:ha'be ltas converted to a calcj-urn bound formo ilor"¡ever"

the redr-rcti-ons in l"l-l-I¿*it-e:ctractable p.hosr:horus fron the ii-fferent

sa¡I.;l-es i^¡ere not rel-a'bed- -uo ti're 0aCC3 content of these samples. This

indicates i;irat the phosoi:aie transfor¡ration 'process r.ras independent

of ì;he CaC03 content.

Ii is noted 1;Ìrat the tota-l inorganic phoslthorus of the samnles

ai; the encl of the greenhouse ext:er"iroent ruas almost eqr-r-al to amounts

i¡eriore seeding tíme, i';hicir does noù accoun'r, for tire a¡nounts rernoved
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by the oat plants. This coulo! be at1;ribui,eo to: (a) rid¡eraliza-i;ion

of soil organic lrhosilhorus. llhis suggesiion i-s supÌ:orì;ecì ìry \ian Diest

and E1a.ckrs concl_u-sion (j9) ì;ha-b Ì;jle phos;_.horu-s .present in organic

-i'orrrt in al-l'lal-ine soil-s at -t,he be¿inni-ng oÍ a season ¡taJ¡ con-i;ribute

srr-bstanbi-alty to the ohosrrhorus nutrition o,f plants gror.in during that
season; (b) experimental err"or. This coul-ci be a Large faci;or since

ihe aülounis of ollosohorus rcmoved b.;i bhe oat plants .r,rere fai::ly sinall
compared to tire total inor8arii-c phosphon-rs conteirt oÍ bjre cl-Ífferent

ss¡ßÞIes,

ühe partj-cle sj-ze ai stribi:tion of iire cari_.ona-te materj als i_'

the soil sarnples are repoïi;ecÌ in,Iab1e ]iIV. I,b is no,ueo t,lr¿-i i,¡itjr i;he

e;rcei:iion of -Altona 3 sarnple, the rnajority of ihe carbonate ¡raterials
as exlllressed as cacO3 i¡ere found. in ihe sift :îraction. iiowever, r,ire

d'ai;a did not preseiit anl' specific expiana.'uion:ior ii.re'lreircls observed.

frc-,. ',,jle 3recni:ouse cata"

s'¿atisticâl a.na];r"res of i;he presentei clala shows the e>:istence

o-f a lrighly signifi cant 1:ositive correlation betr,¡een 'i;he amou¡rts o.f

phosphorus-l,alren up by tiie oai; plani,s ancithe amounts of phosphorus

e>ltracted bJ' bwo che¡rical- rnetÌrod.s fro¡r either 1;he cireclc or -i;l::e nhospi:orus

treateq sairiples" The correlation coe.fficj-ents í'ori,itese rela-bionsiril:s

i^;e::e 0.892 aircÌ J"t1L3 for'-i;he r.aiico3- ancì ilre r:ti¡F- (rackson procedure)

extractabre phospìrorlr.s r-esilec'bj-veì-y. Tirus, an inves.ciga.t,ion of the

phosphate forns ex'braciable .by both pi'oceciures r,roulcì se¡ve as sound

basis for a corirp::eirensive cl:Lscus-sion oil tjte role 1:]¡.¡,6d, b;r f,¡s carbonate

con'r,e't of the soil sarq:res in'r,he availaÌ-.il_i-r,y of r.ecentl;r adc.ed and.
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iìatíve soil phosphaì;e" fn the follo'¡ing cj,iscussions the carbonaie

content o-ri t,ire salitrles '.rift be e:rpressecÌ as CaC03 equivalent, bearing

in núnd tita'b other forms of insohible carbonate could be nr.eserit irr

ihe soil- "

