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I. I¡üIa0Ðl&TIO¡üj.

There are many areas of the wor]-d where i¡¡suffícient noisture

makes crop prodlretj-on Í-npossible. There are other areas where moisture

nay be deficient only dur5ng certain periods of the year or only in cer-

tain years. T¡r either instanee Ímigation nay be used Èo increase the

anount of water ar¡aiJ.able to the crop and to reduce the variation in
water supply j¡¡ order to inerease produetion or to allow a greater 1ati-
tude of crops to be grown. Before irigation is practiced. the need for
iruigation and the suitability of the soiL should be carefrrlty evaluated.

l{an¡r areas have been damaged or destroyed because of un*ise igigation
practices and failr¡re to recognize and acconrmodate for lÍmitations im-

posed by soil characteristics" the most coûmon hazard is salinization
caused by use of ¡sater high in soluble salts, by inadequate drainage,

or by a eonblnation of these trso factors. Obher hazards such as high

sodir¡m content, high boron content, inadequate permeability, inadequate

or excess water-holding capacity and shallow depth of permeable mat-

erial na¡r be locally important.

since irrigation is under considerati-on in the ï,iorden-

Wir¡kler area of l{anitoba, a study $¡as undertaken to dete¡mine the suit-
ability of the soj-ls for imigation" This stu{y included a detajJ-ed

soil survey by the l4anitoba soi'l sr¡rvey and deep-drÍJ-Iing by the

Canada Department of Agriculture, Research Branch, f,ethbridge, to de-

termine the properbíes of surface avrd subsurface soils as they relate

to imigation. some of the results obtai¡ed i-n these sù¡dies are

presenüed although this thesis deals in particular raith the fluctr¡a-

tions in grounùuater, the distribution of salts i¡r three areas where

I

la

t
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it isas eonsidered they night be a problern under imigation, a¡rd the

effeet of a fr.ozen layer on moisture status and ùhe movement of sol-

uble salts in three Locations during one season"
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II, REVIEûqI OF ilÏ'ERATURE¿

A. C1i¡nate

crirnate is a major faetor in deteroiming the benefits to be
derived fron iffigation of an area. frlheùher greater or more desj*abLe
growbh *riLL resìút fron the applieat'on of additional q*ter is usuarly
correlated i{ith the moj'sture d.eficit of the area, r+hich is a f¡¡nction
of precipitation and evaporati-on. Tenperature and rength of growing
are also im.ortant i-n assessing the need for i*igation (rt).

MoisÈure defÍciency, wtrich is the difference between preci_
pitation and the need,n can be estjmated by different means. The need
is deterr¿ined by potential evapotranspiration. Thorrnthwaite (40) rra"
used meari temperaÈures for estinating potentÍal evapotranspiration.
Perton et al' (e7) st*te that emors in this method aríse fron ùhemal
Iag, the effect of moisture availab'rity on air tenperature, and, the
effeet of advection; and is not suitabre for short-period. estinafss e¡
potenüiar evapotranspirati-on. They suggesto however, thaù the method
can be used advanüageously for nonthry, grorøing-season, and annual
potential evapotranspiration estjmates 

"

In assessing the suiÈability of a soil for irrÍgation, the
rqater-holding capaeiÈy, the pemeabirity and þdraulie conductiviùy,
the sau¡rity, and the exchangeable sod:iru.r percent, are usu¡rry con-
sidered as weLL as the depth of pemeabre ¡aateriar, the water tabre
if present, and the topograpt\y.

The lower limit, of later availability to a plant in nonsaur¡e
soi'l ís t'he wilting trærcent. The fifbeen-atmosphere percentage is

B.

::51

L



.:j:

ìl

-4-

usuålly aceep¿ed as closely approrinating the wilting pereentageo

This lower lirnit' appears to be an intri-nsic property that is largeþ

deteruined by soil texture, nature of rainerals, and organie matter con-

tent. The upper finit of available water depends noÈ only on soil

text'ure but on variations throughout the soiJ. profile of such factors

as pore sj-ze distribution and waüer condrretivit¡ ßZ)" Howeveru for

most medium to fÍne texbured soils, the upper li-ûd.t of avaj1ab1e ürater

is appro*imately tw:iee the noistr¡re percenüage of the lower ]imit (32).

0rver a considerable texbural range the saturation pereentage is approx-

;'nateLlt four times the fi-fteen-atmosphere pereentage. Thus the satur-

ation percentage can be used üo supply infonnation on soiJ. texbure and

moisture retention" It is also the lowest feasi-ble molsture content

directly related to the field moisture range from wirich the moiEture

is easily ertraeted for salinity measurenents.

Iù is weIL lmoun¡ that excess soluble salts produee harmful

effeets to plants by.increasing the osnotic pressure of the soil sol-

ution. It is the total eoncentration of solute partj-cles i-n solution

rather than their chenical nature rrhÍch Ís najnly responsible for the

inhibitory effects of salts on plant.growbh. Plant growbh is a firne-

tion of total sojJ- moistr¡re stress, which ie the sr¡m of the soil mois-

ture tension and the osmotlc pressure of the soiJ- solution so thatn at

a given soiJ. moisture tension soluble salts decrease Èhe amount of

water available to plants. The salt content above uhich pLant growbh

is affected depends on the. texbure of the soilr the distribution of

salts in the profile, the speeies of plants, and to some extent, the

composition of the sa-1t. A soil is usually considered saline if the

electrícal conductivity (Ee) of a saÈuration soil exbract is eqtal
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to or greater than 4 roilliahos per centimeter and the exehangeable

sodium pereent (E.s.P") is less than fifteen percent. A nonsali¡re

soil has an Ec less than four *111imhos per eentineter and en E,s.po

less than 1! pereeni;.

Soùi-tm ions nay replace caleium and magnesir¡m on the exchagge

eomplex if the sodir¡n coneentration in the sojl- solution becomes great

enough" As '¡rater is lost through evaporation and evapotranspiratj-on

calcir¡m and magnesiun may be precipitated thus leading to inereased

adsorption of sodium on the exchange conpJ-ex. This nay resul-t in ad-

verse pþsical conditions such as low aggregate stalilitye slaklng,

low perneabÍlityr and cnrst fornaùion. If the ratio of exchangeable

sodiun t'o the cation exchange capacity ercpressed as a percent is in

excess of If the soj:- is considered to be an alkali soiL. However, in

soils containing alka15ne earth carbonates and gypsun it is not possible

to deteraine the amount of exchangeable sodiutrr at moisüìrre eontents

sìmiIar to ùhose wh:i-ch occur in the fi.eld, This is because under these

conditions dilution decreases the amor¡nt of exchangeable sod.ir¡n a¡d

results jct a eorrespond5ng increase in exchangeable calsium and roag-

nesitt. Sorne sueeess has been atta,in"¿ i relatjrrg the total concen-

tration of soluble cations Ín the saturation erbract of soils to the

exchangeable eation corrposition (32)" Where Na+, Ca++, ênd }fg++ con-

centrations are øpressed in ryr"illieqrrivalents per liter the soùium

adsorption ratio (S.A.R.) *y þe calculated as follovrs¡

S.A.R.= Nat

The relation between S.A.B" and E.S.P" is sufficientl¡r good

that S.A.R. ie useful in estjnat'ing probable harmfi:J. effects of sodir¡n.

;:

t),

!,
!ì;

::l

l

Ca+* -r trfg*+
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The effect of exehangeable sodium on soils ie influenced by texbure,

surface area and type of clay diÍneraI, potassiìm and soluble síl-icate

status, and organie natter (32)"

Ilydraulic conductivity rs the effective flor+ velocity or

discharge velocity of rrater in a soiJ- at r.rnit hydraulic gradient, i.e.;

wtren the driaing foree is equal to one gravity, ft is expected that

if the hydraulic conductivity is as 1or'r as 0"1 eentimeters per hour

(0.O4 i¡rches per horrr) the sojJ- is not srritable for irri-gation (32) 
"

There should be no restrictions in perrueability for a depth of 10 to

12 feet in a good irrigat5-on soiJ- as accr:¡Tul¿tion of water above slorùy

permeable material could resr:lt in eventu¿] salinìzation by uprrard

movwrent of salts.

0. lfater And Salt &fovement

(1) water Moveurent

Tra¡slocation of salüs is dependent primarily on waüer move-

ment in the liquid phase. Movement of r¡¡ater in the vapor phase ean

result in condensation and fl¡rther movement in the lígrid phase.

Trenel a¡d Lur¡dner (¿Ê) for¡nd that condensation and diffusion resr¡lted

in movement of 0.18 to O.35 n¡m in spring, 0.28 to O.? mm in sr¡rmer

and 0.07 to 0"13 nn in autr¡¡ur from thc 5-10 centineter layer of soil

to deeper layers" 0f these anountso an average of O"02J, 0"01J and

O.Q55 m condensed per night from the atmosphere j¡ the spring, sruilmer,

arrd autusn respectÍvely¡ and up to O.J-3, 0.2 and 0"15 rm per night in

spring, srumer and autumn respeetlvely moved to the surfaee in the

vapor forsr due to temperature and vapor Fressure gradients.

Bouyoucos (6) j¡ldicated that there was no rising of vapor
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during the night from wanm soi3- belo'rd to a cool soil above, with which

Lewis (3Û) }ras in agreement. The relative inportance of vapor movement

is indieated by snaw (34) who suggests thaÈ the amount of n¡ater moved

t'hrough the soil as vapor is negrigible compared to liq*id movæent"

ÐorcrMard movement of liquid ¡¡ater varies d.ireetly r*ith the
content of l"arge pores and i-nverseþ with the tension required to
drain these pores (3)" Ûnder field conditions soiLs are usually not
uni-forsr with depth and any porosity change wirr affect the rate of
water flow. If fine material-s are encounüered the rate of advance

nay be slou¡ed by resistance to flLo¡,r of Èhe extremely fine pores. rf
coarse naterials are enoountered,, water movement stops until the sojJ.

beeomes nearly saturated. (f¡). Resistanee to flow is also afforded by

entrapped air (tO).

capjl1¿o movement is dependent upon a large nr¡mber of air-
rçater Ínterfaces. Ma¡ci¡fl:m movøent takes plaee at or near saturation
and decreases rapidty uriüh moÍsture content to about the moisture

equíval.ent where movement is very s1o¡v (5, Zh, l+6). This is the mois_

ture content aÈ which moisture fifurs become d:lsconti:¡uous.

Theoretieal concepts of capillariùy suggest, that water can

rise for a considerable d.istance but in practice this does not seem

to occur. Gardiner and Fireuan (16) suggest that upruard movenent from

25 Lo 3O feet is possible provided sufficient time is alJ.owed. King

(r?) round that moisture losses at the surface caused cap.ilroir"
to aet through a disÈance of ro feet in ro days. sha¡u and snit,h (3i)
i¡rdieated that little water rsill be losL if the water table is below

10 Teet from the surfaee" Jaekson, Blaekbr¡rn, aÌrd crark (20) round

capillaly movement quite narked through three feet of sand but aL:nost

insignifieant through four feet. Ronistroff (¿l) indicates thaÈ onee

::!\:l

-
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r,uater has penetrated beyond 16 to 20 jnches it does not return to the

surface except by nay of plant roots. Thjs has been substantiated at

Rotha¡rsted Erçerinental Station (l). Bouyoucos (?)r. osjng plaster of

Paris blocks, detected no rise of water from a water table to the eur-

face. Ðoering (fg) Uy dlrect measure&Fnt, foi:nd an upward movement

of 0.036 inehes per day under faU-ow and 0"1/+6 inches per day under

a thin stand of nornÍng glory from a depth of five feet with cli¡natolo-

gical conditions that produced an average evaporation of 0.34 inches

per day.

(2) salt luøverrent

(i) Dewl¡ard ¡4pïengn!

Leaching of salts has been demonstrated by many workers.

