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AESTRACT

Measwænt of the water soLubl-e sulfate ccntøit of aeveral

Ma,nåtøba solls ladieated tha& most ef the soiås eontalned adeçrate a-

mounts of sulfur. The Lcwest srater sÕlubLe zulfate eontents sræuøtered

were 1n the soils of the stocl*,on asæ clatiom, A more de&aíJ-d strldy

ånvolv$.xrg p samtr'lj-ng såteB wåthin fJre Stoekton aseocfåtú.on shorsed öhat

these soils are gmeraJ-Iy nrr& l-ower ín waÈer solubl-e zulfate ar¡d soil
sulfr¡r eonts¡t than sther Manltoba soiLs"

In a greenhouse eqrerS-uænt the y5.eLd of rape was sigaifåcantþ

ínereased by sulftæ fertj..lfzatlon orr ? of lL fl¡rfaee soils involv.ed,

ÅLL t*rose æíls thaå yfelded signlfåcant sesponses to sr.¡lfi¡r fertiLåzer

eontained less ùhan 2"0 pnp"mø Td&t€tr soluble eulfate" Sulf\¡r uptake by

ræe we,s signÍficantþ correlated vrith the anor:nt of water soluble sul*

fabeu heat soluble suLfate and suJ-fate present after nåneralizati.onu

The soil- sulfrrr, HCIl eoluble sulfrer¡ æd organåe matter eontents sf the

soils were nst eorrel¿ted w"i.th fir1fur uptake,

Å seeond greerrhouse e:cperdxent detemired the erÍtåcal leve}

of suLf\¡r ín rape as ol0ø tôtal sulfirnu enrd 200 pøpo¡Bø water ælubLe

sulfate suLft¡r,

Studies of tle zul,fate adsorytfon eharacteråstícs of þ{anåtoba

soil"s tndleated that, adsorbed. sulfate ís not an inporbant su-Lfi:r fraetion

in these æiJ.sø Water soleble sulfate should be a good meas.lra of tlre

suLfate that ås anailable to pLarrtsu

In a field experÍ-went, mmsístør& bt* nd statistiealþ sigaåfi-

eant iwrea,ses ln yield of rrye seed were obtained. by brcad.eastlng 20 to

40 pounds of srrlf,irr fertilizetr ôn a Stoekton soiL, Thfs soil eonta.ined

2p peunds of water solub],e sul-fate 1n the upper l*8 fnches" Most of the



Stocktsn soii-e s&¡died. eontain less +lhan thas anoruit of vrater soluble

mlfate,
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rNTnoÐrrcTT0$

S&lfur ås ari eseentfal- plant, nutrient" In plaÉs sulfur fs

an essentiå.l eomponent of proteins, and ås tåougþt to be assoefated

with the produetf.on of ehloropbyll, the developrnent of tt¡e roôt sy*@,

and nodulatt on 1n legwnes (eO), The oeeulrenee af sulfur defieíenb soÍls

in seæral areas of the wrld has resr¡-lted in a¡¡ íncreased i¡rberest ín

the soíl chmistry of zulfi¡r, Detaíled j-nnestlgations fnto methods of

anallysf.s for plant avail¿ble suIflæ, tbe nature of tlæ various sulfirr

fraetions¡ âd the adsorption cheroistry of tåe sulfate ion, have bæn

rçorfed ln the lasf two deeades,

In Nosth Ameråca soil strlf\r deflcieneies nay be encørr6ered

on strongly J-eached, aeíd soils srch as the PodzoLs of Eastem United

Sùates, or the Grey Wooded soll-s of Alberba" Sr¡lfur deflcùæcies ara

not restrl-cted to degrad.ed soi-Ls" Sone well draf¡d, Che¡nomÍ.e solfs

ln WashÍngton ard 0regon have been shorn to oontain insuffíoient a¡acnnüe

of suLfr¡r (23), Little is lsrwn of the sìjJ.fiir fraetíon of tr{anítoba

soiLs" Thfs study is an attenpt at assessfng the zuLfur statue of these

solls, detemining the natrrre of thfs suJ.fur, a¡id dev-isíng a neans of

esfimating the plant avai.}able fraetion"

SoíLs that eontaÍ:r large a¡nounts of water soluble sulfate trere

consldered to be sulfur sufficisrt, and few investígations wæe made en

Èhese sol-ls, Sínee prelimlnary aælyses i.ndflcated tbat the esarse tex-

fured, welL dratned. Gheisroze¡ale soils of the Stoekton assoeiatíon eontained

smatl anounts of water *furb1e sulfat,e, a nore detajLed sürdy was made of

these soils" In devlelng a ehemlcal soíI test for pJ.ant avaìlable sul-

fate, severaL different net*¡ods were inveotigated" the sulfi¡r measured

by each nethod ldas cor?elated w'ith uptake of sulfur by rape plants grown

on these soils i.rt the greenhouse, å. seeond greenhouse eryeri.msrt ínwolved



¿

ftre dete:ntr¡ati on of the eritteal levetr of to taL sulfur, and vrater e:ebraeù*

able sulfate zulfT¡r in rap€ plæ¡tsu Studåee were aLæ ønduçted on t,he

adsorption of sulf,ate åons by several represmtative Mar¡itoba míls. A

field eryerimerÈ æasured the effecÈ of sulfur ferbf-lløers o& rape growsï

on a Såoekbon soll"E



Ir REV.T@J OF ItrTERATURE

Early workers in Seil Seåeree, althougþ reeognåzång sulfur as

an essentlal pLant nutrientu made fepr etudåes of, flålfirr ån soils, Thene

were several. reaeons for thls apparent dearth of researeh on suXfur.

Seme of tf,¡ese treasons are: early methods øf plant anaþsls underesùf¡natd

the nrIfi¡r aontent of plantss thereQr urderestLnating plamt requlrerents

of suLftr; sulfur was added inei.dentelly te many æ1}s as åmpuråtåes in

Lfme and phosphonrs fertlLiruers¡ ed, sulf\¡r defleieneles are not gen-

eral and vrldespread, as are nitrogen defielencies, but more Loealåøed

æd speelfie f,o eertaån areag and sofls, Høever, responses åo sulû¡r

ferÈLLlzer ln many areas of tbe w rld, nw nebhods of plant, emalysis

and t*re removal of eulftrr i-npuritfes fxþm phosphonrs fertd.}[øers, has

shswn çms{<ers that supplÍee of æíL erlfur ane not alwq,ys adequate fon

madmu¡a pLant grcwtho Coneequently an i-ncreased interest ín the s¡åtr

ctremistry of sr¡-lflrn hae developed wåÈhi.n t&e past åræ deeadesn

A, 3{ATTIEE OF SUI,FUR TN $OTI

Tbe total sulfur fraetíon in sofle eorqpråses both oryanåe

atrd inorgani-e fæm,g, 0rganle sulfur, gøreralLy estimated as the dåff*

etrstee between totaL qrlfur anl Snorganie sulfate, aeeCI:nts for nearly

alL the sulf\rn presert ln t&e zurfaee horlsons of nost soiLs (X8)" Sew¡

eral- uorlcers have est{-mated mounts of organie sr¡.lfur Í^n æåls, and re*

l-ated t'he anount, of organle sulff¡r to anount^ç of ot*rø æíL ærastítuents*

Eþans ard Rost (1f) wrki,ng vritå Ghernozesie soil,s js Þfl¡mesota, rryorü

organíe sul"ftrr contenbs ranging from 216 to &28 pepo&ø NeLson (9e) re-

porbs that most of the suJ.flår of the eurfaee horåsons of æile is i-n

€he orgæíe form' Ile measrred the srLfur oosbffib of some zurfaee soL}s



le

of, Mfssi-ssippl, u&åeh varled in te*ure fron smd,y i-oas to elay, and åi¡

pH frcra 5"2 to \rfu, Theee æils eontaåræd L27 to 56!.+ prp"æ" &otaÏ sulftrr,

of whídr 6t+ to 353 pup"no ?ras presert in the organåe form" TtÞ æåLs bad

an average C¡trl:S ratío of 126:10:1, and amounts of organie eaÍbon, total
nitrogon and total suJ.fLxr r*ere positively correlated" Work by Har*rard

g[ går(ee) shor*s that the bulk of the sul"fi:r of zurfaee soils is in the

organfe fraetíon, The orgar-Í.e su}fur levels ranged frcw 77 to 765 ÞøpoÌoo

The æor¡nüs of orgenie carbon and organic S v¡ere positfveþ correlatedo

flle average G:N:S natj-o ¡rae 145:10;1" Iør*e (29), rcrki:g *rith øi_Ls of

Q¡rebec rryorts Linat, 53 to 90 per eent of the sulfirr f.s organic" Hís

more reealt work on soÍls ef Albetta rqorts a aean r¡aLue of l+35 Foperro

total s¡-t&¡r in the Ah, and 273 p,prnn ln the En of Chemozæie soj.ls"

The nfneral horizons of the Grey l{od.ed soìl,q sontained mue}r less tôta-l

sulfirr than dld equlvalent horÍzons in the chernozemfe eoÍlg (as).

LittJ-e is lmov¿n about the compounds of the orgarric sulfur frae*

tion" T.he zulfun e,ompounds of plants, eueh as proteíns, pol¡rpopttdes

and amino aeids are assumed to be present,, ht Ít is not la:aøn how long

thry persíst. Lorøe and Delong (30) ana otirers (1"6e40) suggest that a

eonsLderabLe anount of the soi.l zulfirr ís coval-ently bound. to the polr-

saeeharfdese or mlfate estere of phenol" Smnll a¡tounts of amino aeids

net'hionine and eystefne have been deteeted in hydrolyzabes of soåå (18) -

I'Iost soils contain signlflcærè amounts of inorgenlc sulfur,

rn the læ'rer hori zons, espeeially where æ ils are Ínperfeeu-y drai.ned,

oalcareous or Sæsiferous, ínorganlc e¡lfates eonstltute nearly all gie

total sulfuro The sulfate may be presæ t i¡r the soiJ. solution as st¡-l-

fate ionse or ocerlr as relaÈively soluble salts such as snosun or



ggSCI4 (18) " Thls zuXfar fraetion is readåly avaålabLe to pLa¡aÈsp ffid

eonsequentl¡r on many sollsu *¡emÍ.eal soiL tests øtråeh æploy s¡at,er or

dtlute eleetrotryt,es å6 exbs'aeta.rxts are snråtabl"e for measuri:rg plant av'aå}*

able suLflrr" rn other mils, espeelally tkrose w?råeh are etrongly aeåd

and eontain appreeiable amounts of, elay and sesqråoxïdee stgnillf6¿¡19

amounts of su.Lfat@ ü.q'be retained by proeesges of adsorptåoa (l4rpJ-sA6),

A third fsm of inerganie suLfate is that suXfate t&rieh ås eopreeåpåtated

triÈh CaC03ø WiILÍans and S&eSnberge (/+0) hane sho¡øn tbÈ ån eaLeareous

soile of Âuetralåa ttrås fraetion eøpr{ses en ånport,æt porÈåon of t}re
&eta} su}fi¿r" This solL snl&rr fraction, generally exÈracted r"'i'Hi N H$J-

ås thought to be relatively unavaÍlable to plants" SuLffrr meg aJ-so be

preaent as very lnsoLubLe for¡ns sueh as 8å.504 or pyråtee Fes2 (Igp?),

B" FflNERAT,TZATTON OF SUIFTI8,

Soí1" mteroorgarfsns eonvent the organie sul"fw of æå1 tø i,¡e*

organíc zulfate by a pnoesss s{milar to the ninerajll-zation of, orga65.e

nitrogen to nitraùe. Although one wouLd expeet the reLease of nåÈrate

and su-lfate to be in a ratlo of Èhåi¡ øntent ln tlie æiJ organíe matter,

several sb¡dies heve shown ttat thås often does nøb oeeur@ Barrorç (3u&)

fcrund that some sulfbr defleient sojLs díd ¡roü release zulfate altliough

nftrate was ninerallzed. Nelson (32) reports thaü míneralåøation of,

nÍtmgen and flr1fur are related., Ìalt that release of sulfate lags behird,

reLease of nltrate" Tlre addåtíon of nateriaJ_e of hígþ organåe earbons

organic su].ftrr ratåo mry rezult i-n fisåtion of sulfate (321" ïneubation

studíee trav,e esti^mated the amm.rnt, of sulfate mineralløed as J_"2 por.rnds

ppr aer€ pen nonth (327u 9"8 pounds ln a { week perÍod (zZ), and 2&

pounds årr a 1@ day pentod (/¡). These flndångs indåeate the v,ariabre



nature of sulftry mj-neraLisatíonu Tt ås dåffieru-}t to apply results frrm

stTldi-es v¿-1f¿ vani-or.ts Ðils rmder laborakry and gneenhouse ecndftlons Èe

parÈåmlar soåls urder fåe1d eonditi"ons,

C" SUIT'UN BATÁNCE TN $OTT.5

The æou¡rt of plant avaål-able sr¡-Ifate in soi-Le depends upon the

relative rates of additåon ar¡d loss of eulfateu Where l-ossee of e.rlfate

eæeed, the ærounts rel"eased or supplíed, suLfr¡r defieieneies rezul-è"

0n inFerfeet'ly drained soíls, espeeialJry under aond,itÍons of

Low rainfal}, soluble sulfate, sal"Ès of ealeiun, magneslum and sodiue

contríbute åo the ffipply of zulfate (l8)n The mtnerelfaation of ttre
sul-fur of the organíe fraetion Ís ên impætant souree of zulfate 5n many

soilso Signlfieant amounts of suLfate are added in raÍnweter* Iforkers

ín the æuthern Unåted StaÈes estÍnate yearly addltions of an average of

12"7 porinds zuLfbr per acre near åndustrÍal ar€as, and 5.1+ pounds suls¿r

per aere Ín nrral areas (24)" Yearþ ad.ditions of a mean of zT pounds

gulfur Fr ecre per Jrear are reported for TndÍana (6), I¡r western

.A,ustral-fa about J. pound per aere per year ås add,ed fn raånwater (18) 
"

rf has been shcm'*n that plents car adsorb s02 fiom the afuosphere (e4)"

Tery lÍttle of a eropss req¡LrenEnt Ís reallzed fmm ühis soure€o Smaljl

æormts of sulfate are added. Ln ånseetieådes end as impurlties in s@e

fertilåsers" The nost, eorueon sulfhr fer"tilLlzere êre g¡psun and amonø

åua suJ"fate,

Removal" of suLfate fnom the æfl ís prÍrreipalþ þ two prs*

eessesi erop rffirovaå and leaehÍ-zrgu Rmova1 þ erops has been es&imatd

at forty porands per acre per year for mæbers of the BraseÍea f¡nily,
fwenty pounds per acre per year for 3.egtmes, and. texr pounds per aere p€r
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¡rear for eereals ard grasses (6)ø Logs of zulfate by leaeåing may be

exôensåve' Studies *ntth þsi*reters have shown thaü ae w¡eh as 55 pou¡ds

per acre per year may be leaehed from sandy soll"s (23) " Slnee zuIfate

adserption ls rægllgåble at pÌ{ greater than 6,Ct (z6rfJ!".), zulfate is easily

l"eaehed f¡rcm. moe& neutrar or alka-]-i-ne @arse te*ured eoåls,

D. SUi,FAl5 ADSOBPTTO}T

Hany soi-ls have the abiLity to retain sulfate åons by processes

of adsorytå.on. Kamprath gþ g.(¿ø)souna that oi^Ls have Èhe capaeÍty to

adsorb slgnlfåcanü amor¡nts of suLfaüe ions. Greater amount,s of sulfaüe

are adsorbed by soi-le that' are stnongly aeid than are ad.sorbed by soils

that are less aeíd or neutraÏ, Clay nÍneraJ.s, sesquf.oxi.des and organåe

natter appear to be the soll eosstituents rosponsible for the sulfate ad*

sorptlon phenomena" T'l¡e speeles of eLay minæaL is fmportans, Alu¡sinår¡ra

saåurated kaollnítåe cJ.ays wlth a le1 type lattiee are abLe to adsorb a

great deal nore zul,fate thau 2:l- l-attíee type clay nlneraLs such ae

montmorilLonite. The æount of ad.sorbed sulfate increases *rlth j-nereaslng

eoncentraü.on of sulfate fons fn the sotl solutíonu Phosphate ions ea¡1

repJ.ace adsorbed sulfate, and phosphate is adeorbed preferentially to
sulfate"