The ezi;ra.ciion necl:,anj-sn of -i;he Ì';laFiCO3 ::eagent, as explained

bl' Clsen (21+) and Jackson (f9), is basecì on: (a) IouerÍngthe Ca++

activity in'¿he soil sol-u'r,ion, as a r"esult of increasing the carÌtonate

ion activiÌ;y. Tiru-s rthos,rhate is released Í'rom the sl,.rface of calcium

phosphate according to tl:e soiu-bility r:roc.uct rrrinciple; ('o) the

¡:robable corrq:eij-i;ion of 11tC\- t C03=, and Oii- -ions -for phosnhaie adsorbed

on tÌie sr:-rface of soil ¡:ar'r,icres; (c) the a'oj-tity of the reagent to

extract so¡re r:ltos rhate froür il:e sui'fa.ce of alurninuit a-rrcl j-r.on r:hosì¡haies

by rei:ressing the al-urni:rum ancl iroir ions activities by Íorma'i;ion of an

alunrinate col,rplex o-f the ío::nier and p::ecioi'bating ti-.e tatter as tire

oxide.

cl-sen (23) tound 'r,hat lltalico3-exbracbabl-e phosohorus Í'rom 2!

soils, ttÍ-th ¡.;I-l ranging r:rom 5"0 to 1.6, was highl¡. cor::elated with

surface phosphate in tirese samr:les. The lat-,,er i{as cietenrinea by 132

ecluili--oriurii1:echnique. Tire correl-aii-on coefficlent r^ras c.glB i.¡hiclr

r.ra..s significant at tle l pez'ceni leve}" Seven oi'-i:jre sanol_es con-

tai-r:ecì. CaC03" PateI and !èl,.'ta (2[ì) fra.ctionaied i,Ìie 'uota] lrhosi:hortr-s

oi 2L soils, r"iiÌ,li caü03 content rangi-ng íroiir nil to u"o, into five

coi,ponents viz " (u) cal-cium i:hosphate, (lr) adsorbed pirospìraie (c) iroir

ar:d alu¡dnurn phosi:hate (ci) organic phosirhate (e) insolul-,le lrjrosphaie"

rirey found i;ilat i;ire aniounì;s of acsor.bed 'orros;,.habe gave 'uhe Ìrigi:est
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correl-ation t¡i'uil the uirtalre of pìrcsphorus ì:;' 
"o."tn*o 

pl-a:ris (r=+tr.Bió).

l,eanr"¡l:í-Ie -bhe acì,sorbed nhosp]-.aì:e rLas highly correl-a-'r,ed- rith ti:e -lal.C,Jj-

exì;::a-ciairl-e cirosirhorus (t:=ro 
" 933) "

ILre l:::c.rious ciiscr-.r-ssion o::o-'riires arrrl¡Le evj-dence 'Ûha'c 'i:he anoult-b

:iaìiCCe-exiractalle phosr:horu,s i-s ìiigLrli' rei-'ecl -L,o surface rrhosphate'' )
i;he soi-l 

"

The::e i-s consi-deraT:Ìe evidence uhici. inclicates i;hat i'.Fi¡F-

e:rt::ac'l,able phosirhon-rs j-s iigi:I;' i:ei¡"'uer,r i"o sr::,riaco ¡r):osl:hate in bhe

soil" -Ln tÌ:Le modified Chairg and Jacksoìf ts procedu,re the ;il{¡,rr reagen-b

-i s consi-deret-i. 'bo ex'bract loosely borurd and al-umi-nurn phosirhaÌ;es in i;he

soil. T\rmer arrd. il.ice (3ó) ai;tr-Lbubecl -bhe eÍficiency of tlie r'iil¡F

reagent iir U-ì:,erating i:hosl:horus acÌsorbeel b;r alu-minu-Ì'ì1 ilydroride to the

for¡äa.tion of an i:rso1u-ble (i'il1)34ll6 coriq;Iex on 'i;l,e gel sur.f-rce, This

cou-]d- be i;he sai'iæ urechanisrl i^:i-L,h r.;hich -r,he ìlH¡.lt solu-i,ion ex-brac'bs 'bire

phospÌroru"s acl.sorbed b¡i cJ-¿y riineral-s. Îhis su¡;gesi;i-on is supported

by lìorbunovt,.j conclus'i on (ló) 'rÌ.at rrhos-ohor:us a.isorl¡ed i:;r 6f¿5¡ ¡niirerals

