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A SÏUDY OF

PEDOLOGTCAL PROCESSES TN CERTATN

IVÍANITOBA SOTLS

1. STATEMENT OF PROBLET¡IS:

The blackeanth soils cover a lange pontion of southern
Mar¡1toba. These s oils have been mapped by the Mani.toba soll
Survey and classified on Èhe basls of morph.ologieal characten-
Lstlcs. rt was rioted that the dark color of the surface hor-
lzons was conrnon to all the soiIs. However, there was consj._
denable vaniation ln the color of the sub-sunface honizons, ln
the structure, and in othen morphologieal features.

An investigatlon was und.entaken to ascentaln if chemleal
p'hys1cal studies would. provid.e eriteria fon d.fffenenülatlng
bLackeanth soÍls of Manltoba.

LTTERATURE REVTEEI:

The flrst investigation of ehernozem soils, of which
n¡e have reeond, sras caruied. out by Russian soir scientists.
Gl1nka (19), ln his publicatlon, rThe Great so1I Gnoups of the
Iffor1d. and. Their Deveropnenttt showed. the gnadual change Ín the
concept of ehernozem d.evelopmentn Ear:ly scientlsts, suctr as

Tomonosoff, pallas, Munchison, petzhord, belleved. th¿t tlre
chennozem onlginated as a manine d.eposit left behlnd. wb.en the
anctlc oeean receded. The hlgþ nltrogen content was ex¡plalned.
as due to animal ori.gin.

Rupprecht (lo¡ was fÍrst to attack the pnoblem fr.om a
botanlcal stand.polnt. Ee stated thaù the chernozem had.

d'eveloped. fnom steppe gnass vegetatÍ.on and wes a land. plant solr
wholly analogous fon the grassy soils of nonthern Russia.
Karpl.nskl (19) herd thaù the character of the parent rock had a

-1-
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predonlnant influence.

In 1883, Dolcrtecyøieff , in his pr,rblieation oThe Ruesian

ÍechernoËe&i uaintained tlgt the chernozem could not be develoBed

r¡nder frost.eond,itions, and tlrat the influence of clinate ln the

soil forning process was nany eided. Tl€ cIÍnate influenced the

type of vegetatlon, the annual increase in aceunulated. vegetable

natter, the anount of ôecomposition of plant nateriale, and the

clsracter of the d,econBosltlon processes. Ee aleo realized tbe,t

the hu¡rue eontent would, be strongly influeneed by the meohanical

oonetltution of the parent roek, since it is t?e Latter tls,t
det'e¡mlnee the water and air permeabiltty of tbe soi1. Thie

perueablftty would. d.eteræine the rate of d,eeomposition of the

organie natter present tE the proflle.
DokuteçÌsjeff recognized. one of the eharaeterietle

features of all ehernozeme; the occurrenee of paeeege wayo of
bunowing aninals. lhese appeareô ln the soll profile as oval

ol lrregular forned, s¡lote whieh oouLd be Been Ín the hunue bsrf.-

zon only when they sere fill.ed wtth the ltghter colored parent

rockr or 1n tbe latter only when they were filled wlth saterial
fron the ht¡nu,e horizon.

fbe RuEsians (19) divid.ed tbetr ehernozen into three
a¿in zone B 3

, 1. Northern or Leaehed ehernozess.

2. Ðeep or thick ehernoz€loe¡

3. Southern or ordfnary ehernozems.

Ehese eoil.r zones pararrel.ed the cliuatic zones. rn.
tbe oenter of tbe region the d,ark eoloring of th€ soil rae uost
etrlking, the a,morúurt of hunee the greatest, and, the hr¡mus layer
the thlckesto
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Ïnvestigation was also carried on lnto the d.evelopment

of root systems 1n the dlffenenü honizons of the chernozems.

The largest number of noots was found in the A horizon, with
the Bg ]norj'zon havfng the least. rn the thlck ehernozems an

abundance of root systems penetnated. to a gneat d.epth. pene-

tratlon depend.ed on molsture, nutnltive matter, ternperature and.

cond.Ítion of aeratlon.

Dokutsehajeff (18), who was the founden of soi-l science
ln Russia, estabrished many fund.amental principles. Among Ïris
pnlnciples wer.e:

1. Geographlcal distribution - depend.ence of thecharacten of so1I on lts geographlcaJ- position.
2. ropog::aþrrieal distnibuüion - connectlon betwoenthe natu:re of so1I and the rel1ef.
Neustnuev (s7) d,eaIt with the factons and processes

rosponslble for the formatfon of a d.efinlte pnoftle. The pro-
cesses were manifested by a suecesslon of horizons ehanacten-

Ízed by centaf-n morphologÍ-caI pnopenties such as colon, textune,
structure, chemical composition, constitution, conslstencÍr etc.
The faetors of soil fonmatlon deal urith cllmate, parent mate:rlaL

and nelief.

Tl¡mlnrs classiflcation (37) d,ealt with the followlng
variations:

1. thlckness of the hr¡mus horizons,
?. quantity of humus,
5. depth of effervescence 1evel,4. form in which carbonates were manifested.,5. structr:¡re of humus and, humus-less honizoås,6. activlùy of bunrowing anÍmals,
?. parent nock.

Joffe ''(24) states that one of the fundamental laws of
pedology 1s the l-aw of the adaptability of soil types of the
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globe to definite natural (primarily elimatie) eonditions.

One of the alms of pedology 1s to unravel the fund.amental

]au¡s govennlng the processes of soil fonmation ln nelatlon to
weatherlng, one oî the primary physj.o-ctremical forces of nature

rosponsible for soil genesis. Each t ype of soil formation, with
fts inherent characteristlcs and properti.es, could. be id.entifled.
wlth a d.eflnite zorre of homologóus soll fonming processes.

llVeatkrerlng pnoeesses fnclude oxldatlon, hydratlon, earbonatlon,

solution and deposj.tion.

Zaik}rarov \Joflîe }al lnvestigated. the relation of climate
to the process of weathering. He noted. that 1n anid and seml-

arid. tempenatune climates, leaching took plaee but not sufflciently
for thonough percolati-on, and, as a result the carbonates rgere

retalned in the belt of weathering.

Dokutsehajeff (Joffe 24I conclud.ed. that the now-pnevai1J.ng

climate 1s an all i.mportant factor in f onmation; ttrenefore chen-

nozem was a recent formatlon.

3. MORPHOLOQICAL DESCRTPTION OF rIiE SOIL TYPES STIIÐIED:

The blackearth soils studied by the author were obtalned

from selected si-tes typlcal of the morphologlcaL cond.itions und.en

lnvesti.gation. The blackearth soil pr"ofile (Darringford.) was

obtained from the norttr-west corner of 5-5-61lti. The bnown-

blackeanth so1l pnofile (ü/askad-a) was obtained. from the soutr:.-

west of 1o-5-2OW. The northenn blackear"th so1l pnoflle (Newdale)

was obtained from the eastenn portlon of 18-l-4-24W. These areas

had alread.y been covered by a neconnai.ssance soll survey. The

morphologleal deseriptíons of these solls were obtained at the
tlme of sampllng.
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These d.escriptions are given below:

D?rl inef srd. Pqv.tonorpl¿ie Á.s soc iate

Horizon depth

-

0 - L¿tr

7.2nç ZLn

elrô 33 t

Description
CoLor:t Blaek to- v.ery d,ark' îiõ-i R z/L to 1o 

"uä"äitl*fexture s Heavy elay loam to clay loan.
Structure : Grani¡,ler; fonnlng weak, irregular

eolunnE Z - g,r ln dlameter.

Gonsistenee; Very friable.
Intruglone and concretlensl tongu,ed into the

horizon below.

Reactlon I Sttghtly alkallnê.

0olor: Blaek_t9 ,IR"v d,ark brown (fO y g p/L to10 Y R.Z/Z) -gradr.ntly deeieaslng i;lnteneity wlth inereäslne depthl
Texture I &avy .e lay loan.
Strueture ¡ Ooarsely grannlar toangular eggregatee, tendsfrregular colan¡¡ar clod,s.
Conslstenee I T¡rlable o

rntruelons and eonoretlons¡ l'recked with lineearbonate ln Lower portion.
Reaction : Sltehtly alkaline.

brlzon of lLue carbonate acer¡¡aulation.

Concretiong¡ tr[ottled rith 1ine cetrbonate.Reaetion: ALkallne.

Colorl +ight grey. to very ¡laLe bro¡yn(10YR7/zto10YR7/A),
lextr¡re: CIay lo¿m.

Strueture: Lcninated, fn the lower portlong.
Concretions: I,lae earbonate.

Reactlon¡ AlkalLne.

s¡0a11 nutty
to fors

93Ë +
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IÞrIinEford F$rtonorntrie Assogi?:Þg - (cont. )

Geologieal Parent Materlar: caroareor¡s bould,er tirl
(liaestone and. sone shale).

fopograp$: 5Ltghtly r¡ndulatlng.
Stones ¡ X'ew

Drainage: WeIl dralned

vegetation: TaLl pralrfe grasses and. aesoolated, herbs.

f eolor of soil ln alr dry eondltion.

ût designatlon of eolor by Munsell soil 0oror clrart.
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Tfaskad,a Phvtonoqohic ¡rgsoc {ate i

Ioeation: .8 mll-ee S.W. 1O-g-20W.

Eo¡izsn depËh Ðescription

Q r õ tr Color: Very d,ark grey brown (10 Y n Z/Z) ,

Texture: Silty clay Loa.n to elay loam.

Strueture: }Ínely granular.

Consistence; Very friabLe.

Intrusions: Slightly tongued, into horizon
below.

Reactlon : SLlghtly aeid,.

5 n ' 14 r Gor o* 
iî3ffi"It*rîo*rif3l¿"1;å"ä"1;ff'*"

Texture: Olay loam.

Strr¡cture¡ Colnnn-l.lke, grading into prls-
natic; êolunne lrregular and bluntly
polnted; nutty €ùggregates.

Conslstencet Oompact..

I¡atrustæar : Roots eLongated.

Re¿ctlon : Slfghtly acid.

14n - 28o Eorizon of l1pe carbonate aectmuLatlon.

Eerture: Cla¡r..loa¡n,.

Coneretione: I,ine. carbonate.

Beaetion: Alkallne.

28n + Color: Very pale brown to patre bronn(roYBt/gtsroyR6,/s).
Sürueture : Laninated,.

Concretlone I l,ine, earbonete.

Beaction¡ Alkal1ne.



'.

' Geologieal Parent lfiaterial: Caleareous boulder t111.

ÍopograBÏgr: &dulating (eentle slopes f.å - gfrI.

Stones¡ 3ew

Dralnage ¡ Well d,rained.

Vegetation: trûlxed tall and'short prairie grasÊcs wtth
asc oclated herbso
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Sewda.le Phytongrohic Assoc iate
location: E* 18-14-24W.

Eorízon d,epth

-

0 ¡i 8;

8o ¡ 18n

I8í - 32fl

Ðescription

Golor: Very dark grey (10 f R g/Ll.

lf extr¡.re i CIay loam.

Structure¡ Ftnely granular.

Consisteneel Very friable.
Intrusions: SIieht tonguing lnto horlzon

beIsw.

Reactisn: Sllghtly acld,.

Color: Dark brswn (eS y n g/a), color fadfng
from Ì¡pper to lower portlon of this
horlzon (due to lnflltration of dustpartieles frsm horizon above); surfaceof aggregates d,arker fui eoloi'tl:rln fn-terior.

Íextures Heavy elay loam.

Structure: Sutty aggregatee, forming weak
eoLunr,tg.

9onsistence: 0on¡nct.

0oncretlons¡ Sleeked with lime carbonate in
lower portlon.

Beaction¡ Slightly aLkallnê.

Horlzon of 1lne earbonate aceu¡¡ulatlon.

Íexture ! CIa¡r loa¡n.

0oncretions: llne carbonate.

Reactisn¡ Alkaline.

Color: I.lght brownish grey to 1.ight grey(10YR6/sto10!R?/zl.
lexture; 0Lay loaa.

ConcretÍons : Line carbonate.

Beactlon: .A,lkal,ine.

32f +
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Newd,ale Phvtsmorphic Aesoela.te - (cont.l

' e'eologl.eal Parent lfaterial: caloareous bor¡lder tilr.
Topograplqr: I[tdulating.
Stonegt Ï,ew

Drainage i Well d.rained,

vegetatlon: lalL pralrle grasses and assselated herbs.

A study was algo nade, fot eomBarfoon pnrposes, sf a

8rêy-çended soil associate. lhe soll uEed was the Erickeon

PlytonorBhie Assoclate. The eoll sarnpLep were obtalned, during
the soll Burvey. of the Rossbu,rn area ln Ma;nitoba. The descrfp-

. tisn was obtained from the soil surrey d.ata (59).
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Deeerlptisn of SoiL Profile Sbowing nGrey-q'sodedü Soll
Clnraeterlstios. l[apped, as the Grey-woodeô Pstonorphie

___ Member sf tbe Eriçkeon Soi.l Aseociation

Loofl,tlon¡ Eas.t Oentre of N.E.* of 31-19-22

eolleeted, and, ôescribed by B. E. Wiekh¡nd. Oet. 9. L940.

Depth Ðescrlption

O--L/Zâ T,eaf litter, und,econrposed,.

È--2n 3lack fairly well deeomposed, organie matter,
øbarred in appearaneei Abrupt dlvision between
thls and t?Ê lower horizon.

2--S'þr Sronr¡Ísh grey fine sand,y elay Loan, grey and aeh-
llke when dry, platy nacro strueture, pulverulent
Eicro strueture. 0n¡llbLes read,1ly. Acid reaetion.

ãÈ--11" T,iglrt brown clay loan, f ine nutty aggregates r f i¡m
and ?¡ard when dry. Aold reactior¡.

LL--l? u Ïright brown elay loa.m, coarsely nutty aggregates
itvith brown organie eoating. I,irn when dr?, eornê-
wbat taeky when wet. Neutral to alkaline reaetion.

l7--24tt Grey brown, slightly altered. glaclal tiIl, breaksinto cubes or snall aggregates. Alkalfne fn rê-actiotl. Efferreee€ae (Some shale ¡sixed, ¡vith line-
etsne ttll).

24t ì Kfekf glaeial tilj, with ealeareous ¡ûottlfuig,

Geolog¡r - Glaeial till.
Assoclatlon Meaber - Pbytomorphie.

Stones - tr'eç.

Vegetation - Aspen, wlllow, bireh, eranberry, eherry, Þze1.