Wonk by Ghae gt gå'(Sr9) at Oregon indieates that a ki.netie

eErilåbråun existe between sulfate retal¡rd by soiJ-, and the eulfate j.n

solutLen" These a.dsorption phenonena eên be deseri.bed by èhe FreundLleb¡

adsorption equ.atíon r¡rhieh oonsåders the relatj.onshåp between the eoneentna*

tion of an adsorbate, and ttee amount of its adsorptfon by an adsorber&ø

The goed fLt of adsozpt5.om of, sulfates by æiLs srggesÈ tlu,t ùhere are

no adsorpt'Íon na¡rlsas ed therefore no definit e anion exehange eapacíbyo
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This diseormts the roLe of anio¡r exehange ån eulf,ate adsorptfon, SuJ.-

fate ls easiJy desorbed.; as mr¡eh as t+5 per cer& of the zulfate adsorbed

by so3,-1s fram eoi-l-sulfate solutåon suspensfons ean be ræoved by one ex*rae*

tion treatmmt w¿th watetr" The exehange reaetions are napÍd; from 8? te 93

per cent sf the exehange has üaken place after one rainuss"

Harvard gt gt"(21) used so1l coÏran ehrromatographåe teehnlques

to demonstrate suLfate retention by sfls. The,y. reporb that S35 taggeA

euLfate ions were mueh less mobiJ.e, and hence adsorbed to a greater degree

ín t'hose soils of low reaction, espeeidilþ wtrere alr¡nínu¡n saturated elays

were present' The deetnrctfon of organf-e matter j.n these solls resuLted

ín the sulfate adsorption eapaefty being redueed by one-third to one-haLf,"

The rmoval of ír.on and alt¡rinwi o¡cldes also redueed the amount of srrl-

faÈe adsorbed, The,y pos$ui-ate that the neehani.sns of sulfate adsorptíon

are;

Lu Ånion exehange lnvolvíng hydr.ous od-des of j-ron and alumi-n-

um., and the crystal edges of clay as positively eharged

såtes capabJ-e of attraetÍng sulfate íons"

2' Retention of sulfate ions by eobrdfnatå-on vnith hydrory-

aluninrm eoraplexes"

3i' SaIt or moleeular adsorption, resulting fron attraction be-

tween the soi.]- eolloÍds and salts of, sulfateu

l+, Betmb-on by emphoteråe organíc compounds" Ttrat, ås, aå

aeid pH, posÍtively etrarged sítes are ar¡ai_Lable on organåe

matter eomponents for the adsorptåon of sr:-lfate io¡lso

E* OHM.ÍTCAT SOIL TESTS FOR SUT,FUR

The developert of a ehe.nieal soil test to ¡aeasure supp}ies

of plant available sulfur has been investígated ån seqena.l areas in
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reeent Jrearso TSre naín probiere assoeiated wít,h many síÏ tests for

sulft¡r is that the relatively snalt amounts of sulf'ate sr:lfur exlraeted

ín moså teehraågues eannoü be aeeurately measured by meÈhods of strLfate

analysis v¡hich are suit,ed Lc routi-ne analysis, ffost, soil tests for str1*

fur inwLve measurffietlù of sulfate íons by the turbldimetríe method of

0hesnia arid Yien (f0), or nrodÍficatÍons of that, method (tr9r2)"

Several differenù exbracting øi-utions have been usede wåth

md,erate euceesse in ræovå¡rg plant aval-Lable sulfate fron soíIsu Â

3-arge n¡¡r6er of soil tesüs use waten, or dåLute eLeetrolybes as e:cbraet-

ing solutfong" Speneer ar¡d Freney $?) were able 'to obüaín good eorrela-

tíons between suLfur uptake by pLarrts and cold v¡ater exbraetable sulfate,

tr{Ílliams and. Steínbergs (/.ù) used solutions of ditate eleetmi-yte

(O&ß CaCl2 and. 0"2 lo 6,0ll Nagl) and found ùhat sulfate s¡lfur was msd-

erately ærrelated (r -e 0"78) to plant uptake of sulf¡¡r in a greenhouse

eryerf-nent," Bald,sley and l¿r¡easter (2) report that sulfate exbraetable

by dilute aeetle aeÍd solutÍons was not slgnifieantþ eorreS-ated wåÐh

sulfrr uptake by white elover g?own jn the gtreenhouse" Sa¡rfod and

Lancaster (35) for:nd that suJ.fur uptake by tumips agreed eonsistmtþ

w'ith ttie zuLfate sulf'ur contenbs of æ1J"s (r e 0"8?).

0n those soíls that, eoniaÍn appreeÍable anount,s of adsorbed ffi}ç

fate, exLraetions with phosphate soLutions has been shovm to ¡nee ef,feeå*

åveþ esti-mate plant avaíLable q¿lfate" Phosphate ions are able to re-

plaee the suLfate íons adeoÉed to æ11 ønstítuents, Speneer a"nd

Frmey (36) foune that on a :øåde ra&ge of sulfur d.efieient soí}s, extrae-

tions vrith phosphate solr¡tions removed quantitfes of srlfate that

eorrelaüed welL wåth sulfur upÈake by plants*

Several workers have used nheat solubLett er¡lf\rr or srlfate
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extraeåable fn haù water as an index of avaiåabl-e srcl-f,rår supplles

(3?r&å), Heat sofu¡bLe mrlfur, or the sulfate present in æiIe afÈer

mild hydrolysis at 50oC, ffid dryång at L@6G is fJrougÌi$ tø ænsist of

the easily soluble sul"fate plus the more Labí1e orgærfe etil-faàe, vdeåeh

ås released by th€ m[]-d hydnolysis* WíLLíems æd $teånbengs (Àå)

fou¡rd that the heat soluble sul-fate eontent of eoiJ.s vras sigrråfåeærtly

eorrelated with sul.fl¡r uptake by plants in the greenhouse,

KiLmer and Nearpass (2?) r,¡ere ab}e to obtafn good. eorrelatíons

betr'{'een sulfate ercbraetable by 0"5 M NaiICO3 at pH 8"5e and zulfllr up*

take by plants' ThÍs metåod neaeures the eas!-1¡r soluble zuIfate plus

the mone labå}e portlon sf the organíc ffirIfirr fraetionu

The total suLftm eontent ef a soål does not noim.a^Lly ewrel¿te

well v¡'l.th. sulfur uptake by plants (ãul+L). Bardsl-ey and Lancaster reporÈ

that reserve sulfur (Iargely organie zulfnr) was signåff.eartþ correlated

to plant *rLf\¡r uptake (2). The nrn vaxues rqorted are 0"?g for a green-

house shrdy; and 0"55 for ftetrd eryerfmørts i-n whåeh the reserve sulfiår

eontqrt ¡{as eorreLated ve'1th per cerrb yield of the cheek as eo&pared to ùhe

fertiLized treatment,

Mæty chmleal soi-l" tests for plant avaílable sulf\¡r are abLe

to sqarate soll-s into ttøo broad groups: theee that are sulfur zuffÍe-

íent and those that mey be defåeíent" there is no ælÏ teet wtiåeh on*
såsÈentþ dåstfnguíshes between æils that are Just able to supply

sul-fur ín adequate a¡nou¡tts for mg:Ëi&r¡B pLant gravrbh, and thsse vrhieh are

onþ sJågbtþ Cefícíentq



IT A}$A IrMCAL PRæEÐURES

A. TUNBTNTMETRTO DETENMTNÁ.TTON OF SUIFATE T}ü OTEAR

SOTL AND PTÁNT MATERTAT ffiTRACTS

Sulfate was rneasr¡red by the turbl"dimetrie metÀodo Thip meùhed

fnvoLves the preeipåtat5"on of sulfabe as Ba$04a stfrrirag to keep the

8a"50¿* erystals in suspensÍon, and tranemittanee reasìtrffiente of the

tur&ld suspension. Sl¡lce work by Rosslm a¡rd Viltam¡ã (3&) has shøm

€hat such f,aetors as amor:nt and size of BaCl2 erys tale ræed, øtirrång

peråod, and tÍ-ne before reading affeet results, a standardtzed proeedure

was adop*edø

Twenüy*ffve ml of elear embract was påpetted i-nto a j"00 m}

bea!<er. fhree nl of aeid seed solution (50 p"p"m. S j& 6eU Hel) was

addedn The beaketr was plaeed on a magnetle stimer" After tJre stfrri-ng

aetÍon had begun a constarrt weågh$ of ä*30 m.esh Ba0X, er¡.stal s was

sdded, Stirring vras cont,i"txued fon I ninuteu The sanples were allowed

to stanC for an adåitfonal /+ mLnutes, The sarylea were then plaeed. Ín

a Golæar¡ Junior Spectrophotometer a¡rd ttre per eenè tnanentttanee aÈ

&@ mr r,¡ae measuredo A3J sarnples (lneluding the bleurk) w'ere read &síng

distilled v¡ater as a neferenee at 10O per cent ÈransmÍttaneeo The aetr¡al

per eæt transnittance of eaeh sample vras ealeulated fmm ttrese values.

The pr eent transmittarree valHes ïrere eonverted to optåeal density, and

sulfate esneentration was ealculated usíng a standard ütrvBø Süandand

eur-res should ínelude eptíea} de:rsÍty values for O to 60 pøpornø zutfate

zul"f\¡r" Stærdand erìrves were prepared fæ eaeh e:*,raetant, sinee the

pll and eation eontø¡t of the extrac&ant níghü affeet the results,
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B" Ï{ATER SOTÎTBTE SUÏ,FATE

Twenty*f,íve gratas of cir d.ry soil was pJ.aeed j¡ a A50 mL

Erlenmeyer flask ard 50 m} of distiJ-led v¡ater was added, Thl"s suspension

lras shaken on a reeiprocatr- shaker for thirby mj:rubes" One teaspoon of

chareoal (treated to remve 'waten solu'l¡Ie sulfate) v¡as then added. O"25

gran of i{aCl wae added to floeeulate the eolLoíds and faeilitat,e filtra-
tion" $hakìng was æråinued for an additlonal flve minubes" The ænt-

ent's of the fl-asks were filtered using a Whatman #l+Z t:tter pq)ere 25 nI
of the flltrate was pipetted into a lOO ml beaker ard. the eulfate on-
certration was measwed uetng the standazråÍzed pracedure of Part A" O"l-5

gran of BaßL2 was ueed. Blank deteminations arere ma.de w"ith ead¡ set of

sæplesu

C. HEAT ffLUBT,E SÜI,FATE

ThÍs method ie an adaptation of the procedwe deseribed by

WÍJ-Iíans and Stelnbergs (41). Twenty*five grams of air dry soiJ were

plaeed ín a 25o ¡al beaker with 25 m.l of v¡ater. The beaker was then

plaeed on a stea¡n bath and evaporated until the soll was near drlrness"

the beaker was then heated for t¡ço hours in ayr oven at roOocu The

beaker B¡as removed fbom the oven a¿d allowed to oool. The dry æia

was then tralsferred to shaking flasks, Fífty nl" of s¡ater was used

in the transfern The water sofu¡ble sulf,ate eontert of tlæ heat treated

so1l. v¡as neasr:red using the net*rod outli¡¡ed fn part B,

D" hT HCi- SottiBLE stll.¡'ATes

Twenty*gi.re grans of alr dry æ j-L ære plaeed in a 500 m}

shaking bottle and 50 m-l of 1¡[ Hcl *¡as added, After the vigorous

reaeÈÍon of the HCI ard øaÊoj of ilæ soll, Þpd subsíded the bottles
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were stcapperedø They were shaken on a retary øhaker for 30'qi¡rutes.

Ttre bottles were rercned frc the shaken añ 2 teaspoozrs of s¡rLfate

free ehareoal were added. The bottLes w'ere tlæn shaken by hand for 30

seeonds, arid filtered usfng a Wtratnan #l& ttlÞr paper' The fil,trate

ls usually a t5.gþS yellow eolor, ôre to the iron rmoved. frem the æå1,

by t*re HCl, To remove the so¡rce of tbís eolor 10 Mlu of 2'5N I{aSH

¡,¡ae a.dded +ß 25 ¡nL. of filtrate 1n a 100 nL beaker" The iron ås peeipå-

tated as the hydroxåde" Thl,s suspeneion was thsr flltef,d¡ aruå 15 a.1'

of the elear filtrate vras pipetted ínto a 1O0 mln beaker. Ten nl" of

L'0 N [fCI]. waÆ add.ed to restore aeÍdíty for the Bå.504 precipltation"

Three na.l" of acid seed solutíon v¡as then added" fhe standardized pno*

cedure for the detemlnatl-on of $r1fate (part A,) was foLtowed" BLank

deteminatiorra were nade with each set af sampleoo

E, SOIL SUT,FUB

Thls rethod of sulfur anaþels was devel"@ed by Ba,fdsley and

Lancaster (2), It ínvolves tJre converslon of organíc sulfi¡r a¡rd. re*

duced inorganf.e sulfi¡r to suLfates by lgnÍtion of a eoiL*sodlrm bicarb-

cnate m1:cbure af 5006Cu The eqrverted, sulfates, a¡d. tÀe sr¡lfates atready

present i¡ tbe sofl- are extraeted and measured turbídometrically by

preeipitatí on as 8a"504. Althougþ thls method reasrres organie sulfi:r,

reduced inorganlc sulfirr and the sulfates present, ln soíl, the developers

do noÈ designate the naeaeured sr¡lfur eontent as total suLftrr" TheSr use

the tem soil- st¡Lfur" A cøparison of tåe æil srLf\rr content and tåe

totaL sulfi¡r eontsrt of ttre surface hor{zons of ten Manitoba solLs

(Åppendix t) fuAtcates fÀat soiL sulfrm æd tôtaJ- sutfl¡r values are

ncÐghly equivalent.

The prnocedure used was si-m{Iar to that, developed by Bafdøley'
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asd Laneaster (2), exeept tkrat the salfate æntent,s sf Èhe extraets

were rû.easured usi-ng f"he sta¡dardåsd, turbidæetrie teehnique (part ¿)

ån favoæ of the method deeeråbd by tJre deveJ"opersn

F" PHEPARATTO}ü OF SOIT SÁMPT,ffi

When drying soLL saryrles ån preparatiora for and-ysis for

v¡ater soluble srlfates tbe saryles sÌæuld not be heated" It was fcnr¡d

that heatj¡rg naoist sarylee to 5ooc" greatly fnereased the emount of

v¡afer solubl,e sulfate.