i s relaied 'bo the ac'¿i ve surface aluuiinu¡i of 'bire cla¡7= cr;rs'r,als. Bray

and. ilickman (3) consiciereci that iii¡F soluLions e;ciracted L'aber sofuble

and easi,l-y re¡rlaceable phospha-be frorn soj-ls and cler¡. t'leir a.ncl Soper

(L:Z'l , j-i: '¿l:eir acisorp'bi.on a.ncl- excì:ange s-LuCLies in some i''ianiioba soils,

conclucìecì 'i;Ì:a-l a iri-gi: nercen'L,age of 'r,Ìre ,iil¡,ir-c:',-i,raciabl-e l:ÌrosÐÌiorli-s

r..¡as e>lchan3eable Hi-'r,h ij'32" It r.,¡as alsg Íound in bile t,¡::i];errs investiga-

'bion ti:at tìre :.iä¡l'--e:l'crac-i:aj:le soif phosphorus f::oln ti-re cneck sarnÌ:les

i^las ,righly cor"rela'i;ecÌ r.¡iti¡ ihe soil- pl,ospì:ate exci'angeai-.]e iuitii P32

r.¡hich i¿as deterniirrerl accorcÌing i;o Solrol-ovrs rnet,hod. (L:=l'¡.¡Of ) " Since
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excira-r:geabili't y t,ri i,ir ,ri2 j-s ci'ra-rac';er"i s'bic of surf ace phospha-be, ¡ i

cou-Ici ire concluaed ì;l:at illjLir-er.tr:ac'bable ¡:l'rosi-,horus is i-righly related.

'¿o surface pitosphate il-r tÌ-re soil" ?he capabiJ-i-ty of cal-cereous soils

'i;o adsori¡ consideral-rl-e anounts of phosphoi:us on the su"rface of the soil

parti-cles has been denons'¿:lated. by Í)ar1\r j-nvesÌ;iga'bors, i-ncludi-ng ]'',,reir

¡urd Soper (¿t2) anci Olsen ancl. i,,ratana'ae (,25)" TheJ¡ for-rnd that ohosphorus

adsor'lrtion b¡r calcai'eous soil-s follor'rs 'i;he Langnuir j-sother¡r i¡iì;hin

1o'.¿ ranges of i-niii-al irl:osplioru.s coircen-br¿li-'r-on in solution. fn gene::al,

tirese concen'brai:j-ons i.¡oulcÌ incluc.ie the normal rai:e oÍ pÌrosphorus ferti-

lizer ap¡:1i-cai,i.ons -bo soir-ls" f'ü also incl-ud-es ì;he rates of phospilorus

a.¡:.olication iirLhe oresent :Lnvestigation"

i'Ìre r-rre-¡iou-s discr-r.ssi-on inclical,es bhat bobir i'laÌ',CCa- aniL ilil r-

e:',-brac'ua.b1e phosi:horus are closel-;r relaiecì to trhosnhorLr.s hel-ci on bhe

su::face of Lhe soil i:arij-cles. Since irai,CÛ;- ancÌ .'ll1F-exì;ractable

phos,ohorus are also iiighly correla'Ued i'litìr Ì:hosÞÌrorus uptake bi' the

oat plants, it is jus'ci-iied to assurûe l,ha'¿ the phosphoru-s available

tc'uhe oat irla:rts is h-i-gÌrl]'related ¡:ibir the phosnhorus held on the

surface oi tire soi-I particles" Olsen (23) reported sir¡rilar r"el-atj-on-

slrips bei;'¡een ilhe surface trhosrriìorus of 25 calca::eous so'ils anCL ava'i l--

aì;Ie soil phosl:hor:us es-Liina'¡ed b¡' irr{rr v¿fuss. Cole and Olsen (J, B)

str-rclied phospho.r:us solubilii¡r 1n some ca-Lcareous soils ''ohrough -blie

cì.er3er"ln-i-nat-i-on oÍ' tìre rnean aciivi-iy of dicalciu-m pi-rosi:hate (a Ca-r'r x

