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. ABSTRACT o .

‘Lew hydraulic Aconductiviries of Selbnetzic B horiaons
;estrictf<percolation"of: Qater, '-making vsoil _ m01sture"
@anagementv of _euchf 55;15 diffiealt._ Deep plow1ng is one
managemehtetool that héé been‘dsed'te lmprove-the‘ hydraulie i
prdpertie55 of Solonetzic- soils._HoWev%r,creeearchvhas noé‘ -
specifically eehpared the doisrure'statﬁs or ”soil m01sture
:depletion and‘ recharge patterns of deep plowed and regular
' cultivated 501ls, partlcularly on a s;atlstlcal basls.

A fleld -study was conducted at a site in the WeeternT
Irrlgation'ﬁDistrict to comparek the@,root zonej[(1.0 m)'
'moisture status,. on a temperal,baSis,'of'Solonetzic‘soils
deep ploﬁed to a 'depth .off'70 -cm _with tﬁose regular"

L

cultivated ‘te a ‘depth of 10 cm.. Thé two adjacent treatments
‘were each 620 m loné andﬂ84'm-widel Approﬁimately‘two'tﬂirds
of the prdject area was art1f1c1ally drained. The regular
cultivated soils were composed of approxlmately 50, 40f and
10% of 'Chernozemic, Solonet21c and Gleysolic soils,
'respectivelyf,Meah depth'fe the Solonetzic B horizon. was J20
cm. Soil moisture ‘under an ’alfalfa~brome hay crop was
‘mohitored.withla neutron probe for two consecutive growing
seasons} 1981 and 1932. Depths to‘"the'water table_were
mohitoredlae well.‘

For the periokoqne to August 1981, comparisone"of%soil
moisture status, the depthe to whicﬁ moisture Qas[ depleted
or recharged and the ahounrs lwere- made on the basis of

individual monitoring sites. At the well drained sites ' the

0

iv
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-performed for each'saﬁpling depth.

' 7

" deep plowed soils tended to be.‘drier than the regqular

cultivated 'soils, whereas at. poorer drained sites, there

were no apparent differences in moisture statud.*

;:Inoreases in. soil moisture after light rainfalls were
recorded at the shallower depths in the deep _plowed ~depths

but not in the regular cultivated soils After heav1er

rainfalls the depths of 1nf11tration and amounts 1nf11trated-

were similar. The depths and amounts of soil moisture

depleted Were also-similar at times when the .deep plowed

-

50115 were drier

Comparlsons of the 5011 m01sture status for the“ period

May to June 1982 for ‘the. regular cultivated and deep plowed

50115 were made on- the basis of grouped 51tes (blocks)L.

_arranged perpendicular' to the slope. Main factors 1n the
“ANOVA included_&reatments; Blocks, and Weeks, w1th weeks-‘,

'handled as ' repeated measures. Separate 'ANOVA' s"were

.

iTreatnent x Block means, from sionificant (p=0.05)
Treatment X Blook x Week interactions, were tested on.a Week
basis u51ng Tukey s HSD procedure. There were.no 51gn1f1cant
differences 1in soil moisture status. Soil’ m01sture
variability was highest at depths of 15 and 35 cm and was'
related\to soil wetness.

\\- N . \b ‘ ” . ] A N
~ Water storage efficiencies (ratio-of the change in soil

moisture to the'soil\moisture'defiéit before irrigation) of

deep plowed and regular’cultivated soils were compared after

sprinkler irrigation. The two treatments; when compared with



LS

equivalent soil moisture deficits and rates of water

appliéation, had similar vater storage efficiencies.