TABT,E T

fr18 E-rEtT 0F Dffit¡üe SoIm A,T 5oog 0M
THE !üATER SOTUBI.E SUI,FATE COhTTETì¡Tø

SoíL
popotho S0¿-S
A,Ír dry sdlls

PePøIBo SO¿-S
SoíIs drlõd at 50ftu

Van Kougþett
Kiteh:ing
Braun
Me0utcheon
MeDonald
Stow

0-6
0*6
0*é
0t.6
0*6
0-6

2ø9
513
0r8
5*3

L5,2
0"8

lCI,0
2,6rl+
L8"2
8"90

22,ra
10*0

Table T preserb a empa,S.son of water soluble suLfate leveÏs

in soils that were air dnied and soiLs daied aÈ 50ot"

G. TOTAL SUT,FIIR 13ü PT.ÅI{T MATERTAL

fhe dry Ígnítlon prceedux€ deser[bed by Sanford a,nd Laneaster (35)

eras empJ.oyed, It ínvolvee the ígnítÍ.on of a plant aateråa}-ígnitiore
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p@wder mf:úure at 500oC" The ignitåon p+der eonsåets of g parts Wafi}3a

3" part' Na$CO3s 0'6 parts I{êN03 and 0"2 pårùs ffit&. Sar¿ford e¡¡d Lasleasten

repørô that thås m5¡rbure effeetåveJ-y exi"diøes organåe srlfur t,o sr¡l"f,ate,

Results å.re e@parable to those &tained vråth the magnesírm n:itrate

nethod (1135)"

The sul-fate present in fJre extraets fmm the lgaited pJ.enü mat-

erÍ-a1-:ignitíon poyder nÍ-xfiure ?Ías measured using the standa¡dåsed pnoeed-

ure out'Lired in Parè "4,,



TV Tf{E SUT,FUR $TATUS OF SO}@ ¡ A}üTTOBA SOTT*5

Å. !{ATffi SOLUBIE i,i'üDTt;HO1. SOLUBLE SUi,f'¡.TE IÃi SEVERAL

}4ANITOBA SOTI ASSOOTATTO$S

The ffret step in assessing the suLff¡r statres of Ma¡É.toba soíls

Ínvolved neasuring the water soluble sì:-lfate contenü of several different

soil assoefations" Llttle r¡ras lmourr abr¡b the amor¡nt of '¡qater soluble

g1rlfate neeessary to suppþ cropso Hovrenero by neasuring the water solu-

bl-e sulfate eontenÈ it was possible to separate the soil assoeíatíons fnto

turo gøreral gruups" The o il"s v¡ith large aounts of p¡ater soluble sulfate

constituted one groupÒ Sj¡ce these soÍå assoeiatlons probably contained

adeqrate supplies of sulftr, no ftrrther inv=stfgations were nade, The

seeond. gr"oup was those soils sf low water soluble sulfate content, It
was cw'¡sídered that these soils nay b defieiqrt, and further Ínvesùiga*

èions were necessa.r1rø

Ffaterials And ¡fethodp.

SoiI samples were obtained dræing the sr:mmer of j-963o Som.e

of tlre soíls were sanpLed at the 0-6¡ 6L2e LZ*Zhs 2l+-36 and 36*&S Ínch

depths" Others were sa¡npled fn each soil horizon, The soil-s were air
dried and groi:nd to ress ttran l Bor&n in preparation for analyses"

Texture ¡¡as estimated by hand textrrring, Organie matter was

determÍned by the Wallcley-gLaek ¡aethod (39) n Water soluble and lü HCI

soluble sulfate Þrere neaouroed using a procedure sim{þr to ttrose out*

lined Ín Section B and Ð of Ghapter IlI.
Reeplts _qg$ Ðiscu¡_eiep_"

the ueasurerenrt, of water soluble sulfate eontents irdícated

that the soiLs of several assoeiations eo¡rtalred adeErate amor¿nts of

sr¡lfur (raute II and TabLe III), fhe hÍgþest er¡lfate conterrùs were

encouubered iJì ttre Plr¡m Bidge, Ii¡ndar and Balmoral wils" These soiås,
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TI1BLE 2

WATEB SOLUBT,E SIILFATE SUI,FUR CONTH{T AI{D Og-iER
CHARÂCTERISTTCS OF SME MANTTCBA SOTLS

Soil" Assoelation
or Series

Water Soluble
S organle $ A*24,1
Matter 0-6t¡ lb,/aere

Water Soluble
S Qn¡,l3tr

1b,/aere
Te:rbure
0-6l'

$toelcbor¡ A
$toekton B
l{l-niota A
GÍlberb B
Plum Ridge A
P}im Rldge B
Plun Ridge C

Plum Bídge Ð
AJraasippf A
.&lmaslppi B
Neuildale A
Ìdw¡dale B
Eriekson
Waitville
Poppleton Á.

Poppleton B
Wel-lwood A
Well¡oood B
lursåar

L5
L5
ï*5
[FS
FSt
FSL
FSL
FST,

L5
9SL
CL
cI
t
SL
ïrS
t*5
L
t
sic

1"6
2'6
2"1+

5.9
l+"7
6'l-

w"3
)ob
h"5
3,'l
5"1
6,h,
2.9
3"L
2,9
lr7
l+"6
t+"9
5"5

3
6
7

L97
2L
50

397
6l+
13
I

22
L2
10
I7
26
10
5L
55

l.&l+9

6
L2
19

288
L95
LL?

1266
2569

88
ì44'

L56&,
55
3e

L95
8?

109
T9

bÞ
@
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TABI,E 3

N HCl SO]UBLE SIIIFUR, Â¡tD WATm, SoLUBT,E SUI,FÅ.TE
TN SEVEML SOTL ASSOTTATIOI{S

Soll- Âssoeíatíon
or Series Horízon

Water Soluble
$ulfate S

PoPolBo

N I{CT
Soluble Sulfur

PøPøtrIø

)
2,

7
?)+

2Ê

5
?

je}

53
16S

5,
2
h

L0

222
25o
198

0.?
O"l*
O"l+
0.4
0*l+

2
t
L
3
3

l+
)
2
6

38

28
58

Ll+l+

6
26
73
7z

Lt8

Ah
B
Gea
c
c

Ap
Bm
Cea
c
c

0*6
6-L2

LZ ^ 2l+
2h-36
36- tß

Ap
AO

0

Erlekeon - 0rbhle
Ðark Grey

l{ewdale A *
0r'thle Blaek

Stoekbon A
Orthlc BLa"ck

ï.undar

Plrm Ridge A
Gleyed Carbonated
Rego Blaek

8¿t

1@
Lzg
135
L{,lþ

0ont8d"

Ah
AO

0ea
c
ffc
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TABLE 3 (eontinued.)

SoÍ1 A.seoeiation
or Seríes l{orf zon

Water $oluble
SulfaÈe S

popø1[ø

ïu- HCI
Solub1e Su].ff¿r

PoPoElø

Pluur Ridge B
Sten Rose

Gleyed Carbonated
Bego Black

Wellvrood Å
Stockbon B
Poppleton À
Poppleton B
l{el-Lvmod B
Idewdale B
A.lmasíppí A
.AJnasípp1 B
Gtlbert Â
Gilberü B
Plum Rifue Â
Plum Ridge B
Bal-u.oral
Li-restÐnes

Åp
AC

Cea
g

uc

100
100

99
26
fl

6
I

2Åþ

I
L5

I
I
14
1C

5
I
1"6

7
t
I
20
Ë
LL
3

c
c
c
c
0
c
lJ

c
c
c
e
c
Ap

7
l+

40
111

26
53
3h
¿rO

r-9
25
LP
3o

29L
27
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reLeaeed by nåneralåua&åon; sulfate ås easååy lost, frcru these æåtrse

textured, eli$tLy aeid soå}s by leaehic€; and 0aS03 amd ælubLe se&Ès

have been leaeFred. froa the ælr¡n' The Læø water æluble eulfate eontørts

measuned lse the Stoclcbon solls resr.¡lted ln more intensíve ìnvestågatåons

on tbese m1Is" These tnvrestfgatLôns are repmted in Part B of t}¡ås

ehapter.

Some soiL assoei¿tions and seríes that are ei-mÍlar to Stoekton

fa mrpholory end cwposÍ.Èion, and srhich shor¡ld be investigated as to

their sulf\rr zuppJ.ies, atrel

l"L*¡¡fota .Assoeia€Lon

ÂXnasippl Assosåat1on

Sourís Agsoeiatåon

e 0rthle Blaek møbers

- Orthic Blaek nøbereø

TtF data pressrted in fabLe fTI i.ndieate the presence of water

insoluble sulfatee" Ttre E{01 so}rbLe su}fate eontmts sf the øåls are

hígþer than the w'ater soluble strlfate eontents" The fnerease ån zulfate

exbraeted by' IIel fs probably ôre to tåe díssolutLon of c€c03 and ùt¡e

strbsequent release of the sulfate eopreelpÍtaÈed erith 1&" Wt.I-rls¡Br €81*

Støinbergs (li}) found ttat al} caleirm earbonate sanples analyaed eontaån-

ed. arater insoluble sulfate wllfch oould be extraeted wì.th hydrodrlorie

aeid. The highest HCI soluble sulfate eontæt s were measwed Ín ttle
eaLcareous rcils,

B" ÐEEATI,ED SflJDY OF THE S1ÐCTffON SOTLS

Tbe assesement of the urater soluble zulfate eontent of se?-

eral soíl assci¿Ëons fn. Manltoba i-ndåcated thst the eoíls of the

Stoekbon assoelation asntained lftLle r¡ater soluble sr}f,ate. In ord.er

to i:rvestf.gate the sulfur staÈus of these ssiJ.s no¡e thoroughly a d.e*
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talLed sfu:dy was made of therau

Mate8¿ aJ-g_sm4__3tetlr qeå"

Soils Inrn¡lved

StogtsÞon Org¡ie _B1aek

Location

The soils of the Stoelcbon assoeiation are deveïoped on tk¡e

deep sandy deposits of the upper AssinÍbcine Ðeltaø Surfaee tex*

ture varÍes frcan very fine sandy l-oan to sand" ApprodraateJ"y

53oewo ac3"es of stockto¡r soils have besr napped (rret2rl3). The

assoeiatfon has bem divided into t¡p texúural types" The Stock-

ton roany sands raT ge in texture from sand to loarny sand, âr€ elËe

cessivery drained and dnrughtyn They are not gererarly suitable

for q¡l-tfvation, sand dunes oceupy large portÍons of this eoi.L

areao The other type, the Stoclcton Fi:re Sandy loæs, ranges ín

texture ; f¡om loamy fi-ne sa'rd to veqy fi.ne sandy 1oa¡an The top-

ography Ís general-ly level to sligþtJy r:n&r1atång" Nearly alå

ûhe soíls of this t¡pe are cultivated,

The dønlnant profile type in the stoekbon assoeiation ås

the OrLhic Black. .A represm tatÍve Orthie Black pnofiJ.e may be

described as follovæ:1r2

* Southwest quanter of Seetion 28u Tcnorn-

shíp 10, Range 12 West,

* 0ultivatedo Coroaon native vegetation ås

a nixbure of upland praírie grasses ard

Vegetation

Fåerd deseripti.on based on l{atlonal soil surrey conmittee of
Ganada Proceedångs, &ilnnlpegu Lg63,

Colors desc¡C-bed usÍng Mr¡nsell Soil Color Charts,

1,

2'



c)

Ðrafurage

Panen& Materials

Topegraphy

Eesgsse

åp

@ aspen and burn oak grevee,

* W'eLL draåE¡edø

* Mderatel-y øarse te:r&-ared. vreakl¡r eaÞ

ea.reous deltaåe materåa1""

* &evel te slågþtþ unduLa&åøge

Depfh-ínehee Deserlptio¡a

6*5 Very dank grry'åsh brrym tø dark grry. loary

få¡e sæd. Slíghtly aeid ln reaeöion, Very

wealcly dev4oped fÍne granular stmeture,

VerF friable wtps moåst" J.oose vrhen dry"

5*1CI Dark grryåsh brwrn to grrylsh brown J.oamy

fine eând. Sl_i"ghtÅy aeid isr reaetion.

SÈnreüureless tø weal<Iy developed fÍne granu*

lar stnrcture, Very frlable when molst,

loose when dryo

10"e2f Ðark bnow¡l to greyåsh b¡"orsn loamg fine eærd,

l{eubra} ln reaetío¡r, $tr¡etureless" Veqy

frlabLe whqr moi.st, 3"oose @.en dryo

27=3.8 Yell-ov¡ísh brorm to brøønåsh pli.æn fåne sand"

Efferneeees w.ith dilr¡te HCIø S{od.erate}y

aLkallne ln reaetion, Sèzuctr¡reless ad

Looseo

38*l+8 YeLlow ffne saad, Efferveseee wåth då.}ute

HGn" Moderatel.y al"kaline. $truetweLess and.

Loose,

é,8

BM

c1

U¿
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equ Ep- :

The $t,oeicbon eoi-ls ?.¡ere sampl"ed at nir¡o slt,es" The sarnples

were obtained f:¡om eultÍvat,ed soils" The Ap, fu ar:d 0 horiuons were

sa.mpJ-ed at eaeh lccation,

&Íe!,hgdq of Anql,ffsgg."

The te#cure of each sanple l'ras esti-mated by hai:d t,exttrrinëp

pH detemri¡:ations trere done on a Lcl suspension of sofl and dietilled
øat,er" Organic natter was detetsined by the Wa1l<.ley-Black method (3g),

TLre urater soluble zulfate content, and the rf soí1 zulfurn contents

ønployed the ¡nethods descrÍbed ín Chapter III, Anaþtical Procedures,

EeeU&q jnd_liegrrF_sí_9n 
"

Table 4. presørts the results ín thís study" The water so1-

uble sulfate eontent was Iær at all nlne sites, Thfs indleates that the

low sulfa',,e content enøuntered 1n those Stoelcton soils aampled fn the

Sådney area Ís ncrb a Local characterístÍe, but a general draraeterfstÍe

of the entíre assoeiatíonø Less than J- p.p,mu water soluble sulfate was

measured ln the Ap horizon at seven of the nine sitesu

There ãtre aeveral faetors w?¡ich may have eontrfbuted to the lsw

sulfate content of these soilsu The low organie matÈer contents and the lew

eoil sulfur contents fndicate thaÈ there is líttle orgæríe sulfur in
t'hese soÍl-so OrganJ"e sulfur æmpounds are eonverted to sulfate foras by

nineralizat'i.on proeesses" Therefore l-ow organåe sulf\æ contants result

ín lÍtt1e sulfate beÍ-ng reLeased i¡ the soÍI. Barrow (3utù found åhaü

soils defieient ln sulfur did not ¡nineral-fze sulfate upon ineubation,

while soils of signíficanÈ sulfur content m-ineralszed zui-fate upon in-
eubation" The seeond factor affec'bÍng supplies of sulfate Ín these

soils, concer¡r,s the texbure of ttre soÍLs and the nature of the under*



fiolJ- 1þpe and
løcaüå"on

Stoclrton FSt
s,wo 32-10*l_2 w

Sto clcbon FSI
S"E" 32*1@12 tü

Stoelcbon FSL
SuE" 28*10*12 tü

Stoekbon FSL
N"¿{'' 9*10*l-2 W

StoeKon LS
S'"dtr" 20*l-0*11 ït

Stoclcbon FSL
N*8" l-5*6*¡¡ ¡g

Stoelrbon I"5
iloW' 6*3-l-3 W

StockLon F$L
S"E. 17*Xg*14 6

Sto ck;ton FSt
S'1{*, 2L+10-}3 Tü

TABTE &

TttE pH, 0AGANI0 ¡4ATTER CONTENf, SOm SUffiUR
ÛoNTBVT, AND !ùATER ffitUBT,n SUIJ.ATE CoNTENT

0r g STæKT0N s0IL5.

FIor{" eon

Ah
tu
c
Ap
&n
fJ

Ap
fta
c
Ap
h
n

Ap
Brn

c
Ap
&1
c
Á.p

hl
c
Ap
B¡n

0
Ap
Em

Tev-ture

IFS
FS
FS
SF$L
r"vrs
LVfrS
V,FSL
VFSL
vFsr,
TFP
FS
SE
UTE
VFS
vFs
v¡'$t
LVFS
vFs
1,4$

l.F
¡ffi
I.FS
rl<
lL¿

FS
]TFS

\rFs
vFs

pH

6"60
6^79
6"go
6,90
7,55
7"8O
6"80
7 "257.82
6*65
6"75
7,02
?'3S
7./+0
7"78
6"32
6,72
7u8CI
7"18
?"08
7.30
6.98
?o01
7,32"
6u92
6"82
ó"?g

PoPe]Ìlo
0rgante Sojå
Matùer É Sulf\rr

1"80
Lr25
0,26
3,39
trOJ.õ
0,59
l+"23
L"23
o,Å4
2r'17
0"92
o.7g
1"83
0,77
o"53
3,67
l"'/+É
ong6
1"?0
o,ó2
OrZV
1,66
0"83
0.35
2,84
x,03
O*72

óo"0
75^A
33"A
96"3
6t+,7
5L*4.