Thonas (lg), in the TrnFerial Val3-ey of Calífornia, found that when

drainage was improved salts cor¡Ld be leached out of the root zone,

Beeve (l¡ in Utah shokred saft reducti-ons with application of !, Z,

a¡d 4 feet of irrigaÈi-on water. I{heat yields increased 10.2, 8.8 and

4.7 bushels per acre for each foot of imigation water applied to clay

loam, silty clay loan and clay soils. T.arson (a) in trdashington found

that after applying þ to 6.73 feet of water ín \937 and 3"6 to 6.0

feet in Lg38t salÍnity was reduced sufficiently !s ¡11e6¡ good crops

of sugar beets, barley, and alfalfa üo be grotûn, Heald (tg) increased

yields of sugar beets fron l¡ to 2J, JO, and 32 tons per acre by

applyÍng ill?,, !7, and 24 inches of irrigation water respectively"

Saridoval (33) for:nd thåt by Ímpounding runoff røater salinity was re-

duced. He also found that the more soluble the sal.t the deeper it
oecurred i¡r the soil,
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(ii) Up¡¡ard Movæent

þward movement of salts has also been demonstrated by nany
researchers. sandoval (33) ta" attributed salin:ization of ridges to
upward move¡nenÈ of eapillary ruater eontaini-ng sàIts" I,Iatzek (e¿) attri_
buted formation of solonchak soils j¡ lüorth Dakota to upward movement
of salts from a for:merly high water tabIe" Bednian and Mcrelrand (30)
arso report that solonchaks oecupy the ridges, a¡rd that rime content
of the nAn plus $cart horizons is greater than the lirne content of the
ttc* horizon- This is probabþ due ùo uprøard movement of ríme. They
also report that saline areas and high-rime areas became larger und.er
eultivation due to j¡creased evaporation. sir¿ilar result,s were reported
by Ballantyne (e) ¡rho found that where sropes decreased Èhere .rù,as a
salt accr¡mulation due to dovrnslope water movement. Areas adjaeent to
sloughs w6¡s ¿s¿er1y less saline than areas rsÈrere slopes d,ecreased,.

The highest salinity occurred, near the surface of the soü profile
suggesting upward movement of ¡+ater eontaining satts. r,taùleigh and
Fireman (¿¿) in irrigating saline plots r*ith nonsaline water, and
nonsaline plots ¡¡ith water of laro¡¡r¡ saliniùy, found accr¡mulations of
salt (up to five to sjx percent) j¡r the ridges and nonsaLine soir in
a pocket beneath the furrow" accr¡mr¡laüion of salt î.raE greater in the
ridges when iruigations trere more frequent.

D. Erost

, storey (37) has described four t¡rpes of frost; eonerete,
honeycomb, sÈalactite, and. granular frost.

concrete frost has been observed nost frequently in cur_
tivated fields. As rittle as one inch of soü eoncretely frozen is
relatively ìmFerueable to water but other frost str"trctr:res seen to have
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Liütle effeet on water movement into or throughout a soil (gl). post

a,nd Ðreibelbis (eg) found tliat concrete frost formed when freezing was

greaÈer than three inches and that percolaÈion was materialJ-y redrced

or eeased entirely, This has been substantiated by Augusti^ne (1),

Trinble et al-s (lrZ), and stoecketer and lfeitznan (tÐ. However, con-

crete frost beeones quite friable and perueable to water before it ¡ne1ts

eornpletely (43) 
"

Mosiyenko (e5) forind that soils i¡r rahich al-L pores were filled
rrith iee due to presence of excess moisture during freezing were imper-

meable to ¡¡ater until tharring began" Permeability of a mediur clay

loanr soil is restored uhen j-ts moisture content falls below 60 to 65

percent of field moisture content.

Erost penetration is more rapÍd and íts di-sappearanee slower

under bare eonditions ttran under grass and surface mulches (4). This

is because bare soils freeze to a greater depth" Fbosü penetration is

seldon unifo¡m even in plaees a few feet aparb due to variabiJ-ity in

nicroptrysical envi-ronment. lüiJ.Iis (¿¡) at Mandan, N.0., found that

dry soils freeze deeper and faster than wet soils due prirnarily to a

lor.¡er heai capacity. Penetration of frost can also be inflIuenced by

the depth of snor+ cover" Crawford and Legget (fZ) found that u¡distr¡r-

bed snow redtrced frost penetration an average of one foot for each foot

of snow. Stprey (37) strtes that 24 inches of sno'¡* can prevent frost

penetratíon" If the snow cover is deeper than 24 inches, frozen soj-ls

may thaw from the botton u¡lward,

E. 9eologf 0f The Morden-Winkler A,rea

ûuring the Plei-stocene era a t'ill was deposited unconformably

by the i.ce mass on the bedrock fornation of the area. This tiII is
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assoeiated with glaeio fluvial deposits of sand and gravel derived from

t,he melt luaters of the retreating glacier. Upon this was laid lacus-

trine deposi-ts of GlaciaL Lake Agassiz. The clay is of variable thíck-

ness although an average depth is about LZJ feeLu gradually thinning to

the v¡est where it approaches the abrupt rise of the bedroek at the l{an-

it,oba Escarpment (ç). ûver the major part of the map area lies sandy

and siJ-ty deltaic deposits" A few 1or* sandy beaches from rohich the

clay has been removed by wave action of Lake Agassiz, may be observed

rr:nning north - northr.vestward to south - southeastrvard" ïn some placesu

these deposi-ts have been covered with-clay and weathered shale outwash

deposits by streams that fl-owed from ravjnes in the lfanitoba Escarpment

(r¿o) 
"

A noteable surface feature of the area is ùhe ]¡'ili¡rkler Escarp-

ment correspondi-ng to the 900-foot contour. The surfaee deposits

above this eontour tend to be coarser i-n texture than those below" The

depth of permeable material and the surface slope are al.so greater

above the esearpment

F. Orieiri 0f Sa1j¡e Soil-s

The origino æd to some extent the direct sowce of aIL the

salt constituents are the pri-rnary ninerals found in soj-l-s and exposed

roek of the earthes crust, although there are probably fer.r instances

where sufficient salts have accurnulated in place from this source

alone to forrr a saline soif (32). DeSigmon¿(29) eonsj-ders three

faetors nesessary j¡r the forrnation of a såline soil: (1) an arid

l:
f-ì.
:::

'!i

ll
-¡
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clÍmate, (z) an'imFermeabre subsoil-, (g) meteororogical conditions

which bring the soil periodically under the i:afluence of excessive

moisture" Richards (32) nentions a fourth facùor, namely; irrigation"

Saline soils are practically nonextstar¡t in hr¡nid areasi jn arid and

seni-arid areas there is less -r*ater available for leaehing, and be-

cause of high evaporation, salts nay tend to coneentrate in soiJ_s

and surface lvaters"

Salinity of the r:nderlying tiIL in the Morden-Wj¡rkler area

is attributed by Charron (g) to rnrater from the sali:ee bedroek beÍng

forced by artesjan pressure i¡rto the sands and gravels associated

with the tiII above. Numerous saline artesian and flowing wells oceur

i¡r the area but due to the thickness and impermeability of the over-

lying clay surface salinity is not attributed to this source. hatt
(29) attributes salinity of the area to seepage and nrnoff from ere-

taceous shales of the }4anitoba Escarpment, the salt,s aecr.¡mulating where

internal drainage is ìmFeded by heaqy textured subsoils.



_13_

Trr. IN\IE-STïí}ATIONAI, B,NEDURE¡

A. Climatie Invest,iEations

(1) Preeipitatign. Temperature" Ánd }doisture Ðefieiencf

keeipitation and temperature figures were obtained from the

1961 sronthly meteorologieal reports (g) Uy adjusting the given nronthX,y

averages by the a¡pr:nt they deviated fron the long-tero average " Mois-

ture defieiencies qrere ca]-culated usSng Thorntt¡waiteçs tabtes (ir¿)"

kobable moÍsture d.efieiencies are estimated by nuJ-tipl¡rrng

the average daily evaporation by the days ín eaeh month in in¡Ìrich the

moisture is inadequate. Moisture deficíency days are estit¿ated by

a.llowing five days of adequate moistwe supply follor*ing a rain of O,25

to 0.49 inehes; 10 days after a raín of 0"50 to 0.99 inehes; 1l days

after a rain of 1.@ to 1.99 inches; ar¡d 20 days afber a rain of 2.O0

i.:aches or rtor€. Days after rains are accurrulative to a maxinr:m of 20

days for any one period after a rain of 4.25 jnches or more. This

nethod has been used in North Dakota* and should apply silnì]-¿r"]y Ns

Southern lufa¡itoba. The average growing season ternperatures at }&crden

and Jamestown, N.D.1 differ by less than one degree Fahrenhei-t. The

average yearLy preeipitation between the two locations differ by less

than one inch and the average growing season precipitation differs

only by A.22 of an inch"

(Z) Leneth of growine- Seëen

The length of growing season data was obtai¡ed fro¡n the Dom-

j:rion F.:çerimental Farm, Morden, l4anitoba"

x Ðefi¡rite plan report on Garrison Diversion Uuit Missouri
River Basj¡r Beport, Missouri-Souri-s Projects Offiee,
Bisma-rek¡ North Dakota, 19ó1.
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B. B, Field Jgvestigations And Co4ection 0f Sa¡ïip1es

(r) soil sulvey

Soils rdere mapped Ín detail on a series Ievel. Five foot-

traverses rrere ¡oade through eaeh section¡ ten or more prof5Je observa-

tions were ¡ude on each traverse depending upon photographie pattern,

elevation changes, and differenees i.n vegetative growth" When crystal-

line gypsurn, pseudornyeelir:m, salù erusts andr/or poor vegetative growbh

were observed, the loeation Ïras narked on the photograph' Surface and

subsurfaee saraples íure talcen at appro*inately one-third of these marked

locations for electrical conductivity measurenents to determine the

nragnitude of salinity.

(Z) Ðegp Drj-Iline

Concurrent ¡¿ith the soiJ- survey, borings were made to a depth

of 1O to 12 feet on a tsrc-mile grid system. Samples vrere taken at one-
,:.

foot i¡rtervals (two-toot intervals where subsoiJ-s appeared uniform) to

a depth of 10 to 12 feet or untiJ. elay was encounÈered. These samples

were hand te:ctured, placed in quart sealers and taken to the laboratory

for analysis. Based on these results, additional boriags ¡çs¡s n'ade

in areas that appeared saline, areas vrith restrieted perrneability and

j¡ areas in ¡¡hich the lighter sedj-ments were underlain by clay at

shqllow d.epths c

(q) Surface Sanpline

Additional surface samples were taken in three areas where

addiÈional infornation Ì{as required as to the exbent and. degree of

salinity. Qne composÍte sample of the 0- to 3-foot depth was taken at

each sarnFling site. Each site represented 25 lo J0 acres.
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(+) Grc!{r@r Eelle

To check groundnater depths and fluctuations, weJ-ls eonsioti-ng

of 3-ineh galvanized doronspouts with diagonal sliüs to a1low entranee

and exit of r+ater, rsere installed throughout the area on different soil

t¡4pes. T1re depth to the water table was reeorded approximately once

eveT1r t&ro weeks during the spring and once a month thereafter. l{ater

samples were taken periodically for Ec neasurements,

(¡)@
fhree plots were located j¡r October, 1?6J-, on the Neuenberg

soil series. Two of these plots were located on cultir¡ated land at the

north-center of Sec. 2, Twp 2, Rge 4 trti, on the east and vrest side of an

aceunuLation of blovm soil. These plots were desj-gnated as ¡teasttç and

tlú,esttr. The third plot was located approxi.nately å mile north, near the

center ofSec. LL, ftùp. 2, Rge. 4ïtr, on peflnanent grass, A weIL ruas j¡-

sta11s4 j¡ each plot. SarnF1es were taken by horizons until the rr0rs

horizon was reached; then by 6-inch intervals to a depth of about 150

inches. These sa,nples we:re analysed for Ec ar¡d nitrates, and percent

moisture and field eapaeity were dete¡srined. I¡n the spring of Lg62

samplSng to the gror:ndwater level, as determined by depth to the water

in the weIls, cormenced on April 26, and was repeated on \{e'y 2o 8, l6t

21; June 1, 5, Lf, l.9e 27i July 5, 16, 2o; August 13, 27:, September

10, 2l¡ October LI, and November 12"

These sariples were packed in moisture tins, a thermometer

was inserted and the terr¡ærature recorded" Molsture percentages l¡ere

deternrined on the samples prior to grindirìg to pass a 2 nrm sieve. The

follow5ng analyses were conducted: Ec of the saturation extract, and,

on the saarples frorn the cultivated plotsn nitrates, a¡rd Ec of 1s5 erbract.
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Þccess soil not used for sanrples loas returtred to Èhe hole and the re-

maj¡rder of the hole fÍLled with soil from or¡tsj-de the plot area.

0n ApriJ- 3CI, 1962, the east plot was seeded to wheat and fer-

tiJ.ized with 27-14-O at a rate of 1@ pounds per acre, The rru-est plot

was planted. to potatoes May 9u L962, and fertilized with 14-4-7 at a

rate of 325 pounds per acre" The potatoes were harvested Septenber

L5, L962a the wheat was swathed in the first week of August L962"

C. I¿bolgtorv I:nvestiqgtions

(1) Sanples Tsken During,' Dee!-Ðr:iJ.l-ing

The samples were first dried ( 105 - ljl0o C) then mechanicall]y

grorrnd and nixed" A saturated soil paste was made by adding ¿1s¿ì]led

water and stirri-ng meehanically r¡ntil the soil flowed slightly when the

container was tipped and the surface glistened as it reflected J-ight.