. Saturation of the siil‘iﬁ thg_uppermost 20 cm occurred- in
both treatments‘ affe;_fheavy rates of,water‘application,
indicating_siﬁilar:infitrétioh rates for the two freatments;
' Trends for . greater moisture_sto:age ofvextfaction in

deep plowed ‘soils " found by other researchefs were not

~evident in this study..

oo
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1. INTRODUCTION

On the prairies efficient soil moisture management is a
common concern. The level of efficiency achieved by
producers managing Solonetzic soils is genérally much lower
than that achieved on Chernozemic soils. The poor hydraulic
characteristics of a Solonetzic B horizon severély restrict
the percolation of springmelt water and rainfall. These
conditions regult in surface ponding, with insufficient
moisture rechérge of the soil profile'below the B horizon to
sustain a crop through droughty'pefiods. The non-capillary
flow that does occur is generally‘confined to planar voids .,
éﬁd channels between the columnar structure of .the B
ﬁorizon} unless swelling and dispersal of peds occurs
‘increasing ﬁhe hydfaﬁlic nonhomogeneity of the profile. An
increase in soil moisture may be of 1little consequence
during droughty periods because.root grbwthvand penetration
is generally restricted by the high ‘strength of the B
horizon.

Deep plowing is one management tool that has been uéed
to ameliorate SJ%onetzic_ soils. This tillage operation
shatters the‘intrac%able B horizon and mixes illuvial clay
with overlyiﬁg coa}ser textﬁred materia% as well as with
gypsum and lime ffom the C horizon. Observed effects of deep
plowing included: |
1. ‘increased rate of moisture infiltfation,

2. increased depﬁh of soil moisture depletion,

£

3. a proliferation of roots -at greater depths, and



4. significantly increased crop yields.

Research has not specifically compared the stétus and
distribution of soil moisture in the profiles of deep plowed
(DP) and regulérly cultivated (RC) Solonetzic  soils. 159
increased depth of soil,‘moisture depletion 1is usually
assumed to occﬁr as a consequence of the_.prqliferation of

.roots to greater depthg as a result of deép plowing.

This project was designed to determine if ‘thefé were
differences 1in soil moisture status and redistribution
between regular cultivated and deeb plowed Solonetzic and

.associated soils with the null hypothesis that there was no

difference.



2. LITERATURE REVIEW
y |

2.1‘SOLONETZIC,SOILS

2.1.1 CLAY DISTRIBUTION

’ Bowser ét ai. (1961), analysing soil taken from six
Solodized -Solonetz}profiles, found thét the fiﬁe ciay (<0.2
pum) content in the Bnt horizon was three times higher than
in ‘the Ae horizon and almost two times higher than in the C
horizon. Subsequent investigations by Arshad and Pawluk

(1960), Klages (1966), Stonehouse and St. Arnaud (1971),

Brunelle .(1969) and Brunelle et al. (1976) supported these

‘results. Their investigations also revealed a definite

accumulation of fine clay and very fine clay (<0.8 um)’iin

the Bnt, of which montmorillonite was the most dominant.

. Micromorphological examinations of the B hofizons, of

Solonetzic soils by Andronikov and Yarilova (1968) and Gerei

S

and Szendrei (1974) showed that the cross-sectional area of

pores was decreased by illuvial clay deposited on the pore

walls (cutans). =nslocated ciay does not necessarily
persist as- & heo ‘neous coating on ped surfaces and pdre'
walls. Micro-mec:.ar. . movements induced by swelling and
éhrinking can 1inc .~ ~te illuvial C}éy}into,the matrix of
:the peds (McKeague ei < XA,

Within the colurrar B horizon, :he percentage”of clay
may vary due to the removal -f clav from the tops and sides

of columns as solodization proceeds. Holmes and Stace (1968).



‘found that the fine clay content increased substantially

towards the centre of the colqmns;

2, 1 .2 HYDRAULIC .CHARACTERISTI.C\S

The translocation of dispersed particles,
‘;luminosilicates,,silicates and otganic matter during the
genesié of Solonetzic soil can cause.a major reduction in
hydraﬁlic conductivity. This illuvial material decreases the
ctéssfsegtional area of _porés and also plugs other pores.
This condition may also tesult 'in an 1increase in” tﬁé
hydraulic heterogenelty of the Solonetz1c soil profile.