15óo0
go,1
66'8
gr,3
2) øJ-

51u4
75,8
52^5
45'0

130
8?r0
63'.3
67 

"5
)úø2
30"0
ó?"0
63*3
35"0
88"3
é?.0
óo'o

popollto Waèer
$oluble
Sul-fate

0"/+
0*É
l""a
rr?
2.1+
1r6
0*&
o
0,4
1"&
1.8
0"8
O.l#
0,s
1u3
0r6
Lr3
1.1_
n
0,4
0"9
0,4
0"&
0
O'S
G

0r4

N}
e
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1yång material, Do"øn'øard pereolatåon of '*¡ate¡: ís rapåd å-n theee eÕarse

åe:ctured soils" There are nÕ i-mpemeablo layers to restråe the dcs.¡n-

ward movæett of wat'er a.nd åons that may be Lyr soLutåoa, The thard

faetsr ís the pll of, tlze soil, It, i"r ktovn:. (Z6rW) that låÈt1e sulfate

ts edsorbed at' pH greater than ó"CI, fl¡erefore ln the Stoehon soåls,

sulfate released in t'he surfaee horåøons eould be readtJ-y leaeired beyod

rootång depthso Both the pll and Ï:igh pemeabåli-ty' of these æils eontråb*

ute to the rapåd røoml sf srålfate b3r leaeh$"rrgu

fire sof-L srLfur eontent of the Ap heø':å aøm at the Stoekt,c¡n soåLe

ranges fron 60 t6 L56 popø&rø The soåå sulf\rr eontetlts of the Ap of ser*

eral other sc'åLs Þrerec Nø*rdale 2l+7 prp,møe Waitvålle ?3 pøFørnep

ÅJ.nraslppj" 9B*2@ pepe&ep Wellwood ?f2 popømw Firdaåe 2!+Z pøFøErs, plum

Rídge /+50 p"p"nr,e Lundar 810 pnpume The Stock^ion æåis eontaån Less Èotel

suLfun (soll sirLfbr fs an approxinate ¡neasr¡re of tot,aJ- suLf\m) than many

other Maní'boba soi]-s, The lcsø soil" sulfur eontmt of ttre soj-ls ås

prcbabl-y related- to the 1ær orgarråe m¿tter eontentsn soil rulf,ur is a

measiìlie ef tire orgæii-e sulfur eontent, and the fnorganie s¡.¡lfates.

fhe soìl sulftr eontgnt of a sulfur responsive æiI of South-

eastern United States '¡¡as 58 Þøpotno Ín the 0*6r depth, and ?9 prpum, Ín

the 6*t2tr depth (2/,'), Many of the Stoclcton so j-ls have similar soil sr}*

fur eontentse Houeveru a díreet oompariæn should not, be drawn" Adsorb-

ed sulfate is.an importent fraetlon ín the nore acici eoíls of southern

United States, a¡id it is sour"ce of plant available zulJate, The soils

of southern United States probabþ receive larger amounts of sulfr¡r in

rainwater than do the Stoekton soilsu Both these points t¡ou-ld suggest

tha.t the Stockton æijs are less adequately suppljsd w"itir avaiLable sul*

fate than some deficiert soils of southeastern united states,



Genena1J-¡n, tåre resuLts of thås study å-ndieate ttrat sulfun

supplles in *he Stoekton soåi.s are lese thari t&e zulfirr supplåeø 5-n

most, Mãni,*oba soiLs" AII the eofls sæpled i:r åhe Stcekton aseoeåa*

tíon were lsv¡ in øaÈer soluble suXfaÈe*
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The pæpose of thås eryerlment vras *ø aseees the sulfur

suppþÍng eapaeftles of seneraå Masrítoba soíLs and t"o evaluate the

løråh of some ehemleaå soåL teeüs for pLant available sulf\¡r,

Å" MArffi[ArS Á¡¡Ð MEm{oDS

Soils,

fhere were e}eæn mí1s etudled. Ín thLs experÍænt" They

were seleeted to inel-ude a range ín suLftæ eontmt, p¡elím{nary

alralyseø indícated tbt the Plrm Ridge solLs were weLL supptÍed wåt*ì

pLanè available sulfirS that the l{ellwood, Firdaïe and AJmasåppí

soils wene mcderately supplied; ar¡d that the $toekùon sile ru*eþÈ be

defiei-ent; and, fhat fåe sandlla¡¡ds sÍI was armost deff"mitely defåe-

åent"

One æiL (ftr¡m Btdge X) was obtained from the pJ.un Ridge

serLes" Tktese solls are dewelorped on stnsngþ eal careous, moderateþ

eoarse te:rLured l"ecustri-ne deposlts" DraÍnage is gørerally l^mperfeetu

and the dominanË pnofÍte type is the Gleyed carùonated Bego BLaek (3Ð,
Gþpnrm erystals are often enmur¡berd 1n the upper portd.on of tkre 0

horåzen' This sol.l- has mor¡e than adeqraÈe nrppli.es of sulfurn

TtøÐ slLs vaere sampled Ín the WeLlwod assoeÍation, the WeLL*

wood Vl solL and t'he We]-lsnood XT soll" The WeLLwod æl-!.s are moderat:

ety røe1-L draíned orthfe Btaek devd-oped on msderately ed.caræus, med-

Lrm te¡ßured laeustrlne eedlments (11), Ítese sedÍmsxts overlje the

deep sarxå deposåts of the Upper Asetnibfne Deilùa, Gerneralþ cd. eir:æ

earbonate has been Leadred beyorirå the solìffi. of these solls, æd grpsuæn

erystals are rlaver enæuntered, Orgærie matter sentres as tlre maån
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suppller of, planä available sulfur im àÏæse soils.

One sæp1e (f*aa:-e VIffi) was eÕïleeted frsm the Fårdale

aseoe$.atíon" Fårdane æ1Ls are moderaåe1y welå drai¡red Ðark Grey soiS-s6

Ttrry were developed on aodera&ely ealcareouse nedíu¡n texùurd deposåtø

at the aastern edge of the Upper Assfu¡íbine Ðe1üa (lf), CaLeåun carbon-

ate has gæeralJ.y Leaehed. beyond the sohmp æd ffiæffi¡m, erystats atr€ a

rare oeeurrenee 1n the parent naterla.X. fhe bui-k of Èhe sulf\år ueed jn

plant grovrLh mrst be deråved fre¡s the organie matterø

lhere were three sites sanrpJ.ed in the Ålnasfppi soål assoeåa-

tion, the ALnasippi r, rl ar¡d, Irr soí}s, These eoiLs were devdoped on

the moderataly eaLeareous, modenately eoarae te$ured deltafe sediments

of the Iotær Assíníboine Delta (1å)' These s)åls were devd.oped under

Smperfeet drainage and the doninans profÍte types are G1eyed Garbneüed

Bego BJ"aeks a¡ed Glryed Blaeke. Gypsrm arysta-ls are ofben enæuntered l¡t

the parent' mat'erialo 0n tl¡e better dratsaed sítesu CaC03 a¡rd other morc

solìxble salte have leaehed beyomd tire solun, ldhere thls hae oeeurredu

and the solls are lov¡ Ín organåe maùter, sr¡lfirr defieienciee wound be

pJ"ansibì-e"

Three sites were sarqFled (stoekton rv'e v'e vrr) ín the sbekbon

assoeåaëlon (iå)* Stoekton solls r.¡ero devd,oped en tþe weakþ eal"catre*

eusu deep sand deposfts sf the Upper Assiníbfne Delèa, T'trese soils ãtre

wel"l to rapåd3"y draÍned, ard the doninant profile type ís the Orthfe

Blaek" Where these soå}s ar€ eoarse texbured ånd 1æ¡ in organåe mat,ten,

Èhe oceurr€1ce of rulfirr defíeåqreies ls a dlstinet, possùbij-åÈy,

There was ome satple frcn the Sasrdllæd series (36), ttre
$sndi] ande IX soiLu SasrùÍlareds soåLs are urell drai-ned ìdlninal podøol

soåls deveLoped Ín coarse tex&r,¿ ed sílåeeous ssrd deposi"ts in Souàh*
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@estern Manit&a, They are exbremely low i-n natural fer4lJ-fty and almost

eertaånly defåeåent, i-n sr¡lfur*

TabLe V L*sts eome eharaeberísbies of the soi3s.

EmgrimenLal Des,l&,

There rryere three treatments for eaeh eoil. Treaf,¿aæt Â reeeived

no srrlfi¡s. ferbflfzer, and føur rape plants were grownn Treat¡aenf B ree*

eåved 25 p,p,m" sulfate sul-fur, and forrr rape plants Þíere grÐw$o Tneat-

aest G reeeíved no suLfur ferbi-lizea', and there were no plants grown on

fåi.e soifø The purpose of treatme¡rt G was to meaeure tshe amount, of

suLfate released by minerallza&l"on dunlng the pexd.ed of growtlr for plarrts

on treat¡nents A ar¡d B" Eaeh treatmer¡b vras replleatedthree ti-mes for

eaei¡ soil"

P¡p eeduræ.

The eoi.ls were obtained l-n 0etober" The Ap hori zo¡r of a er¡l-t-

åvated soil was san¡pled for al"l soíls exeept àhe Sa¡rdiLands v¿t¡ere the

Ae horlzon of a virgin æjL was sæpled" The soils were alr drled in

the greenhouse, then mlxed, and sieved to rmoæ roots and plant resi-

duesu A represer¡tative sample was then talæn for etræ{ea} analyses"

The soÍls were stored fn the greenhouse for about two rnonths prlor to
plantÍng" One gal.lon glaued poreelaín peÈs were used. T-uno kilograms

of soÍl v*as plaeed Ín eedr pot, One hundned, p"p,E" K and 43- prp"m, P

were added as K2HF4 ln dålute solutåon Í-E! a band 1$ inetres below the

soil surf,aee" Tn one treat¿sæt 25 p"p"nn S, as Ita2S04 fn dí-lute solu*

tion was added. i¡l a band one ir¡eh beLorø the øå1 sttrfaee, Thirby

pøpellrø ld, as HH¿*HO3 ín dÍl-ube solert,åom, and 2 popar&ø Beron, as

¡{*2B¿Of in dÍlute solutåon, was added to t}¡e surfaee of t&e sottr"

Eåght, to ten seeds of, Tanka rape were ssw i.n eaeh pot, on Februarg 1"

After ffiergenee the plants were thårmed to four planös per pot. Þle-
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ÎÀBT,E V'

$OþM CHARACTERTSffiCS OF T}M SOII6 TJSEÐ

T1{ GBffiüHOUSE Ð(PERT}ffi[f T

Sof-tr Texfuure pl{ ø 0n¡{.

Âlm,aslppå

ÅJnasåppl

Å3mas3.ppå

Stoeicton

Stoelrbsn

Ïùellvaood

$tsclrton

FldaLe

6acîdåtands

Pltm R:ldge

Wellvnoed

ï

ïr
mr

ffi

v

v&

ffir

mffi

ffi
'!r

xï

ffs

VFSL

FSI

T,F$

r"s

vFst

tFs

vF$t

ß6

TUFS

rFSL

7,85

Trffi

?*XØ

6165

6ê87

T '25
6.85

?rffi

5"95

7"É0

5"?8

1ø95

5r9L

2,59

215L

2r&

5"1&

1,6&

&"ø?7

ø?33

6"7V

6n,l+9
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tål-l,ed wa?,ey pras used for vraterång, 0n Mareh 7 eJ"I &lae pots weræ

fertilåzed with ¡üH&3{0j Ín då1t*e so}uÈåon, AX} t&e soåls were fefr,ilåzed

&¡ eorrtaån 100 Þopø&ø Þ1, aeeordi.T€ $e the eontæ t of N034 at øeed5seg,

as measured by a sofl testn The above gnrund porLton af the pJ-arrts was

t¡p.nreeted on Mare.h 26, dried aS 50@G" for taro days and væígheda fre æín

in &reatment 0 was removd fipm the pots at thfs tfne, and aLr dried,

The soÍLe røere then gror:nd to pass a 1 a"mo steve, and the vrater soLuble

sulfat'e eontent was reasured6

The eryer5-ænt ¡øae arranged ín a spllt, plot deslgn, A sta&ås*

tfeal amlysåe was made of She reeults fon yields of rape pla,r*e.

Taluee for l"f¡aÈar eorrelatl-on of mgs. suJ.fur uptake by the plarús o-f ühe

eteek treat'rents versus sulfur eontelÈ of the solls ae est"imted by vari-

cus soå} tests were eaLeulatedn Begresoíon Ltnes were drawr to åndåeate

tlee rel¿tfonship between suLfur uptalre by the plants of the eheek àneat*

¡aents end those eofl t,ests that were signifåeantþ eorrelated wlth e¡l-
firn uptake"

T1re æthods of soil and pJ-ent anal-yses used are deserÍbed å^s

ChapËer IIe Ånal5råÍeal Proeedures,

B. BffiIJITS A$TD DTSCUSSTON

TabLe VT llets the reeults of the ¡rarf-ous ehæíeaI eoi-l- teets

used to assess the sulfur supplyång eapaeíty of the LL eolls, The yåeJ"d

and suLftrn eontent of rape grø!ìrn at 2 levels of suLfi¡r $åpply ån ttee

soÍLe is presmted in Table VTI' A statåeÈåeaJ. anaþd.e of the yåeJ.dsls

sr¡marfzed jn tåe A$OV Ðable preserted in Table VIIIo

fhe applåaatd.o¡l of su3"fi¡r fertiåLzer resulted. íg¡ fnereagee 'ïn

yield of pJ.anå matenåal on nå¡re of, the eleveR soils studledE The ån*
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ereases were statísüåeal-}y sågnlfíeanÈ at the '0L lerreÏ on the

ALmasåppå I, Stoekton IV, Sto ehom V and I"fe}trv¡eod. VI eoíIs' fhe Ín-

ereases on the Afuoaslppí IlI, Fj-rdale VIII æ:d S¿ndålaclds IX sCIí"ls a¡ere

sågnåfåeantly diff,erenü f,rem the eheek yåeld.s, aü the ø05 levet' Subs&am*

Siele but not sågnåfíeaurê Í.r¡ereases Þrere y.sÃ.li zed on tkre Almaøippí II
arså Stoekton VIf soils, The Wetlçeod XI ar¡d PIum Rldge X soils d.d Eot

yåeld substanülsl lnereases due üo eul:flur fertÍlåsa&åon, fhese date iri*

dÍeate ttrat the su-rfaee hæåsons of sevryal Mæriteba solls are not able

to supply suffieÍent sulfur for maximr¡n gre*rth of rqe u¡d.er the opëÍrnrm

ændÍtíons of the greenhouses

Signifieanb dÍfferenees betv¡een sol}s ¡qere noted i¡ the ylelds

of the eheek treatæents" Thls ås e:qpeeted, sÍnee ühese soiås ¡¿ere seleet-

cd tø ínelude a relge ín suLftrr supplyÍng eapaelty, One :ouJ-d expeet the

pLeS.ds of üre suLfhr treafumt to be sieíi"ar for alJ æi3.s, si-rce it was

assurod that adegu.ate amor¡nts ef sulf'uru nÍtrogen, phosphorous, potassir:m

a¡rd boron Þrere suppU.ed" It was noted that the yåeLds of tt¡e srrlfun

treatsænt on 9 of the lå solls vrereqrrJ.te s{m{larø The Sandilæds IX ærd,

Plun Ridge K soils yiei-ded sígnåfleæitly less than dLd the otLrer 9 soí}s,

$ånee aLL the major nutrtents urere in ad,eqrrate supply thi.s reduced y5-e1d

øuld be dr¡e to a m{nor or seeondary (erg*, Galelum) eLeænb d,efåeåæey

or sære faetor ef nuùr:eat åmbaJ"eneeo Invee€igatåons í¡rto tjre mlnor

elænË sêatus of the Pïr:m Rådge ærd. Sanðålamde æiIs *ould be eoneåden*

€dø

Table IX lfsùe r vakåes for sÍmf'Ie linear eorrelatíons sf Èhe

var$-oue æ*1 €eets and sulfur uptake. Tþe reXa&i.on beÈween water sr}¿b}e

eu.lfate and mlLft¡n uptake 1s ålluetrated 1n Ff.gure trø Fågures a s.Ed 3

chow sítn:if-ar rel-atione between treat soluble su1faåe and suJ-firn uptake;



Soil

Almasippt I

Å,Lmasf-pp$- II
Atrnas*ppf- ITI

Stnekbon TV

StockÈon V

!üellwood VI

Stoekton VII

Firdal-e trjrTII

$andLlands IX

Plum RÍdge X

T¡teltr¡çood XI

TABTfi 6

A COMPA.RISON OF SE\TEFA], MEtrHODS OF EVAT,UATING
PI,ANT AVATI,ABT,E SUI,FUR IN SOTT$

r"g5

5"91

2,59

2"56

2"æ

5"t&

1'6/+

l+*zT

o.?3

6"77

6*l.rg

Sulf\rr $ulfate-S
PoP"It" PoPomo

100

268

L',l5

1-16

s5

255

ffi

?&z

27

450

æa

e1,

0r6

Soluble
Si¡lfate
pop"Ille

1r5

1""5

0.0

0,0

0.0

0*&

1"3

OrO

9o?,

2'0

3u9

7'6

10"0

6"Ê

6.â

L8.0

Ðe-1

tr8*0

2"0

55*C

6*a

Heat
Soluble
Su]-fate-S

PoPoillø

4u8

)oô

2"?