a i-iPO4=) in equ-j-lÍbrated. soj-I solu'bi-ons" 'ürey íou:rd tl:at phos'p.horus

solubj-fitn -increases regularl-jr r..rith the amo-unts of i:hosphorr-rs acìsorbed

i¡ i;he rrronoLa}¡er reg:r-on on surfaces of va.ricus na.ierials likely ì;o be
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ûresent iii calca::ecus soiIs, they conclu-decl ti-ra-b ';l.e d,i_-ffer"ences in

piiosphonrs solubif.r-t¡r þsl"¿yiour aÍion¡'. calcareous soiIs of va::ying

'be>:'bure'is r"elatecl to botjr tj-re car:a.city of 'bhese soils for monolaJ'er

adso::ption cf oi:os,rho.r:us a-nd i,he ìrercentage phosi:horus satu-raii-on of

the soj-I su:"face a-rea. Clsen and i'j¿i¿i1¿þs (25) îound i;hab .bj..e acisorp-

iion nra-tirau-är oí ten calcareous soj-Is ¿-s calcli_lated. from thq Langmu-ír

isotherri r.¡as closel1'co::rel-ated rriti. the su:"face area of 'bhese soils

riieasured. b;i ethylene glycol ::eteir-Lion. chang ancl Chu (l+) sr,r-ggesì;ecl

ihat soluble phospiiates added io a. gir¡s:r soil is initialiy neld i¡ sol-ul¡Ie

fornrs by a},rrrú-nlul, irs¡, and calcium catioi:s on tire surfaee of -i:ìie

soh_d ohase s ¡r'ì 1,ir r¡iúch tÌre pìroslrhate cones in contac.b"

Sj-¡rce',he CaC03 of a p,j_ven caicareous soil -iorlns an inisg¡*1

part of the iota.r su-rfa.ce area of this soi1, ilrus an j-nves-biga.br'-on

oí tire reactivii;¡ of CaCO3 su.rface r.¡ou,l-d.'bhr"or,¡ conside::a'r:1e 1i¡¿Ìrt on

its rol-e in i,he availabifii;¡' e¡ recentl;,r addecl and na-birre soil 1:hoschate"

.iioischot et ai. (2) sconecl tl':at considerable ailounts of i:hospl:orrrs

could be adsorbed on'clle surface of CaÇA1 -ì n a for.n easil¡' d.esorbed..

?his r-¡as conÍi::med by cole et aI. (9) r,¡iro -found tÌrat r^riilrin a low

range of ad-ciecì i¡hosrhate concenirations, phosi:horr-rs is acl-sorbed in a

i-nonola¡re¡ on ihe sr:,::face of cac03 in cl-ose agreement to '¿he Langmuir

isoihernl, Tirey arso íound 'cl:rat :rearly alL the adsorbed phospholrs

i'¡as ¡'eadily excÌrangea'b'le i,¡ith l,32 in soru'i,ion. cole and Olsen (B)

fou¡rd i;lrai oi;her soj-.1- coi-rLi:oneirts sucli as clay rninerals, i^rhich are

higì:ly base satur"aied in calcareous soirs, ad.sorb oirosphorus in a

behav-iou-r sì¡ri-lar'r,o-bÌrat of CacO;, rt Ís thus ai:parent thaL the Caco3
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surface Ío.r¡rrs onl,r. ¿ part of the adsorl:'bion colrnl-ex in calcareous soils.

,Since 'che i;oÌ;al- su.r'face ar:ee or the aclsor¡tion caplcity of a soil is

uot dei:eirdent on the ::el-ative amounì; of a sin¡';le com¡onent su_ch as

Ca.CO3t i;l'iis t.:ou-ld. irel-p'ro explain the laclc oi'correlat,ion betr,¡eentne