‘With the aid of thin sections, Pawluk (1983) describea
the shape and arrangements of voids typical of a Sdlohetzic
B horizon. Normally, planar voids occurred between the
.densely packed columnar structures. Within ‘the columns
themselves, numerous closed pores (vughs) were evident.
Distiﬁétly ditectioﬁél bias of the conducting planar voids,
due té the columnar macro-structure, Can’result in hydraulic
anisotropy of the B horizon (HilleI, 1980). .

The suitability of planar voids for «conducting water
depends upon their size, shape and vertical cotductivity
(Bouma et 571,' 1977);wTThe stability of the .surtounding
‘aggregates - when they .are wetted is also ihpprtant. A,
Solonétzic B horizon has an exchangeable Cé to Na ratio. of -
ten to  one or less (Canada Soil Survey Committee, 1978).
Soil aggregatés with a?ratia of exchangeableiCa té'.Na near

this'value have been obseryed;to become vefy unstable and to



siake easily when wetted (McNeal énd Coleman, 1966; Waldin
ahd.Cohstantinh 19?0; Chen and Banin, 1975). DiSintegration
of peds yields a mass of dispersed clays and other soil
constituents that flow readily. These products _destfoy fhe
(majority of channels .and pianar. voids that sefve as .
passageways for water and-air (Pawluk, 1983). Consequently,
the moisture flux through the B horiion is - severely
retarded. Ayers et al. (1973) measured ‘the saturated
hydraulic conductivity of undistﬁrbed cores sampled from the
B horizon of nine separéte ﬁbils. They found that -the
moisture flux 'under saturated conditions was loweﬁ’than}a-
value at which they believed vdrainage woulav become -
problemafic (3.0 x 10" *cm s"); Ca;fhs and van Schaik (1968)
reported a vélué of 3.0 x 10 fcm s~ fo; the soil- moistu;er

flux measured in disturbed cores under saturated conditions.

2. >1 2.1 INFILTRATION

Iﬁfiﬁtration 1s governed. by flow through the least
permeable soil layer (Hanks_and Bower, 1962). Canarache
ét al . (1968) observed that thé.infiltfation rate was
most positively correlated with the moisture deficit of
soil at the initiation of infiltration and the saturafed
hydraulic cohductivity. A comparison‘ of infiltration
rates of‘fSolonetzic and associated soils .revealed that
Solonetzic soils had the loweét initial infiltration:
fate, the most dramatic decline  in infiltration rate énd

the ldyest (final) constant rate of infiltration (Verma

and Toogood, 1969). Infiltration was most rapid and



sustained on non—sodig soils tﬁat did not possess an
illuvial horizon ~ (Sandoval - and - Reichman,  1971).
Cumulative. infiltration was significantiy co;félated
with the- exchangeablé .soéium .‘percentageiv and the
thickness of' the illuvial layer in Solodized Solonetz

soils.

2.1.2.2 SOIL MOISTURE STATUS
The magnifude and patte:n of wate? content changes

in a sofl >profile were significantiy afﬁected by the .
percentage ofuexchangeable' Na .in(.layersw,with;n fhat
profile. "The _capillary exchange of soil moasture f;om:
depths below the sodium affected layer. to surface layers -
decreaéed as the exchapgeable sodium pércénﬁage in that
.laye; increaéed (Acharya and Abrol, 1978). |

- Cairns (1961) reported that in Solpnetzic soils
moisture fluctuations'were,mqét apparent in those soils
where solodization was mofe advanced. Also,: as Cairns
hoted, théreS was an, incréasing frequénpyv‘of roots.
traversing the B -horizon in: those soils where
solodization was mére advanced. In a‘stfongly developed
Solonetz, roots grew prefe;eﬁtially in the natural
cleavages between the welluaéJgI;ped prisms and columns
rather than penetrating thfough the columns (Ayers et
al.,'1§73). épgl comprising . columhs waé_ resistant to
root penetrétion at high matric suctions due to the
strong cohesive forces . existing within the densely

\

packed columns. The shift from a columnar to a blocky-



‘structure , during peaogenesis jincreased the. cleavage
planes through which .roots could' traverse. Increased
-s011l m01sture depletion at greater depths resulted from

this more favourable rooting environment.