4, GENERAI, ÐESO4rplIOS 03 SOIr.s sTr[ÐIEp¿

IÞrI inef ord, PhütomoÐchic AsEoc iates :

T.his eoll profire was obtained, fron the Manitou-
Olearçater Prairie area wlrieh liee between the 1400 and, L600

foot eontoürsr
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rkre topognaphy of the Darrlngfond. soil i.s generally
smoothly r¡ndulatlng and j.n some eases alnost level. The soil 1s

d.eveloped. on 11ght khakl bould.en tfll under tall pnalrle grasg

vegetatlon, ¡triüh ls1and.s of aspen poplan lnterspersed. as groves

1n locaIly hunld. sltes. This type of vegetatÍon, Ln comparÍson

wlth that o¡r the Tliaskada so1L, lnd.lcates a more favounable soíI-
moistu¡'e cl1mate.

Observatlons of enops gnown lnd.loate that these solls nray

be r¡sed for any t¡rpe of agnlculture, and. with good. management

they can be expected. to pnoduce satisfaetory crops.of wtreat,

coarse gnains, eorn, lntertllled cnops and. fair crops of gnasses

and' legunes. Howover droughts nay oecur oecaslonally and mois-
tune eoneervatfon practlees 

"o" o"qolned.

$askad.a Phytomorphic Assoclate :

['hls solI pnoff-Ie was oþtalned. f:rom the tflaskad.a TiIl,
P1aln Anea w1üh an elovati.on of f::on r55o to rgoo feet.

The topography of the waskad.a soils varles from roughly
to smoothly undul.aüf.ng, and as a nesult a verLabl_e coraplex of
sol1s ane found. in association wLth ttre well dralned. assoeiato.
consequently, there 1s a topographlcal sequence in whlch the

dFafnage 1s variable. Dnaf.nage Ls exeesslve on the kns1ls and

hlLLoeks, and. lnperfecÈ to poor in the d,epresslons¡ Due to the
varlatlon 1n d.nainage and 1n ühe a¡aor.¡.nt of waüer that enters the
so1l proflle, Èhe soll may vary consldenably 1n different pants.
of the same field. The solls on the hlgher poslüions are shalIow
and subjeet to eroslon. rn the lower positions th.e soils are

d'arker 1n color ar¡d. are genenaLly sallae whene d.rafnage 1s inpeðedo
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Thle soil wae d,eveloped on light khakl glacial tilf rrnd,er

mixed, taLl and, short prairie grassecr oharaeterlstie of mixed,

pralrie and step¡re vegetatlon, .witù assoc¿ated herbs. this native

vegetatlon indieatee a transitional elimate between that of the

d.rier and seml-arid, steppe ts t!¡e west andthat of the sub-lnmid

pralrie to the eaet. the conbi¡ation of dry land and prairie
ùypes of vegetatlon indieatee a fluetuatio¡r betrveen d.ry and molet

seasons and polnta ts severe d,rought periods interspereed, with

reLative ¡aoist Eeaeons. Tree vegetatlon occurs only wbere tþ
ravines are deeB enou,gh to give protection and to form effeetive
snow traps. Tbe open treeless aspeet of this area ls in narked

oontraet to the ÐarLingfsrd area wlth its scattered. aspen groves.

fbe Wa,skq,da soils are Largeþ used, for tlp prod.uctlon

of wheat. IÌr favorable years tbe yfeld of wheat, erested wheat

and, legurnes is good whlle the yield of oats and, barley fe only

fair to poor. Where irlgatlon is provideð these soils produee

exeelLent gard,ens.

Newdale Pl¡¡tomorphic Asgociate ¡

this so1l l¡rof1le was gbtained from tTæ NewdaLe ltll A¡ea

with an elevation of from 1550 to 1900 feet.
the topograpry le generaLl.y undulating with nu@erous

ravineo, depressione and hslls. Dralnage varles from exeeeeive'

on the knoll"e to poor and inpeded in tbe depressisne. In thle
area grassJ.and, and. aslren grove vegetation pred,ominates wlth th
well d.rained, sollE d,eveloped under grassland eonditlons. In tÞe

southerxß portlon of the belt, rfngs of aepen occur 1n tbe de-

press ions 
.\

fhe NewdaLe soLlg are suitabLe for general agriculture.
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tr'or a long tine this eoil tJæe h¿s been referred to as the noat

countrytr due to tþ excellent crops of sats with. heavy weight

per buohel. It lss been suggested, tlþt thls is due to the

eooler cond,itlone whleh prevalled,, reeultlng in higher preeipi-
tation - effectivúty, although the aetr¡al rainfall was eimilar
to tlpt ia the southrêetern portion of the province. This polnt

wiLL be d,ealt with in more d.etall ln a later ebaBter.

Eriekson PÏ¡¡tomorphic ¡¡.ssociate :

This ls a grey-wooded, soiL that was obtained fron the

Btdtng Mor¡ntain Area at an elevation sli.glrtty above 1,900 feet.
The Erlokson soils Eere Êrned at hieber altltud.es .and,

under the influenoe of nore molet oonditionE than the blaekearth

soils. The eofl cttatacterlstics indicate that there was suffi.
eient moisture to cauee leaching sf the upper part of the pror

fi.le, but not enough to leaeh, the lime out of the solL proflle.
It ças aLeo noted, that there wag not so marked a difference 1n

the depth of the profile on the hlghr positions and the slopes

as in the aase of the graseLand. goll,s.

She original vegetation was sBruce and aLlied d,ecld,uous

boreal forest trees. Due to foreet fires the vegetation at tþ
present tine fs d,onlnantl-y brs¿d leafed, trees, espe@ialty pop-

J.ar, whieh have eome in as Becond growth. ,

Íhese soLLe are f¿vorable for mixed farning, Llveetock

productlon and foreetry.

5. CLI]úATIC DdTA:

Ihe eLinatic d,ata was co!ûplled by the Soils Department,

University of Manltoba, from meterologieal reeords ¡lubLÍehed by
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the trfeterological Ðivision, Department of Íransport. The srta-

tlons nearest to the sitee from which the profllee Trere obtaÍned

Eere serected.. The recørd,s from pirot Mor¡nd (to yearr)ü r"""
used ae representative of tbe Darlingford area; the reeords from

Soissevain (Af years) were uaed as reBresentatÍve sf the ïÍaskad,a

area; and the reeord,e frsn Þ¡niota (e0 years) were r¿sed. as re-
presentative of the Newdale areaó

îhe mean nontlrLy precipitatlon and, temperature d,ata

given ln lables ITo" 1 and 2.

A graBh with the average monthly sunmer preelpftatlon
and, tenperature d,ata is shonn ae Ohart 1![o. 2. ÀL1 the results
showed. the same trend. with the greatest variation in the preclpi-
tation d,ata. Durlng the months of April and May the preeipita-
tisn was considerably lower for the Newd,ale profile; while d,ur*

i.ng the monthe of June and. Juty ft wae lower for the TÍaskad.a

member. TenBerature relatione sere slnilar for tbe flrst part
of the Eu!ûmer wlth more varjations through Jury to 0etober.

Bhese ollnatie relationshi¡ls ean be calcurated to a

numerieal valr¡e by the thornthwalte systen (Thornthaite lggL).
Íhe preeipÍtation effeetlvity (p.9. ) was oaleulated, by Thornth-
waitef e aathe¡ratieal equation from the precy'i¡¡itatton and. temper-
ature data. Theee values are showt ln Îab1e No. B. Comparing

the tables and ÎhorntÏ¡naitets clra¡t, it ças noted that tlp soils
fall generally within the 82-63 p-B ind,ex group, which ie tlp
suþ-ht¡nid region with graesland t¡le vegetatlon. Howeyer, d.url,ng

e' few months the vaLr¿e fell below thts lndex into the eeni-arid
elass. lhls was lrost notleeable for the lfaska.d,¿ area during the
¡nsnth of 0etober.

t Nunber of years for whieh the elinatic data had been reported.

are
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TABLE NO. 1.
nffiAN MOUTHLT EBECTPTTATTON FOR TrrE STATToNS

FROM fiTEICH THE SOIL pllOFTtE S WE"ftE OBTAINED.

rtl
r Station: r ,P1lot Moi¡nd. r Boissevaln r Hamiota It t (Darlingfo¡d) r (Waskada) r (Neïrrda1e)r

tt
tApnil t
tt
r May
t
I June
t
r JuIy
t
tAugust
t
lSeptember t
It
t Octoben I

1. õ1

r 2.oI
t
t õ.16
t
| 2.56
I
| 2.54
t

1.59

L.27

t
| 1.46
t
| 2.L2
I
| 2.62
t
| 2.34
t

' 2r3l
t
t l_.6õ
t
| ,-67

I tt
t .99 t
tf
t 1.55 r
lt
| 6.2A t
It
| 2.5'.1 r
tt
| 2.25 r

ll
| 1.55 |
tt
t .89 t

TABLE NO. 2.

FOR @-STATIONS JE9LqTC I PROFII{ES l¡¡gRE OBTATNED.

Station Pilot Mound
(Danltngford)

Bolssevain
(llttaskada)

Hamiota
(Newd.ale )

Month:
t
f April
I
rMay
t
I June
t
¡ July
t
tAugusü
t
t September
t

! Octoben

op

õ9.05

51.75

59.42

67.55

oÐ. Ðþ

55. õ6

46.6õ

.oF
õ7.O0

50.õI

60.o5

67.35

64.15

55.61

40.90

op

37.OO

51.50

59.62

65.95

62.79

52.10

69.20

I
r
I
I
t
t
t
I
t
t
t
I
t
t

t
I
t
I
I
I

t
I
t
t
I
t
I
t

I

t
I
t
t
I
I

t
t
t
I
t
t
t
t
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TABI,E NO. 5.

-

THORNTT{WATTE OR P-E VALTIE.

t
I May
I
I June
I
I July
I
tAugust

Pilot*Mound I
(Darlingford.) r (li'tlaskada)

I
t
t
t
t
I
I
I
t
t
I
t
t

I

September

Ocfober

.58

"41

.54

.37

.58

.27

.27

Boi-s sevain

.45

"42

.41
.72

¡ c, q,¡

.34

,50

.16

Hamiota
(Newdale )

.28

.50

.54

.37

.34

.29

.24
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o¡a exaniinatlon sf the Íable so. g, lt was noted, tbat the
/

same trend rras coiluaon to all proflle area with. a high p.E. ind,ex

d,uring the month of Jr¡ne and. faLring off to a low d.urlng the

nonth of October. The index for the Newd,ale profile was 1ow for
the noonths of April and. Irfay ln comparfson to tbe other proflles.
This wae d.ue to the lower a,laount of ¡lreci¡litation d,uring those
tso months. fhe sane relatlon rvag aleo for¡nd for tbe Waskada

profl3.e during the nontbs of Jr¡ne and July, wlth a drop ,AU
amount of ¡rreei.pûtatlsn and, an lncreasing temperature.

a,lthough all the prof llee shwed a Low lnd,ex f sr the
month of 0otobér, tbe index of the waekada çae consid,erably
belos those of the other eolI menbers. î}.ata îrog,td Ì¡ave eonsid,er-
able effeet on the noisture regerve of the waskada soir.

Thesed,ata doi ri not show a high p.B. v¿lue for the ses-
d,ale prof 1le.

6. EXPERIUENTêL pATéi

I. qffi¡fIcaI, STUPTES

The ebemleal etudÍes wrd,ertake¡ lncluded total anelysl.s
by the ftrslon raetbd,; the d.eterniúation of tbe reaction, organie
natter and. nltrogen eontent; and the d,etermlnatlon of the base
excÞnge eaBacity of the ssi1s.
lL.

(a) uethoae:

Preoareiion of t hg__.i$emple :

rhe eample ras reeeived. in tbe laboratory in the alr
d.ry esnditf on. It was ground and, paseed, th¡ough a 2 n.n. sieve.
stonee that did not pa.ss tirough were rejected,. îhe saaple was
thoroughLy mixed, and a portion of it w¿s further ground, and
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Bassed, through a 100 mesh. eieve.

Mo isture d.eterf, inatlon :

fvo gra,ust of soil were weighed

d,leh and contente sere drled over-night
lated at 11000.

Ï.oss on isnltisn I

in a moisture d.1sh. fhe

in a drying oven regu-

The sample fro¡c the noisture d,eternination was Ìreighed

aeeurately and placed 1n an electrlc fi¡rnace. 5he temperature

was lnereaeed, f,o:.' 800oC. and, hei.d there for one-half hour. fhe
cruetbre and. contente sere then cooled, and, veigbed.

Strgfon with Sod,fi¡¡n Carbonatgi (gg.)

T]¡e regidue fron the lsss oR ignltion d,eterniclation was

mixed, with five tÍmes lts weight of eod,iue earbsnate. The

covered platinun eruelble was ?¡eated eautiousLy until tbÊ flux
?rad nelted, and, tbe fueion was qulêü. The full heat of a Buaeen

burner was applled for ten minrates nore. While tþ eontents of
the erueible lrere sttrl molten, tbe erueible was shirled. with
the tongs in such a nanner as to oongeal the contents on the
sfd,ee, leaving as Little as possible on the bsttom. Tbe etueibLe
wac then rapldly eooled and. the csntents detaehed lmrediateLy
from the cruelbre by invertine it over a beaker and. rolling it
between the fingers wlth gentle ÞreÉBure agalnst the sld.es. The

meLt was thoroughly dlsintegrated with bot sater. Af,ter disin_
tegratlon of the aelt, tlre ¡aaterial ad.hering to the eruefble and,

eover was thoroughly washed, into tle d.ieh, and. a few d,rops of
et?,snol added, to red.uee the green ¡oanganate.

Ðeternlnation sf SiIieg: (49)

when tÏÉ greenish eolo¡ of t}æ df eintegrated mass Þd
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d'isappeared. 15 ml, of pure esneentrated. Wdrochlorle acid. was

add.ed, slowly. After the reactlon had eeased,, the nateriar ad,r

hering to the cover and, sld.es of the dish wag washed, into the
dish and, the eontents efaporated to drynees. The evaporation
ças contlnued, r¡nt1l the silica gel was suffleiently d,el¡rd,rated,.

fhe resid.ue ças taken up with 15 mI. of strong hfdrochlorie aeid
and hot vater, f iltered and wasbed r¡ntii. praetlaally free from
ehlorlde. lhe silÍea preoipitate wae lgnited in the sane erucible
in whieh ttre fusion was made. It was ignited, slowly at first ts

. avoid ueclsnicaL loss, then over the full f1a¡re of a Bunsen bumen

for oü€-hêlf hour after tle oarbon bad been thorotrghly burned.

frsn the Precipitate. Wben a nearly constant weÍght was obtained,
the sÍ1iea wå,8 Bofstened. wÍth water, from six ts efght nilliliters
of tryrdrofluorie acid and, a few d,rops of sulphurlc acid, were added,

ar¡d the eontent of the crucÍbLe were evaporated. to d,r¡meesr @åu-

tiously ignited and weighed. If the reeld,ue was &ore than tws or
three nilLigrams, the lydrofluorie aeld. treatment was repeated..
rhe lose in weight was taken ae the weigÏ,rt of siliea. The eon-
tents of the cruelble were fused wÍth one gram of sodir¡m cår-
bonate, filtered and added to the origlnal filtrate.