¿lvailabil-it;r of aC"decÌ Þhosphorus a¡cl tìre CaC03 conien-r, of tie soil

founcl i-n bhis :'-irvestigaticir. Cole and 01sen (8) al-so coircluded 'Lhat

cÌe'r,ailed informa'cion abou-b tiie lt'incl of surface present (clay minerals,

Ca-CA3, etc. ) r+a.s not needed t,o cl.escribe the efÍects of soil te;rture

on phos,chorus solu.ìrility j-n calca.reous soils"

ft is at:-¡ar"eni: íro;:nthe previou-s cÌiscussi-on 'chat the surface

a::ea oÍ' a ¡iiven soil Ìras an irnportan'b Ínfli-rence on 'bhe soil suppl¡-ing

poüIero Since the sur"íace ar:ea of a soil, in general, is irositively

related i;c i-ts col-loid-s conient, this r^;ou1d axplain the pos:'-tive

corrclai;ions found betl¡eeir availabl-e soil phospho::us esiimatecì- by

ch-fferent ineti-iocis:'-n the present investiga1;ion and the cla;r and o::'ganic

r¡ratter conienis of the soìl saniples. Il-re role of organic rnat.i;er as a

sou-rce oÍ phoslhorrr-s coul-o. also be talien j¡i-t,o consideration,

The arial¡.ses af'¡er harvesting. -r,ìre oat crop shord an aþ'orcciable

reductíon i-n ÌrlallCO¡- and- itiiiLi--extractable ¡host:ho¡'u-s. Since t:hosohorus

exiracted. b"l' botl: r'eagents r^¡as shot,rtl 'co be hrg;hly related to su::.face

i:hosrrhate in bire soil, Ì;he obse::'red .redu.crion could be altribubed- io

reclu-ctlon in su::face i:hosi:hate of ihe sarirpl-es " Tl:is is in agreeinent

witir Olsen (23) r,¡Ì:o oi:eseirted e,xl:erineirial evidence inciica-ui-ng that

ihe residual L:llosithate in calcareous soils is t:resent large};,- as

surface phosnhate uhich gra-Cual};r decreases i.,ith birne" Cole et al. tç)
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noiied üi:at 'i;he pilosphoru-s a.dsorbeci in a rnonolar¡er on uhe sli:"face of

caca3 excrranges i.¡itÌr P32 nro3re ssivel)¡ l-ess reacliry 'the longerblie

inii;ial_ so::rr-bj_on iteriod. This r,ras ai;triÌ:rrtcd 'r,o a grad_Lial penetratj-on

of Ì;he pÌros.¡tÌ,ate ion in-bo cra.cics and crei-t-ces inaccessi-hle to -lhe

solirtions or to soh-d diffusion of 'bire ions into i;he cr.;v'stal lattice"
'Jl:e red-ucÌ;i-on i-n availabre ohosphor.us coul-o| also be a-L,r,ributed. io

phosphorus i:recipii;aticn in a form less available ì;o the Þl_¿¡n.i;s.

iioi.lever, 'iu the rtresent investigal-i on the red.u.ci;ion in avaj_l-¿rble phos-

p.lror".rs, as inciicated- b;¡,. tlre liìarjCQ3 ernci I'lTi¡,f e;ctrac-bionsr i^jas not r.el_ateC

to CaC03 content of the sangrles.

rieveriireless, the anal¡rss5 of the soil_s after harvestipg ¿i."

oat croir al-so iniiicate tÌtat consi_cierable ariiounts oÍ il_re added.r:hos,_.,horu_s:

especi.ally in i;he ho p.p.n. -Lrea-bnent, lære siill avail¿Lble. This

sng¡lests tirai; ';l-ie eÍfect oÍ i:l:e ad,ded ¡thoschorus l¡ou1di not be confj-neci

-t c' one cropo This sLr¡;p.estion is supported. b¡,. a numile:. of j-nvesiigabions

including tilat of Cj-iuntachenÌro (ó) l.rho conclucied i;¡:ab soluble phosphorus

adcÌed to caicareous soÍls T.Jas avaitable -for long Ðeri_ods of time.

flsen e'L al, (2i:) found 'r,ìlat tire efÍicienc;r of resj-du.at ohosirhorus in
scrae cal-careous soi-ls ranS;ecì Írom 30-50 i:er cent of t,lie cfficiency of