(i) Saturation Percent - a portion of the saturated soj-I

paste was dried at LLOoC ar¡d the moisture content deten¡ined as j¡

nrethod 2b (32).

A saturation extract was obtained from the remainder of the

saturated soil paste by filtrati-on under suetion" Electrical condue-

tivity, sodium, and cailcir:m plus magnesium was deternined by the

foJ.lowing procedures.

(ü) Eleetrical Conductirrity of the Saturation Þrbraet -
Electrical resistance of the satrrration extract was measured using a

IrtodeJ- RC 1682 conductiviùy bridge and a pipette t¡pe eonductivity ceIL

rrith platinr.¡m electrodes. Ec was calculated by d:ividi:tg the ceLL con-

sta¡¡t by the measured resistance.

(iii) Sodir¡n - Sod.iun was determined. using a flLane photo-

meter as jn nethod 10, (32¡.
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(i") Calcir¡m plus Magnesium - These elements were deter-

n-i¡red by titration vÉth Versenate as jn method ?e (32j.

(") Ðisùurbed fiydraulie ConductÍvity - Ðisturbed hydraulic

conductivity was deter:arined on dried samples ground to pass a 2 wt

sieve as described in neÈhod 34b, (327"

(Z) Sa¡rples Taken For Þfovgngnt Studies

Sanples taken during the first sanpling (OctoUer 1961) were

air dried and ground lrith a wooden roJ-ler to pass a 2 mi sieve. Field

capacS-ty rras estinated on these saurples using a pressure plate appar-

atus at l/5 a+,moephere tensiont The rest of the samples were oven

dried and meehar¡icalJy ground and the following analyses eonducted¡

' (i) Conductiviùy of the l¡5 ertract - Ec was measured

on waùer exüracts obtained after shaking 2O grams of soj-l lrrith 100

millileters of disti'lls¿ water in pint bottlee for 30 minutes on a

meehanical shaker. Following shaking the soil r+as ¡llosred to settle for

five mi¡rutes and then fi^Ltered. The first filtrate v¡ae discarded and

Ee deternined on the seeond portion by the nethod cited irr III C (1) (ü).

(ii) Nitrates - Nitrates were detemined by i{arperes mod-

ification of the eolori¡netric phenoldisulphonic acid method.

-)t Results obtaigred by Dr" 1{.4. Zwarich, Dep!'. of Soi.I Seience,
Liaiversity of Hanitoba, i¡dicated that field capacity of very
fine sand¡r loam so:-ls in the Morden-l¡finkler area was more
closely aþproximated by L/5 abmosphere tension than bV I/3
atmosphere tension.

l.ì:

t:

$



A" Clj¡ate

rv"

Average annual percipitation Ín the r{orden area is 20.5g
inches of rdnich 12.35 inches fa11s dur5ng the growing season (¡tay to
septenber)" The grornring season precipitation far_rs chiefly as loeal
thunderstorms so the anount of rain received may be quite variable.
The highest annual precipitation was the 27.20 inehes which fell in
L9l+4t the lowest r¡as l'.g5 inches (fgeO). Temperature, precipitation,
and moi'sture deficiency data for t{orden are shoun¡ together wifþ sini}¿r
data for three other tr{esterrr canad.ian stations(Tabre 1).



Jan.

Feb.

I.få,r,

Apr"

Temperatr¡re -(IolIÆth- Med'icine Ïndiart

I8.2

!9.h.

29.O

142.O

e Hat

May

June

July

Aug-

Sept.

13.7

16.0

28"O

hl+"3

5L.9

57.5

65"1+

62"9

53"8

1.8

5.5

18.6

37.6

Table l-

55.2

62"1+

70 "2

66.6

55"9

3"2

7"3

2r"3

38"7

Oct"

Nov"

Dec"

"67

.?8

1.lg

L.3t+

51,0

59 "6

66.L

63.2

52.6

Growing Season Total (U"y - Sept.)

hl+"9

30"7

22.0

53.O

62.6

69.2

66.1+

56.1+

.72

.68

.82

l+5"8

29 "2

18"6

2.0'l

2"92

1"67

L"30

1,17

"'l 5

.71

1.00

.86

w"6

x,6
8.0

"99

L,53

2"28

1.38

L,39

1,51

.97

"92

L"37

r"39

lÊ)"8

2l+.6

10.0

"6,1

"78

l_"19

.0/+

r"70

3"2)-

2.O5

1"89

L.l+2

I.I2
1.09

"82

2"26

2"98

2.81

2.rg

2.LL

.72

.68

,82

.72

"7L

"82

9.7t+

^T.L2

-1.16

-2.8h

-3.20

-1"09

"75

.ru

1.00

"r7-"39

.91+

I.08

.73

8.09

-r"66

-2"2!

.-l+"37

-3.49

-r.67

"97

.92

r"37

.70

1.40

1"19

.99

lo"27

-1"09

-1.28

-3"29

*3.04.

-r.12

- .5h

1.09

"82

l-2"35

- "93

-1.5r

-2"94

-2"69

- .75

I
H\o
I

- "66

-9 "lrJ

"7L

"82

- .16

1"08

"73

-L3.1+O

"30

1,19

"99

-9 "82 -8,82
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Growing season temperatures at }forden are about equal to

those of Medicine Hat and greater than those of læthbridge and ï¡dian

Ífead. The growing season preeipitation at Horden is more than at the

oüher stations" This results i¡r a growing season moisture defieit of

8.82 inches which is only six-tenths of an j¡rch less than the deficit

aü Lethbridge, aJld 4"58 inches less than that at Medicine Hat. These

deficit figures do not take into accou¡:t soiJ--stored moisture from snow

mel-t or tjme distribution of rainfal-L r.rrithin the nonth"

Probable moisture deficieney of the Morden area is shown i.:a

Table 2.

Table 2

Probable Moisturg Defieiencf_lqf Ïhe GrglrinE Seasog Aù Morden

(rç¡o to 1961 lnelusive)

I{onth

Deficit May June Ju].y Auzust Septenrber Total

Highest. " .

M€âll ooooo

Iot'Iest .. .

5.1+6

I"18

0.00

9.06

I"22

0.00

5.88

1.51

0.o0

9"57

2"O3

0.00

l+"20

1.73

0.00

26"b5o96t)

7 "61+

2"33(1956)

The deficit is lower thar¡ esti¡rated from precipitation less po-

tential evapotranspiration estiaates but is in line with deficiencles of

7.9 and 11.5 inches ealcul¿ted at the ttrriversity of Alberta for Lethbridge

and Medicine llat (::).

Soils ín Southeastern Manitoba are often at, or near, field

capaeity at the ti¡re of seeding (19, 23)" This results in an avajl-able
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moisture content of fron B io 12 inches of water in the 0- to 4-foot

profil-e. The siored avaíJ-able rnoisture is approxüutely equal to the

âverage noisture defi-cit but this does not mean that irrigation vrould

be urrrreeessary" Available moisture cannot be eompletely exi;racted

from soils without crop sufferirg, especially ií the soil- contains

soluble salts" ivXany crops such as potatoes, onions, eelery, and brome

grass do nat root to the four-foot depth. ûther crops, such as peas,

cannot tolerate high noisture stresses. Plants like alfalfas although

they grovr well at less than optinrurn soil- rnoistu:'e eontent, are able to

respond to additional moisture" Data from Vauxha11, Alberta, indieates

that for that area a1faJ-fa requires 24 Ínches of water, pasture grasses

22 inches, and grains and potatoes 18 i.:rches of water for ma:ci¡rum

grol^rlh (11)" These amoun+,s are from one-and-one-half to two tj:nes the

total surmner precipi-tation of the liÍordeil area.

(Z) Lensth 0f Growi¡s_season

The average dates of the last frost of spring and the fi-rst

frost of autrmn are May 23 and S*ptenber 21, respectiveS-y. The average

frost-free period is 121"8 days. The shortest frost'free period on

record ís g3 days in 19291 and 'r"he longest is 14ó days in 1944" The

everage killing frost-free period (above 28oF) is :{2"6 days from

May 12 to October 1.

B. Charactg:istics Influencing Irrigation Suitabifit.-¡

The soils have been grouped into moderately coarsee medium,

rnoderately fine, and fine tet'¿ures. The mediu-m-te;rbured soils have

been further divided as very fine sandy loam sojJ-s occurring in areas

r'¡hieh rvere la.rge enough to map separately from other mediu¡i-textured
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soils. The guide used in assessing the suitability of the soils for

irrigation i-s sho¡nr in Table 3. This is slightly nrodified from the

guide used i¡ lùestern Canada (26), as it is r¡nderstood that these stand-

ards are used on-ly as guides and therefore judgement in their applieation

and interpretation must be exercised.

Tab1e 3

Classifieation Standards For Ïrrigation Suitability

Irrigation
class

1

2

3

l+

Saturation Disturbed hydraulic
conductivitv (ins.

Condùctivity
and depth

>¿ ïr,"
hÐ-æ

35-65

30-65
<3O or >65

0.8 - 4"0

O.3 - 0.8 or 4.O - 5.0

0.1 - 0.J or 5.0 - ?"0

<0.1 or >f .0

<6

<8

<72

>72

ã
<L2

<15

>1 6

<h

<4

<8

>8

The properties tliat relate to irrigation elassi-fication of eaeh

texbural grouping is shoun in Table 4. These results are expressed as

averages of the number of sarnples taken in each texbural grouping during

the deep-drì] Iing procedures.



SoiJ-
texbure

Very fine sand -
fine sandy loam

Very fine sandy
tggm ... o... c e ô

Loa.n, siåt loani,
very fine sandy
clay loam o. '..
SiJ-ty clay J.oa.r, -
clay loarn o c...

Silty clay - clay

(Oata are averages for the number of sarrples jndicated)

ffirrrber
of

samples

?.:
- ti'-' ' '

Table 4

32

63

Saturation
percent

Disturbed
hydraulic

conductivity
(in.,/hr. )

l+2.O

l+5.2

6t

Averages cal-cul¿ted from analysis conducted at Var.rxha]-Ì, Alberta.

t5

28

Sodiun rr,dsorption

49.1+

61.0

70.8

3.O

2"3

Depth
0-3ft. >3fü,

ratio

1.1

1.0

o.5

1.4

2.O

4Lectrical
aonductivity

Depth
0-3ft. >3fb.

1.9

2.'l

2.6

3"7

3.1

1.4

2.8

3,5

3"5

5.0

1.8

3"2

)")

4.5

3 "l+

h"4

1,r"7

5"7

I
¡\)
\})

I

:t::;'a
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(1) Satugation Fercegtage

Fbon Table 4 it appears that the fi.rst three texbural groups

would fa11 j-nto class 1; the fourth group i¡t'o class 2; and the fifth

group into class 4. It i.s perhaps more meaningful. to show the distri-

bution according to irrigation classo as is shown in Table 5"

Tab1e 5

Textural Grouninss Ï¡ß

ûr The Basj-s Of Their Satugation Pereentage'*

Pergent Ðistribution In lrriEatio! Classes -
Soj.]- texbur_e Class 1 - C1ass 2 Class 3 - Class 4

Very fine sand -
fine sandy loam

Very fine sandy
loan "ooôoeo.êo

Loarn, silf loam,
very fine sandy
clay loan . ô. c.

Clay Ioan, siJ,ty
clay loarn c c...

Silty claye
g1a,y ......o.ô. 14

t+ Averages ealcr¡J-ated fro¡n analysis conducted at Vauxhall, Alberta.

The saturation percentage of the first texlural grouping

indieates that it is slightly deficient in isater-holding capacity"

However, a1l the soils j¡r this texbural grouping that are in c:lass 2

have saturation percentages wiÈhin three pereent of the nj.nimr:m value

requi-red for class 1 soils. Oyer ninety percent of the soils of the

0o

2575

93

0

n

54

0

0

10

20

90

53

)r-
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second and third textural groupings have been rated as class 1 soils.

Therefore, aLL soil-s in texbural groups one, two, and three have a

high ratÍ-ng for irri-gation on the basis of saturation pereentage, About

f0 percent of clay loa¡n - siJty clay loan soils are i¡ class L on the

basis of saturation percentage but this percentage decreases with heavier

texbures r¡ntiI only about J0 percent are elass I and over 50 percent

elass 4 in the clay texbured soils"

(Z) Disturbeg tlvdraulig CoryLuctivity

Disturbed bydraulic conductivities are generally suitable par-

ticuJ-arly in the fi-rst three texbural groupings although the lighter

terbures tend to be slightly excessíve. The di-str:åbution of the samples

jn the irrigation classes is shown ín Table 6.