Deter,¡einatiop pf Sesquigxf des: (g4)

An aliquot of the ffltrate from the siliea determination
waÊ neutralized' wlth ten pereent sodiun carbonate. Bwenty-five
¡tillÍliters of ten percent sodiu¡l aeetate solution were add.ed

and tb solution made slightly aeid wlth acetic acid,; then heated
to boiling and flltered, imms¿iately. The precípitate was washed,

with a dilute eolutlon of sodfi¡m aeetate r¡ntiI free fron cblorid.ee.
The Brecipitate was then dissolved in bydroc?ùsrie acid.¡ Íêprê-
elpitated' with eoncentrated, anmoniup þdroxide and flltered. llre
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preeipitate was then wasbed, with hot çater and, the procêßÊ r€-
peated until atL of tþ E¡å,nganese had passed. Ínto solution. Ibe

fllter and contents were d.ried, lgnited at 9500-40000. and

weighed,.

Deternþp$,ion of lron: (ãg)

lo the ignited, precipitate fro¡a the sesqtioxid.e d.eter-

minatlon, 15 ¡tiII1liters of hydroohlorie aeld, (60 I 40)*were

ad.ded and. digested on low heat orer-night. TIF sol.ution was

dlluted ts 200 nilliriters, heated to boiling and, a eolution
of stannoue cÏ¡toride added droB-çis6 until the whole beoa,ne

colorless; and. then for¡r drope ln excees. ¿ifter esollng, the

exeesÊ stannous ehl-or1d.e was neutral"lzeê with mercurle eÏ¡l.orld,e

eolution. The solution was then tltrated with potaselun d,i-

eþromate using d,ipbenylanine as an indicator.
DeterminatigEr of Calcfi¡n: (g¿¡

Ala excese of, recently diøsolved a?q¡noniu¡¡ oxalate was

added to an allquot of the orlginal f,iltrate whieh lpd been

heated to bolLl¡rg. q: . preventative egainst uagneoiun preeipJ.-

tatíon a smal1 qt¡sü.ty of ar+ru¡onius e?¡loride ?lød been added befor.e

treat¡aent. f he ¡rrecipltate was digested. orrer-ntght at roon teu-
Berature and tben f iltered tlcou.gh a fine filter papêre rt ras
then dissolved. ln Ï¡¡drochlorle aeid,, rçpreei¡llta,ted as oxalate,
flltered, and after drying, ignited in the nuffle fu¡reaee at, red.

heat; eooled' and weighed. The eomblned filtrateg were reserved,

for the tregneslum deternÍnation.
Seterpination,g,f Tfaenes.lr+p: (e4 )

åsæ excese of sod.fu¡E lrydregen phospbate was added to the

eonblned, filtrates fro¡e the ealei¡¡m d.eteraination. Enough strong

* 60 coc¡ HCl + 40 c¡co HeO
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a¡umonia was slowLy added to ¡aake tIæ eolutlon about flve pereent

with respeet to ammonla and tlæ stirrlng ras continued. f he pre-

ei¡iitate was allowed to etand over-night 1n a eool place. rt wag

then flltered and, washed wtth dilute ammonia (r:9). lhÊ precipl-
tate was diesolved in þdroebloric acid and preelBitated wlth a
slight exeess of eodlue þdrogen phosBhate in a eolution con-

taÍntng approxinatery five pereent a,mmonia. rt was allowed. ts
stand. for three bourg 1n a eool ¡ll,aee, filtered, and washed with
dtlute anmonta until free fron ahrorides. The precipltate was

dri,ed, ignited in the mt¡ffLe funaaee at gooo€, eooled, and,

weighed as UgZPZO?.

DeterminFtion of Fapeanese: (!e)
a portien of tÞe filtrate was evatr)orated. to dryness,

treated, rlth þdroehl,orie and nitrie aof,d, agaln evaBorated, to
drytress and, taken uB with phosphoric acid,. The nanganese in tbis
solution was determlned, colorfmetrleally, with potassiuu Berio-
date.

Dete.rninatigg sf Splr¡hur¿ (gå)

-A' Bortion of the fll-trate was beated to bolll¡g, treated
with an e:Keess of barÍum cl¡.lorid,e and, arlowed to atand, for seyerer

hor¡rs'. Íhe preeipitate was then flltered, TÍeÊrhed wlth hot sater¡
dried, lgnited, in the nuffle furnace at ?ooog. and. weighed. ae

barfun sulBlp,te.

A fresh samBle of soil ras noistened wlth a sorutlon of
eågaesfun nftrate, eveBorated, to dryaese and. igatteè. Tlæ r€-
sldue 

''as then treated. with. a esrutlon nad,e uB of water¡ byd,ro-
ehlsrle and nitrie aeidsr gßd allowed, to dlgest on row hat
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over-night. .å.fter treatment with Ïryd.rochlorle aeid the ¡lixture
was filtered. ànd, mad.e up to voLume in a volu¡aetrie flask; fron
whieh aliquots were taken for phosphoru,s d,eter¡oination. Tb€

phospborus in thie solution wae d,eter¡nined, eolorþetrically, thÊ

cslor being developed by nolybd.ate'reagent and, sul¡rlronlc aeid.
Determinatlon of Potasslue. and.. Sodttuo by
J. Lasqence Snlth tr'us$oni_ (59ì _
A sam¡lle of soil u-ae fueed. with annonitig cblorld.e and.

ealeiun earbonate ln a plaüinun cructble oyer a Suneen burner

fleume. Ehe nelt was dislntegrated witb bot water and. filtered..
rhe ftrtrate was treated. with arT¡moniup earbonate arrd qramoniu¡n

oxalete to preeipltate the ltne and caleiun. After filtratlon
the ftltrate $as evaporated to d,r¡mese and. heated, lnthe furnaee
to 40000. to d.rfve sff tbe anuoRia. The reeidue wae taken up

witb water and. ?ryd.rochlorie aeid, tranef,erred to a volr¡¡netrle
flaek and made EB to volu¡ne wlth distirled water.

Determination of Sodh¡ml

A portlon of the eolutlon was treated with an excess ef
magaesiun uranyl aeetate and, allowed to stand at room temperature
for twenty-fsut' houre. T,he urlxture Í¿s f lltered through a r'Gooeh

crueible' çashed with. aleohsl that þ,d been saturated wlth tripte
sod,fu¡¡o ealt, dried ln an oven at 1Loo6¡ and weighed as sod,ir¡n

B¿gnesiuo uranyl acetate.

Deterninat ign gf_ potassiuu¿

.il portion of the solutlon wag also treated. wlth an excess
of sod.lt¡m eobeltinitrate and, allorveê to stand, for two trours. The

mixture was flrtered through a gooch crueible, dried, at r10oc.
and welghed as potassiun eodlüB cobaltlnltrate.
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rb fir,elon anarysis !ûethods used by Boblnson (461 were

adaBted from nethode of HilLebrand, and r,r¡ndell (zr) fsr the
ana3,yeis of nlnerals and, roeke. Tbe fueion andysis of soll le
ueed by the so1l sclentlst to aseertaln if naterlal hae moved.

from one hsrizon to another. Eoweyer, thl.e nethod glves little
evldenee ¿e to the manner tn shleh the varleus eLemente are eom-

bined or to trelr avallabtlity for plant prod.uetion.

lhe Natlonan Soil Survey Connlttee bas reeo'rqend.ed, tþ,t
tþ resurte of all analysls, wlth the exeeptlon of analysle by

the fuelon metlæd., be e:EBressed as the etrement. Ehe eonalttee
suggeated that the resurts of, analysio of soils by the fusion
netlpd be reported. as tle sxide of the elenent. lhis would give
a eheek on the aeer¡raey of the deteræinatione as the sunaatlon
of tÏæ pereentages shor¡ld, equal 100. å,ccureey in the deterntn-
atlon of soits uay not apÞroaeh tÏ,Ft of ninerals or roeks d.ue

to the Bresenoe of organic natter, clay minerars of indefirüe
degrees of hydration, th.e d,ifÏerent d,egrees of oxldation of/trøn
end other erements, and the voratirlzation of some el,e¡reate.

Suslon analysie of soils is not ueed, unLversally.
Robfngon began ueing this method, ln bis ínvestigatien sf the
soils of the &rited Statee, and. the nethod, ls eonsld.ered. as etan-
d'ard Broeed.ure in etud.ies aad.e of soitrs by the rtrntted, stateE
So11 Survey.

.å,ccord.ing to Barstad, (Zl tbe varlation
Bositlon aeong soile is consid.erable and, is a

difference in nineraLogieal eomBositlon of the
ïfowever, the varlation in cbemleal co¡nBositisn
each profile ie a refrectr.on.of the variatlon
sateriale fron one horizon to another.

in ebemieal eóm-

refleetio¡l of tbe

parent materials.

with d.epth tn

tn the aovenent of
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TABI;E NO. 4.

TOTAL ANALYSIS BY FUSION (IEnited Basis)

DJ.RLTNGFOAD PTYTOMORPHTC ASSOC TATE.

Locati-on--N.Tlf. 5-5-6W

sample: r o-611 _1 - 6-L2n | $,?!ß t 2L-271r | 27-66rr | 63-4'-í'

s1o2 t75.78 | 75.6Lt?2.7O r60'.20 r62.9'7 r64.24

Fe2Og

MnO

CaO

Mgo

Keo

Na2Q

Peog

sog

I

.06'7 I .064
t

5.O8 | 5.94t 5.94 r16.17 r16.69 r!4.74
rtttr

2.39 r 1.19 r 1.51 | 4.o7 r 5, g5 | 2.97
ftrtt

2.20t2.27r2.90r2.95r2.44r2.96
Itttt

.509 | .666r .667 l .460 r .5gg I .55õttrtt
.479

.õ56 I .6801 .'7OZ 1 .585 t .585 | .4'73
t

rtlt
| .27 | 2.16 | 2.64 | 2.54
lttt
, 2.25 t 18.00 | P,?.OO | 2L.L7

.479 | .47,1 t
lt

Carbon

CaC0g

| .L7 r .1õ
ft
| !,42 r 1.og

AlZO5+TiOg I 10.48 t 1O.õ4 tt L2.78 t 12.õ1 t 10.45 t 10.52

1.86 |, 1.94 | 2.O? | 2.O7 r tr.gg r 1.94
Ittt

.069 | . O'72r .067 r .065 r
ttrt

.495 r .42Or .2go r
rtt

Totalfr r 99.2og t gg.!2e1 99.476 t99.256 r99.gz6 rgg.gõg
Itr-

fnorganic t I
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TABLE No. 5.

TOTAL ANALYSTS BY FUSION (Ionited Rasisl

IfiASKADA PHTTOMORPHTC ASSOCTATE.

Loc aüi.on--S .ï1I. 10-5-2Ol¡lt

t
5-9il 9-14tr t L4-ZO¡i r !e_!grr ¡ ZBtr+

I
?5.94

8.22

r.4?

.o72

3.'7 g

2.ã3

2.90

5.65

.529

.161

79.20

8.32

1.72

.068

2.gL

1. 05

õ.11

2;76

.362

.141

I
I
t
t
I
t

t
I
i
I
I
I

t
I
I
I

t
I
t

I

78.92 r

t

8.98 t
t

I.7g t
t

.070 r
t

5.32 r
t

1.õ0 r

t

2.77 t
t

2.33 r

t

,256 r
t

.319 |
I

75.25

'1.35

1.37

.069

8. õ5

õ.09

r.97

1.44

.340

.o85

t

I
t
I
I
I
I
I
t
I
I
I
t
I
I
t
I
t
t
t

67.55 t
I

9.69 |
I

1.46 t
I

.068 t
I

12.15 r
I

3.54 r

t

2.4'.1 t
t

1.15 r
'I

.303 |
t

.684 r

t

I

t
I
I
t
I
I
I
t
t
t
I
t
t
I
t

t
t
t
t

I
t

t
t
t
I
I
t
t
I
t
I

I
¡

I
t

61. 01

8.52

1.81

_ .065

I9.10

4.4L

2.64

I.20

.349

.520

41205+TiO2 
:

Fe2Ag

MnO

CaO

Mgo

Keo

Na2O

Pzog

sos

t 0-5rr

Total ft | 99.042 r 99,541 r gg.g55 | gg.2g2 r 99.065 | 99.624

ïnorganic
Canbon

CaCOg

t
I
I
t
I

I
t
t
I
t

t
t
t
t
t

t
t
t
I
t

t
I
t
t
t

t
t
I
t
I

.06

.50

.34

2.93

.43

5.58

1.56

13. OO

3.34

27.93

2.99

24.92
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TABLE NO. 6.

TOTAL ANALYÞIÞ BY FUSION (Ignited Basfs)

NETIDAT,E PHYTOMORPHTC ASSOCIATE.

Locat lon-- 18-14-24W

Depth of'
Sample

sio2

4120õ+T1o2

FegOg

MnO

tao

Mgo

Keo

Na20

Pzos

sos

o-grr 8-14r1 14-l8rt 1g-25rr 25-52t1 32tr+

'19.76

9.16

1.88

.o72

?.60

.452

3.06

.949

.6?0

.48,6

73.I9

10.85

2.O9

.067

8.94

.872

2.64

1. õO

.28.7

.37L

71.92

10,11

2.65

.067

11.89

.642

2.32

l.04

.274

.128

65.59

8.97

2.19

. 066

L6.6'.7

3,21

2.L6

.9õO

.275

traee

64.46

10.18

2.08

.068

16.59

2..7õ

2.10

.816

. õ65

.P.64

64.86

11.19

2.16

. 069

15.91

6.25

2.22

.98'l

.34'l

.õ'4j.