íresì rly added .¡rhositÌra'oe ciecending on soj_l Lype, textu.re , ancl_ foi.-rns

of nhos,rhate ,-.reviousl¡' ad.cled. rhus j-t i-s air;:arent iha-l; the prev-ious

iiia:lagerrlent of a. given soil is an j_nr-Oortairi íactor. in its phosi-,horus

silppf.rinit, rloi'ier. I:ì ii,e ;rresent inves-bigation, bhe Íaci; birab al1 i:he

d-ai;a -i:rci:Lcatecl ¿.el-a'l-ìvel-.'r high soil- chosphorus avaitabilrty i-:r I'euIon

sairiirl-es cou.l_ci be a-btribrr-ted to oas,¿ nranagement i:racticesr since ijrese
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san¡pl-es rtere collecbecì fron a fj-efd i.;hich had receii¡ed several- ,:rhosj-.llate

ap¡rTicai;:rons t¿.i-1;Ìriir -i,be l-as-b ì;irentrlr 1rs¿.¡s-)í-. The lúinnipeg soil itacl no-r,

been:r¡'eviou,sl-r, fer''Li-f ized-)í- r.¡i:ile the history oÍ the liltcna fielcl -is

not l<nol^¡n,

It is-bhi-rs cl-ear -iroin the da-ba presentecl in thj-s i,nvesì.igation,

supported ilr. 't,'le ìlrc-,¡iotls cìi-sc'.rssi ons, 'i;ha'ì; -i:lte CaCCa conteni of a

3iven soil per se could not serve as an indi catcr of tjte i:hosphorus

suppl;ang iloi\rcr of tliis soil" IÌ; also cou"l_cL l:e concl_udecl t,ha-r, tjre

j:1:os¡.lhorus s1,atus o-f a given sc.ii:rs a reac'cìon itrocru.ci of i,Ìte ef_fec-Us

oÍ a mrni:er of f'ac-bors l.ih:Lch could i_::rclude soif type, iext-ulre, o.r:ganic

liiaì;'rer coir-beli'|,, and, previ cu,s ntå¿n¿Ìgern:nt.

-"-:lccord:r-ng 't o irrfoniia'i;ion from iire -í'a.r¡rer uìro or¡necL i;he fieicl.
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66

¡:::ev j-otrs Ìîe.nagerlen'b r

a.vai_iai:i l_ii;y ofr¡ere shor";n to i.rave an irroori;ant influ,ence on

soil pÌrospha'Le.

there rdas no evi-dence cf any reia'Uionsþ'i.p i:eüween -i:i:e ava-i labil-i-by

of i:irosl,ho-''us. eitÌrer acìcied. ili a banci cr ¡ni.:ied i;Ì:roughou_t -Li:e soil

and incnbaied:'or a montl: o::ioi: io seeciing tiiae, and ilre carbonate

conteirt of i;he saäq:l-es.

irosi of the acid"ei irhospho.r:r-r-s seerrìs to be hel_o. inibi-aliy on 1,Ìre

sì-r.rface of 'tire sojl- oar'ì;i-cies iir a -iorra or. -ior.rns avai-1ab--l-e ì;o the

irler.-nis" Ti:ese fori:irs a::e -i;ransforineci g;racÌ-uia1l;y- io _'ior.l;s ]ess

averì-]¿þfs or unavai-l-ai:1e to -¿he planls. lhis 1:r¿i.nsiorni¿ition cìicì

nof i,ave a.Ì1 a.l¡ta-ren'r, i:e-ra-ti onshi-p ni-tit -bhe carbona'Le co,r'ren-i: cÍ

ì;Ìre saiiples.

5. i'li-¿ihly','sigiriÍicani posit-i-r¡e coyrela'bisns,¡ere ob'baiiiecl beL,l.:een

i-.i'roslh.o::us e:c'¡¡.'actecÌ b;1,' ej-tirer irialt03 or .,r{¡,F rea-geili;s ancÌ 'uhe

u¡-Lalie of ohosr¡ho::Lrs b¡r pla-nts.

a..nd.

'i;he

L"
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