Table 6

Distribution Of Texbural Groupings In lrrigation_C1asses
û'r The Basis_Of Hydlau].ic ConsErctivity'¿

Very fine sand -
fine sandy loan

Very fine sandy'
loan "... o ô.. o o

Ioa¡n, silt loan'1,
very fine sand¡r
clay loam .. o r.

Clay loam - silty
clay loam cco.oo

SÍJ-ty clay - clay

0

18

l+O

39

l+7

32

''t Averages caleulated frum analysis conducted at Vauxtra].l, Alberta"



-26-
The disturbed hydraulic conduetiuity results of the first

three texbural groupings are what v¡ould be erpeeted from saturation

pereentage results as both disturbed hydraulic conductivity and satur-

ation pereentage are dependent primprily on soil texture. The per-

centage of clay to clay loam samples oeeurring in classes I and 2 are

h:igher than what would be expected from saturatj-on percentage resrrlts"

This is probably due to the good structwe and high organic matter

content of sone of these soils"

e) Sodiurn Adsorption Rati.o

Although some alkali locations can be found in mosù textures

and sodium adsorption ratio is higher in Èhe heavier textures, exehange-

able soditrn does not appear to present a problem -- especially i¡r those

soiLs of suitable texLure for irrigation. This is jl-Lustrated in

Table 7"

The effect of exchangeable sodiu¡r on light-texbured soils

are like1y to be small due to the porous nature of these soils" High

organic natter content of the heavier texbured sojLs would tend to

reduce the hamful effects of exchangeable sodium by its favorable

effects on physical properties. This has been indicated by the distur-

bed hydraulic conductivity results,ruhich are higher than v¡hat would

be eryeeted from the saturation pereentage results"



ALLowabIe
Irrigation sodium adsorPtion

1

2

3

Tab1e ?

<8

<12

>L2

Very fine sand-

(Sfror,¡n in Percent)

Á,verages calcul¿ted from anal;¡sis conducted at Vauxhal-I, Alberta.

97

0

0

3

97

0

Very fine

9t+ 9f

33

1"5 l+"5

L"5 r"5

0

3

loam, very
file sandy

96"5

9.5

4.0

0

CIay loam -
sÍJty clay

80.0

15"0

5.O

0

9I

9

0

100

0

0

0

Silty clay -

TL

26"5

2"5

0

59 "5

29.5

s.0

3"Q
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(+) satínity

The results in Table I i-ndieate that subsoil salinity ínereases

as the clay content increasese not onl.y in nragnitude but also j-n extent"

The same general trend is apparent in surface salinitiesu rrith one excep-

tion which ì¡J:iLt be referred to later. Ninety-seven percent of the sur-

face soils with very fine sand - fine sandy loam texbure are nonsali-ne"

This percentage deereases with heavier texbures to fifty-five percent in

clay texbured soils" Eighty-six pereent of the subsoils wi.bh very fine

sand - fine sandy loar, textures are nonspline, this percentage decreases

¡rith heavier texbures unti.] only one-t,hird of the subsoils of clay texbure

are nonsaline.

Table I
1l

Electrical conductivity
(nmtros,/cn)

Fercent of nonsaline
samolins locations

Depth
SoiJ-te>rbure 0-3ft. >3fL.

Depth
0-3ft. >3ft.

Very fine sand-
fine sandy loan

Very fine sandy
loam "r...co...

Ioam, silt Ioam,
very fine sandy
clay Ioano....o

Clay loan -
silty clay loarr

1"4-l"x'

2.8

3.3

I+" 5

1.8

3"2

4.1+

l+"7

5.7

9? 86

7Lþ()

69 59

53

??Silty clay - clay 3.1+

67

55

'x'Averages calculated from analysis conduet,ed at Vauxha1l, Alberta.

*+ By unpaired. rrtrr test, this ralue was significantly different aL L%

from the next higher value" None of the rest were different from
the nerb higher value"
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trbon Tahle 8, it appears that the first trso texbural group-

irgs are reJ-atively nonsali¡e" nhe thi-rd group¡ with approximately

40 percent of subsoils and J0 percent of su¡face soils saline, is

eonsÍdered marginal for irrigaùion" The last two groups are conEi-

dered generally r¡nsuitable due to the n'ragnitude and the erbent of the

salinity.

As exehangeable sod.ium is not a problem, and saturatj-on per-

eent and disturbed hydraulic eonductivíùy are dependent on texbure,

the salinity is the deciding factor jn establishing the suitability

of soj-Is or areas not previously excluded from the suítable for

irrigat'ion elass by texbure. Thus the map area was ùivided into five

general åreas (nigure 1 and accompanying tsKey to Soilsst Table g)

based on soil texbure, natural boundaries sueh as streans and escarp-

mentso the nearness to the source of water, the desirability of

havíng soils sultable for irrigation in a block, and the possibility

of usÍng natr:ral drains to earry drainage water. The salinity of

each area is shovnr jn Tab1e 10r Page J2.
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Soils Developed on a Thin Mantle'of Coarse Texbured
Outrn¡ash Depoèits over Mrcderately Calcareous TiIL
(a) I¡Iell-drained

.3L-

Table 9

Key To Soifs In Morden-i¡[iuEþr--]Lrea

Soils Developed on Coarse Terctured Outwash and Beach Deposits
(") trùerl-¿rãi:red

(r) Birkenhead series (orttric B1ack) oc.oôoo...."'o'o'

(f) Blu¡nenstein eomplex .oor

(u) Moderately weLL drai¡ed
(f ) Sctrantzenfeld series

Soj-ls Developed on
(a) we]-l-drained

(r) Chortitz

(u)

Moderately

series (orttric Black) è o. ô o..

(")

Soils
(a)

(nego Black) ........o..

Coarse Texbured Deltaic

Moderately drajned
(r) rronätal series (Gleyea BJack)

Developecl on lufedir¡¡n lextured Deltaj-c Deposits

:Map3
: svmbol a

oa
oa
oc
oo
oa
øa
oe
oo

sB:e3

(¡) Moderately drajned.
(I) Fbieäengruh eeries - 

(Gleyed B1ack) . r . o. . . . . . . . o . . . ô . . . . . o . . c . . c. .
(Zi Gnadenthal serÍes (Oleyea Rego Bl¿ck) ..... c.".ô.....o.or.....to..

(i) GnadenthaL sand substrate phase r. Õ.. o.. '... e..... '. ¡.. ó.
(ii) Gnadenthal saline phase . o.. o..... ... ¿ o................ ô.
(iii) Gnadenthal sand substrate, saline phase . o... o o.. c e......
(iv) Gnadenthal elay substraüe phase ...... ô.... o.. c... c c. c o..
(") Gnadgnthal- clay loam .... .. o.. o.... ... o........... ô. c....
(vi) Gnadenthal clay loafn, sand substrate phase . o.. c..... c o..
(vii) Gnadgfthal CIay .co..o...c...c......oc.....c. o........o c '
(viii) Gnadenthal clay, saline phase .................co.... co..
(ix) Gnadenthal clay, sand substrate phase ......c.orc.o.'oco.

(") Poorly drained\-/ 
(i)--b"tun¡:ict< series (carbonated' Rego lfi:mic GIeysoI) 'c'o"""c"o"

(i) Qsterwick saling phasg c o. c. o.... .............. o c....... '
(2) Èf*o""f*fd series (car¡onäted Rego fiumic GleySol) .. '... o. o.. " "

(i) Blumenfeld saling phase .. o.. o.. r.. a....... o ' o...... o. o..

Ðeposits

a a a o c a a a c o a aa ao ao aa

a cr a o a aoo aoo a ao o a o a

g3
ót
õo

ã.
cBas
gå
ooõ.
:Sa3
Oaoa
aa
oø
oc
ea

3ca:
cc
aa
a.
eo

:Hbg
:Hc3
:Hd3
:Ra3
:Rb3
;RC:
oa
eo

aa

cKa:
ôa
ûa
ao
oo

Oaoa

:Rd3

Soils
(*)

Developed on Moderately Fine Texbured Deltaic Deposits
ModerateLy weLI drained
(f) Uigeähof series (Ontfric Black) o.... o.. '. o. c c.. o c............

(:-) Eigenhof sand substrate phase o.... c... o o... o o... o c..
(ii) Eigenhof clay substrate phase .... o... c............. c

(iii) Eigenhof loa;n, sand substrate phase ... o... c. ". " " '

(u)

ooåôeaaaao

aoaoaaaaac

aacaaaaaaô

;Na3
;Nb3
.l\la.
ó ¡I

ôaa.
dô
aê

lFa:
:Gaå
;Gbz
.Jla.ò v9 c

Re
Rf

(") Poor1y drained\-' 
ii)--3"h"en',rriese series (carbonated Rego }Iunic Gleysol) c'c'c"""'o'

:Gd:
.Íla.ó v9 a

:Gf:
"í1a.av6
:GhÊ
åGk;
:C¿ni
aa
aa
oo
aâ

30ac
:OL:
:Bb:
¡Bc;
aôa.
.4,
aa
oa
aa

:EC;
:Ed¡
.Fa.
aget

:Eg;
a.ao
.aao
. l\Ia .
a¡r9a

sNf:
" I\Io .a ¡16

:Nh:
:Nk:

e

Nm

Nn
No
Np
Ffa
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(z) Àriuvial lana (orthic Regosär ú¡s-c¡,) o o.. o., o.

Soils Developed on Fi¡re Textured la,custrine Deposits
(u) Moderately weIL drained

(f) winkler series (ortiric Black)
(i) Winkler sand. substrate phase . ô... o o....... c

(ii) Wj¡rkler fine sandy loam ... o. o.. o... c. . c. o. o

(:-ii) Wínk1er clay loam, sand substrate phase o. o .
(i") trriintclgr clay loam . o. . c o. ' c..... o . o. o.... o. û

(u) Moderately drained
(1) P}¡n Coulee sgries (GleyeA Black) o... o. o. c. o c........ o.. c. o o e o ô.

(i) Plr¡¡r CouJ-ee sand substrate phase .......oc.o..oc.ooG..o.o
(ii) PIum Coulee clay loam, saird substrate phase ..û.o.oo..ooo
(:-ii) Plum Corrlee sand substrate, saline phase cccooÕoccô.ô.oôo

(Z) Dead }Iorse series (Gleyed Bego Black) r..... o.... o. ô... c r.. o c. o o o

(i) Dead Horse sand substrate phase ...o..c.....¡..o..c.Ò!.ó.
(ii) Dead Horse saline phase ê. e...... o. ?. o. o.... o. o c.. c... o o o

(iii) Dead Horse sand substrate, saline phase o o. o. c. o.. o. o.. o o

(i") Dead Horse clay loam "..o...o.,...ooo.eoo.o.Ò,êcooccoooco(") Dead Horse clay loam, sand substrate phase .oococo.o.eoo.
(ví) Dead Horse clay loan, saline phase .c..oooooooocooec.oooê
(vií) Dead. Horse loam, sand substrate phase c..........occooooo
(uiii) Dead Horse Ioam, saline phase ......oce..ooo.oc...oc.ooco
(:ix) Dead Ho¡se fine sandy loam, sand substrate phase o. o 3 o. c o

Hasket series (CleyeA Bego Black) 6 . . o o ... o . . . c . c o o c o . c o . . c . o c. c o

Edenburg series (GIeyeO Black Solonetz) .c oo.. e o.o.c.,oo o c o, o.. oo
(i) Edenburg sand substrate phase .. o o.. o...... c ô. o. û o. o. o. o o

Elias series (lfuIt Regosol) (sic-c) ...¡oo.oo..oc.....oo.ce oooooo
Allurrial land (Orthie Regosof) (C) ..o c.. o.oo o o. oo.ó c. o...o óê oo so

ß)
( ¿o)

$)
(6)

(") Poorly draj:red
(f) Osborr:e series (nego Humic Gleysol)

aoaaooaoooo

ooatooÔaaoa

aooaaoaeooc

:

ooaaaeaaatoo
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lild
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Table 10

Aveælrq Salin:it¿ 0f Potentigl Tmir,ation fu"easx-

Electrieal conductivity

Area

1

2a

2b

3

h

5

0- ft"

1.0

2"!

3.4

1"3

3"7

3.6

1,8

2"5

4"1

2.3

4.8

4"9

er of

25

'to

68

23

5l+

u

'x' Averages calculated fron analysis conducted ¿tr Ssr;:di¡l1, ALberta.