Total- y'o

I
t

I

99.0O9 r100.507
I
rloo.651

I
r 99.551

t
99.473 | 99..9õ4

Inorganle
Carbon

CaCOg

t
I
I
I
I
t

I
I
t
t
I
t

I
I
I
I
I
t

I
t
t
I
t
t

t
t
t
I
I
I

1

I
I
I
I
t

.20

1.67

.õo

2.50

.42

5.50

2.04

17.00

2.23

19.58

2.24

18.67
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TABLE NO. 7

TOTAL ANALYSTS BY FUSION

ERICKSON PHYTOMORPHTC ASSOCTATE.

Loeation: East Centre of N.E.+ 33-J,g-?.2

Deptrl oI
Sample ¡

f

ro- rttt
llft r 11-1?tr t!7-24n t24-351r t35-45$

66.24 r 67,06r 55..13 r 5I.97 r 5?^.46
rttt

7.05r 5.48r 3.'75r 5.ggr 6.õg
tttt

2.8,2t 5.L7 | 3.8'l | 3.52r 6.53
tttt

0.15r o.22r 0.15r 0.1?r o.14
Ittt

9.80r !2.?,0r 14.10f 16.60r 15.?o
trtt

2.32r 1.59 | 4.491 4.96 | 4.3L
tttt

L.g7r 1.65r I.42r 1.52r L.32
tttt

o .87 | l. 0L r 0. 7g I o.77 | o.?g
rr!t

0.19r 0.2].r o.22r o.lgf 0.1?
tttt

o.23 | O. 06 r 0.11r O.16 r O.2l
tttt
trtt

8.40r 8.54r l-4.45t 15.7õr 14.59

SlOg

AI20g

Fe2Og

MnO

CaO

MgCI

Kzo

NagO

Peos

sog

Ignition
los s

37.591
I

2.4l-r
I

].41 r

I

0.28r'I
4.50r

I

1.88 t
t

.o.98r
t

0.57t
t

o.321
t

o.43r
t
I

48.79r
I

72,.gOl
t

4.541
I

2.11 t
I

0.14 |
t

9.OOt
t

L.77 |
I

1.70 |
I

1.19 r

t

o.14 r

.t
o.15 t

t
I

5.75r
t

I
t
t
I

I
I
I
t

t
t
t
t
t
t
t
I
I
t
t
I
I
I
I

Total. /,
trt
r 99.16t 99.37,

lr-t-l
gg.g4r gg.lgr gg.o7t gg.26t gg.60

Inorganic
Carbon

CaC0g

I
I

I
I
t
I

I
t

I
I
t
I

t
I

.Oõt
t

.25 |
I

I
tttt

. oõ r .22r 2.41r $.Q,$r 3.L4
rttt

.25¡ 1.9õr 20.lJt 26.91r 26.15
tttt
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TABLE NO. 8.

ANALYSES CALCI]LÁ,TED ON MOTSTURE FREE
AND ]GNTTED BASTS

ERICKSON PHYTOMORPHTC ASSOCTATE

Location: East Centre of N.E.å g1-lg-Zz

ÐepG.h. ox
Sample

rrtT
llrt t 11-1?ft t L7 -24tt t Z4-35tt r õ5-4Sn

I

72.56r 7g.ggr 65.96r 60.64r 61.?0
tttt

'l.7Or 5.e4r 4.A.3t 6.991 7.50
Ittt

õ.08r õ.50r 4.ã7 r 4.11r 4.15
' r' I I I

o.16r o.24r o.1gr o.20r o.16
tttt

10.711 L3.46t 16.66r 19.41r Lg.4?
tttt

2.561 1.75r 5,õ1r 5.gor 5.07
tttt

2.O4 r 1.92 I 1.69 t 7-.54t 1.55
tttt

0.95r 1.11 r O.g2 I O.go r o.gõ
tttt

o.21t o.23t o.26t 0.21r 0.20
tttt

o,25r 0.c?r 0.15r o.Lgr 0.25
tttt

Slog

LL2og

FerO,

MnO

CaO

Mgo

Kzo

Na2O

Pzos

sos

74.631
t

4.78r
't

2.goI
t

0.56 t
t

8.9õ t

t

3.731
I

1.95 r

.t
1.15 t

I

0.63 t
I

0.85f
I
t

'l'l .87 |
I

4.85 t
I

2.25r
I

o. r5t
I

9.61 |
I

1.89 |

I

1.82 r

I

L.27 t
I

0.15 r

t

o. l_4 r

I

t

I
t
t
I
I
I
t
t
t

t
t
t
t
I
I
I
I
t
I

t
t
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TABLE NO. 9.:
rrnRoGEN IoN coNcENTRATroNls oF DARLTNGFORD, WASKAÐA,

NEWDAIE ÁND-.ER TçAÊQN PTTYSOMORPE TC ASSOC ÍATES .

Depth in t

Ïnches t Ðanlingfond. r flIaskada r Newdale r Erickson r

0-5T I Z.4O t 6.60 | 6.Z0 r ¡t¡t¡l
5-6n t 7, 45 r 6.g5 r 6.55 r 6.IE rt¡ttr
6-9tr | 7o45 I 6.g0 r 6.60 r ¡t¡ttt
9-12tr t ?.55 | 6,75 r 6.95 | 6.70 ,t¡ttt

12-I5rr t Z. bO r ?.15 r ?.55 r II ,t t. , t15-18tr t 7.ZO r ?. gO I T.g5 | 7 ,75 rI ¡ t t .r18-21rr t 7.ZO r g.OO r g.pg r . ,; rltttt
2L-24n t ?.55 | g.Z5 r' g. õ5 r g.Z5 |

., Irlt¡
24-27tt t 7.45 r g.60 r g. b5 , ,ttrl¡
27-30tt r 7.50 r g.55 I g.65 r ¡

.trftr
50-35tr I Z.g5 | g.45 t g.g9 r g.gb ,rtlrr
õõ-55t1 I ?. 60 r g. gO r g. ?O r ¡t¡ttt
56-õ9tr T Z.6b t r r g.g' It¡t¡f
39-42ttr?.g5rrr¡

ls Dete¡:n1ned. by glass eleetrod.e.
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(b) Ðata¿

Tables No.
Obart No.

(e)

1.

ÐiseueEion of ReeuLte:

lhe reeulte lnd,icated. a downward movement of llme from

tbe upper portion of the Darli¡gford ¡rrofile. CaLcium carbonate

content wae high in the Brsfile below the twenty-q¡s ineh level;

with a slight aecumulation at twenty-seven inehes.

Tbe percentage of silioa varied from ?5.?8 percent in

the surfaee horizon to 60.20 Bereent in the eubsoll. There had

been no apparent movenent of eesquioxides within the profileo

fhe amor.mt of caleium oxide fnereaeed with deBtho to a naxlfu of

16.69 percent in the subeoil. fhe quantlty of magnesiun was

variable; probabLy due to the deBositfon of tlæ parent material.
The aLkalles were very low ln quantlty and fairl"y eonstant

throughout the proflle. Manganese and sodiu¡ô were also very low

in quantity. sodlr¡n shoued, a srlght inerease in the B borizon.
thsse reeults showed. tlp,t there Ïed been rery titti.e

weathering of the parent material. The cond,ltion of the mlnerale
also f.ndicated lack of d.ecompoeÍtion.

Dar]-insford Phqtomornhic Aseoeíate (Eable No. 4).

2.

fhe ealeium carbonate Oeternination ehowed a dour¡ward

movement, but not as severe aF in the other soil profires. lhe
Ínorease wlth d.epth. was gradual, reaching a aaximu¡o of 2?.gg
peroent in the horizon iuriediately below ttæ twenty inch level.

The silica content of the B horizon of the lÍaskad.a pro-
file was rery high. The reeults also shorared, a slight, increase
in Bqrcentage of sesquloxides ir¡ this horizon; but this increase
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was proþably d,ue to d,epositisn rat!')eî than movement, a.e the

reaetien d.see not favor d.econ¡losition. Tl¡e alkali earthe 1n-

areased with d,epth. fhe arkaries, manganese and sulphur were

rel¿tlvely 1ow in qnant5.ty.

lhe:eurfaoe hsrLzons of tTe Waekad,a profile were ellghtly
aeld i.n reaetisn (Eable So. g).

lhe pattern of rine eontent for the Newd,ale profile
resenbled, tlrat sf the Darri¡gford proflle, with the exe'eptlon

tlet t}æ acctr¡er¡latlon sas at a higher leveI. rn the Nesd,are

ssll the down¡¡ard, moveaent of line Ìp.s been greater tÞn in the
Waskada profÍle.

fhe siliea eontent of the Sewdale soil ranged, from 19.,16

¡rereent in the surface horizon to 64.46 pereent in the Lswer
part of the Broflle. Ehe percentage of aLkali eartlæ wae lower
ln the surfeee Ï¡srizon of t]:ls profil.e thÊ.n tn ttp surfaee hsri.,
zons of the Ðarl5lgford and Tfaskad,a solle. Howeyer, the pereen-
tage of the horlzon lroeediateJ.y below (gn - l4n) waÊ eonefder-
ably higheri Índleattng a d,ownward. movenent of arkall earths.

ac 1d.

4.

rhe surface horizons sf tbe sewdare ¡rrofile were sLightly
in react ion (fable trTo. g ) .

0f tbe sell Broflles stÌrdled, the Erickson profi1e ebowed,

the greatest novement of line from the upper horlzons. as & re-
eult of this movenent the uBBer horiaons rüere aetd in reâ,ction
(Table No. 9).

The siriea eontent of the Brj.ekEoa soil ranged fro¡a
11''87 pereent to 60.64 pereen,,t. Ehe eéleit¡m oxide eontent of
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the loser portlon of t?¿e profiLe wa6 very high. The analysis

ehowed a sllght aeeu¡nuLation of nagneslun ln the 3 horizon.

These results lndicated, thêt the Erlekeon prsfile has

und,ergone more lntenslve weathering tfun the other so11 proflles
stud,ied,.

3. ORGAÑIC MATTER A}TD NTTROGES:

A study ras ¡nade of tbe organie natter esntent and tbe

nltrogen pereentage of, the soll profilesr
(") Methods ¡

In the detersinatlon of earbon, a wet eonbusü1on aetlæd.,

adopted. fron methode by Adaan (1) and. Wa¡rnlck (Of ) ras üsèü, Ehê

organle earbon was obtairaed, by su,btraeting the a.nouat of inor-
ganie earbo¡ fron tbe total, earbsn. EhÊ anotut of organic uatter
wag ealeulêôed. by nultiplying the a.normt of organia earbon by tb
.faetor L.724.

The amou¡rt of nitrogen was d,eterulned by the KJeldakjl-

Gunning-arnord tr[ethsd (¿g). rn this nethod tb quantfty was

d.eterraíned, volrrmetrleally, by Èltratlng with etandard arkall,
using netÏ4¡3. red as an ind,icator.

(b ) Data ¡

Iab1es No. LO & 11.
0hart So. 4.

(e) Diseuseion of Besults:

lbe results lndioated that tÏ€ organie earbon, organ!.e

metter and, nitrogen eontent of these solLe d.eereased. with in-
ereasing depth. lhe Ðarlingford soiL esntalned larger quantitiee

of organlo natter ar¡d nltrogen tlrå¡x the othe! Eoilg. Therefore,

the eond.itions und,er shleb the Darl,lngford eoil ças deveLopéd.

çere &ore favorable for the acer¡aulaiion of orga,nic matter tlp,n

rere thoee of tbe otþr soile.
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TABLE No. 10

ONGANTC I,TATTER AND NTTROGfrN CONTENT,
RELAT]ONSETP. OF THE SOTLS

CARBON-IIITROGEI{
STUÐÏED.

DABL]NIEORD Phytomorphi c As so ciat e :

ganr-c t3
Sample tO::ganic t (Onganic carbon x tNitnogent

t Percent t
Canbon-Nitrogen t

Deptb. I Carbont 1.742 C:N) RatÍo I

o- 6lr '1.84
6'l.2n t

L?-?l-tt' t

2L-27u r

27-g3tt t

33-42n I

5.89 r

1.9õ r

1.57 r

1.10 |

.85 t

13.52
10.15
3.33
2.71
1. go
r.46

.589

.448 r

.205 |

.115 r

.089 t

.026 t

15.õ1 : I
1õ.15 3 I
9.4I : 1

1õ.65 ! 1
L2.ô6 : I
52.69 : 1

I
I
I
I
I

t
t
t
I
t

lffASI{ADA Phytomonphic Assoc Late :

O- 5tr
5- 9rr
9-Lârr

L4 -aAn
20-?,8n
2grt+

6.28 r

2,lg r

1.21 r

.78 I

.47 t

.50 t

10.95
3.79
2. Og
J-.ö4
.8I
.86

.565 r

.2l-7 I

.141 r

.O77 |

.o77 t

.0õo t

11.15 :
10.09 :
8.58 :

10.1õ :
6.10:

16.66 :

t
I
t
I
I
t

t
t
t
t
¡

I

1r
1t
1t
1l
1r
1r

NEWDALE Phytomorphlc Assocf ate ¡

o- 8rr I

8-1411 t

14-18tt I

18-25n r

25-32rr I

SZrt + r

7.68 r

2.06 r

.98 |

.42 t

.59 I

.60 r

]'2.'72
õ.50
1.69

.72
r.02
1. Oõ

.55O t

.192 t

.15õ t

.089 |

.058 t

.oõ8 t

16..42 z

10.57 !
6.40 :
4.72 :

15.53:
15,?g :

t
t
t

.t
t
t

1r
1t
1l
1l
1l
1r

ERICKSON Phytomorphic Associate :

Q- åu
å-s#'

5å-11tt
11-1?tf
L7-24t1
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Îb relatlonshiB of the organie natter eontent sas

establlshed when tlre total amounts of organlc matter Trere estl-
n¿ted for eaeh proftle. This relationship is shown ln fable

No. 11.

TASIE NO. 11

Botal Organlo Oontent of the Sotl Profiles
Xlxpreeegd, as Pouad,s per Acre T

Vaekada,

Sewdale

þriekesn

803r960 c

449 r82O r

15õr826 rr

Oomparat lve
ratlncs

-

100

11.ã

70. õ

24.4

Sotl Oreanle tr{at'ter

- 

-

Darlfngford, 638r3?0 lbe.

t læBrins gzzl.

lhe Darlfngford eoll eont¿ined, approxiaateLy one and,

one quarter times as nueh total organle nstter ae the Newdalq

solL¡ twlee as maeh as the Waskad.a sotl¡ and, four ti¡aes as nueh

as the Ertekson soll.
@hart I{o. 4 ebowed. the distribution of orga,nic natter

withtn the prof!.Les. ßhe patterns of tb esntent in the Darling-
ford, and, trTe¡rd,are profiles were similar, with the exceptfon tTst
the organíc natter eontent d,ecreased nore raptdly with inereas-

ing depth. ln tbe Newd,ale eoll. The tsaskad.a Breflle rras relative-
ly low ln organie natter and. the d,ecreaee with inereasing depth

was greater tþn for the otlær blaekeath profiles stud.íed,. lbe
organie natter eontent of the leaf nat of the Eriekson prsfiLe
was ver]r hle$ while the content of tÏe remaind,er of the proflle
was low.