3'2,

4.0

5"6

5r0

6,0

000

æ*0

906

Mlnerelløaülon
PoPeli{.o

An/+

Lr6

2'2.

0n0

0u0

3.S

o,5

lr$

000

olt

6.6

\.|3
UJ
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Alnasippt f
Almaslppl II
ê,3.maslppå III
Stockbon IV
Stoelcbon V

lüeLlwood iß
StseHon lrJI

Firdale 1IffiI

Sandflands IX

Plum Rídge X

Wellwood XI

Yield of Tleld of
Treafunent A Treat*nent
(cheek) in (25 p.p,mu

gns " icr gns.

TABT,E ?

lIEi,D ANÐ SUIFUR CONTENT 0F RJ.PE GAO!ìIN

UIVDER 2 IE\Tü"S OF SUI¡UR SUPPLY.

3.0Åt

u*95

/+"14

2.85

3^66

4"20

5,17

4.30

3.n90

6,75

6"8CI

Percent
B Tield
S) Treatunsrt A/

Treafunent B

7 "50
6"97

7,63

?o/E0

7 ."68

8.2J+

7,80

g*01

5,59

6102

7,63

40,5

?1"0

5l+"2

38,5

l+7 
"6

5Q"g

66.0

53'-6

29"3

110.1"

96.ó

5É*n
Cheek

Mge S
Uptake fn
0heek

.06

"06

'07

"07
r05

*06

"O6

*O6

.07

,15

uo8

1082

3.az

2"go

2"@

lr93
?,n52

2ug0

?,"70

r"33

L0'12

5r23

ùþ
Treatursrt B

.30

*31

r3O

*30

u?T

"29
râE

"?9

"36

"&Q

.29

Mgs S
Uptake
Treatment, B

?2u50

21,@

23"L}

22.t&

20.?3

23,&g

21"8&

??,'9Q

21"A&.

a/+'08

2L'7/+

\Je



Sourse of
VarLanee

TABTE 8

ATIOV TABI,E OF THE YTETDS OF AAPE GRO}TN ON LL
50TIs I]ND¡JB 2 TE\IEI"S OF SUTFUR SIIPPTY

Replicates

SoiLs

Errsr ,4,

$oÍle f Replicates
(matu plots)

Treatments

Solls x Treatment,
ïnteraetion

Erron B

Total

Degreea of
Freedan

¿,

L0

æ

Su¡n of
Squares

0,L58

50"15

7,70

58"01

150,96

39^5?

66"21+

?,56.56

3z

t

Mean
Square

ï,east Signlf{cant }Lfference Valuee" a" Soils

b" Treatxrents

10

2'

65

.0?6

5^02

"385

'19?

u.o8#

150.8'É

3,952

3"01

Tabl.ed F
Value

50"L26&&

1"31

A âF'
)@) I

l+"3ø

L'S.Do0l
L"S"Ð.ç5

i:3:B:E

7,95

1n&3 s"
1u06 gm"

4o@ gn"
2"95 w. \Àt"

\J.f.
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TABTE I
VALLTES FOR tTNnA,& C0RnETATIO¡I (r) BETWffi{ }e,S FUT,FUR IJPTAI{E

ANn SUTFUR SUPPLY Á5 TNDICATÐ BT VI'IRIOUS $OIL TÊ5TS"

Å

SuXf\m Uptake ngs vso 1'0 N l{CI Soluble Sulfate, P"P"M" A*?-8

Sulfur Uptake mgs vs, Sofl Srrl"fur P"PøM, û"2¿+

Sul"fi¡n Upt,ake mgs \îe.- ø Organie Matter 8*53

SnLfl¡r Uptake mgu vs* Water Soll.ble Sulfate PoPoMo O'1l5&

Sulfi¡r Uptake mgs ¡rs, l[a+,etr Soluble SuJ-fate After

Mineralizatfon, P"P"l{ø O,æ
SuLfw Upbake qgs vso fÍea.t Soh¡ble SuLfate P.P"l{, 0.9@

&' Sig¡rif,ieant correlation at the '05 l-eveXn

ffi Sig$ifleant eorrelatíon at the oOI levele
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ard water soltrble s"ilfate aff;er måsåeralåøatåose ad suåfi¿r epåake*

gulf\år uptalæ was $o$ esmelated sS.gsdfåearrtåy wåfå the æån

sulfr¡.r eonter& of the seiLe, Så-nee eoåI sulfhr åe eseentlaLly tot'a]

sulfur (See Appendåx ï), íå rypears a6 lf sulfurney'be eimilar to

nÍt¡pgen ån åts beharC.our ån M¡nitoba soile" Tbe teüeL nlånogen ænterrt

of tlheee soils Íe often neù a good Í-ndex of t't¡e suppty of av'ai.Iable

nít,rate" The total sulfur eorÉ,etd on the ba.eås of, these anaåyses, does

nøb Índlcate the æount, of avaiLable sülfate" Baidsley and ta¡reaster (e)

and, other rætkers (Z&) fn the soutJre¡E¡ Uníted States report, a sÍgnåfå-

eant eorrelation (r * O.'Í9) betvaeen treserve sll.Lf\år (soåtr sulftir * easily

soluble sulfate) and sulf\:r uptake under greenhouse ændltlonsn Sinee

the amot¡nôs of water soluble zulfate ane negl$glbXe dren æmpared to

the eoneentratiosl of nsoíI sulftr.rn í¡r ttie soils of thås s&udy, åt is

evådent that the nrn value for lfnear eors-el¿ü.on betv¡een reserve sulfur

(soil sulf\rr - sulfate sulfur) and suLfur uptake sÐuLd dùffer on3y

efågþt1y from the trscrt sr¿].s6 for so1l sulfur versrÌs suIfr¡å upt'ake. These

data lnnoJ.ve orrly eleven sol-1e and f€ 1s S.mportant tø conelder that fur-

then i-nvestígations aay shor+ that the ñssí1" sulf.rrrrr eonesrtration of

Manitoba soíls ís more important in d.eterruining t*re amount of avaj-lable

suLfate €han this study L¡rdícatesu

The amotmt of su].fate sulfiæ soluble in N HCI v¡as not eorrela$ed

v¡'åth sr¡Lfur uptake' The HCl, esbraetlon method ¡$easures the easily solu:

bl-e eulfate plus the su.lfate eoprecipitated veit,b Caß03" Since the zul*

fate presenb 1n tÈre CaC03 ås Largeþ u¡aavai.J.eble to plant,s (40), tne

laek of a signlfåeant esrrelatåon is to be æpeeted"

The organie natter eontent of the sofl,s was slightly but net

sågnåffeantþ correlated wåth sr¡lf'ur uptake (r = 0.53)u This åLlustrates
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åhaå the amou.nt of organåe mtter is of swe iml"orbanee 5-n assessång

èhe ml}Sar supplyång eapaeity of a wålø

The amoun$ of water solubLe sulfate *s sågnåfåeantly eoryetrat*

ed at b}ne 511 lev'el (æ * Q*75)' speneer and Freney (3V), Wíl}åams as¡d

$telnbergs (1,1) and othere have reported. sfuntfíeant correlatåons be*

åween easíly sol¡¡ble mrlfate, and sulfur uptake, frie amou¡rt of ¡sater

eoluble sul"fate i¡e theee sofls ehould be a goed lndex of sulfur avaåX-

abllity, The reæilts of anoÈher seeti"on ef this frevestågation

(Ghapter Vfffi) indfeate ùhat the adsorptíon of zul-fates by these soiåe

is neglfgåbJ"e6 Ttrereforee atr]" or ræarly alt the water eoluble sulfaüe

presed i¡r t*reee soils shotrld be available èo pJ-ants. ConsequentJ.y

trafer soh¡bLe sulfate *rouJ.d be a goed test, The srthsr reallzes the

l-{mj&atlons of the water so}¡bl"e zulfat,e t,est, 0ocxd-uelons are based

on a lls3.ted mmber of obseryatåonso and the neasrtrm.ers of suLfate at

J.oqr eoureerbrat'lons fs somewha& ínaeeurate using t&re turbtdü.metríe

teehniqren However, tåe water solubl-e suf:fate test should be valuabLe

in separat{ng those soíls whieh are adeqratd-y su¡pJ-ied wåth sulfate,

frem those v¿trleh mry be deficient i¡ availahle zuIf,ate. In this eryerå-

melÈe aI-L Èhoee soiJ"e respondlng to addf.ù1or¿s of qrlfur fertålizer

eontained þss &tÉn 2 p"p"&. water æluble su.lfate.

The most slgnåflcant eerrelatione are between ar¡lfur uptake

ad heat soluble sul-fate (r e 0"9ó), *d between n:Lfua uptake ad

watew soh¡ble srlfa$e present after ineubatlsn (r e 0"Eg)o Ttrese data

l¡dåeate that the onganie sulfi¡r frae6-or¡ ås of somc inpoxtmee i¡ de*

temining øuppl5-es of avaålabtre suLfate, The læa& æluble sul.fate pro-

eedure measweø waten eolr¡hle s-uJ.faðe, plus the nore labfle

the organíe fraetion ([1), idrieh ås released by gsxÈLe

of
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beab5.æg, The slgnåfåeant esrreladon of suXfate present after fnetrba&åon,

and sulfu.r uptake indåeaÈes &hat åhc mi-sleraååza&lon of organåe sr¡-1f,t¿r åe

øf sæe ånportæee in deteræ5=raång supplíeø of avaiLabLe s¡lfate. 16 ås

møÈed tkrat the ßrH value for sulf,ur uptake vetrsua v¡ater solr¿ble sulfate

is 0.?5' Sfnee both ëhe heaÈ soluble and i-neuba&íon proeedureg Ereaffirr@

water eoluble sulfate plus a portion of åhe organie suLf'rir fraetlon" t&re

ttscn sr¿fu¡es of 0"96 and 0"89 reepeetívely, åndÍcaÈe that a por*Lion of the

organle zulfur fraetion díd beeone ava5.lable to Èhe plants durå-ng ttre

gro?rth períod"

Tv¡o soåls, the WeLl*nod Vl æcd lfellvrood XI soils neLeased 3rB

and &16 pøpo&e su-l-fate sulfur respeetåveþ dwíng tbe growËh perfod, If
ëhese data are applied to fi.eld eonùitions tlLts ¡could be a release of

approxånatei"y I pounds of n¡lfate zulfur per aere in r¡lne weeks, læsser

ano¡xtte of n¿l-fate wetre ni-neral"åøed j-n the AlmesippÍ I, II end ffl sojås

and ín the Firdal"e VTII soå}' These sol-le released the equåval-ent of,

*2 fu 3'8 por:rrds of snlfate sulfl¡r p€r aere in the nXne week peråod*

T1æ Stoekton IV, Vu and VII soiLse æd ühe Sandi.1.and TX soi-[ dld not

mineralize aeasureabLe amor¡nts sf sul"fate, Sìmilar resuJ.Ès are reported

by Bar"row (&)" He f,ound thaÈ soitre defieåenÈ fn errlfi¡n ofter dåd not

reLease zulfate dwing åneubatJ.on"

That æaor¡¡:t of sulfate nineral-åzed by ttre sofls sf treatænÈ

0 may not have been equal to the aæormt released by those soíls growÍeg

plants" Freney ar*d $peneer (1?) report, ühaå more eulfate ås nÍnera-Låøed

i.n eoåls grovrSng pJ.ants, tùran ís nírreral.tøed i-n solJ"s not growång plants"
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The purpose of th5-s eryerl^mer¡t wae to esüabIåsh a eråtÍeaI

level øf sulfi¡r eontæÈ Ín rape" The eritieal levetru 5n thås ånsta.neeu

is ttrat leneL of sr¡-tfirr eontent in rape plants at vr}¡-ieh fi¡rbtær add*tíone

of arlfirn fertlLizer díd not yield ær iyrerease Ín btd- yield of plant'

rnateråa}. Thås nalue for the e¿C.tieaL leveL of erl-fr¡r in rape pl"ents shotltrd

be of eme value ín assessing ùhe su}filr suppl.yÍng eapad- W of m Í1e g¿þvr*

5ng rape, ührcugh p1ant tissue analysÍs" Thås value for the eritieaL

Level of sulfur ln rape v¡ould enabla one to evaluate the sul"fue" regtdre*

rents ef rrye, ae weLlø

A. ffiFERIMFJ{TAI PNCICEDUNE

The pla,mts were grown on & eoårse Sætured so*n whieh was lew

Ín orgær3.e matter, aeidin reaetåon (pH * 6r6Z)p ffids wtúeh aont'aånd

neglígåbl-e amouats of sr¡.Lfw. The æil was sæpled frcm the Âe horåson

of a Sandllands m'il (36)" The supply of pLarrt nutrlente, except fon

sulfirr, vras brought to a eonstant levd- in aL[ treat'ments thnoug]r the

addltion of fer&iLfzer mater"Lal-su Thís level was suet¡ that the planës

wuLd be adeqrately supplíed i-n all" plant nnrtrients other than zul-fltru

The amourf,' of sul"ff¡r erpplled was the one varfablee There

were ton treatæenråsu ard tvro repJ.íeates of eaeh treatment" Table X

lists tlre aaount of su-Lf\:n supplÍed in eaeh treat¿nentn

The pl-ants were grcrrn 1n one*haåf ga.Llon glaaed poreelaia

peÈs. Eaeh pot æntai-r¿ed one trc.J.ogrem of soåLu The eonstant amoun&

of Ì{ítr.ogen, phospho¡:uls ånd potaseium ferhilizers, and the prcper

æsunt ef sr¡-Lf\¡r ferhiLløer (a¿¿eA in the form Na2SOU) was add.ed i"n

diåute eolutie¡s b eaeh pot príor to planti::g" The pi-arits emerged on
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Apråi" 2!+s ætd were thinned to two plants petr pÕtø The m^teronutråents

ç¡ørc ad.ded in lhe dåstilled water used for irrågatåon, The pJ-ants were

obserlred for spptons of zulfirr defåeieneye ed the onset and deseriptåora

of the se s¡mptons were reeordd.n

The plants were harvested on ÞIay 3O' They vrere dr5.ed at 5Oe0

and weigþed* The plant nnaterial was ground prlor ùo analyses" The entlre

abcn¡e ground portiore of the plant was analyaed fær totel sl¡lf\ir æntent,

usíng the method dese¡lbed in thapter IIu Analybieal proeedures, and for

water eoluble sulfate using the fo1J.øÍng proe edweø

WATER ÐTUBLE STILFATES TN PI,ANT MATERTAT

Fifty ml" of v¡ater ?¡as added ta Oø25 gm of finely greund alr

dry plant re.tería1 ín a 250 mL &rrler¡nryen flask, and shaken for 30

månutes or¡ a reeíproeal shaker. One-quax*er teaspoon of ehareoal was

added, anC shaking æntÍ-nued for an addltional fíve mtnrÉese TIxe sus*

peneíon ""qas then fÍLtered, r:sing a trûratme^n #¡*e Sifter paper@ The sulfate

eoneenbration of the filtrate was neasured using the stand.ard procedure

deseribed fur Part A, Chapter ïII.