Di-fferenees in salinity arise due to differences in d.rainage

positi-ons. The soils of area 2a a¡e above the 900-foot contour where

the soils are deeper and the surface slope greater than areas below this
contour. Thís results j-n better drainage and eonsequently less salts"

Areas adjaeent to, and below, the 900-foot contour are usua.}ly salÍnized.,

probably due to drainage water from soils above the contour.

However, i-t r,ras felt that additional samples were necessarTr

üo get a nore accurate evaluation of salinity in areas zb and 4 sinee

these areas, although otherwise suitable for i.rrÍgati-on, contaj-ned apprec-

iable soluble salÈs. Area 2a was i¡reluded in this survey as the soil
t¡ryes are sinilar to those in area 2b.

As the Gnadenthal soil series is the orÀy soil. series oecury-

ing to any appreciable exLent in each of the three arease results for
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this soil series have been separated from the salinity results of the

other soil series" This was to detenn-ine the effeets of location as

disti:rct from soil seríes on salt eont,ent of the soil" These results

are shorqn in Table 11.

Table 11

Foot

Electrical
conductitity

Itlu¡nber
of Standard

Soil

Gnadenthal . o.. ô

Obhers o¡..o..co

Gnadenthal o.ceo
Neuenberg o.. o. o

Gnadenthal o '...
Others ... o... o.

tion

2a

2b

l+

1.8
1.8

2"Lb
1.5

4"2
3.9

33
46

l.27
L65

100
59

1"48

2.12

3.TL

These results indi-cate that the surface salinity is slightly

less than indieated by the results obtained from deep-driBing samples

shown in Tab}e IO. This is probably due to the ti¡rre of sar,pling. Deep

Arilling was done in June of 1960, Ju].y of l]96]p and October of L9('2"

The surface sanpling was done throughout the sumey of L962. Ttr-is

stlrnmer had abnor:na}ly high precipitation (17.7 inches from May to

August inclusive) wtricfr may have leached some s?l:ts below the three-

foot leve1. Samples taken during deep driLling were taken mainly frorr

road allowances whene ditches may have affected water a¡rd salt content.

Sr¡rface samples were taken throughouÈ the fi-elds so they would not be

affected by ditches"
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By the nodified ttt¡8 teõt there is a significant difference at

five pereent between the salinity of areas 2a and 2b and at one percent

between areas 2b and 4" This would lead one to believe that although

salinity increases wÍth heavier terLures, the l-ocation of the soiJ- is

more im¡mrtant than texbure in deteiraining whe'i;her or not a soil is

saline. Area l¡ appears to have been a lagoon area at one tjme where

salts were deposited behi¡rd beaches of Lake Agassiz" Ore such beach is

located in the southeast part of Tr+p" 1n Rge.3W. Further evidence of

this is the extent of e3.ay and c3ay. Ioa.m soils fo¡nd in this area. This

may also be wtry the surface salinÍty of the clay loarn - silty clay loa.ur

textural grouping is higher than that of the silty clay-clai textural

groupjng as shor'¡n i¡r Table 8. That is to say that nost of the clay loan

texüured soiJ-s occur in area 4 and are therefore more saU¡re.

C, Irrigabion SuitabiLitv

(1) Land Sgitable-For lrriealion - Areag 1 and 2a

These areas j,relude soils above the 900-foot contour exbending

northwest¡¡ard from the Aureriean border in Twp. lu Rge" /¡W. The sojLs of

area I were developed on deep moderately coarse texbured deposits, dom-

inantly fi.:ne sand and loarry very fine sand underlain by fine seùiments

at L2 to 15 or more feet. The soils napped are ehiefly calcareous

Rego Blacks on loany very fine sand (na¡* r¡rith Orthic Blacks on very fine

sand (Hb) occupying the slightly higher elevations; and Caleareous Rego

Blacks on very fine sandy toa¡l (Na) oceupying the lower positions. There

are nåny creeks issuing from the l¡ianitoba Escarpment which dissect the

-)ç T,etters in braekets refer to riap syinbols used on the
soil map (rigure t).
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area; and the western portíon of Twp" 1, Bge. 4Wc is dotted with smel'l

depressions. There are }iüt1e or no sal*.s i:r the surface, subs';rfaee,

or gror:ndvrater. ld'ater reten',,ion is Iow but within suitable range for

iruigation. Permeability is good and exchangeable sodir:m is }ow. Area

2a has soiJ-s and associated characleristi-cs similar to those described

below for area 2b except that the salinity is low. This may, in part,

be due to a greater depth to the clay substrata'

(Z) I.end Uarginalgor lrrisgtion Due To Satinitry - tuea 2b

This is an area adjaeent to and below the 900-foot eontour in

the lower part of Îwp, 2, Rge. 3 and 4!f. These soils cons-ist of moder-

ately well-drajned to moderaiely drained soils on moderately coarse to

medium textured deposits with variabl-e texLured substrata undælain by

clay at 6 to tO feet. Ðominant soil ty¡:es napped are Calcareous Rego

Blacks on very fine sandy toan (rua) and Gleyed. taleareous Rego Blacks on

loam, silty loan, very fine sandy clay loam with a sand substrate phase

(m).

Water retention and permeability are in the optimr:m range for

ircigati-on. Exchargeable sodirim is Iow" Salinity is higher ühan above

the 900-foot contour probably due to less leachi.:rg and more capiJ-lary

rise brought about by finer textures. Fligh concentrations of salù tend

to be local. in nature. Subsoil salj-nity is higher and more rt¡idespread

than zurface salinity. Iron stai¡ling is more prominent belo¡¡ the 90O-

foot contour indicating poorer drainage conditions" Ïüith inproved

surfaee drainage and installed subsurface drains to ensure leaching of

salts, thj-s area could be classed as very good for irui-gation.
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(g) Land Î{arginal Or Not Suitable For Trrigation Due ?o

Shal].oror Ðepth. To tlay Ëubstrale - Area 3

These soil-s occur in an area norbh of Blrrnengart e:rbending across

the northern porti-on of Tlç" 2, Bge. 3!ü, Ðeep drilling jnd:ieates that the

naterial overlying the elay gets shallower to the north and east" The

soils, r'¡hich are moderately to moderately welJ- drained, r¡¡ere developed on

moderately coarse to moderately ffure texLured deposits irnderlai¡ by clay

at four to six feet. The surface textures range from very fi¡re sandy Ioa:ri

to clay loam. PermeabiJ-ity and waterholding capacity are good and exchange-

able sodium percentage is low. saUnit'y does not appear to be a problem

under dryland farrn-ìng condiÈions.

(¿) Land Not Suitable For Irrigation Due To
Ergçgsive Sa].inity - Area 4

This is an area below the 900-foot contour in the Schonweise-

Rosenort district j¡ Trc. 1, Rge. JnI" The soils ¡øere developed on medium

to moderately fine textured material underlain by clay at six to eight

feet from the surface. ldost soils in the area are moderately drained

and qu.ite saline" Heairy salt concentrations at the surface are of local

occurrence whereas in the subsurface and groundr,rrater they are conti¡uous.

The dorÉnant soils mapped are Gleyed Calcareous Rego Blacks on loam,

silty loam, very fine sandy clay J-oam, sand substrate phase (CU), anO

saline phase (CA); and Gleyed Rego Bl,acks on clay Ioam, silty clay

loarn, and sandy clay¡ sand substrate phase (nf) ana sand substrate

saline phase (mn). Salinity is high but l¡ater-holding eapacity, per-

neability, and exchangeable sodir¡n percent are all suitable for

irrigation"
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(¡) Land Not Suitable For Trrigation Due To

Heaw Tørbures - Á.rea 5

These sojJs occur maínþ along the l,fanitoba Escarpment as clay

outwash material and along the east sid.e of the l¡Ë¡k1er Escarpment where

elay materials, earried by intermittent streans from the ivfar¡itoba esearp-

ment, were deposited where the strea¡rs flowed out onto leve1 ground.

These soils are developed on a mantle of clay uncierlain by sandy naterial

at three to seven feet. The rnost comrnon soiJ-s mapped are Gleyed Bego

Blaeks on siJ-ty clay to clay sand substrate phase (¡¡); Orthic Blaeks

on silty clay to clay sand substrate phase (wu); Gleyed Rego Blacks on

allurrial clay (tla); and MuIl Regosol-q on silty clay to clay (ne).

hiater-holding capacity is gener+'lIy excessive and, although

the perrneabiJity is 1oror, it is, i¡r most eases, sti1-l adequate. satinity

is high, particularly in subsoj-ls. Exchangeable sodiu¡n is sJ-ightly

higher than jn other sojl-s but it is stil1 not considered to be a problem.

D" Groundwater Studies

Nj.neteen-wells were installed throughout the area in Ju]-y 1960.

An addltional 10 v¡ells ¡ære installed 5n Jul.y 1961 in areas potentially

more suitable for irrigation" Some of these wells have si-nce been Ce-

stroyed. The locations of the wells are shobm in Figure 2" The pur-

pose of this part of the study was threefold:

(a) to see what effect heavy rains would have
on the groundwater levels;

(¡) to check groundwater Ievels;

(") to check groundwater salinity.
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Morden -Winkler Areolhe
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The results obtai¡red are considered to be general indications

orr-ly due to the short period of time si¡ce installation and to poor

location of some of the rrrells, i,e,; near ditches, hedges, or sloughs.

The effeet of intense rains has not been elearly established

as no intense rains, say three to four inches, have fal-len while the

ground was unfrozen sinee the jnstallation of the wells" The sunrrrer of

1961 was exceptionally dry" Less Èhan four inches of rain fell before

the begiwring of September, There was, however, 3"62 inehes of rai:r

furing Septeuber ¡¡hich raised the water table in eler-en wel1s by as

much as 1$ feet and decreased the rate of d.ecline in one other wel-L,

The waüer table at the rest of the locations rlras below the bottom of

the weIL so that an¡r rise, if such did occur, eould not be measured.

A rain of 2.O2 j.nches in July, 1962, raised the rsater table in four

wells and appears to have caused a reduction in the rate of reeession

in the rest. The only other relatively intense rain fel-l- on l,fay 1J,

1962" This was one of twenty rainy days of that month in wtrich there

was a total of 8.40 i-r¡ches of rajn. Although the water table rose

sharply in ivfay it is not possible to attribute the rj-se djrectly to

this particr¡lar rai¡"

Groundrr¡ater levels rise in the spring as a result of snow

nelt and rainfa]] to about four feet from the surface. There is a

tendency for water tables above the 900-foot contour to be slightly

higher than those below, e.g.; an average of 381011 vs, 4e?s i¡r the

spring of ]-962 and 4010ts vs. 6e8ü in the spring of 1963. Thj-s is

likely due to the coarser, drier, more permeable nature of the sutface

deposits above the 900-foot contour" In 1-.962 the wells al.l reached

a peak in the fjrst half of June. Thereafben water dropped about 0"03
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feet per day for six to eight weeks, l-ater decreasing to about "01

feet per day. Late in the year the water table reaehes a near static

level of eight to L0 feet from the zurface, rising again in ùhe spring

of the following year. The groundr¡ater leveLs of representative weIls,

one from above and one from below the lfinkler Esearpment, are shorsn in

Figure 3 and Figure /a respecti-veIy. (See Fage 42 and l+3")

The salinity of the groundwater is considerably higher below

t'he 900-foot contour than above. The salinity of 't,he v¡ater from the

wel.ls above the 9@-foot contour, exeludilg those on clay texbured soils,

range from 0.6 lo L.l+ mmhos per centimeter with an average of 1.1 nnhos.

The salinity of the water from the wel1s in area 2b range from 0.9 to 12"1

nrnhos, with an average of 4.3 rnrnhos. The salinity of the water from

the wells on clay range from J"3 to 16.9 nr:hos, with an average of 10.1

mmhos. the wel*Ls on clay above the escarpment are less than half as

saline as those below the escarpment. This rnay be due to a sand sub-

strate fow to eight feet below the surface at the location of the two

rt¡ells on clay texbured surface deposiüs above the esearpment. Pratt (29)

makes this cor¡unent about the salinity of the clay soiJ-s s r?As they occur

in an area which is contj:rually subject to seepage r^¡ater from adjacent

higher lånd, the aceumrlation of salts in depressional areas is easily

understandable.n The salinity of the water in the 32 weJ-ls is shown

in Table 12.