Total organie eontent and the minerar psrtion of the soir
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heve a bearing on soll colonation (sz). As the mlnenals in the
solls of the blackeanth zone are not strongly weathered, the

eoloratlon would be due mainly to the organf.c content.

rt was obsenved. that wÍth d.ecneaslng degrees of inten-

sl-ty of soil color, (from black, through brown to grey), the
total organfc content decneased..

(d) The Carbon-Nltrogen Relationship:

The canbon-nitrogen ratio kras been used by some writers
as a basls for d"iffenentiation of certain soirs.

Leíghty and Shorey (30) showed that the carbon-nltnogen
ratio was qulte vaniable. Ttlith. few exceptions, 1t was widest
in sunface soils, and narrowest at lowen Ievels. This ïuas found.

to be the case 1n the blackearth soils of Manitoba, in the pontion
of the pnofiles above the horizon of calcium earbonate accumu]-

ation. The canbon-nltrogen ratfos 1n the canbonate horizons
were not significant due to the low percentage of organi-c carbon

and nitrogen, and to the errors in d.etermi.nation caused by the
hlgh concentnation of carbonates. The ratlos obtained ane shown

1n TabLe No. 10. These results showed mi-nor varlations, but
were not si$nificant to give cause for d.lffenentiating the sub-

types of blackearth soils 1n Manltoba.

The canbon-nitnogen ratio was wid.er fon tlle Erickson
soil profile than 1t was for the blackearth soils. This can

probably be attrlbuted. ùo variation 1n the composÍtion of
vegetatlve matten whLch was d.eposlted on the surface in the
form of leaf nat.

C. BASE EXCTIANGE AND SOLUBILTTY PRoDiiCTs¡

The method used- Ín ùhe determlnation of exchangeable
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þase wae a noðlfieatlon of that of Eelly and ghapman (¿O).

Tlris nethod. consiete essentlally of the replaeement of the

exebangeable basêe of the soil by arnmonla, whieh ls acao¡oBlisbed,

by leaehing with a neü,tral, noruel. solution of anmonlnn acetate.

Tbe exeess of ammoniun aeetate ç¡¡s reaoved, by washlng with
uetlqyl aleohol, and, tþ amount of absorbed, a,monie ras deter*

nlned. by the Gunntng-Elbbard, metbod. (38)

(") Mod,ffigg uethpd Used¿

Seventy-f1oe gra.¡aÊ of eoil Íere plaeed. ln a ehaker

bottle and 500 @.G.lB of neutral nornal annonl,um aeetate Trere

added. 9þ bottle ras st.oppered., sbaken ln a mecbenieal ehaker

for thirty minutes and. then el,Loçed, to etand oT€r-rlght.
After standing, the solution was flltered fron the soll

by the use of No. 40 whatmanf s fil,ter paper and, the soil washed,

by d'ecantatien witb areonlun aeetate solution t¡¡rtil ?00 e.€.tB
were leaebed, through. Tb€ fiLtrate was nade u.¡r to 7õO o.e.ro
and analysed for tbe oatione and'anions brought lnto eolutlon.
Tþe eo1l resid.ue was waEhed with net?y1 aleohol until any fnr-
ther washing would, eause colLoidal uaterial to move tbrough the

fllter paper. îhe a,nmsnla in tbe eolr eanpre was tb.en d,eter-

nined, by distilling tbe a¡ononia fnto etand,ard, aeid by the uee

of a kJelda?ù dtstllline ap¡laratus.

A@oniua acetate was ueed, in thie d,etermination becatrse

a¡rmoÞiun rarely oecurg in quantlty ae a maJor soil þaee, but ean

furictlon as sr¡eh und,er Laboratory cond,itions¡ is easily deter-
ninable, and the aeetatee of all soil bases are read.ily soluble.
Moreover, it Ïras the sutetanding anal,ytieal advantage of being
alusst completely volatlle st a eonparatlvel¡r_lr9Ian,,,l.,gr'nu,.î,,i.lrirr€¡

t/- "

,,,?!/'
{( i-r-'::'r ' 

."i
. \-.'-- ,, ';'
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Every trace can be removed by ignítion or treatment with suit-
able neagents. A solutlon of high pr.rrlty ls easll_y pnepared

from inexpensive reagent ehemicals.. About Íts only defects in
appllcation to b ase exchange work on solls are, the difflculty
1n tÍtnating an excess of acid 1n a large volume of tkre stnong

solution, and its solvent effect on calcareous maüeriar. In
the leachlng pnoeess not only bases but also soluble salts are

removed.. Therefore, both catlon and anlon d.etenmlnations are

neeessary.

The flltnate was analysed for calcÍum, magnesium and.

sulphates by 4.0.4.C. analytical methods (õB). The calcium

was detêrmlned by pneclpitatlon as calcium oxalate and ignited.

to calcfun oxlde; the magnesium was lgntted and wêlgtred as

pyrophosphate; and the sulptrates weighed. as bar-Íun surphate.

The soluble carbonates vuhlch were dlssolved fnom the
solls were determlned ln the filùrate by the method of Enaerson

(14). fn thís method the canbonate was d.eter:mined by tiùrating
wffh a dilute solution of hydrochlorlc acid usfng methyl orange

as an lndlcator.

fhe soluble chlorid.es were deÈermfned by thre method of
&rerson (14) by tltrating wlth siLven nltrate solution using
potassium chromate as an Índicator.

The replaceable sod.lu¡n and potasslw¡r vrere d.etermined.

1n the filt::ate by the ottawa method (bõ). ïn this method an

allquot was treated with sodlum cobaltinltrate fon potassiu.n,

and anothen wlth magnesium uranyl acetate solution for sod.ium.

The respective preclpitates B¡ene collected in goocS cnucibles,
dried and wei.ghed.
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À portlon of the allquot tas ev¿porated, to dryness and

then treated, with hydrofl,uorie acid. in the determination of
eoluble slliea. rhe Loss ln weight represents the amor¡nt of
s11 ica.

The replaceable grdrogen sas determined, by a method

outllned by Srown (e) naking use of the glass el.ectrode to
determine the Srdrogen ion concentrations of both the origlnal
extracting reagent and the filtrate after leaching.

rhe quantity of eatione and anions replaced by ammonle

or brought into solutlon by the action of ammonlum acetate
salt was exBressed, as mllIi-eguivalents, A n111l-equlvaLent
is d,ef ined as chemieal equivalents exBressed, in ¡rilrigrame
(rerty and Srown l,gz4) and is caror¡lated, by nulti¡rlying the
milllgrans of tÏ¡e lon detennlned per 100 grans of soil, by
ite valency and, dividing the product by its atonie weight.

(b ) Data:

Tables iToe. LZ; 18, 14, 15, 1.6Clprt Nss. 5, 6, & ?.

(e) Disci+åsio{¡ of Besults:

The anrmoni¡¡¡¡ acetate ¡rethod of d.eternlning exclange
capasity and exchangeeble bases in soil ras used, by prlanish-

(st)
nikovrand later investlgated by scholtenberger (gr). Tþe

çriter showed tlnt &mms¡i¡¡r aeetate in solut ion þs ¿n effect
upon the surface tenslon of water. lhereforê, ito wetting and
penetrating porers are euperlor to nany salts. rhls alde in
tbe removar of the exohangeabre oations by reaching; and carrles
t}æ exchange of bases to an equiLlbrlr¡n ln a minimr¡m of time
and with a mlnimun. vorr¡me of solutlon. rt was arso found tret
at sufficíently hteh eoneentratione aqueous arr¡onium aeetate did

& 17.
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not cause diepersion of the soil eolLoid,s. Ilrrthermore leach-
ing was not notieeabry sLslrer tþn with d.ilute aeid, or other
saLt solutlons. Îlæse wrlterg streseed tlgt a neutral salt,
whieh d,id not have the tendeney to Srdrolyze, shourd be used.

for the determination of exelangeable'baeeg.

rn the deterninatlon of exehangeable bases, soire,
whieh are high 1n ealeir¡m earbonate content, dfer an additlonal
problem. Kel1y and. cÞpran (a5) etate that the reaction which
takes Blaee between the aþsorbed bases fu the excha,nge eomBlex
and the electrolytes ln solution lg, charaeterlzed by an exehange
of ions. gertaln nfnerals th'*t occur in soile yieLd bases to
salt sslu,tlor¡E as a result of d,ecompositlon and, ordinary soru-
tion proeesËes. Oa1eåt¡q earbonate ls soluble ln ssiutions of,

a¡nmoniun galts. Th¡s, when eaLcareous eol1s are beÍng inveEti-
gatedr the ealeiun equivalent fron the d,lssolved earbonate uay
equalr gr even e.xeeed, the replaeeable ealeium.

@drolz (ro) attem¡rted, to overcoue thls dtffieur.ty by
d'eterminir¡g the earbonate content of the soil, before and, after
neutral salt extraetion, and, tlereby afford,lng a basrs for eal-
eulatlng the extent to whteh oalefu¡m earbonate affected the re-
sults. Ke1l,y and Srsrn (zv) for¡nd, that this nethod 1s ¿ccurate
Lt the soil d,oeg not arso eontain nagnegium earbonate. They
also found thêt base exchange ras lnconplete when tlp earbonate
eontent ras over one Bereent. lh¡s, the universal appllaation
of the Gedroiz eorrectlsn is doubtfur. as most earbonates are
soLubLe or partlally esluble in ordlnary eart solutl.onc¡

r¡a carbonate free soir" the base abeorptron.capaeüy,
expressed' as the euE of tot¿l replaceable bases plus reBlaeeable
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Ðdrogen, d,oes not agree with the total eapacity as eïpreesed

by aruaonia ,absorBtloa. Armnonla wllL not replace exebangeable

Sdrogen when the latter ls low l¡ quantlty. Ðe Signond end

Dl Sleria (fO) and, Parker (40) for¡nô that onty a portlon of
wae replaced. in tbe coLloid,al eomplex. Kelly (ZOlthe þd,rogen wae re¡rlaeed. in tbe coLlold,aL oomplex.

noted, tbat t1æ dtfferenoe between the total absorptlon capaclty
and the basee removed, by the amnonluü ehlsrid,e nethod was eqrral

to tTæ exclrangeable þd,rogen.
Godroiz (rz) þelleved the,t tn tle ehernozem or blaek-

earth soils tþ ebeorption complex is eompLetely saturated wÍth
dlv¿lent ions (eal,eir¡"u and. aagnesir¡ra), and tþt ealciun pred,om-

inates in al.L but exeeptionar easee al,so stated, tle,+" ehemo:

zen soLls eontain rùo absorbed, Ì[rd,rogen. Ðe slgmond (rr) showed

tbat these eol,ls e¿n contaln abssrbed, Ïydrogen, sod,ium, and

potaesÍum; and therefore, they are not conpletely saturated,

wtth d.ivalent Lone.

The resl¡Lts of tIæ investigatiôn carrled, ou.t on the
Manltoba bl¿ckearth soÍIs confirm De Slguondre findings. tflhile
ealelun and magneslun Bredoainated in the excbaage couBrex,

wlth a large Botentlal reserve ln the carbejnate hsrfzon, there
were replaeeable lons of sodiun, potessium and lSrd,rogen ¡lresent.
lhe flguree glven fil labi.es so. Ia, 15 and l? showed, t¡Êt in the
lEanitoba proflLes oalelu¡l and. EÊgnesir¡n were over elglaty per-
cent of tbe total exc?nngeable baseEr

lurmin (0e) found, thå,t there was no absorbed þdrogen
in any horizon eontalning earbonstes. & stated that the pre-
sence or absence of trydrogen depended, upon the Bbysfographie
¡loeltlon of the soil withln the ehernozem region.
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Neustreuv (3?) and Gedrolz (l?) belleved tle,t, eod,iun was

lmportant in tbe exobnge complex of eertain soils. Rogov (¿g)

found t}9,t the morphological elsracteristice of ehernszeq Eoils
(e'g. granular etrueture) do not agree withth tl:eory of sod.lte

Àaturation.

fhe results of the base exohange determination oa the

blackearth soÍ1s, herein reported., showed, a very Iow eontent of
sod.iun; lndieating tbat sodiun d,oes not play an lnportant role
in the excbange complex of tbese solls.

Acesrding to MeGeorge (gg) and Fage and, Willia,ss (99)

the catlon abeorptlon capacity d,eoreaees with depth; the áe-

erease being chlefly d,ue to the decrease !.n organie ¡aatter @oD-

tent. b the Manltoba soile studled, the absorptlon eapaeity
and tb organic matter content were hlghest at the surfaee of
the profiles, and decreased with fncreasfng d,epth. The base

absorption capaelty dropped. more rapid,ly in the waskada and.

Newd,aLe profilee. The same esnditisn was fotrnd on examination

sf the organie matter content (see page 5g).

Of the three eoll Broflles stud,ied, tl¡e Ðarlingford vas
for¡nd ts Ï.nve the largest base absorBtlon eapaeity tbroughout

tbÊ profil,e; and tle waskad.a, the smaLreet eaBaclty. Íhe eatlon
exehange eaPacity of the Sewdale soil was interned.iate between

the other two ssiLs.

lbe pereentage of aþsorbed. þdrogen was highest in the
B horizsn of the Waskad.a BroflLe. lhe abeorbed monovaLent ione
(sodiran and. ¡rotaestun) were fourd to be low in qu.antity and only
ineld,ental ln all three solle. th€ sod.ium sae belorÍ one milli-
equlvalent ln all eases. The potasslum was also rery Low wltb
the greatest ooncentration at the surfaee. This condltlon was
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probably due to the eycle whereby potaselum was transported to
tne aerial portlon of pla,nts, and then depoeited on the surfaee

wlen the pla,r¡ts dled.