& oBsmvATro}üs

Eleven daye efter €mergffiee the plants ín the 0 treat¡aenÈ

shoÌ{ed signs of sr¡lfi¡r def,íeieneyn Theee s¡rmptøns rüctreå the plants

lqere smral.ler than those p]ants reeeitrång su]f\xr fenti-lizer, eh]orosås,

the leaves had thiekened. to give a leathery feeJ-, the leaves were eupped

upuand. The coler phøbegraphs in Figures l+ end 5p iLlustrate these

defleíørey s¡rmptons" Simi-lar symptons were nsted on the 2 mg ùreatment

l! days after energence; on Èhe & mg treatroæt, 22 dayø afåer emergene€g
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on the 6 mg treatnent 2/+ days after emergsr@ei ædy on the I mg treat-

mæt 36 days after effi,etrgeneeo ft was notd that prå.or to the appearanæe

of ¡nonouneed d.ef,ieíeney symptons, growth was retarded. &.ftey the appar-

anee of symptons cf severe 21f1¡r defÍeieney, grovrbh was halted. The niost

defieimt planta (OrA ana h ^ù díd not, fLowetr" Treat"mætn 6 ng to 2S mg

were i-n f1ower at harvest"

CøRE$ULTS Á]'fÐ DESCUSSIO$

The data for $eJ-d, percerùage tot,a-l erlfuru aurd p.pum, r¡atetr

solu.b}e zulfate are presented fn TabLe Ãa Tk¡ese data are presented

gnryhícalltr in Fígure ?ø

The additíon of L6 ng of su.Lfur dÍd not resuLt fn an ånerease

in yåe3d above the yield of the 12 mg sulffrn treat¡nent," The total suå-

fur eoneentration of the l-2 ¡ng treatmeent was 
"lCIfig and the gotaJ" sulf\¡r

eoneentration of the 16 mg treatment was .l-1ß' It appears as if the

eriticeL l-evel of totaJ- srlfbr in rape is 'i-@ eulffrre Pl"e¡rts wi.t'h

greater tha¡r '10É s¡Lff¡r at thås stage of grcwth should not respond to

additLons of Er1fbr fertiLízen,

Tte water soluble sul-fate zuLfirr eo¡'¡tent of the plaraüs ef the

LZ and 16 mg treatøents ls J+0 pøFørbø and 360 poportrø respectively" The

eu$.tica.L Level- of water soluble sulfate m{ght be arbÍtrarily se& at

some figure betwee¡a t+0 and 3& p,p"møe peÍfiaps 200 poponto Te &eek theee

va-lues, a eemparison of the totaL srlI$rr content and the srrlfate zuLfur

ænten€ of rape grovm on sulfur deffcierù a¡rd zul$rr suffåeíqrå soils in

Greenhouse @erinent #l was made,
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TABIE J"O

YTffiÐe PERCU$T TOTAL SUT,FI_ÎR, ANn p,p.M, WATm SoLUBLE SUIFATE
sutFUR 0F RÂpEs AS 003æA3ÃD T0 MGS 0F SUIFATE SULFUR Sr.tppIJED"

Treatmeclt
mg s YieLd. i.rc

Suppi,åed ggs.
pepelrxø Water SotrubLe

S04*$
Ø fetat

6

0heek

ë

&

6

dt
C)

1)

r.6

2Q

2¿þ

28

r:T&

2'&1

3.14J+

l+'36

5r23

5,81

5.&0

6"0?

6"3!e

6,33

*QT

,0?

"06

u0?

r08

o10

@ll-

rL6

,20

o4L4.

w
let

0

0

2A

40

3&

le60

5leQ

ßa

0

¿

&

6

òo

LA

L6

¿u

2h

2E
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fhese d.ata illustrate that the suggested valuee for the eritåca1 Lerel

of tdal sulf\¡r ("10ø) and sulfat,e &]lfu-n (Ð0 p.p,¡a") may be u.sed to

separate soils tlu"t are responsive to erlfur fertilizer fæm those tlrat are

mrlfus" suffieÍert, Although these valu.es for the erjllcal level are arbt-

t"xaryu they m1$t be used as a guíde i¡e $døtlfying su:Lfur defåefent rape

plants, and hsrceu sulffrr defieient solls, by plant analyses,

Ø gotal S lüater soluble !ùater solub]-e
Sofl Ø yiet* Gheek 504*'5 - Check S0¿*-S * Treat¡nent

SÈoekton IV

We1h*rood llJ

?üell¡mod XI

Plun Rídge X

QO

5L

87

LLO

u87

rQ6

oO8

"15

rñ

0

lå?

385

17æ

LO25

235a

267o

Jones (e5) reports that subterranean d-over plants grøelng on suLfur

deflcient soils contained Less than lfO p'p"m. strlfate sulfi¡r" Planbs

growíng on sils nsb responding to sulfur fe¡tillzation ccu"rtained greater

than 1?0 pøpoulo sulfate suIflrr, Va}¡es of 25O pøpomo sulfate sulfl¡r Ín

Sugar beet leaves, and of 3N popone sulfat,e Ín rye grass have also been

srggested as eritical levels of suLfate sulfur fn ptants (25), 0rimson

elover and ladino clover øntaining less than .}tl.Ø tote.L sulf\rr should

respond to additíons of su.j.ftrr fertilizer (21+)" Clovere gþþrn in the

greenhousee was deflnltely defleient when the total sulfin øntent was less

tharr "1É 
at half bloon stage (A*), It appears as if values of .10Ø total

sulf\r and ÐCI poportro zulfate suIfur, although sor¿ewhat arbitrary, shouJd

enabïe one f¡ identify sulfur deficient ar¡d s¡lfur suffåcie¡rt p1ants.

Figure ? illustrates some interestjåg facts about the uptake

sf sulfur by nape plants, If organfe suLftr (21fur utíl-ized in plant

tíszuee is considered to be total su1fur.-eu]-fate sulfu* (25ø 5 )e ít iB
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shornm that addítions of mall amsr¡nts of sul-firr fertllåuen to severeS-y

defieient plants does not yåeld an irærease in organic sulfbr æntent*

An increase ín grrcwth d.oes aceìår'e but the sulfìrr eontent remains reLa-

tively eonstant at 'C? to .A#' There is -Little or no suLfate sulfur

in these plarrt,s, As nore suLfirr ås supplied, and less stress ls plaaed

on sul-fbr supply, there is an ínerease in organíc srLfrrr æntent, until

the apparent critíca} level is reachd at ,10 t"o ,7Aî6 futaL sulfur"

S"dditional incræents of sulfur fertilízer, aft"er the requirement of

srrlfur for Èissues has been satísfied, resuJ-ts Ín a rqrid, almæt

li¡rear i-ncrease in sulfate sulfur content. It appea:'s as if sulfate

sulfur does noè aest¡nuLate until the requirements for sulf,"t¿r Ín plant

tissr¡e have been met, Therefore, plants lråth appreciabLe amounts of

sulfate suLfur must, be reeeiv5ng sulfi¡r i-n adequate amcu.nts" Ðefleíenà

plants generally contaj¡r þss than 2@ pop"mø wâter soluble sulfate,
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vlr SUIFATE A.DSORPTTOÞT ffiPMTMM{T

Å" TÏ{TRCIDUCTTON

The purpose of ttris study v¡as to deteroi-ne åf sulfate adsorp-

lien by miì- æmponent,s is an ímFortanl proeess ln Manitoba soiJe, The

suLfate adsorption characteristíes of some l4anitol¡a soils v¡ene ínvestl-

gated by:

l-, Measuring the reLease of sìrlfate fron soils leached wÍth

dístilled .¡øater"

2@ Measurlng ttre release of sulfaüe from solls l-eaehed with

phoephate solutions.

3* Leaehing soiLs wíth sulfate solutÍons ønta^i.ning S35 tagged

sulfate ions, ærd esti¡natÍng the anount of suLfate retalned

by the soiJ- eomporrents"

l+' Measurfng the a¡nou¡rt of sulfate adsorbed. by soål eomponents

in a orspensioüt of soil an¿ S35 tagged zuLfate solutions,

Adsorbed s¡¡Lfate is nornaJåy loosely helds and parbf.ally

avaiSabl-e to plantsn fn ælls eontaÍ.nfng signlfåcant a,nrounts of ad-

sorbed zulfate, metho.ds of esti-mating the plant avaÍIable fraetion

usualJy e4ploy exbractlng solutåons ccntaåning an anisn eapable of

dlsplaeing the adsorbed sulfate íons (37). The adsor;pü-on of åppree-

fabl-e a:nor¡nts of sulfate ione ís assoeiated røåth a strongly aeåd pH,

the presenee sf sÍgnificant anounts of Lcl Lattiee type elay minerals,

and/or, sesquioxides (l"4re1 s26), .&ù aeid pH it has been shown that

organic matter is a soiL eonstítuent eapable of retai-ning sulfate ions

W adsorption proceeseeo frre majoråÈy of ManÍtcba soils are r:ot aelds

Most, of the soj-Ls that, are strongþ aeíd (egø Podzols of South-Easü Area)
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ds noÈ eentaån appreei"able an*ounts of elay, or other ænståtuents eap-

abl"e of retaÍnång suLfate iens" One ræuLd ncfi eryeet zulfate adsonp-

tåon to be an tmFortæt proeess ån eur soå1s, To eorroborate, or dís-

provee thls theorys a study nas mêde of sulfaùe adsorptfon in our soålso

TÈ was conEldered that åf sulfate adsorption is $ot an i-nporbant process

i.tr Marútoba soils, then v¡ater exbraeåe of f*re solLs should eontatn the

buLk of the zulfate that Ís readíly available to plælts.

B" MA.TEETALS ANÐ }MTHODS

Ðesfør of Colr¡mns and Methods of Leaehinp.

The ec¡lumns ?rere 40 eenti-netere long, They wene eonstrueted

from glass tubíng 6 emtf-ueters ånside diameter" A one eentimeter exlt

tube was fitted lnto the lower end of the eolu.¡nn" Thås exåt tube was

plugged vrÍth gI-ass wool prÍor to fi.Iling the co}¡mns srÍth sollu The

glass wsoL retained tlre soil" parbÍcles rdrfle allø'ring the free passage

of leaehate. The colunns rdere filledwith æil to adepth øf 35 eeaò1*

meters. fhe soils were air dråedo ground to a síze less than J- nm, and

well nixed prior to flIlÍng the columnso Care was taken during fiüine
ts i¡rsure a fairly unlfornn dístribl¡tfon of fàe varåous såsed parÈieles

aud aggregates, Durixg J.eadrÍng a faÍr1y eonetant head of water ç*as

naintalned j:r the colunn at the upper surfaee of the eofl"

soåþ'

Table XI LÍsts eone eharaeterd-stles sf the soils inwlved Ín
the sulfate adaorptíon study" Texbure wac esÈiæated by hard texüunlng"

pil measrrerents v¡ere made on a 1:1 suspensíon of soår æud. water" water

soluble sulf,ate was m,easured usi-ng the turhidimetråe teehniqeee as des*

eribed 5n OÌrapt,er fI, Analybieal procedures,



TABTE ].1

S0I,m CFIAF,ÅCTEAÏSTICS 0r THE S0IÍ.s
TNVOLVEO T}T THE ADSOBPTION STT]ÐY"

$oån Texture pH

!üatær $oluble Suh*grrup
Sulfate

PoPo$lo Designation

Almasippl T

Alnaeíppå 3ï

Firdale I
Iundar ï

$eç¡dai"e Ah
þIev¡dal"e Bm

tüewdal-e CE
Særdi-Larde Ae
SandlLands BfJ
Ëædålande e
Stoeicton I
Sto eÏ<ton II
StoeH'.on Åp
$fuelcton h
Stoekton C

Seven Sisters Ae
Vassar .&e

Vassar Bt
Wa-1èvi.låe Ae
!ùaiÈv1lle Bt
Waitvfl"le C

BeLlwsod I
Wellwood Il

Glryed 0arbonated
Rego Blaek"
Gleyed Carbonated
Rego B1aekg
Orthie Bl¿ek
GIryed Garbonated
Rego Blaeko
Orthåe Blaek,
0rbluÍ.e Bleek.
Orthåe Bl-e,ek.
Mi¡i-ma1 Podøol"o
Hi-nimal Pdzol.
Minimal Pod.zol"
Orthåe Black"
Or€:åe Blaek.
Or*råe Blsck'
Orthle Blaek,
0rthåe Blsek"
Gleyed Grey tr$ooded"
Båseqra Grey Wooded'

¡1 lt rE

Grry Woded,
t{H
tî tg

Orthl"e Blacku
Orbhåe Blaeko

qFst
t

T"FS

vFsI

7 r85

7 r25

?r@
7,90

6,gQ
7 r85
7"7Q
6,3Ø
6rL8
Ðø72
6,95
6"8?
6,60
ó,?g
6,80
5"1+O
6*55
6" 58
5r9O
6u 50
ryryotøt t

7r@
5"7O

0ró r.rr

1"5 o"..

IrJ .."u
'1 62 r,""

]ró ""ur
{e0 or"o
$62 u o."
0o0 ."""
0"0 u",.
0o0 n"r,
0"0 ".uo0r0 u r u 

"0r4 "u"0e8 
" 

u ".L6? tn""
8o3 "".*1"2 . 

" " 
t

jrO ru',
16ê nnuu
2^2 nu.,
4u0 """*0ø0 ... ø

2"0 ""nu

TL
0t
et
vFS
vFs
TTF$

I,}'s
L5
T"FS

vFs
FS
f'!

vFs
0t
t
CL
0Ï.
rTst
VFSSL
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In this eryerlnent the surfaee horiøons of sou¡e ßkrem¡oøem:i-e

soils were leaehed ån glass eolu¡¡ns w:ï-th dísti-lLed water, Measured aLå-

qrots of the leaehate were ælleeted" The eolored leaehates were treafed

w'åth ehareoal to remove interfering eolor, the sulfate eoneentration of

eaeh allquoå v¡as measr¡red usfurg the turbj-dlsetrie teehniqne" I'he soii-s

i-r¡ the æ}mns were al-lov¡ed to dral,n fon trrrenty-four hours, and thecr

Leaehed vr'åth a 20 p"p,na phosphate ælution. Al,iquots of the treaeha$e

were eolleeted, d.eeoloråøed wtth ehareoal, e¡rd the sulfate coneentrafÍon

was detemfuxedø Table X.ï lÍsts eome eharaeteristies of the soils stuèLed"

Egggfts Pnd Dtseussíon'

Table XII and Table XIII present t'he results of thåe e4perÍment"

The data fn TabLe XII índlcate t,hat the a¡nount of sulfate tre*

moved frcm the æiIs by lea*rÍng with v¡at,er is pnopor4lonal- to the a¡nounü

of rsater solubLe sulfate present"" Nearly alL the suLfate ræoved r+as

øntalned in the first I00 rul of leaehate, SeveraJ. wækers have demon-

strated that adsorbed sulfate ís not tigþtly hdde arad may be partialty

deeorbed by exbractions w'i.th vrater (S)" Îf adsorbed suLfate constitut,ed

an imporùanü por*íon of the s¡lfate present ín these soils, one wo¡¡ld

eryee& a higþ eoncentration of sulfate i.n the inltåal aIíqrots of leaeår-

ate (noainly water solubLe sulfate), then smeller¡ b,ri signffåea¡it eon*

eentrat'ions of sulfate in subsequent alfquots of the leaehaÈe, This ls

not the ease i$ four of the eåx eoile of thís sfurdy, the hmdar I,
ldewdale, Almaeíppå II and Firdale I soiLs. The sulfate eoneeTtration of

the LL5 - L65 pJ. aliqrot of leaehate from these soils øntaj:red O p"p"&,

or nearly 0 p"p.m" su-lfate" In *he remair:ring trc solls , t"be Sto ekbon II
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TABLE 12

TIIE REI,EASE OF SUT,¡'ATE IONS FROM

SOII$ LEACHED lflfH WATER

pop,rrlo S04-S in eadr aliquot (*fs)

Soil o*!2"5 12'5^25 2547 "5 37.5*50 50*100 100-Il5 Lt5*165m1

Ålnasíppi II
l,undar T

Sfockton IT

Fírd.aLe I

WeLLrcod II
Nersdale Ah

62 3q

100 72

g,o L3,3

38"0 1?,0

55"ø 2a,3

}æ,CI 65

65

6?