The salinity of the groundwater tends to renain constant or

j¡:crease slightly dwing the gror'ring season. Thj-s is probabþ due to

dilution effects caused by excess moisture jn the spring" Thj-s effect

has been reported by Sandoval et aL, (33). The salinities of represen-

tative wells rS8¡ and n$r? ¿¡s shov¡o on the graph in Figure 3 arid

Figure 4.
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E* ILvenent Studies

The soil- selected for thj-s study'i¡ras a $Ieuenberg very fine

sandy loam¡ t¡rpical of a large acreage of soil potentially suii;able

for i-rrigatj-on. A description and ehenical analysis appears as follov¡sc

the Neuenberg series consists of moderately to moderately

r+eIL drained Rego Blaek Soil-s developed on moderately to strongly cal-

careous, moderately coarse to medirrm texbured deltaic deposits, These

deposits are usually stra'',ified and are r¡nderlain by lacustrine clay,

corunonly Ïrithirß 10 to 12 feet from the surface. The profile consists

of a moderately thick, dark grey ffAhrs horizon over a light broçrnish

grey rECTr horizon. The latter has . brorr'nish-yellow mottles caused by

iron stairLiJlg. The cultivated soils are usual.ly calcareous to the sur-

face and have a ljme-earbonate aecumulation in the upper part of the

¡rCr? horizon. The thickness of ihe trÂhr! horizon varies considerably, and

there is a slightly nottled appearânce in the field due to the varíable

ljme content of the ltAprr horizon" A typical soiJ- profile has been

described as follcws;

Ap 0 6n very dark grey (toyR 3/L tuy), VFSL; weak,
fi-ne cnr¡nb, very fri-able u¡Ìren moist, soft
when dry; mildJ-y alkaline and calcareous"
Grades through an abrupt, smooth boundary

Â.rF

into:

6 * IztÌ Very dark grey (torR 3ft dry) VISI,; weak,
fine cru¡nb, very friable when moist, soft when
dry; nildly alkaline and calcareous. Grades
through a clear, smooth boundary into:

12 - ztit Grey (IOYR 5/f tuy) LVF,S; weak, fine crunb;
very friable when moist, slightly hard when
dry; noderately alkaline and strongly calcar-
eous; weakly iron stained" Grades through a
gradual smooth boundary j¡to:

** 2Iþ - 30", i3::"'ffis Íl?ï,'lírrii.lÏ#'#;:ïï:i;"'
alkaline and strorgly calcareous; iron staj¡red"
Grades through a gradual, wariy boundary into:

rfh
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Range i¡ Characteristics:

Neuenberg very fine sandy roam is the most eownon tSrpe en-

countered although light loams also occur. The normal Neuenberg soils
have a variable thicra:ess of the rsAh¡¡ horizon, within the range of
five to 12 inches, probabry due partly to wind erosion and partry to
¡ninor variations in the soil-foru-ing processes resulting frorr slight
differences i¡r topography. These sojl.s genera-lIy becor¿e coarser with
depth, the trc?r horizon being eiùher very fine sand or very fine sandy

loam to loa¡i strat,ified with bands of very fine sand. The underlying
clay is cornrnonly hrithirr 10 to 12 feet of the surface. cultivated
soils usually have a lime-carbonate accr¡irulation in the lower part of
the n.atr horizon. This is probably due to upward move¡nent of lime
during periods of high water. Moderate, accumulations of sæsum are

sometjses found in the ¡rc|s horizon. However, this conditÍon is
sporadic. The degree of iron staining is slight and variable in the

upper tt64t horizon. Below four feet it is heavy.

The mecha.¡rical and chemical analysis of a Neuenberg soil is
shown in Table 13.

-l+5-

Light yellowish bro,¡¡n (Z.jy 6,/+ ¿ry) VfS;
struciweless; loose when moist, soft v¡hendry; moderately aJ-kalj:re and strongly cal._
careous! jron stained"
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Since the sarapling area was s¡iall a systematie sa'npling

system was folloured to avoid sampling at or very elose to a previous

sampling hole" Sanpling locations were t¡¡io feet apart, as shor,na in

Figure 5r erbendi:rg cmt fncm the well i¡r zueh a way as to mi-nj*'aize

possible effects of the aecumulation of blo*.ú soil- betr^reen the east

and 'lvest plots, and the aspen bluff near the grass plot " As the

rEeILs were located about 35 feeb on either side of the blor^¡n soÍl,

the only effect of its presence would be to divert some runoff v¡ater

away from the east ploù and increase the amount passing over the west

plot. Most of ihe runoff oecurred prior to sa¡pling vrhen the soj-ls

r'¡ere frozen so the effects of the blorøn soiL would be slight, The

aspen l¡luff near the grass plot had accrrnu-1ated snov¡ and undor¡btedly

contributed to the flooding r,,ihich ocewred on the grass plot.
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(f) Frost Penelra'i;ion &nç! Doration

The soil rsas considered frozen r¡hen its temperature was OoC

or l-ower " No inspectiorr þlas made to determine the type of frost present "

Tne recorded tenrperatures for the three plots appear in Tab1es Ll+u 15

and 16" Since the depth of frost and the length of time il, remains j-rr the

soil is of ¡rai-n interest, on-ly the temperatures t,o n-ld JuJ.y wil-1 be given

here. The complete temperature resrrlts appear in A,ppendixes 1" 2 aird. 3.

Table 14.

SoiJ. Temperaturgs (Degrees Centisrade) 0f East PLot

(Line indicates depùhs and dates at ishich frost occurred.)

Depth
i.n

Sampline Dates

inches Aoril 26 May 2 Mav I Ì'Iav 16 l'{av 21 June 1 Jirne 5 June 11

0- 6

6- 10

10 - ]..l+

14- 18

1S- 22

22- 26

26- 32

32- 38

38 - t+4

U+- 52

52- 58

58 - 6t+

6lt, - 7o

70- 76

76- 82

11.0

7.0

6.5

ó.o

.4.0

1.0

0.0

-o "5

4.5

-o.5

-o "5

-0" 5
1.5
2"O

3.O

20"0

11.5

rc "5

10.5

10.5

10.0

l+"5

7.O

3.5

L5.5

].2.5

LL.O

9"5

LO,5

'l "5

4"5

4.5

4"5

13"0

11.0

9.5

9.0

9"o

8"O

1"5
l+.5

3.5

5"o

Lh"5 I "5

9"5 8"5

8"0 7.5

7,O 7"O

6.0 6.5

5"0 5"O

3.5 4"5

16"0 24,O

14.0 20"0

14.0 17.O

l2.o 16"0

11,0 r4.5

9"0 13"0

8.0 LL.5

7 "A 12"0

ó.0 9 "5

3"5 9.0

2.5 6.5

2.O 6"0

3.5

4.0

4.0

0.0 0"

-o"5 -0.5

0.0 0,0

-o"5 -o"5
1.5 2.5

2"0 2"5

3.O 2"5

5"5 6"0

5.5

2.5

-0.

10.0

7.O

5"5

3,0
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Table 15

SoiLTenrperatures (Deerees Centi&rade) 0f ldest Plgþ

(line indicates d.epths and dates at Hfrieh frost oecurced)

Depth
in

Sa¡nol-ine Dates

i¡rches Aprjl- 26 tEay 2 l4ay I May 16 May 21 June I June 5 June ll--

0- 5

5-10
10 - 1/+

14-18

L8-22
))-)A

26-30

30-36

36-tA
42-48

h8 - stu

54- 60

60-66

66-72

72-78

L2"O

8"5

o.)

5.5

l+"5

7.5

1.0

-o.5

-0.5

-0.5

-0.5

-o "5

-o" 5

1"0

L"5

].2.o

8"5

7.5

7"o

4"5

1.0

-0.5

0.0

-o "5

0.0

4.0

l+"5

:J.3,5

11" 5

10.5

8"5

9.0

7"0

7.5

5"5

1.0

0.0

0.0

1"5

4.0

L6"5

9.0

9.5

9.0

8:5

7.0

9.0

9"0

6"0

h"5

1"5

0"0

0"0

I8"5 ]'l+"5 I2.O L5"5 26"a

14"0 L9 "5

t2"5 18"5

11.0 12.0

10"0 t6"5

8.5 1l+.0

8"0 15 "0

7"5

5"5

6"0

3"4

0.5

14"0

8.0

7"0

8.0

7'0

0.

3.O

2"5

-o "5

0.0 -0.5

8"5 8.5

6.0 7 "5

5.O 6.5

l+"5 5 "5

4.0 l+.5

2.5 t+"5

o.5 2.O

0"o 0"0

-0"5 -o"5

0"0

o.o 0.o

1.0

3"0

2"5

4.0
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Table 16

Soi] Temperatures (ÐegreeslQqn'Liglade) Of Grgss Plot

(Un* indieates depths and dates at v¿hj-ch frost occurred.)

Depth
in

i¡ches

SampU¡rE Dates

Aprj]- 26 tulav 2 }fav I Mav 16 }dav 21 Jr:ne 1 June 5 Jr.:ne 11

o- l+

l+- I

8-12

]'2-t6

t6-20
20-22

22-26

26-29

29-35

35-&
/.rf - 48

h8-ru
54-60

&-66
66-72

12.0

8.0

6"0

5"5

4.0

3.5

4"5

4.0

2"5

$"5
11.5

oÃ

7"5

8.0

7.5

6.5

&.5

l+"5

4.5

l+"5

I.5

1.5

2"O

3.5

16"0

]-3"5

LL.5

L3.5

TL"O

11"0

13"0 ].,2.5

9.0 10"5

7 "O 10.5

5,5

5.5

5"5

5"O

l+.5

b"5

3"5

3.5

1ó"0 24"5

14"0 L9 "5

f3"0 t7 "5

- u.0
15.0

Fþost penetration was a Iittle more than 60 inches in the eul-

tivated (east and west) plots and remajned in the soiJ. until the fj-rst

week of Jr¡ne" The grass plot had frost between 30 a¡ld J0 inches on the

April 26 sampling but this had disappeared by the May 2 sanpling" This

0.0

0.0

0.0

1"0

2.5

1.0
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may have been due to shellov¡er frost penetration, although a more

probable e>,planation is as follo¡qs. trilhen the sojJ- was frozen the grass

plot was r'¡eIL below field eapacity" The r,¡ater table was greater tharr

15 feet below the zurface so coÈld not have contributed moisture to the

freezing layer by capillary action" Thus considerable pore space would

be left free of ice and the sojl- r¿'ould be quite perrneable to water.

Percolaiing water could then melt the ice. The surfaee of the grass

plot was flooded i-n the spring with snow melt waters" This may have

contributed to thawing of the frozen layer al-though flooding iiself

should not cause thawing as water is often found abol'e a frozen layer

in wet depressions until earl-y sllûß€ro

(2) lfoistuåê Ðtudies

Moisture contents are erq)ressed as relative wetness. This

i-s a ratio of the soil moisture percent to its field capacity. tr{hen

relative rnretness is equal to, or greater than unity the moisture content

is at or above field capacity" Reference uriJ-l be ¡nade to relative wet-

ness data for the east, west, and grass plots in Table I?, Table l8

and Table 19"

Movement of ¡¡ater to the frost layer is apparent in the cul-

tivated. plots as most of the sa^rnples taken from the frost layer are at

or near field capaeity. At the time of freezing the soi-l rtras below

field. capacity. The grass plot had been flooded by snow melt prior to

the .April 26 sampling date so a.Il sampJ.es taken v¡ere above field capacity.

the frost layer in the eultivated plots appears to be imFermeable

to r,¡ater as the soil above the frost layer is above field eapacity" The

soils are above field capacity io the zurface in the vrest pIot, i"e.; a
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perched brater table" rn the east plot the soils are abor,re field
capacåty j¡raediately above the frozen layer, but not to the swface"

This nray be due, in part, to the rictge of blorEn naterial diverting all-

the runoff water from the east p1ot, or due to texturaJ- dif,ferenees

resultj¡g i:r an esti-nated field capaeity larger than actuaJ. field
capacity.

The rela-tion of the grounùøater l-evels to the frost layer

is shovrn along with the relative wetness data in Tables 17, 18 and 19"

The main rise of the rdaier table occumed at or slightly before complete

thawirrg of the frost layer in the cultivated plots" This may have been

due to differences i¡t the penetration of the frost thus differences in

the ti¡re of thawing; thawing of the frost layer from lower depths, or

lateral movenent of i,rater from other âp€a,s.

T¡r this texbural- class (oury fine sandy loam) there is a cap-

illary fringe above the water table in which the soiJ- is at or near field
capacity. This fringe is about 4å feet j¡r thickness and existed at a]'l

times throughout the sarrplÍng period. Thi-s fringe cou-ld. be a contribu-

ting factor in the supply of lrater to plants and in the redistribution

of salts "

The major concentration of salts in the profiJ-e is between the

6- and Zl+-inch depths. The upper edge of the capillary fringe is between

these depths betr+een the first week of June and the ni-iddle of Jrrly. As

plants use moisture, this woul-d be the zone of deposi-bion of sa1ts" Thus,

it appears possibler lhat the capil'lary fringe may be of importance in

the redistribution of salts in the soil profiJ-e. This should occur to

the greatest exLenb when water consumption by plants is at its greatest.