II. PtrSIC¿TL SÎTIDIES:

The pÏ¡¡elcaL etudies of the blackearth solls of Manitob¿

included meclpnicaL analysie, aggregete or. structural anaLysÍe,

and the determinatlon of tbe moisture equivalents.
¿\. Mec hanlcaL ¡nalvele :

(a ) uet þ¡¿j
The metlpd of mec?snlcal analysíe used in the present

etudles was developed 1n the tnivereity of Manltoba Soils Labor-
atory. It le a modlfieation.and combinatlon of the Troe1t Ðis-
perslon method e¡nd, the Olmstead ptpette method.

tr'ive grams of oven dry eoil waÊ welghed into a 400 e.c.
beaker, treated with põ e.e. water and gently boiLed until
nearly dry. The d.aap solL wae then treated, flth õ0 c.c. NaBro

eorutlon, uixed lntermittently for two hours, and then treated,
with a further õ0 e..e. al.iquot. ¡rfter Ïraving etood ovêr-rlght,
the nixture was gently bolled in a fume cha¡nber rith 6 gms.

ammonlt¡m chlorid,e until all the exeess bromÍne bad been drlven
off. Siltratlon was then 'carried out tlrough wretnan No. 40

ftlter paper, wanhed with:Srl10 sodlun eliloride and water, and

the eofl transferred to a slraker bottle of one litre eapacity.
Ten GrGr of tlree percent sod,ium carbon¿te solutlon was added,

to the solI mixture¡ and made up to about 600 G,c. wÍthwater.
Àfter shaking for 30 minutes tlæ sand ln the soil was eeparated
from t}æ slrt and clay by pçssing the soil mixture througn a
emall 300 nesh sieve plaeed on a 1ltre graduated eylinder. The
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Eoil Eixture fia,B added., a llttle al a tine, and, waeÏ€d wtth tb
ald of a soft rubber polleenan. Washing was contfu¡ued, r¡ntll tte
rrater passing through the sleve ¡ras elear

The eand,s wete drled after removal from the sieve,
relgbed, transferred, to a weighed oruetble and. gently ignited
to renove undeeomposed Blant fibre. The sand was then sieved,

Ínto traetions and, each fraetlon weighed.

The solution eontaining the sll,t and, clay ras tÏæn n¿d,e

up to one lltre rith water. fhe eslutlon was stlrred, and a I0
@.@r arlquot ilas renoved Lmed.lately by Beans of a L0 @ro¡

pipette wfth the tlp 10 o&,. below the golutisn surface. Thie

arÍquot e ontained bsth s1lt a,r¡d. olay. rhe solutlon was then

¿lLored, to settle t and an aliquot removed, when au. the eoarse

etlt bÊd settLed u.r"* 10 em, and, again wben all tbe fine sil.t
with a d.iameter greater t19,n..00g had eettled below L0 om.

rhe arÍquots were removed in welgbed cruelbj.es, d,ried
at 110og, weiglred and, then ignited and rewelghed,

lst allquot * sllt and. elay

âed allquot r flne ellt and, clay
9rd aliquot e elay 9.00?

t !tr" o.f settting caleurated fron stokes formura (54).

(b ) Data ¡

Tablee 1{o. 18, Ig, & ZO.
Clrarts No. 8, 9, & 10.

(e) Discueeion of Results:

the Broced,ure outLÍned was found to be

factory for eonditisns prevailing in trf¿,nitsba

The resuLts of this inveetigation are

Nos. 18, 19, and p0. fheee tables gbow,:ii tþt

tbe most satls-
so 11s.

ebo¡rn ln tablee

tle pcreentage



ampl.e
Depth

DARLINGFORD Phytomoi"phic Ass ociate :

o- 6n
6-12ü

1,2-¿ltt
2l-27n
27-56jr
33-42ß

r 2.0-1.0

Pencenta

WASKADA Phytomorphic Associate ¡

1.40
1.89
1.32
1. Og
2.47

.94

ïlle1ght of soil fractions and, loss = 1

I,O-0.5

sof
MECHANICAL ANALYSTS

So11 Fnactions Based On Oven

o- 5rt
5- gn
g-14r

a4-20n
20-2gn
28lt+

TABLE NO

1.85
õ. ol
2.33
2. 01
2,33
2.35

0.5-.25

NEVìIDALE Phytomonpleic Associate I

.86
5.O4
4. O0
5.96
1.20
1. Bg

18.

o- gil
g-14rt

14-1gn
1g-25tr
25-63t1
32tt +

? . 25-.1

3.66
5.91
4.10
3.O4
3.34
3.25

alJa

2.30
4.24
6.51
7.96
2.34
2"99

I
I
t

t
I

I

| .1-.05 t ;05-.0O5

1. 51
1.15
1.23
1.61
2. lg
2.25

7,49
6.29
8.12
6.50
o. Õo
6.64

aI arJa

4.69g,2l
11. O5
L3.76
4.65
5.98

5.92
5. OI
4.25
3.70
3.59
4.29

2.go
4,12
4.Og
3,45
3.94
4.Or

lVei

10. oI
14.g"l
17.06
22.42
1o.72
14.29

36.2
35.2
24.2
22.6
20.6
19.9

6.40
7.71
7.69
7.O7
6.57
6.74

. OO5-.002

8.56
7,52
5.43
7.16
8.05
8.85

l-l..4+
15.93
15.57
11. 84
11.52
12.99

l-2.o
9.9
9.0
9,.2
8.4
9.2

38.4
24.2
24.4
16.4
29.4
23,.4

ay
OO2 t Loss

6.87
8.55
8.'16
9.r7
9.1õ
8.16

29.6
29..2
45.9
õ4.8
36..2
65.4

6.2
õ.o
8.2
õ.0
6.6
8.0

6.92
õ.go

.88
17. O?
16.71
18.14

32.2
24'- g
23,2
2L.6
Lg.4
22.4

t
t
I

t
I
I

19.2
2'1.8
2'1.4
l-3.2
õ0.0
19" 4

10.2
5.9
4"9
5.0
7'.2
4rg

10.79
7.22

.95
L2.64
Tõ.04
15.20

I
('l
C*
I

22.2
34.o
63 .4
27.6
26.6
22.9

6.58
.34

r.27
12.66
16.56
16.55



rsample t Total I Silt AndrDepth !_ sgnd t clay r. of sand r oq silt _aãd clay r Loss t

!É'_RtJNeFORq Phytomorphic Assoc late :

MECHANTCAT ANArYpls

Sand. + S11I + Cl?y + Igni-tion Loss + Loss ¡¡ IOO%
Percentage on ignited basj.s.

o- 6rr
6-!?tl

1'--?rll
2I-27n
27 -33tt
33-42r

18.28
22.oO
20.r2
16. õ1
18. Og
l-7.46

ÏVASKÁDA

OiSll
5-grt
g-14n

L4-20t1
?,0-28t1
28lr+

TABLE NO. 19.

Phytomorphfc

60.6
62.6
70.6
60.9
60. o
58.2

26.45
37.77
44.O5
55.06
26.96
54.OO

NEryp.ArE

o- gtr
g-14n

14-lgrl
18-25tf
25-3zrt

: âatt +

Assoclate:

51.6
53.4
50.2
29.g
54.O
46.9

Phytomorphfo

.59

.55

.19

.47

.51

.õ8

29.O2
55.26
37.33
.53.14
33.24
õ4.05

Assoclate I
51.6
5?.9
56.2
50.4
45.2
45.6

L.26
.40
.36
.62

I, Cis
.58

L4.2
11.6
8.4
5.9
5..2
6.2

.80

.2L
.2L
.69
,32
.55

6.33
3.25

.69
L6.62
16.20
l.7.76

11" 2
1.6
4.9
2.9
6.0
4.0

t
t
I
I
t
t

I
I

I
I
I

t

9.51
6.92
.62

LL.72
11.99
14.62

].5. O

6.6
5.2'
õ.9
5.O
õ.9

t

I
t
I
t

I

I
('|
rÞ
I

5.59
.1õ

1.06
11.9?
L6.24
16.00



Sa

DARTTIGFORD

1e

Pencentage on oven d,ry basis (sand Ígnited).

O- 6rr
6-1'gtl

l:2-2Lß
2r-27fi
27-33fi
33-42n

Ðe

sand + sÍlt * cf.ay r lootÅ-

MECITANTCAL ANALYSTS

th

TABI,E NO. 20.é

Phytomonphlc Ass ocj.ate :

UIASKADA

O- 5lt
5- glt
g-14il

l-4-2011
?'0-agtl

. 28tt +

2. O-
an
o5

Phytomor-phic

19o 64
22.97
20.50
19.67
2L.',?l
2r.53

NEI.TDALE

O- gtt
8-l_411

14-Lgrl
18-25!
25-32tt
3?t| +

o5-.002

t
1

I

I
I
t

Assoclate:
29.62
40.71
44.47
62.91
29.91
40.09

Phytomorphic

49.45
46.79
33.49
59.55
34.92
35.43

te (gased on modlfied chart fnom DavlJ

(.
1ay
002

t
I
I
I
I
I

Associate:
õ1. oo
õ5. õg
õ7.91
37,94
39.94
40.90

õ1.69
õ0. õ5
46.21
41.99
43.4'7
43.24

49.99
29.32
27.96
22.15
35.04
37.O3

exture
*

HCL
HCL
c
HCf,
ECL
HCt

20.40
29.97
27,67
15. 06
55. 05
?.2.99

45,29
50.50
29.36
õ0.45
g1. gB
32.59

t
I
I

t
I
I

I
t
I
t
I

t

CL
CL
CL
FSL
HCL
CL

23r'lL
34.12
33.95
51.61
29..29
26 .6L

CL
HCL
HCL
HCL
CL
CL

t
Ctl
C,|
I

I
t
I
I
t
t
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MECHANICAL ANALY SIS
percentoge by weight on i(nited bo5i5-

Dorlingford Phyfomorphic AssocioteGhorl No.

Depth

6

t2

21"

27"

33"

42"

Chort No.

Deplh

5''
9"
t4"
20

28"

36"

Ohorl No.

Oepth

I'
¡4"
t8

25"

32"

40"

,..-,,
rl,,

Ø
lotol sond

N
ond

6020 40 80 roo

silt clo y

fibrous
orgonic m otlsr

( lo ss on ignition
of sond )

F:-
l4

colloidol O. M.

sol. corbonole s

Yol: sol. solts
( ro ss ot,,lnl'låo8, 

3t, l

30l. corbonole I
sol. solts
4ome orgonic

molle r

percenl

:t Woskodo Phytomorphic Associote

percenl

ro Netvdole Phytomorph¡c Associote
r,ml
LTJ-l.r}

lo ss
lTìì4.. .'ììì ì.ì ìì..'..'ì.ì¡¡¡\ì.".ì ì ì ììì ì ììì ì .'.'ì ì

ìt S ì .,r : :ìì.. ì ìì.ì ì S.ì
\\ .ì r\.\ \ \.\ \ \\ l\t-.

ììSì' ìì.ì'¡
s-ììlì.ìsììì.ìì

percenl
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of sand, ln the Darl-ingford profÍle was e ornparatively low in
comparison with those of, the Waskad.a and Newdale prof iles. 3or

the elay and. sl1t content, the sltuation wae reversed, wlth the

. Ðarlingf ord. baving the higbest ¡lereentage.

The TÍaskad,a profile ebowed. a wid,e variatlon in meclrani-

cal compositior:¡. Table No. 19 ind,ieated, a sand content of 46.49

peraent in the surfaee horizon, and a maxlmum content of õ0.06

percent in the horizon from fourteen to twenty inehes. Thls
variation was probabL¡r d.ue to tne d.epositlon of tle parent

materiar aõ there were no ind.icatlons of 'severe erosion or
llluviat íon.

îhe meclsnical analyeis al,so showed, that there had. been

very Iittle, if êDIr d.ownward, movement of the colloid,al organic
natter. The loes on ignltfon of silt and. clay was u,sed. as a
meaBure of tbe coll0idar organic matter. However, this may not
give a true picture of t1æ colloldal organie matter as the loss
on ignitlon also ineluded soluble carbonates and volatile Eolu-
ble ea1ts.

In Îables Nos. 18 and 19, the coh¡s¡n ülossr included.
soluble carbonatee, soluble salts and some organic matter. Tbis
loss was at a rnininu.m tn tb B horlzon of all profiles. the
ross w¿s slightry higher in the a horizon due to Eome ross of
organle matter.

The textures of the various horizons vrere determined" by
inserting the pereenteuge composftlons into the trlangle eï¡¿rt
(rg). The results (Table No. 20) showed. ttþt thÊ textural
elass of the Ðarlingford, proffre was dominantly heavy cray loam.
Irith the exception of a horizon of fine sand,y loe¡n, the textural
crass of the waskad,a soil was cla.y ro¿um. The textu¡e of, the
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l[ewda]-e Éoil proflre varied from eray loa¡i¡ to heavy elay Ioam.

3. M0ISTUBS EAIIIV¿I,ELTS :

The moieture equivalent is one of the nost frequ.ently
used. determination for eharacterizíng the moisture¡elatione of
eolL. rt Ìras been used as an indireet measure sf the. wiltlng
point by Sriggs and, shantz (?). trisher (15) states tye,t the
moisture equivarent neaeures the water neld in the enalr poreg
es ree1l as tbat i^uabibed by tle soil corloíd.se

(a,) uetrrod (5)¡

Air dry eoíI was ground and. passed, through a p &.mr

sieve. Ðuplicated. samples were eoaked in water for ¿n hour,
ercess water removed,, the oamples covered. wlth a d.amp croth
and allowed to tetnper overnight. The samples were eentrifuged
at ?.440 B.P.M. for 40 minutes, transferred to a tared. c@,ß¡

weighed., and dried for eight hours at 10goc. ros' of, water uas
calculated as pereentage of d,ry eoil..

(b) Ðata:

Table ITo. ZL.
' (e ) Ðigcussion of Resulte:

rhe resuLts of the nolsture equivalent deterninatlon
sbowed the highest values for the Darlingford soil; and,the
lowest values for the waskada profil,e, The 14 to 20 ånch hori_
zon of the wa¡kada soil te,d a very 10w value;due to the hlgh
pereentage of eand fn relation to sllt and, etay esntent. The
moisture equlvarent values for tTe sewd,ale soir. were inter-
med,iate between the other two solls.
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TABT,E NO. 2IrE-

MOTSTTJRE
AND

EQUTVALENTS OF DARLTNGFORD, I4IASI(ADA,
NEiiuDAlE pHyToMoRpHrc AssocIA TES.

Based on oven dry wei.ght.

DA8I{TNGFORD pnyToMoRpHrc ASSOCTATE

Depth

O-6tt
6 -lztl
12-2Lt1
2l-27n
21 -63n
33-42tt

Depth

o-5'l
5-gr
I -I4rt
14-2011
?.Q-2gn
28tt +

M.Eq.