'TO ?¿,1Q¿

&"0

39 "3

18,0

rg"3

5A

9"0

2nO

9"6

3l+

515

2A"3

0

3ø6

0

I,O

2,0

0

3,CI

5.5

3,6

CI

U

0

2"Ð

CIu6

)oÐ
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TABT-E 13

TttE RELEASE 0F SULFÁ,TE IONS Bf A 20 p"p"n, PHOSPHÁ,TE SOLUITO$'
FROM SOILS T&ACHED FREE OF 1{A1ER SOLUBLE SUTFATE*

Þopollre SO¡*-S i:r Eaeti A,låqrrot, (BL)

AJrnasfppS. II
Lurdar I
Stoekton TI

Fíxda1e I
Well-wood Il
Nevrdal-e A.h

0

0

0

o

0,4

0

0

0

CI

0

0

o

o

0

0,4.

0nda

CI"1+

0
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and Ï{ellv¡ood II, small amcrunts of eul-fat,e were present in the 115 - L65 mI

aliquots" Thís suggests that a small fraetion of'the sulfate preeeni in

these tv¡o soils is slwly r,rrat,er solubleu op held by adsorption proeesses@

Kanprath gå gf"(Z¿) shorcd that an acid reaction is neeessaïy fon signlfå-

oant æroi:nts of zulfate to be held by ad.sorption. The Wellwood II and

Sto etrcton II soíls are both acfd. It is possible that adsorption processes

are of some inportanee in the retention of sulfate by these soils, Hc*rr-

evere al.louring these soj-Ls to drain for 2l+ hours, and then leaching w'ith

20 p.p.m" phosphate solution did not reLease more sulfate" These data

are presøtted i-n Table XII" Chao gL *1"(S) rø'ere able to dmonstrate that

extraeti-on with phosphate solutions rønor¡ed near$y all adsorbed zulfate

from eoíls, These data suggest that the edsorption of sulfate ions by

soíI ænstituents ís not an important proeess in these soi-ls,

Ð. ÐTPE,RN"fE}IT B" LEACHTNG SOTL COLIJI\ÍNS IvTTH S35

TAGCEÐ SULFATE SOIUÍTONS

l4eter:Lelg and Methods 
"

In thls study t!¡e soils were leached with a 20 pup,nu sulfate

solution containing 535 tagged mlfate ions. ¡{SSO, 4i20 was used ts
prepare the su-Lfate solutåon. Tbo raicroeuries of S35 was added to eaeh

100 ml of solution, Measr:red ",lLquots of the leachate were eollected.

and the anount of zulfate retained by the æil- vras esti$åted by neasur*

íng the radioactivlty of the leachates, and eøpari-ng this value to

the radÍoac'bivÍty of the original sclutiono

The folloting prtce.dure was used ln neasurÍng the radioaetívity

of the sanples, One ml portíons of ttre solutíons were pipetted i¡rto

ribbed eopper planehetse æd evaporated at 60oG on a hot plate, Ttre
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planetreü was ùhen plaeed i:nder 8iæ thån nlea vr¿ndov¡ of a ffiuelear

thåeago Geåger-Mueller eounter operated al L0tt kil"ovo1tse ffid eounÈed,

Eaeh sæple was eount,ed f,or 10 månr:ses" T'he munts per 10 månuÍ:es fos"

a sa.ulple of the leaehate eras effitpered to the æunts Fr Ï0 r¿tnutes for

Ðhe orlglnal eolutÍon, or sÈandard. The amount of e¿l-fate retained by

the æils rrras jnferred fmm the per eent, reeoær5rc of added øulfate,

i¡ the lea&ate"

Tn a furtùer study, using this t,eehrdque the soíls were first

Leaehed rrith a 2O p,p,ui, sulfate ælutÍ.on, a-lloared tø draån, then leaehed

wÍth distilled v¡aterø The amount of sulfate adso*ed by these soiJ.s,

and the manner sf release of adsorbed sulfate v¿as inferred fnon measure-

nenfs of the aetlvity of the Leachat'es'

Tab1e XI lists some of tlæ eharaeterC.sties of the soil"s i¡r*

voLr,ed in thie studye

egsu].ts and Dise$gston"

fhe results of thls study are preserted in TabLe X,IV and

Table XV'

Those results presented in Table XIV Índieate tlp.t the SandÍ-

Lands, Vassar, and to a lesser extent, the StoeRon æiïs have the

abíJ-tty to a.dsorfu æJ.L anounts cf srl-lfate iÕrrsu Apprad-mate ee"LculaÈio¡rs

indieate the smaJ.L amount of sulfate adsorbedo The eolunns eontained

ÉCIO d.L00 rys of eoi.f-" Frfty mL of 2Q p"p"m" sulfate solutíon eonüain

0,1 mg of mrlfate zulfur" The Vassar Ae høízon adsorbed 1@ø * 37,1+% æ

62n€fi of tk¡e su-lfate supplíed ln the fírsÈ 50 nl of sÕlution, Thås åe

'0628 
mgm of wlfate adsorbed by 8@ gms of æ11, v¡hieh fs less than 1

PePelne S04 adsorbed,e

fn all soåJ.s, the amount og S35 present ín the 58-75 ñ-
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NffiOVERY OT S35 TAGGED SUI,r'ATE TO&[S TN THE TEAOTIATE FRÐ¡,Í SOTLS
LEAC!{ED t*rrg ao p,p,M, s35 gnæno surFATE soturÍo$,

Soåtr O*25 mL aliqrot 25-5e ¡a} a}åquot 5A*75 m-l e}åqrot

eounts É roeov*
/10 m5-n, ery@

eounts fi reeøv*
/10 min" erãr"

eounts ft r.eeøv*
,/L0 rn:n. ery"

Sandllands BfJ

$toei$on fu

I{endale &
Vassar Bt

WaltrilLe Bt

?faitville A.e

lfe"¡¡dale .å'!e

Sandilands Ae

Vasear Ae

Stoekton Ap

C*50 ml alfqi¡o&

33¿¡}

ru15

9t+6L

618r

9l+!+5

À_

i+L*N

g?,6&

3å6,5#

?6,1&

L16 &

96"6w

10å"#

lll¡,r6&

8S,#

7&3

8031

s981

8?.5A

966h

7798

498r

325

6816

107.&w

7h,#

Ê8.1w
-,¿

56"?wt

3?*&M

?oæ

8459

9077

72?e

& SÈandad Coun'b,/l0 ni-sr"

@ Standard Count/l0 sd^n,

9LåW

gg"g¡w

L20,g,&

LCII,6&

. 8lå7

* 9',ltg



62

TABI,E 15

AELEASE OF AÐSORBED S35 TAGGED SIIßATE TCBIS
BY Ï"EACHTT{G }fIlI{ XISTILLÐ WATM

counts,/lo llLi.nuteg 1n Altquot of Leaehate

100*150 $1 150*250 ßl- 2;5A*9aA n} 306*350 n-L 35CI-400 rr:-L

Sandil-ands Ae

Vasser Ae

Stoclrton Ap

8a55

7t&3

7893

821 1

6e95

6t+53

2968

16L

533

1É6

20

21

<10

<10

<10
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a1åqret Õf, tfle l-eaehate ls nearly equå\ralent to the 635 çønfuenÈ of the

øriginal soXutione This lndåeates that the såtes available for sr:.I-fate

adsorpt,íon a e satåsfíed by smll amount's of sti'fat'e íons' These data

are js aeeord with the fÍndings of Kamprath S9å"(eø) and 0hae gþ g&"(8r9),

dro report the imporbance of an aeid pH in tlie adsorptíon of sulfate þr

soåls, The næt ret,entÍve soils are €he msst aeid" Ttle more sreutral

l{ewdale, WaåtvíLle and Stoelrton soå}s adsorbed l3ttJ-eu or no sulfate*

The Vassar and Sand.jfands æÍ}e adsoñed sme sul-fate" Sv¡oboda and

Thomas (38) usea a simflar æÍ1 æ}:mn teehnåque to str:dy the adsorpðioa

of suLfat,e by soils " They for¡nd that nearly af l the mlfa&e added to

tåre sr¡rfaee of these soåls was retaíned by the soils" Greater than 2@

inches of vrater were requåred to }eaeh appreeiable a.nounts of suLfat€

thrcugh å 14 eE soil eolunnø Those soÍls studied by Swoboda and Thomas

eppear to be a great deaL nore ffilfate ret,entlve t*ran the æil"s of thie

study,

Table X\Í }íste the resuLts of the seeond part of thås experf*

ment, Three soils eont,aÍn{ng appreciable arcunte of adsorbed. su}Fate

r¡ere l-eaehed çrith water, and t*re release of adsorbed sulfate was 1n*

ferred frn¡m measrrement,s of *lie radÍsactivÍty of Èhe effluent" The

radíoaetivity of the 100 - l-5CI mL al-åquot ard àhe LÐ - 2@ ml a}íquo&

ås near.Ly equivalent to the radisaetåviby of the original zulfate solu-

tion, This is eryeetedu slnee these soÍle were saturated wít'h sulfate

soLutlon, In the eueeessiv'e aJ-iqrots 25O - 300e 300 * 35O and 350 * /400

the æount, of s350¿n ions present i¡ the effluent reduees rapidþ, The

radLoaetfvlty of the 350 - &O0 nd. aliquot was lese than n0 eounts per

l0 mí¡utes, Thås suggests, that once the zuLfate eonesrtration of åhe
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eolutåon in tåre soil wae redueed, that any ad.sorbed sulfate vras qríelely

and easily desorbed." thao gL -qÅ'(S) found Lkret 35 - 145f of the sulfate

adsorbed to wlå eould be rsaoved wlth one exbractíon vråtb water. Lesser

ausunts of sulfate were re¡roved by subsequent ext'raetlons" In thís stædyu

any adsorbed srrlfate must t¡ave been quieklt and easÍly rømoved, sinee the

radtoactivåty of the effluen$ was nearly 0, after /+00 aI of t*¿ter had.

passed through the øil eolunno

These data suggest that the noost, acid soils ín thls sb:dy cær

adsorb spa'|l quantlties of sulfate from sulfate solutlons' Seutral and

aLkaline soils did not retain sulfate ions, The a.dsorbed. sulfate ís not

tightly held síræe exiraetions wlth water quiekly desorbed thie adsorbed

sulfate,

E" ffiPffi[MmlT C' TtlE ADSORPTION 0r SUTFATE IONS Bf mIrS IN A I:5

SUSPENSION 0F SOTL AND æ peperrø SULFATE S0LUTTON

Materlalj and 3{ethods "

ft*enty gra¡ns of air dqp soíJ. was shaken Þ¿it?r 100 ml. of 20 p.p"m.

sÌ¡lfate solutíon, The srlfate solution æntained zulfate ions tagged

with S35" Tnro n{eroeuries og S35 were added to eaeh 1@ mt of solution,

MgSO& 2llr0 was ueed to prepare the sulfate solution. The suspensions Trrere

shaken on a rotary shaker in one pint glass bottles eqtripped çrith poly:

ethylene eovered:nrbber stoppers. In soetd.on B ttÞ æíls ¡'¡ere shaken for

ttrc hours, allowed to stand for l+8 hours, then shaken for an addåtional

tw hours prior to fÍlterfag" In seetion A the oile r¿ere slu.ken for

trso honrs, then filteredu Whatman fil+Z *I:ter pæers i^rere used, The

radioaetivÍty of the elear filtrates was neasrtred" One nl portíons of

the filtrate ruere evaporated j-n rÍbbed eopper plalreheås, ther eountede
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A comting prreed-ure slmiXar to ti:e nethod outlíned in @eri-eenå B,

Å.dsorptÍon Study, was employed, The aetívity of ttræ filtrate was eonapared

to t*¡e actívlty of tåe oråginal sulfate solution to detem.ine the per

eent recovery of aCded zulfate i-ons in the filtrate" It v¡as cond.ered

that a reduction in activity of the filtrate, as s.*mFared to tåre oniginal

solution is a result of rete,tion of zulfate ions by the øoils, or ex*

ehange wÍth sulfate j-ons in the soilø

Thoee data presented in Table XIIJ lndlcate that none of the

soíls strdfed were able to adsorb appreeiable anounts of fi¡lfate" The

nalues for per csrt recovery are a]-l greater than 90Ø, fuüeating that

the soils vrere able to rmove little, or no sulfate fipm the eolutiono

These results are not une:qpeeted. Several rcrkers have shoÞnr sulfat,e

adsorption to be strcngN-y pH dependent" Littl-e sulfate ås adsorbed at

pH greater than 6"0, Most of the soil-s of thís strdy are þss acíd than

6'0" fhose that are nore aeíd evidmtly do not eontain onstítuents

capable of retaining sulfate ions,

The data for Seetùon B, in wtrich the æil:zulfate solution sus-

pensions were shaken for 2 hours, e'ì lor¡ed to stand for 48 hours ar¡d tt¡en

shaken for an addÍtional tv¡o hours, are pressrted in Table Nvrr" a,

comparison of the per cent recovery values in Section Á., and Section B

reveals the.t or símilar soils per cent recovexy values are less after

the longer shaking perd-ods, It rypears as if there may be a sligþt ærount

of exehange of sulfate ions ia the ø iI with tå¡e sulfate j.ons i¡ solution"

It 1s pæsible that the srlfa+-e ions held on the organic matter (30)

eould exchange ruith the sulfate in solution. Harøa¡d g!. gl.(zl) report,

that ttre bulk of zulfate adsorptfon and exehange was com.plete after 1O

ninËû es of shdring, Ttrese soÍls do ¡rs& have a marked ability to adsorb
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TABI,E 16

Rffi0VERY 0F A-DDED SLTFATÏ FROM SOILgSULFATE 50Ï,UTf0i{
SUSFF,}JSTONS ÁSTER A 2 HOUR SHAffiNG PM[OÐ"

0oui:ts/$&nute StandarJ Oor¡¡nt $ Becovery

Waltvålle Å,e

Waitvill-e ilt

ldaítville C

lüev¡dale Ah

Slev¡dale &n

lÍewdale C

Sandílands Ae

Sandílands Bfj

SandiLand.s C

Vassar Ae

Vassar Bt

Stoekton .[p

Stoekbon fu

Stoelcton C

Stoekton IV

Seven Sisters Ae

799''1+

910"6

76L,6

792,9

8e5.6

906.?

838'/+

839'6

824"7

92a.5

?95"2

602.0

771+.7

8r9,3

763.2

855,6

83'Í.5

937,5

837 
^5

â37,5

837 *5

837 
"5

837 
"5

837,5

837 
"5

837*5

83'1.5

937',5

837,5

837,5

837,5

837 "5

95.1+

96"7

9O19

9l+.6

gg,5

96"2

100,5

lCÐ"6

98"4

97 "5

93.'i

95'7

92"t+

95'L

g1"o

102,1
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TÅBT,E T?