For eereals thj-s would nortally oceur during June and early July.



Depth
i.n

i¡:islies
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(g) salt_}{ovement

rdeally, on each saripring date more than one site should
have been sarnpled to permit cal-culation of analysis of varianee.

Thì-s, however, would have resulted in al¡iost an impossible nirnrber

of sa:nples" As an afternative eaeh prot was sampted at more than

one location on three sanpling dates and a composite standard dev-

iati-on calcr:Iated, This, taken at g5 percent confi-dence interval
indicates that igr the east plot at any one depth there are no

samples that are sign-ifieantly different. rn other words, the var_

iability 5n sarnples can be accounted for by sampling location alone

and any changes jn Ec due to sa]-t movenent, if such did occur, can-

not be detected" The Ec to the fi-ve-foot depth is shorun in Table 20.

On]y those salrples taken to thi-s depth urere included in statistical
ca.l-culations. The complete Ec results appear in Appendix /r"

ïre the nest plot there are two depths that have signifi_-

cantly different salt content at different, sampling dates. The 0-

to 5-inch depth has one sample (one sampling date at one depth) which

is signifieantly different from other samples taken at this depth.

The h2- to 48-inch depth has significantly different sanples on

five sa.rrpling dates. rt is believed that these differences are due

to ehance alone as the coefficient of variabirity is high. The

samples on which the statistics were caJ-culated appear in Table 2r

and the complete results appear in Append:ix 5"
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0.7 z.o

o,7 o.g
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(¿r) Nitrate govenrelt

Significant di-fferenees in nii,rate content in the east

p1-ot appear after seeding and fertilization, These differences

appear in the 0- to lO-inch layer and are deeper in the profiJe

at later sarnpling dates indieati:rg that leaching is taki-ng plaee"

No dignificant differences appear below Èhe three-foot depth or after

July first,
Io the west ploi there are onJ-y two depths that are sign-1-

ficantly different" This ís hard to explail as, according to the

olrnerr'the plot was fertilized on May 9 wr,bh 325 pounds per acre of

l4-I1+-7 fertilizer" As in the salt movement study there is a very

large variation due to sampling location so tha'r, only very Ia:'ge

differences are statistically different" The nitrate contents of

the east and west plots to a depth of five feet are shown in Tables

22 and 23,
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V. SIJM}4ART AND CONCIIJSTOIW:

In order to deteruLine the feaSíbility of imigation in the

Morden-lfi-nkler areâ,, a study r.¡as conducted to ascertai:r the suÍtabíl-
ity of the soils for i-rrigation. Á, study of the rerated faetors --
clirnate, groundnater, an<j. salt and water movement -- i.1¡äs indicated"

Cli¡ratic comparisons are mad.e betirreen four Ttlestern Canadian

locations, and moisture deficj-ts are estimated by two methods,

A soil survey was condueted by the þIanitoba soir survey,

Deep drilling was employed to obtain surface and subsurface samples

for analysis. The analyses conducted on these samples wereS satur-

ation percentage, disturbed hydraulic conduetivity, sodir:rn adsorption

ratio and electrical conductivity" These resrrlts enabled division of
the map area into five general areas indieating irrigation suitability.
The surface sali¡rity in three of these areas is compared..

Groundwater leve1s r¡Iere reeorded at regular intervals at

thirty-two locations, and salinity measurements were made periodically.

tr: an attempt to evaluate the effects of a froaen layer and

a water tab1e, soil temperatwes and moi-sture contents were recorded

on one grass plot and two culüvated plots between April 26 and lJovem-

ber 12 of 11962" El-ectrical eonductirrity and nitrate content ,¿¡ere

deterrnined in an attempt to relate their movement to ¡noisi:ure eonditions.

1. Cli¡nate

(a) Although the average gror.ring-season rajrrfalJ- is 12.35

inches there is an average growing-season moisture deficiency of B.B2

inches. fuobable moisture deficiency, caLculated by a di-fferent

procedureo indicates a moisture deficiency of 7"64 inehes.

(¡) Soil-stored moisùure i-s usually considerable and ¡¡ou1d

reduce the moisture deficit.

ìi
i

il
ìl
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needed onJ-y as a supplement
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hour.
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concluded that irrigation would be

natr¡ra]. rainfal]."

is

to

2" Irrigation Suitability

(u) ffrcst of Ì;he very fine særd lo very fine sandy clay loam

textured soils have saturation percentages between 40 a:rd 60 percent.

Clay loarn soils tend to have a saturation percentage slightly in ex-

cess of ó0 percen'b, and clay soils have a veïy high saturation

pereentage.

be low.

(U) I{ost terbures have a disturbed hydraulic conduetivity

0"8 a¡d 4.0 inches per hour. Very fine sand textured soils

have a disturbed hydraulic conductiviì;y near 4.0 inches per

Clay texbwed soils usually have a disturbed hydraulic eonduc-

less than 0.8 inches per hour but due to their rn¡ell-structured

the deficiency is not large.

(c) Exehangeable sodium, as indicated by S.A.R' tends to

(¿) Salinity tends to increase with heavier texbures, par-

ticularly in subsoils. Soils above the 900-foot eontour tend to have

low salt concentrati-ons in the surfaee, subsurface and groundwater"

Below the 9OO-foot eontour salj-ni-ty tends to be higher. High sali-:rities

are local in nature except in area 4 where high swface salinity is

common and high subsurface a¡d groundwater salínity Ís prevalent"

From the above four factors i-t is concluded that very

fine sand to very fine sandy clay loam texbured soils are suita.ble for

irrigation provid.ed soluble salt concenùration i-s not high'
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3. Gnoundr+ater Studies

(a) üroixrdr,rater salinity is high beloiv the 900-foot contour,

the salin:ity tends to remain constant or jncrease slightly throughou-t

the grovling season.

(U) Gr.oundwater levels tend to be higher above the 900-foot

contour in the spring due to the coarser, more permeable nature of the

soiJ-.

(") Heavy rajns tend to decrease the rate of deeli::e or

increase the groundlvater Ievel"

(a) Groundwater leveIs d.ecrease fron'. about four feet frorn the

surface i-n the spring to eight toten feet from the surface in late winter,

Therefore, it is eoncluded that the water table is suffic-

iently close to the surface to affect irrigation practices. This is

particularly so below the 900-foot contour where heary applications of

water and additional drainage would be required to leach solubl-e salts

frorn the soil.

l+, Movement Stud:ies

(a) Frost and moisture studies

(i) Moisture is drar+n to a freezing layer provid-ed

moisture is avai lable below the frost line.

(ii) A frozen layer, lririch is impermeable to r^rater,

re¡¡ained jn the soil about one month longer in the cultivated plois

than in the grass ploto where the frost layer appeared to be permeable"

(üi¡ The soil above L]ne frozen layer was above field

capacity but j¡ranediately be1cl.,¡ the frozen layer the soil was below

fiel-d capacity.

(i") The main rise of the water table cojncided t'¡ith
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oï. was slightly before eomplete thal+i-:rg oÍ the frozen layer"

It is eoneluded from the above resu-lts that a fxozen

layer can cause a perched water table if sufficient noisture is avajJ-

able at the time of freezing to form an imperrneable layer

(U) Moisture and soluble salt studies

(i) There is a capj-l1ary fringe about four-and-one-half

feet thick above the r+ater table"

(ii) The upper edge of the capiJ-lary fringe is in the sur-

face jo i¡rches untii about rnid Julyn wh:ich is the most acÈive period

of plant growbh.

(i:-i) The main concentration of sal-ts i:r the profiJ-e is jr¡

the surface 30 inches

It is concluded tlæt the capillary fri-nge could be irnportant

in supplying water to planbs and in redistribution of salts in the

profile.Raisingofther,,¡atertablebyirrigationmaycausethesojJ-

to be moist to the surface and cause salts to accumulate there by

evaporation.

(") Soluble sal-t and nitrate movement stuùies

(i) Most differences in salinity could be attributed to

variabìIi ty j-n sa,npling location.

(ü) Variations in nitrate content are also large but there

appears to be downward. nitrate movement in the east plot"

It is concluded that variability due to sanrpli-ng location

j-s too large to detect any verti-cal salt or nitrate move¡nent "
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oo )
5"o
6"o
6.0
6"0

114 -
120 -
].26 -
l'32 -
r?Ê -
l.hÀ.-
150 -

l-.6.5

r20
L26
r32
136
Il4l+
150
l-56

9.0
OA

9.0
8.5
7.O
9.o

l-5.5
14.0
t2"5
11.0
L0"o
Õ.)
8.o

7.5
5.5
6.0
3.o
0.5
0.0
3.Q

,_5

9.0
6"o
4.5
1.5
0.0
o:o

-

:jg.5
L8.5
L2.O
t6.5
f4.0
15.a

14.0
8"0
7.0
8.0
7"O

2L.5
19.0
J-5.5
15.0
14.0
l-3.0
t2.5

11.5
10.0
oÃ
8"5
U.U
,:o

:

2l+.O
2J.O
10 Ã

18.5
18.0
16.0
16.0

14.o
11.5
IL"5
9"5
,_,

4).
20.0
L9.5
18.0
18.5
17 "5
16.5

26.O
2r.5
L9.5
19.0
21"0
19,0
18.0

16J

L3"O
13"0
12"5
11.0

'o-'

19"0
1e.5
1S.0
18.0
ri.)
L7 "5
1.6"5

J-b.u
15.C
14.o
!3,O
l-2"O
11"0
11.0

-:

15.0
14"0
15.0
12.0
14.0
12.O

:

2?.
20i
19I
19ì
18::
1sì
1iì



;uly 5 .iuly tó .iuly 30. -tW. U Aue. 2? Aue.-27 Aue. .27 Sept,-IO- Eçp!.=25 0g!.=lå 0=c!.J1 Nog.-12 NE.=13
"d 12.o 15"0 12.0 ]'2.5 5"5 5.0

20,0 2L.5 18"5 20.O 22.O 22"5 22.O 12.0 L3.5 !2.5 13.0 5,0 1".5

rg"5 r9.5
18"0 19.0
18.5 2r"0
17 "5 18.0
L6.5 18.0

13.0 l-5.O
13.0 14"0
'I2.5 L5.O
LL"O 12.0
10"5 14"0

_ 12.0

I8.0
18.0
l-7,5
]-7.5
16"5

16.0
15.C
14.0
t3.o
12.0
11"0
LL.O

:

-:

19.0
19,0
19.0
l_8"0
u"0
1ó.0
15.o
15"0
14"0
l-3.5
L3"5
12" 5

-

2L.5
20.5
20.0
20.0
20.0

18.0
18.0
18.0
L5"5
15.O
15.5
ll+.5

15.0

'ïo

21.O
20.0
19.5
19"0
19.0

19.0
u.0
u"5
17 "5
L6"5
15,0
14"0

14,0
13.0

20.o
2]"5
20,0
rg"0
18.5

18.0
17"0
16.0
16.0
16"0
l-5.5
15"0

14."o
13.0

12.0
13.0
13.0
13.0
13.0

13.5
13.0
13"0
12.5
t2.5
12.0
il-.5

11"0
10.5

r4.0
1ll."0
14.0
14.O
13.0

13.0
l-3.5
12"5
13"0
12.0
12,0
12.0

12,O
ll"5
r-:o

12.0
13.o
l,2"5
13.0
12.0

12.o
12.0
12.0
12.0
IL.5
11.0
11.0

10.5
10.5
10.5

13.0
13.0
13.0
13.0
f.2.5

],2.5
12.0
12.0
l_2.0
12.0
LL.5
11.0

11,0
10.0
10:o

l+"5
5.0
5.5
5.5
6.0

6"0
6.5
7.0
7.5
7.5
8.0
8.5

8"5
ôÊo. )

9"0
9.0

5.0
5.0
5.5
5.5
?.0

6.0
O.)
?.0
7.5
8"0
8.0
8.0

8.5
9.0
9"0
9.0



pth
iJl

i¡rches

0- h
l+- I
8- t2

L2- 16
16- 20
20- 22

.26

12"0
8.0
6"0
ÃË
4.0
)")
l+.5
4.0
2"5
0.0
0.0
0"0

1"0
õtrr.D )'i

22 26
26- 29
29- 35
35- L'
4a- 48

L5"5
1r.5
9.5
7.5
8.0
ryE

Ç")
4.5
l+.5
h"5
l+.5
'lË
J-" )

L.5
2.O
3"5
,_t
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13.0 12"5
9.0 10. 5

7"O L0"5
rÃ
5"5
ÃÃ

5.O
4.5
/,1,"5

3.5
3_, :

5t+ - 6o
60- 66
66- 72
72- 78
78- 8b
8b- 90

16.0
].3.5
tt_,

June 1

L3.5
ll.0
''-o

16.0 2l+.5
14.0 lg.5
13.0 t7 "5

1?.0
15.0

June ].