56.6
32.9
28.9
27.7
27.2
27.2

M. Eq.

50.1
2l..4
19.1
12.4
27 .L
?.j-.7

NEIITDAI,E PHYTOMORPHIC ASSOC ]A TE

Depth

O-glt
g -14il
14-lgrl
1g-25tr
25-321ì
62tt +

M.Eq.

õ5.6
34.5
23.2
?,2.6
22.O
22.1
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e. *.qGAEG4TE 9¡1, FTRgCT.I]AÁI. ¿g4I,ysrs:

The @hernouens or blackearth sollg are noted for their
high etate of aggregation. Jenny (¿g) states t?Þt this cond.i-

tion is d,ue to the large amount of organio matter ln the soil
Brofile and to the ellmate under whieh these soils are d.eveloped,.

fhe low rate of precÍpitation ltmits the a.r¡or¡rit of weathering

brought about by leaching"

water stable aggregate analyels Ías darried, out on the
blaekearth soils nnd.er inveotigat ionr

(" ) Merhodr (4e )

the soil uaterlaL was broken d,own to rr¡¡nps lees tïen
5 m.El. in size and. kept in a hr¡¡oid. atmosphere ovemlght. rt

Fas then elaked ln water for twenty-four hours and. transferred,
to the eieves. Íbree Írrr[¡ ¡ p ¡n.&., L m.m1 , ] &.8. and 60 mesh

sLeves were used in a four ritre beaker with the upper sÍeve
lïrmssss{ to a depth of }plf an ineh in water. separation wss

obtained by ?00 quick vertieal motione (a few ems.). T.he

separates were then transferred. to weiglEd, beakers, d,rled, at
105eor wêighed and. expressed as percent of total oven dry
weight. ¿fter the sieves bad, been removed. from the 4-litre
beaker, the suBpensf"o r*" allswed. to settle for five mÍnt¡,tes.

rhe water was then drawn off using a suctÍon p"trnp and the sed.i-
ment d.ried and weighed. The solr material removed, with the
water was caleulated as ilIossr.

(b ) Ðata:

-
Iable No. ZZ.

(" ) Ðiecuss ion of Res_u1ts :

Saver (4) etated thÊ,t the pereentage of aggregates in
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TABLE NO. 22

AGGREGATE ANALYSIS

(water stable aggregates)

Pencent by weight.

Size of
Aggregaies 2 m.m <60 mesh loss

ÐARLINGFORD Phytomorphlc Associate :

A
Horlzon 2.39 9.59 lõ.O4 35.54 2e^.5O lL.14

B
Hori- zon 5.4L L7 .87 2l-.43 26 .2O 19 .97 I .12

W4{}KADA Phytomorphic As soc iate :

A 4.18 g.4g 7.35 29.44 67.26 14.õ1

B 10.66 15.16 L+.4,4 
'j0.g4 

2g.O2 ]-O. gg

@

NETIIDAI,E Phytomorphic As soci ate :

A 4.16 9.58 8.59 õ0.56 55.L4 !2.1'l

B 8. õ6 15.44 16.54 24.54 25.90 9.32
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a glven welght of soil r¡vas a naxiraum 1n semi-arid regions
wlrere the chernozem-like soils qrere located..

Punl and- Rai (431 fsund thaù the water stabre aggre-

gates in the soil represented more or less permanent structures,
which were d.ependent on the ultimate mechanlcal composition .of
the solI, and thus represented fund.amental chanacteristics
whieh. wene not }lkely to change from d.ay to d.ay.

Martin and lflfaksman (62', observed that ühe growth of
mleno-organisms 1ed. to a bindlng togetrrer of soll panticles.
Tlulln (56), wonklng on the genesls of soir stnuctune, found

that the penetratlon of roots and tkre burnowing of animals caused.

pressure forcing the partlcles together. Russel (50) suggested.

the formation of some by-product during the decay of the noot
system whlch cemþnted. the panticles together.

Yoder (oz¡ investÍgated th.e effect of wetùing and d.ny-

fng. He attnibuted the rffracturationtt and. fragmentatlon to
the pressure exented. by tnapped. air and to the unequal swelling
caused by rapld lntake of water.

water stable aggnegates were d.etermÍned. on ttre A and B

horizons of oach of the Manitoba blackeanth profiles und.en in-
vestlgation. The nesults shorìied. a high state of aggnogation

ln all the soil pnofiles, wfth the B horizon better aggregated.

ühan the A honizon Ln each. pnofile. The Danlingford. had the
hlgþest pencentage of aggregation in relation to the amount

of sample used.

A1ùhough thene were mlnor. variatlons, tLrere ï,ras no

cause fon profile d.ifferentlation on ttre basis of weter stable
aggregation.



-63-

8. GEÀïSBÄL SIIMM¡rRY:

Ohemleal and pbysleal stud,iee of thÊ blaekearth solls

were undertaken to aseertain wbt ehemlcal and. B}YBieal d,eter*

mlnatiens ean be made in tf€ laboratsry whieh will correlate

with the norBhologloal featr¡.res observed, ln the fleld; a,nd to

aseertaln Íf the data from Erleh determinatlons cen be used aË

criteria 1n tbe differentlatlon and claegifieatlsn of tbe blaek-

earth solls fn Manitoþa.

Ehe blaekearth solls ueed, in thie inveetigation were re-

presentative of the Blytonorphle (or weJ-1-drained,) assoctates

of the Darlingford,, T[aekada and. ]Tewd,ale eo1l aesoeiatione.

fhese soil assoei.ations were seleeted. becatrse they þve been

deveLoped on sinilar parent naterlal. Henee it was assu¡ned

tlpt varlatlons in the results obtalned frou the analysis of

ths reepective so11 ¡rrofiles would, refLect the eoil-forniúg
procesÊee. fhÊ typieal Darlingford, ssil ¡lrofile was obtalned

from the area d.esignated. as the rblaekearth soil zone;i tlæ

tyBieat Waskada soil proflle was obtalned from the area desig-

nated, ae the ad,ark brorm-bLaekearth traneition sofl zøne;n and,

the typical Newd,ale soil profile wae obtained, fron tlc area d,e-

slgnated as the ä¡aortbern þlaekearth soil zon€o n A¡l additlsnal

eolI profile (whleh showed, gtêyra'eEded etraraeteristies) was ob-

tained from. tle wsoded area of the Riding Mountains, and Fas

r¡eed fn the etudies hereln reported., for esmparison and eontrasL

l[orpbologieal d,eserlptlone of theee ¡söttrp were made at
the tine of sampllng. variations were found, in color, texture,
strtretu,re, eoneistenee, lntrusions and eoncretlons, and reaction.

sxreelal note r¡aE mad.e of tle__.soir coror, becatrse it varied by
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hsrizons and, between the three Brofiles.
Cllnatic d,ata fron the statÍons Loeated nearest to the

res¡lective eites from whieh the soil profilee were seeured,, were

used. to ind.icate the elinatle eonditions r¡nder whieh the various
soile had, been d,everoped. The preeipitation-effeetivity ind,ex

valuee indleate tb?'t the cli¡etie eond.itlons ur¡der whlch the
waekada soiL wae deveJ.oBed¡ $'€r€ ellghtry more arid tþn those

of the other two soile. Th€ total a¡nount of precipÍtation for
the area from wbieh the l{ewdale eolI BrofiJ,e was. obtalned, ïÍas

eimirar to t?st for the vaskad,a eoil area; however¡ the nore

Linlted tem¡rerattrre data for the Sewdale area inplles eomerhat

eooLer eond.itisns tbsn those whleh prevaíJ. in the Ðarlingford.
and, Ilaskada areas.

rhe respeetive soiL proffles stud,ied, lrere sanpled, by

horfzon depth and. eubJected, to a number of ehenieal and physieal
deterninatLone. The ehemical etudies involved total analysis
by the fi¡,Elon method,; the d,etermination of reaction, organie
¡aatter, and nltrogen eontent; and the determlnattsn of excbange-

able bases and solubillty prod,ucts. f}æ reeults sf the fuelon
analysls ind,ieateai that thÊ solls und,er investigation were very
oaleareous and. aLkaf ine ln reactisni 'iittdi appear to be d,eveloBed

on geological parent materials sfnilar ln ehemieal eomBositionn

whieh orlginally eontalned, large amor¡r¡ts sf ealeir¡n carbonate
ae pulverized, limestone,

llnder the solr fornlng Bæobesoèe to wb.lch thê parent
nateiiars Ïeve been subJected, d,ecalcLfleatlon, with different
degrees sf intenslty, ?es taken plaee in arL of the soiL pro-
flles studied. However, the remsval of ealch¡m carbonate from
the surface horizonÊ was not 

oas 
close to eompretlon iü the
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lflaskada soil ae ln tbÊ Darringford. or Newd.ale profilee; the

lime carþonate patterns were simiLar for tT¡e latter soi1s, with
the exeeption thå,t th€ horizon of acetruulatÍon in the Darling-
ford. profile was at a lower d.epth.

Slight variatlon wae noted ln tÏ¡e reactlon of the sur-
face horizons of the respective solI proflLes. The horizone in
the soli¡.u of t?æ Ðarlingford Broflle were neutral to slfgbtly
alkaline ln reactlon; thoee of the Newd,are and waEkad,a profiles
were neutral to elightly aeid, in reactioa.

The resulte sf thÊ d,eterminatlsn of organic æatter
shswed' variatLon fur the anount and, dietribution of organie mat-

ter within the soil Brofile. 0f the blaekearth soils investi-
gated.r the Ðarlingford soil tsd the highest organlc eontent; th€
TÍaskada so1l had the lowest eontent; while tbat of the Newd.ale

eoil was intermed,iate between thp other two soile. IIF decrease
in organle aontent wtth inereaslng deBth was most grad.ual in tþ
Darlingford, Broflle, and it is sbvlorls that a relationship exists
between the quantity of, organio ¡natter and. the soil eolor;- the
higher the organle content, tbe d,arker the eolor of the aolI.

The results of the d.ete¡ainatlon of exehangeabl,e baseg

lndleated tlr9,t eelclr¡m and, nagnesium d,ominated, the base exehanç
conplex ln the solum of eaeh profile. rn all €åEeB the anount
of exe?¡øngeable ealcit¡s was greater than tlæ a,mount sf exchange-
able nagr¡esiurn, and, the ealelum-magneslun ratios in arl soire
narrowed, with depth.

A direct relatlonship was noted, between the total. baee
absor¡rtion caBacity and the organic matter oontent. The base
absorptlon eapaclty ras higlest for the eurfaed horlzons of the
Brofllesr ârd. d,ecreased with iá"r"*"ing d,epth.
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The plyeical studies undertaken included mechanical

analysls, aggregate or structuraL analysiB, and t?e determinatlon

of the moisture equivalents. lhe reeuLts of the analysis showed

slight variatlon in the meelranlcal compositlon of the parent

nateriale. The texturaL cÌass of tle Darlingford, solL çag dom-

inantly heavy clay loam. l¡Yith t?c exception of ¿ fine sandy

loats horlzon at L4 to Ð lnchee, tbe textural elaes of the Wag-

kad,a soll qas clay loam. TIF texture of the Newd,ale soil ranged,

from clay loam to heavy clay loam.

Íhe molsture tqulvalentg of tbe solL proflles ind,lcated

thst tlæ D¿rllngford soll led the highest water retention capa-

eity. rhe retentlon capacity of tT¡e waskada profÍLe was the

lowest of the soils investigateê; while thst of thE Newdale eo|l
proflle wae lntermed,iate between tbe otlær soiL profilee.

The reeuLts of the aggregate anarysle showed, a very high
state of aggrega,tlon for all the soll profiles studied. However,

the variatlon in the percentage of water-etable aggregátee for
the solls wae only slight¡ and therefore, was not signiflcant.
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9. CO$CLUSTONS:

The following coaclusions have been drawn froun 1ab-

oratory studÍes and. fleld. observatlons of repnesentatlve blaek-
earth solI pnoflles selected from the thnee sub-zones; deep

black (Darllngford)¡ bnown-black (TiIaskad.a) and nonthenn black
(Newdale).

(1) The depth of the so}¡m varied .r-ir.rr':;, tb.e respective

soll pnoflles. The ôepth to the I1ne canbonate h.onlzon of the

blaekeanth soil proflle was twenty-one lncb.es; to the I1me

canboaate horlzon of the nonthenn blackeanth. so11 pröfire,
elghteen inches; and to the J.1ne earbonate horlzon of th.e d.arh

bnswn-blackeanth so1I pnoflle, founteen lnches,

(11) A d1:reet relatlonshlp was found between the so1l

colon and the onganlc eontent of the respectlve soils. lrhe

so1I h.orizons that were br.o¡r¡n 1n color contained ].owen amounts

of onganic matten than those that were black ln colo¡r.

(fl1) fne decrease of organie content with lncreasing

depth was nore gradual, tn üh.e Danllngford pnofÍle than in the

lffaskada and Iifewdale so1I pnofiles.
(1v) The a¡nount of organic matter vanied. 1n the ttrree

t¡pical blackeanth profiles. The total amount of organl-c natten
per acre ln tb.e solutu of the Danllngfond sol1 was 658, õ?O pounds;

Ln the solr¡¡r of the Newd.ale soJ.l, 449r82O pounds; and 1n the

sol-r¡n of tÏre Waskad.a soil, g05rõ60 pounds.

(v) The results showed. that oalciu¡e eanbonate has been

leaching fron tb.e upper pontlon of all the soll profl1es, and

has been accumulatlng at dlffer"ent d.epths. lhere sas nore
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residual canbonate presont Ín the uppen horlzons of the
l$askad'a soil th.an ln the otlren soÍ}s stud.led. ¡vhich lad.ieates
th.at leaehlng h.as not been as lntense. The pattern of lime
carbonate aeeumulatfon was sfmlLan fon the li[ewd.ale and, Dar"ling-
ford so1I profllesr rrlth the exeeptlon that the horÍzon of naximr¡m

accunulatlon 1n the Da:rlingfond profile. was at a lower d.epth.

(vi) rne d'lvaIent lons (ealcJ.rrn arid magnesiulr) domfnated.

th'e base exehange eomplex. Ca1cÍum vras the domlnant catl-on in
all tb'e blackearth sotl pnoflles. The ealcil¡¡n-magnesir¡¡n ¡ratio
deeneased wlth. d,epth, aad dlffered. between p::ofiles.

Fu:rthen lnvestfgatlon should be r¡nd.ertaken to ascertaln
lf thls vanlatlon fn the ealcir¡m-øagnesfr¡m ratlos Ís a sub-uonal
eharaeterS.stie, or if it has been effected. by a varl,atfon Ln

the parent maùerlal.