RtrOf'ffiT 0F ADDED SUTFATE FnO¡{ SOTLåSULFATE SOIUTI0N SUSPE{$IO$S
¡"FTER SHAKTIüG FOR 2 HCURS, STAI\iÐII{G fOn i+E HOUAS,

AND SHAKTNG FOR AN ADÐTTTONAL T!{O HOURS

Soí1 Counts/Minute Standand S Recovery

Stoekton IV

Stockton V

ÂJmasippl I
Firdale Tl-lII

Tüelluood Il
Stoclcton Ap

Stockton fu

Stoekton C

Waitvi]-le Le

Waítvi}le Bt

770,9

7t+o"2

809"6

793"6

793,6

766,8

731"1

766,3

78L*5

727 "5

969,5

ß69"5

969"5

869,5

869,5

869 
"5

869.5

869"5

969.5

869,5

ggu6

85.1

93"L

9L"2

9Lu2

88.2

84-"r

s8"1

89,g

83,0
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sulfate, arul ít is difficuJ-t to assess the meeha::ísms of suafate reten-

tion in these soils" Tt is possible that a slow exchange of sulfate for

sulfate ions of the soil ønstituents may account for tJre lower per cent

recovery values associated v¡ith the longer shaking periods" Some of the

add.ed sulfate nray have been utilízed by the soil mocro*crganísms, thereby

renderi^ng it non-reeoverabLe" Generally, sulfate adsorptíon does not

appear to be an important process on these soilsu

Fo GENERAT CONCLIISTONS AI\TD SUMMART

ExperÍments Â., B and C indicate that sulfate adsorption is not

a significant process Ín nost Manítoba soils, Some of the more acÍd soil.su

such as the SandjJ-ands, Vassar and Stockton were able to retain sr¡ll

amounts of suLfate" However, thís s¡Ifate is ncù tightly hd-d, and de-

sorbs readily w'ith l,¡ater exbraction" The more neutral ard. alkali¡e soils

had no capaeity to adsorb sulfate, These date indicate tJrat water sol-

uble sulfate should be a good measure of tlæ more readíly ava5JabLe sr¡l--

fate Ín our soils.



YTÏT FTM..D ffiPMTMH$T

A fÍeld eryerlnent lnwlving sulfirr ferfu-IÍøers on St,oehLon

soÍt was eond.ueted in 1965, Some of the faetors influeneirg the deeisior¡

üo place suclx a tråa} on the Stoekton solls weres the v¿ater soluble eu}-

fate and soiL zulflæ æntents ef the Stoekton sofl asmeiation are mueh

Lower than in ¡næt Mæritoba soiJ-s¡ signifieant yield responses were ob-

faíned with srl-fur fertil-lzer on the Stoelcbon Ðils in the gneenhouses

a¡rd famers have report,ed responses rezulti:g fros addi.tions of sul-fur

fertilizer to tlp se æils,

A. MATERIATS AI{D MEMODS

The trial- was situaùed on a wheat stubble fÍeld i"n the south-

"*re6t conrer of t}¡e southeast quarter of seetion 32, tcnønshlp 10, range

L2 qrest of the Prineipal Merådiano The trtal eonsÍeted of L9 treatanents

eonparfng various rates of nitrcgenu phosphornrs, potassir:ra, boron and

s¡lfur ferbll-Ízers, and two varieties of rapeô 0nþ those treat¿aents i-n*

volving varying rates of sulfur ferH-l1zer, and dlfferent sulfur fer*,*

jJ.Lzer carriers are rçorted in tÌ¡is dÍEcussion. TIre statietieal anaþsfs

eonsidered a.LL 19 treatments"

The tría} was sowa in early May" A síx row self-propelled

seeder Ì{as tF ed to drii-l ln the seedu and any fertåliøer ad.ded witr the

seed. The seeder was of a V*bqlt design" fhe seed ard ferbilfzer v¡ere

4tstuå-buted evenly a¡-ong the V4elt," As the seeder noved. fon*ra¡d tåe seed

and fertÍlizer was dlstributed everJ.y e.long a tl*enþ foot rown Eeeh ín*

dividual plcÈ vras 6 rcr*¡s in v;j-dth (&2 inehes) ærd twenty feet in lengthø

There were four rçl!-cates fur a rand.ontzed btoek design* The 21f\rr treat*

mmts are 1:isted in Table 18, ålJ. fåæe treatments in *rieh rat,es of
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sui"fur and sulfim earriers natrles, reeeived Ç0 pounds of N, 20 pouaads of

Pñ5u and 1@ pounds of KgO per aere@ fkee phosphorr¡s (føHOnrfO*) *t

drllLed irl erith the seed.u The nåtrogen (m,m03) and pota"ssíum (K 61)

were brsad,caet, by hand over Èhe area of each plot" Treatment 5 reeeived,

l+0 pounds of S, ryld treatrent 15 reeeived Ð pounds of 5, broadcast as

OaSO¿."&L2O" Ten pounds of S, as CaS04"ffiZOu was drilled L'l wit]r t]re seed

ín treatwent L6. Treatmmt 1? receíved l¡O por¡nds of S, bmadeast ae

(tUU¿*)t S04' Treatment 1l+ recei-ved no s:lf\¡r fertiJ:izetro

Plante were tr@oved frcm treatnents 5s LI+ and 1? when tlee rape

r,ras in fl-owetrø These plants viere dried, and total sul-fur and water soluble

sulfate were measured"

A ten foot portion from eash of the two certral rw¡e was har-

vested i¡r eaeh pJ.otu The plants vrere cut off a few i¡rehes above ühe

grround, plaeed in bags, and drfed' The plant materiaL from each plot

was threshed, and the seed weígþed"

The soiJ- involved was a Stoekton, Fine Sandy Loam type" The

O - 6 5:reh depth hed the following draraeteristies: very fine sandy loaur

texture, pII of 6r85s organic nnatter contert 2,7%, Nalf003 exbraet'able

phosphcnrs 19"8 popøsoe Iü!{¿nAe exehangeable potassÍr:m l$L popøElo, very lovr

Í.n nÍtrate nítrogen, and, CaC03 equlvaLent A"9Li6, The water soh¡ble

zulfate, ard soil sLff:r content to &8 ínches were!

Water Soluble Soil Sul-fur
Depth in Tnehee Sulfate - Fopø&ø pøpomø

0*6
6-L2

L2 * 2l+

2l+ - 36

36 * t+8

Lu7

L"8

2,&.

0rs
l^6

96,3
!?

5k"L
@

5L"t+
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B" RESULTS ÂND DISCUS$TON

The results of the triat are listed j¡ Table lÉu A eomparison of

the yåelds of treatments 14 and. 1? jsrdicates that forty pou¡:ds of Su brçad-

east, as (NH&)Z SO4 resultgd in a significant (oO5 leve})i¡crease in yietå

of rape seed. on this soil, Substantialu but not statistically signifícant

i.:rcreases i-n yield were obtained by broadcast'ång twenty or forty pounds of

S as grpsun as i:r treatments 15 ard 5. Althougþ dífferences i-n yield were

statistically significant only where 40 pounds of S as (NH4)2S04 was broad*

east, the conslstent inereases wi.th 20 or 40 por:nds of S br-oadcast, as ffpsum

Índicate that suLff¡r probably ís i:r short supply in this soílø Twenty or

forty pounds of S, as gypflm or a¡uaoníum sulfate, resulted i-n yield i-¡lcreases

of 2L2 Lo 272 por:nd.s of rape seed per a.cres This soil- contained 25o2 pounds

of r,.¡ater soluble sulflate in the top 48 inehes. Many of the Stoc]<ton soils

studied. (Chapter III, Part B) contaj:ned much less hlater æluble sulfate than

thisn 0n those soils of lor,uer water soluble sulfate content, responses to

sulfur ferbíllzer are probable" There is insufficient erçeri-nental en¡i*

dence for establishÍng a water soluble sulf¿te level that r'¡øuld S.dentify

d.efieÍqrt soi1s. Consistent, although not alwaSrs statistically signifíeant

increaseg in yield due to sulfr:r ferbÍJ-ízation were obtained on the soil of

this trlal. lf we consider this soil to be nearly deficlerib in sulft¡ro

arbitrary values of L6 pounds of v¡ater soluble sulfate per aere in t'he

upper 48 inehes, and J.0 pounds per asre j:r the A - Ð+ ineh depth ¡nay seffie

as rypro:ci-mate levels below which æ il-s may be ænsidered defíeíent' These

v¿lues are approximate and arbltrarye and a great deal more investígation

is req:ired"

The yíeld nesuJ.t for lreatmcrt 16 is frÈeresti-:rg" Ten pounds

of suLfure as S¡pslt¡te was drilted i.r¡ with the seed j:r this treatæent'



Supplled
Per Acre

Treatment

TABT.,E }8

THE ÏIELD 0F BAPE SEED, AND THE SUL,I'ATE SUI,FUR Ai{D TOTAL
SULFUR CoNT$TT AT FIO!üERING9 UNDER DIFFEAru{T
LEVEI"S OF SULFUR SUPPTT Oi{ A STCCKTOII SOIL"

5

1/+

15

r6

4o

o

2g

to

ÀroL?

Carrier

0aS0¿, ' ãIZ0

Method of,
Application

C&504 " äA0

Ca,SO¡o " 2ÍlZ0

(run4), so4

br"oadeast,

Yleld of
Rape Seecl
Lbs"/Acre

broadcaet,

driiled in
v¡ith seed

bnoadcast

Sulfirr ín
Plants At
Florering

Ll+?1þ

1282

L523

L23O

Sulfate Su].für lcì
Plants at
FlowerC-ng

1,12

o.2g

L.S,D"0I

LrS*Ð"05

L55!+

#3M
* ?ÃQ

poundø/aere

pound.s/acre

35W

815

I,05 2985

*t
&)
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.&lthougþ differences are not statistically signifT-cant, the ¡riéld of $ris

treatnent v¡as less than the y:ield of the 0 pounds S treat¡nqrt, and eonsíd*

erably less than the 20 pound S tr"eat¡nent" There are t'nro pos sible explana-

tionso The fÍrst eqlanatÍon is that, insufficie,t fllfbr was supplied,

srd eonsequently the yield of thís treatraert is sirn{lar to the 0 pounds S

treatment" A more probabl-e erylanation is tlu,t the lov¡ rield fs a resu1$

of seedling i¡jury¡ caused by the placing of faÍrly large ¿urounts of tv¡o

acid ferbilizer carriers w'ith the seed" There 'ras approxi'noateþ 38 pounds of

a:¡nonirm. phosphate and 50 pounds of grpsr:m drilled in wlth the seedo It

is possible that such a concenbration of, aeid naterial resulted Ín injury

to the seedlingsp æd subsequent reduced yields6

A eonparíson of the water sol-uble sulfate and total srrlfbr cont-

ents of the plant material frtom treatments 5r1l+ and }fr j-ndicates an ij1-

crease in total suLf\r a¡ld ¡rater soluble sulfate sul-ftrr r^råth added sul-fur

ferbilízer" Several investigators have reporbed increases in sulf\rr con*

tent resulting from sulfur ferbiliøers, without yield increases (2ht25)"

The water solub-,le zu].fate content of the check treatænå ís t¡eLI-

above the value for the crÍtícal level (approxímateþ 200 pop"mu) as sug-

gested ln Chapter V. The totaJ- sulfur cor¡b ent of the dreek treafunent,

O.29l.s is higþer than tlie value deternined as the eritíea1 level (,10ø)

ån Chapter V. Although the r,later soluble sulfate and total sulfur analyses

of the plants indieate adequate supplies of sulfur, sulfur rnay have been

in inadequate supply in lat,er stages of growbh (i"eu seed*set)n The values

for the erftlcal l-evels as detemined on the basis of yield of forage in

the greenhouse mry not.be valíd r¡¡Ìren exLended to eonsider ¡rr-eld of seed

under field conditions" It is possible that a concentration of sulfate
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sul.f\rr jn the plant at the flowering stage is necessaly i.n order to

en5urÊ ad.eguate zupn}íes of sulf'r.r3' during seed produetion"

l{hen zulfilr ig avail-able, plants take up more sulf\"rr than tlæy

reqrire. This lr¡^n¡ry consu&ptlon of srrlf\¡r results j-n hí& sulfate eon-

eentratíon in the pLants" This is indåcated by the high sulfate sulfur

contelt,s of the plants frm the sulfi¡r treatments'

In sr-mary it is noted that consístent increases Ín yield of rape

seed u¡ere obtained by broadcasting 20 +,t lÐ pounde of $ on this soiJ-" It

appears as if amonitm. sulfate anù gypsrm are equívalent supolíers of sul*

fi¡¡"" These soiLs of the SÈoclcbon assoeiatíolÌe qr similar assocíatlonse

that contafn less than 10 pounds of water soluble sllfate in the O - U+

inch d.epth nry be srlfur deficis¡t" If these sojl-s are not adeqrrately

supplíed r,rith nitrogen¡ and nítrogen fertÍlizers are to be broadcastu the

use of amnonirrm suÏfate should be encouraged" However, this must be re-

gard.ed, onJ¡r as a suggestlion, and ftrrther Ínvestigations are a requisíte,

before more refi¡red fertd,lizer reco¡n¡nendations can be made.
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The neaauremer¡t of water soluble eulfate eontsrts of several

Manitoba soils índicated ad.equate supplíes of su-l-f\ir 1n most solls' Sub-

stantiat asiounts of suLfur were measured ín aLL but the soålo of the

Stoek¿on associatíon" More detalled investigation, i:rvolving $ samflíng

sÍtes rriithín the Sto eicton assocla tion jLlust,rated that these s oils vary

in rcater soluble sr:lfate and soil sulfur eorrtæt and that the Sboclcton

soils generally contaín much less water solubLe zuIfate and soil sulfate

then nost other l{anltoba eoils"

A greenhouse eqperl¡o.ent i.nnolvilg LL soils of varying sulfur

content illustrated that the surfaee hon r,ons of some Manitoba solls

contaln insufficíent plant avaÍl-a.ble srlfur" SígnifÍcant yield increases

r*ere obtained on ? of the LL solls, Thæe soíls r*hich responded to addi-

tions of srrl-fir æntai:red. less than 2 p"p"mo water soluble sulfate"

VaLues for linear correlation bet!"een sulfur uptake by rape plants and

rsater soluble sul.fate (r æ 0,?5), heat soluble zulfate sulfur (r = 0"96),

end sulfate present after ineubatü.on (r = 0'89) were sÍgnifieant" Cometra-

tions between sulft¡r uptake and soil sulfur, HCI soluble sulfate sulfur,

arid organfc matter content h'ere pooro

Ttre results of a seeond greenhouse eqpe:ri:nent j¡rdicated that

rape plants rs"ith less than 0r1ø total sulfi:r, and less tù¡æ M pøpønø

water soluble sulfate are sulfirr deficient. Sulf\rr deflcisrt plants aree

stunted., chloroticu the leaves have a J-eattrery feel, and are thickened

and eupped upr.vardse ê¡?de the stems and lower swfaces of the leaves eontain

a pr:rple to red pígnelt"

The fltlfate ad.sorption draraeteristies of several Manltoba soí}s
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A CO}æ.{RTSON OF THE SOTL SUru'UAT ÂbID TOTÅI SUI,FU#COiUT$\trT$

OF THE SURFACE HORTZOI{S CF ]å T4ANTTOBA SOIffi
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6oil Sulfur by the method outLined by Bardsley æ,td Lancaster (2)"

Total Su1f'ur usÍ-ng a Leco Model 522 Indudlon Fur'laee and Mde]-
5L7*{{Æ: Titrftnetrie Sulfur DeÈe¡mLnator, as deseribed by
ro-øe (28)"