22"O
18,0
17.0
16.0
15.0
15.0

15.0
14"0trj

26"O
22"5
20.5
19.0
18" 5
18"0

]8.0
1ó"O
15"5

":'

2l+" 5
zL.5
20.o
19 "0
r9.o
17 "5

17 -0
1ó.0
l-5"o
,u_,

2l.o
20 "5
L9 "5
18,0
18.0
r9"o

t6.5
$"5
15.0
14.0
t4:o

2t"5
l-8.0
18"0
18.0
18.0
18.0

L7 "O
L&,'5
16.0
r5 "o
ll+.5
14.0

1l+"0
13"0



.:.:l::..;- .-.a

fi g"-. 13 tu
22"5
20 "0
zCI"O
l-9"0
fg"5
20 "o

2h"o
20.o
19.0
19.0
19"0
r8.5

18"0
17 "5
17.0
17.0

16.0

Ll+.5
14"0
14:o

-

20"0
]-g.5
19 "5
18"0
18"0
rb.5

22.0
J-g"5
rg "5
19"0
t9 "5
20.0

l-g "0
19.0
18.0
u.0
ll+.5
t5"5

Il+"5
15.0tri

23"5
22.Q
L9.5
19.0
r8.5
20.0

19 "5
]-9.5
17"0
17 "5
17.0
16.0

15.5
1ó.0
r4"5

:

LlL"5

"f

12,5
L2"O
12.5
L2.5
13.0
13.0

13.0
13.0
13.0
13.0
13.0
13"0

12.5
12"5
12.o

''_o

17.0
r4"5
14"0
14,O
13"5
14.0

L3.5
13.0
l,2.5
14.0
].2.5
1,2"5

t2"5
12"5
12.0
L2"O
L2.O

12"O
12.O
11.5
11.5
11.0
i-r.5

rI.5
ll-.5
11" 5
11.0
l-r" 5
11.0

11"0
11"0
11.0
10" 5
11"0
10.0

t ,'.,::;:;t

tl:t/!:ìtai
l)4.:!&tl
lil;i:::¡:¿
'|,'iHfr

]'2"5
12"O
11.5
L2"O
1r"5
11" 5

11.5
11,5
11" 5
11,0
11.5
11"O

lil.5
11"0
11.0
11,0
11.0
10.0

5"5
4.0
5"O
5.0
5.5

7"4
7"O
7.0
7,O
8.0
8.0

8"0
8.0
9.0
9"0
9.0
9.0

6.0
IE+o)
5.0
5"5
5.5
6"0

5"5
6"5
7.0
7.O
8.0
8"0

8.5
9"0
9"O
9"0
9"o
9"0
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Corrdo"tivitv (Iutnhos/cm) 0f 1i; Ey;tract For April To Novernberfg62 - Eaet Plot

0-
6-

10-'t/, -
18-
22-
?,6-

10
1"4
18
))
26
32

38
hl+

52
5t
6l+

7O

76

o"3
I"5
L" Lþ

0"9
0.8
0.7
0.7

1.1-
L"2
3"o
2"7
2"L
1"3
3"3

1.9
3,I
3.8
).ó
3"7-ñ). (

)"(

2"8
2.8
t-,

32-
38-
hh-
52-
58 -"
64-
70-

"lv
o.5
r.7
r.3
1.0
o"8
o"7

0.4 0.4
1.0 2.2
1+.5 5"5
5.r 2"7
L.5 1.0
0.8 0"8
0"8 L.2

1.1 1"4
1.6 2"O
1.9 2"0
2"3 2"7
2.0 1.7
1.5 L"9
1"4 1"9

1"8 1.?
1.4 h"3
2.2 l+"5
4.0 h"z
3.6 L+"1+

3.9 ì+.5

3 "7 l+,7

3.8 h.t+
3"9 L+.1+

1.8 1"8
L"5 L.7
1" ó L.6
3 "7 t+"7
3"7 r.3

76- 82
82- 88
88- 94
94 - 100

100 - 106
106 - 112
112 - rt8
118 - 124
l2r+ - :.-3O

L3o - l-36
t36 - Lt+z
142 - 148
Lt+8 - L54
L'h - t60

I"1
L.3
2.2
2"8
2"r
r.5
2"9

2.9
1. /l
3.L
2"9
3"o
3"O
3"o

3"o
3.O
1"8
2"1+
L"5
L"5
1.À

0.4
t..2
L.7
0.9
1.0
L"5

r.5
2"2
2.3
r.8
2.O
1.8
r"7

¿"2
4.1
4.1
l+.2
l+.I
&.1
4"0

4"h
2.7
2"7

3"1+
t"6
L"1+

0.4
r"3
l.|
IoÕ

t"5
0.?
o"7
1"1

L.5
1.8
ar
3.9
,_,

0.4
0.1+
1.2
1"1
0.?
0.8
1.1

r"3
2.2
1.8
r.7
DO

2.2
2"O

"_'

2

1.r
5"6
0.6
0.9
o.8
0"9

0.4
L"3
EE

3"5
0"7
0.6
o,9

1.&
1"5
L.5
3"9
,:

L.3
anL"(
l,g
4.1
,":

"l+
o,5
0"6
o.6
o"7
0"7
I,0

0"6
6,0
4"h
L"5
L,3
1"0

1.3
r"4
h"7
3"6
Lv.7

a")
2.O

].9
1"8
u:,

L,3
1"4
1.6

2.L
2.1
4"(

"lL
a.g
Ão
5,5
1"0
0"9
1"0

0"5-l cr

2"1+
1.1
0.8
Uoö
0,6

r"3
2"L
2.O
5.O
2"6
ln
4." (

4oD

/-" )
l+.7
h,9
l+.3

1.4
1./+
âo
2"8
¿")
).)
2"0

l+"3
,_o



"h
0.9
2.6
t"6
r.1
1"0
0.8

o.5
6"0
b.J
1,8
1"1
f.1
)..2

L"5
L.5
a11)"(
ÃQ

3.1+
CQ

2.2

5"o
5"o
2.O

t"2
1.9
2.O
l+.1+

3"5
h"2
2"L

r.9
5"h
2"5

o.7
O.(
?"0
4"0
r"3
1.1
0.9

I.2
L"7
6"6
l+.9
2, Lr

2"1+
2"3

6"1
5"3
4"1

.¿l,

2,9
3"5
2.2
r.1
1.1
0"9

',:i:.: t.

.:'i::':l::

,:,:1,,:

0.
2.5
5"8
5"9
t"3
0.8
0"8

A

I

t"5
L"6
1nro I

3.5
t4
+c ¿.

2.O
10

l"g
5"o
oO
Ë1

0.
1"?
2.L
1,1
u.ö
0,6
0,8

B

L"2
1"4
2"2
L.9
2"9
2"2
r.8

3.6
l+"2
3.3
1"6

"5
o,7
o.,
6.0
1.0
0.8
I.I

I.0
L.5
2.1+
l+"6
3"e
2.5
1.9

r.9
2.6
I.9
5.1

"5
l+"h
2.8
L.2
0"8
0"7
o,7

1.4
2"O
6.0
l+"7
)oo
2"2
l+.7

5.1
5.0
2.9
].8

1.3
6,9
6"2
r.8
2.0
0.9

1.1
1.3
t"5
L.7
L"9
1"8
1,9

5.5
l+"1
2"3
l+"5

L"2
1.5
l+"9
),4
t f't
t+o I

l+"6
/+"1

4"1
4"8õÉ
áo )

2"1



\

Depth
in

i¡rches
o-
5-

10-
14-
18-
22-
26-

5
10
14
18
22
26
30

0.4
2"7
,.o
l+.9
L.7
1.1
i-.4

L3
t"3
L.l+
L.4
3.O
)o)

3"2

2"7
2.2
aa).)
3.3
2"8
2"5
4'ê"+

L.l+
1"3
1.3
t:n

30- 36
36 - t+2

t+2 - 48
l+8 - 5lt
5b- 60
60- 66
66- 72

o.3
2.r
2.3
2.3
2"3
1.5
1.4

r"5
1E

1"2
r.5
2.9
2"9
3"o

2"1+

3.O
2"9
to
2.9
2"8
2.9

2"7
1.6
1"4
É")
1.9
1.6
r"5
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0.6
1.6
Joo
5"8
1"1
L.2
L.3

1"4
r.5
1,4
1n

3.8
).0
r.8

I,7
t.t
3"3
3"5
3.5
)"4

3"2
L,3
r.2
2"9
1,4
L.2
1,ó

72- 78
78- 84
84- go

90-96
96 - ro2

102 - 108
108 - Lr4

114 - r20
L20 - 726
1,26 - t32
r32 - L38
]-38 - ]'ht+
TM. - L5O
r5o ^ L56

0.
J-")

5,h
6"0
5.2
r"5
2"2

2.2
6.1
6.2
ó.0
5 .l+
a.)

3.Ll
3.o
Loô

3"8
4"5
4"¿

4.0
4"t
l+"L
l+"2
3"7
l+"o
4,0

2"O
2"3
L"5
1,5
l+"2
1,9
3.7

June 1 June

1ÒJ-" )

t-.6
ec
I.5
)"4
3"O
2.3

r"7
r.7
3.7
2(}
?o
-)"o
3.8

1n). I

1"7
-LoO

1.8
3.1+
2"8
2"1+

Ã

1.0
3"6
3 "l-I.5
0.8
0.8

1"1,
It49
l+" l+

3.O
b.)+
4"5

3.2
6.0
5"8
5"5
4.8
2.7

2"L
t.5
1.1
)"(
3.7
3"7
2.5

).ö

1.0
5"h
5.1+
1.4
1.0
0"8

0"9
r.3
2.7
¿.1
,-o

3"5tra
5"3
1.2
0.8
0"8

1.f
3"r
2.I
I"2
3"5
,:u

I i

I

.l

tt+"+
2"1+

4.8
)"o
5"5
3"o

1"0
1"1
1.0
o"9
l_.6

:

5.5
Ão
EE). )
T.9
0.9
1.4

L"Ll
L"2
4.¿
J.Õ
?o

-

1.8
6.2
1øu

0.7
o"6
0.8

1.4_
t17

L"5
1"5
aa
-.L

u_,

4"9
6.r
3.6Ër
4;I
'1 tr

4"9
1"0
0"9
1.1
h"8
u_n

i

l

i

i

I'I

I

l
I

I

1
ì

i

j
.l

I

i

I

I

i
4

:l
I,1
I

.l



"9
l+.9
5,4
2"5
r"3
0"8
1.0

1,1
r"3
r"3
5"r
l-4")
4"r
2"A

;a,';;,:,:

O,9
l+" 5
6"L
6.8
6"7
l+.1+

1.0

6.4
5"8
3 "l+
4.8
ltr" 5
6"1
5"8

3"8
u_,

;

i t. ,.:,

2"ù,
6"8
EN

r"4
1.1
1.1
lõ4.)

l+.2
-)oO

3"8
5.7
l+"4
l+"6
5.o

2.3
t_,

c)

)o
2"3
0.9
0"7
0.9
r.2
1"4
6"6
3"2
en
o.)
2.5
1"5

ìôl-¡Õ

'-*

i:'.

6.0
6.1
Ão
I.9
L.2
1.4

L.2
)"J
5.0
a.e
4.0
h.l+
3"9

5"t
l+"7

0.9
,r.tr 4"9

)"ô
0"9
o.7
0"7
0"9

1.1
4"6
3"t
2"1+
2"2
2"3
1.6

).)
J.('
3.8

I

5.0
5.6
5.8
5"7
5.3
1.3

1.1
t"h
o.9
4cO

5.O
t"7
3.r

Ì+.6
3"3
3:'

1.1
0"6
o.6
o.6
o.6
0"9

1"1
1.6
r.7
1.4
4.8
3.7
).Ò

2.I
5.o
u:,

0"9
1.1
o"9
0.8
4"7
o"7
1"0

1"3
1"8
I.2
2.O
2"2
t.5
I"5

1"4
l+"2
3"8
)" (

d.Õ
2"r
5 "h,
2"r
0.8
0.8
1.0

1.1
I"2
I"2
L"5
4.(
2"3
l+"2

5"3
4"(
4.8

' l+.2