(v11) Th.e meehanical .analysls showed varÍations in
the elay content of tb.e soil trr"åf1l"*. ff.""" d.iffereneos ere
due, 'in part, to the vanlatlon fn textu¡re of the boulder till
whlch fonms the þarent material of the soils. Eowever, e sorae-

what htghen content of clay belo¡u the uppermost honfzon of each

proflle suggesüs that thene may have been a very s]-ight illuvla-
tlon of clay 1n eaeh ease, or the sr¡rfa@o nay have been affecÈed.
by wlnd before 1t was tied dourr¡ by vegetatlon.

(v111) rrre results of the analysfs, and. ttre fresh
appeanance of the mÍnenals 1n the sand fractions, lndicated that
fhese minerals have not been strongly weathered r¡nden the soil-
fonmlng proeesses that have pnevalleê. Ilence, the slight
varlatlo¡ls 1n th.e sesquloxid.e content, together with the wide
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varLations 1n the 
"rrt"" content, are more rikely to be d.ue

to the eomposltlon of the panent material, than to il]uvlation
1n the weathering processes.

(1x) The sub-zones of tb¿e bl-ackearth soir zones can

be dlffenentiated by variatlons in the d.epth of the soIum,

the solL color. of the A and B horizons, the stnucture of the

B honlzora, and. the quantlty and pattern of organle content.
The depth of the solurn, the dark soir coron, and the

hfgh onganlc content in the DanlÍngford soil pnofile ind.icate
that Ít was developed. und.er favour.able climatic conditions.
The chanactenj.stlcs of the A hori zort of the Newdale soil pro-
f1Ie indlcate a elimatlc condition companable to that of the

Darringford sofl areao However, the bnown colonation and. the
structune of the B horlzon of the Newd.a1e profile, in eontrast
to th.e Darllngfond prrcfile , are chanactenistlc of a more arld

'eond-Ít1on. This varlation is due to a lower organlc content.
The ellmate of the lffaskad.a soil erea is mone arid. tkran that
of the Darllngfo:r.d and Newdale so11 areas. This condltion
Ls lndieated by the shallow soh-¡¡c, the brown eoloratlon (due

to a lowen onganlc. content), and. the stnuctunar development

of the B honizon i.n the ltraskada soil profile.



-?o_

SIBI,IOGBAPIÍI¡

1. Ada¡os r J. B.

lfÐeter¡nination of rotar Oarbon ln solrs by the rJ[et
Oo¡obustion Method il

Journ. Ind. and Eng. Ohem., Anal. M. Vol. 6i g.ZZ7.
1934.

2. Sarslrrd, f.
nA Ped.ologie Study of Callfornia prairie SoiLsr

So11 Se. 61: 4Zg-449. 1946.

3. 3aver, I.. D.

rå'ggrega.tlon of Solle and 0alelr¡æ lon Saturationr
Íhe llmerican Soll Survey Assoelation BulL. XVII ,Beport of t}æ 16th Annr¡¿L Meeting.

4. 3ayss, ¡. d.
nSo iI PÏrys ic g 0

Jslm Wiley & Sone Ine., New york. l,g4g.

5. Sriggs, L,. J., and MeL&n€¡ J. 'tl[.

nMoisture Equlvalent Determinatisn and ,., itÈ,,. Appli*
eat ion n "

.43[. Soo. of Agron., Vol. Zs p. Igg.
6. Sriggs, Ir. J. , and Meï,ane , J. W.

ËThe Moisture Equivalent of Soiletr
U.S.D.A. 3u,r. Soils BuIl. 45, lg0?.

7. 3rigg, I.. J., and. SÏ:antz¡ II. J.
rlhe 1ïlLtÍne Ooeffl€ient for Dlfferent plants and, rtsIndireet Deter¡nlnation tr

U.S.Ð.Ä. Bur. plant Ind. BuIl. å80, lgl2.
8. Brown, I. C.

na RaBld l[ethod of Deterninfng Exehangeable ffd,rogenand, îotal Ilxehangeable Bases-of SoiIãrt
Soil, Sc. 56, p. BõB-35g. 1949.

9. Clark., S. A¡ r and 0gg, C. T,.

rA Wet Oombustlon Method for Ðetenrining Totel Carbonin Soilen -
Sofl Se. I:õ9, p. Z?. L}AZ.



-7L-

1Oo Ðeôigmond., .êr.,rr.J., and. Di Gleria, T.

alh€ Different Ðegrees of Saturatlon of the lrþsorbing
Oomp1ex, Ifunuo-Zeolites, of the Soil, and Method of
T he ir Deter:¡aÍnat lon I

Prooeedinge of the Sirst Int. 0ongress of So11
Seiense, Vol. II, p..1ãã. 1948.

11. ÐeSigmond, A.A,.J.

ttBhe Principles of Soll- Seiencer
Íhomas Murby & 0o. london. lgg8.

L2. Ellie, J. I[.

nA 3ie1d Classlficatlon of SoiLs for Use 1n Soll. Surveyn
Sci. ÁSri. VoI. LZ, p. 338. 1gg8.

19. El1ie, J. H.

trSoils of lÃanitobarr
Econonie Survey 3oard, Provinee sf Mgnitoba. IggBo

14. Ilnnerson, P..

rSol1 Character isties r
tr[eGran-Etll Book Co. trne., New ysrk. LgZã.

1ã,. 3ishe.r, E. A.

rRemarks and 0bservatioars on Imbibittonal Soil tr[oieture rT. Àgrl. SeL. Låa ZO4-2p0. LgZ4.

16. Gedro iz , K. K.

Contributlon to the Metbod of Ðeternining the ZeollticBaees ln the Soiln
0o@. r Ohem. laboratory'of Foreotry Departnent,Petrograd,. l,9Ig.

l?. Gedrolz, K. K.

nThe Soil Absorbing Conplex and, tb Abgorbed, Sotl eationeas a Sase of Genetie SoLl Claeslficationð
Nossov agri. Exp. station, paBer ?g, LenLugrad,. lgpõ

18. GLlnka, K. Ð.

n.Ðskuelsievf s rdeas in the Developnent of ped,orogy and"Cognate Sciencesn
Bussia,n pedoJ.ogieal rnvestigation, I,eningrad. LgzT .

19. Glinka, K. D.

rÍhe Êreat soir Groupe of tbe world and rhelr Ðeverop_ment n

Tranelatton Þy Ifarbut. LgA7.Edwards Brotliers Artn Har-b-ol'r' Mlch. LgZ7.



-72-

20. HlJ.gard, Il. W.

nsoils t
The MacMillan Oonpany, New york. 191A.

2L. Iü.Ilebrand, W. T., and, trunde1l, C. E. Fn

Þlåiluuii:;-rå:"f*r:1T", 
York. re,e,

2?,. Hopkins, C. G.

ËSoiI Sertility and Peruanent Agriculture e

Glnn and Co., Sew yorkr p. õ9. 1910.

33. Ienny, If.

"A Study on the InfLuenee sf Clinate TÏpon the Nltrogen
and. Organic Matter Gontent of SoôI r

Missouri Agrf . Exp. station, Beeeareh Btd.l. 1õ2.1.930. {

24. Jsffe, J. S.

iPed,ology r
Rutgerfs UnlversÍty prese. 1996.

26. Ke11y, H. Ð., and Ch,pnan, W. po

rlhe Determi¡ation of the Repla,eeabLe Bases and the Base-
Exehange Oapaeity of Sollsr

So11 Se. B0: 891-40?. t9g0.
?'e. Kelly, W. P.

rÁ' General Diseussion of Base Exerønge in soirnJourn. aner.. soe. of Agronony, võt. rg, B. 450. Lga6.

27. Kelly, W. P., and, Brown, S. M.

rReplaoeabLe Sases in Soi1s n

unlverstty of calif,ornta publicatíons, Teeh. paperNs. I5. L9ZA.

28" Kilmer, V. S., and Alþxand,er, I,. T.
nMetho9g gf Making Ï{echanleal Analyses sf SoiI r,

Soil Sc. 6e¡ l5-Aõ. 1,949.

e9. KJeldahl-Gunning, ArnoJ.d, Method

rMetÏæds of Ànal¡rsisñ
A. 0. Ä. C. iåað Ed. Igg0.

gO. Ieighty, W. 8., and, Shorey, E. C.

ãSome. Carbon-nitroget Belatione tn SoilesSoiI Se. B0: 2õ1-266. l9g0.



-76-

3L. Lutz, H- f., ênd, Chand1er, B. F.

n3orest Sofls 0

Jsllr WÍley and, Sons InG., New york. 1946.

32. lfiartin, J. P., and lÍakenan, S. A.

rrnflr¡ence cf tr[icro-srganisns in soil Äggregation and,
Eroeion e

So11 Sc. 50: Z9-A7. 1940.
g-3. trfc Ge orge , lfl'. 8.

nf þ Sase Exc?ønge Property of Organie Soils rÀrlzona agri. Exp' station, Tèeh. Burr. so. 3r.
r930.

84. Methoôs of chenlear and pFeieaL Examina,tion of soilso
Department of Soi1s, Ilnlversity sf tr{anftoba.
(r¡nBubliehed)

35. trfiiJ.Iar, E¡ 8., and Íurk, tr. M.

r&r¡ed.amentale of Soil SelencenJ. Itlley & Sone Ine. , ITew york. 1g4g.

36. Itroore, B. E.

Water Conduetion from Sln,i.Low Water fablee rHilgardia J.?s 98g*4A6. 1999.

37. Seustruev, S. S.

ËGonesis of Soile Ë

Busslan ped,oJ,ogical rnvest,lgations. !g2r .
98. Official and Tentative Methods of Ánalyeie of the AsÊooL-ati.on of offie ial agrteurturar cnentsts.-À.0.A.C. Washjngtonl 19p5.

39. Page, H. J., and ïÍiLlians, W.

nProoeedi_nge of tbe International Society -of SsiI SeiencerRone, Vo1. I: p. L?Z. lg25.
40. Parker¡ F. W.

Itr[ethods for the Ðeter¡rination of the á,¡àount and .å,eidityof Sxclrangeable þdrogen ln Soi1s ü
Froeeedtnge of tfe fiiet fnternatlonal Oongress of SoiLSe. Vol. fI, p. L64. lgpg.

41c Peele, T. e., and Beale, O. W.

Itrnfluence of tr[icrobiar ¿ctÍvity upon Aggregatlon and

SoiL Se. Soe. An. ,proc: 5: Bg-gõ. 1g40t



-74-

42. iriper, c. S.

rSoiI and PLant Analyeis n

The ïIniversity of .å.del,alde. 1940.

48. Puri, .a. S., and, Rai, B.

uPl5rsieal CTs,raoteristics of Soils r
SoiL So. 5: 57. L944.

44'. Bobinson, G. W.

lNote on the Mechanieal Analysis of fi¡nue SoileilJ. Agri. Sef. lgz pßl*ig]-. L}AZ.

46. Bobinson , G. Wo

rSolle: Their Origlnr 0onstitution and Glassifieationr
London. 1932.

46. Robinson, W. 0.
tïfiethsd and Proeed.r¡re of soi]. Analysis tsed. ia theDivision of SoiI 0henistry and plrysiesñ

ïI. S. Ð. A. C ire . 139. 1g30.

4? . Robinson, W. 0.
fiîhe I'usisn Analyele of Soilsn

SoiI Se. trt õ9¡ p. 7-19.

48. F.oeov, I. F.
rSolonetzor¡s proeesses at .AneLloration i

Transaetions of sixth cor¡mission of rnternationaLSociety of Soil Selenee, Russia, Vol. A, p. g0, 1g2g.

. 49. Bowles, lÍ.
tllny"ieaL Properties Be1ated, to Stn¡,ctr¡re of St. RoeelieGlay and Their SeasonaL Variation |t

MaeÐonald, 0ollege. Sci. Agrlc. Zg¿ 559-b?5.

50. Buesel¡ E. fl'.
trSol1 Structuren

fmB. 3ur. Soil Sei. Eech. Conmun. g?. lggg.
51. Scbollenberger, C. J.

qBxelrangeable ffdrogen a,nd, SofI Reaction â

Scienee 6õ (tíez n.Br) 55a-EsB. !ga7.
52. S.lrorey, E. C.

ESome Method,s for Ðeteeting Ðiffdrences in Soil grganie
trfatter r

ïI.S.Ð.A'. l[ech.3ul1. pIl, p. ZS. lgg0.



-75-

53. So11 AnalysÍs for Soí1 Survey Saaples - Ottawa (trnpubliehed)

64. Stokes, G. C.

n@l the Effect of the Internal Srlction of F1uids on the
trfiotion of Pendr¡lu.mg r

lrans.Oa,mbrldge phil. Soe. 9: g-106. 1951.

55. Thornthwaite, C. W.

ttlhe Clinates of North Ameriea Aceord.ing to a Sew Classl-
îieation s

GeoIogÍeal Review, p. 683-656. T1æ A¡rerica¡ Geolo-gicaL Soalety of New York. lgg1.

õ6. Tlulfn, A. 3.

rQuestions on Soil Structuren
.A'ggregate rlnalysle as a Method for Ðetermining Soilgtrueture,. BeBort Z) po 71-LZZ. perm. *.gr. Exp.
$ta. Ðiv. Agrl. Chem. lg28o

õ7. Truog, Il., and, Associates
trProeedure for Speeial Íy¡le of Meeþ¿nioal and, lÃineralo-gical So11 Analysiso

Soil Se. Sgc. A¡u,. proe. I: l0l-ILp. Lgg6.

58. Tumin, G. &[.

ñ0hernozeu soils of the ruropean part of the IÍ.s.s.R. tr

Proeeedings of tbe seeond rnternational congressof So11 Scfence, Vsl. 5, p. A6L.

59. Unpublished. Data - Manitoba SsiL survey.
60. Van Slyke, L. tr.

ç3ertillzere and Grop productiono
Orange Judd pub. Co. New york. L}AZ,

61. Wa¡neiek, Ð, D.

rA sinpl.ified. ïÍet conbustion Method for the Detemin-atlon of Garbon in Soilsn
Journ. Ind. âBd, Eng. Chem., VoI. II, 3To. I, p. 6g4.
1919.

62. Yoder, R. E.

ra. Ðirect Methsd of Aggregate irnaLysis and, a study ofthe P$eieal Sature of Erosion I,sssesËJ. .An. Soc. Jrgron. ?ß: 88?-9õL¡ 1996.