2.2 DEEP PLOWED SOILS ,

Deep plowing hae beeﬁ‘described by Harker et al. (1977)
as -a- disturbance of the A, ﬁ and C horizons such that they
were displaéed;rfrom their original profile. pgsitiqns,
~resulting in the destruction of the B\horizoh. Ohserved soil
thsical and plagt physiological changes aftér deep .plowing

~slowly .permeable sodium affected soil Rasmussen et al.,

1972;lAbraham, 1974; Sandoval, _1978; Krogman ' and MacKay,
1980) and' nonfsodiuh affected soils (Hausen and Taylor,
1964;-Mech et al. 1967; Eck and Taylor, 1969; Eck et al.,
1977) included:

A. ,aitered clay distributions,

2. -decreased bulk deneity of . the B horieon,'

3. imprdred hydraulic characteristicg,

4, fincreased depth of rooting, and

"5, increased soil moisture status,

'2.2.1 cLAY DISTRIBUTION

The dlstrlbutlon of clay withih the;seiluprefile was
51gn1f1cantly altered by deep plow1ng " There was. general
agreement in the llterature reviewed that »aeep_plbwing

increased the percentage of clay . in the Ap horizon "and

.



decreased the percentage in the illuvial horizon (Unger,v
1970; Sandoval et al., 1972; Mech et al., 1967). ﬁﬁckland
'(1983) found that the smectite content in the Ap horizon was
sigﬁificantly increased by deep plowiﬁg.vMech et al. (1967),
'observed that because of the high clay‘ content and low'
.p%rcentage"of organic.mapte:,'the_newly exgpsed su?soilAwas' 

especially susceptible to dispersal by raindrop impact and -

freezing and thawing.

2.2.2 HYDRAULIC CHARACTERISTiCS.

Theré was little information in the ;itéréture
comparing the size, shape énd arrangement of pores in é abep
plowed soil profile to those of‘a Solgnétzic profile. Unger
(1970) noted that thene was a -general trend for the total
poroéity' to increase as the buyﬁ.ﬂdensity decreased,
particularly in the illuvial hotizon:’ Cairns and Bowser
(1967) reported the existence of vertical cleavage planes in
the 20 to 56 cm depth inﬁerval seven years after deep
plowiﬁg. Stability of therpeds was an important criterion if

an initial increase in hydraulic conductivity resulting from

deep plowing was to bémaintained (Loveday et al., 1974).

2.2.3 SOIL MOISTURE STATUé

The soil moisture status of slowly permeable soi%s was
rééarted to be affected~by deep plowing. The éltérations in
soil moisture statﬁs wére a result 5}:

1.  increased depth of percolation of'appiiéd water,

-
2

/



.2. increased sdil moiéture storage, énd
3. increased soil moisturé'depletion.

Rasmussén et “al. (1972) observed that water -ponded 48
to 72 hours on a saline slick spot soil, percolated to a
depth of 15 to 20" cm compa.ed with 36 to 40 cm on a normal
s6il. After only 24 hours, pondea water had percolated to a
depth of 75 to 90 cm on soils deep plowed to 90”cm. The
accumulated depths of water were 4 to 5 éh, 12 éo 14 cm, and -
10 to 12 ¢ém, respectively. v

The depth to which appliediwater percolated in a slowly
permeable soil was found to be*dependént on the depth of’
plowing. -Irrigation wet a 20 cm plowing depth to 61 cm, a 40
“cm__plowing depth to 122 c¢m, and'bqth 60 and 80 cm plowing
. depths to greater than 180 cm}(Musick,and Dusek, 1975).

Other réSearcﬁers found that with increased depths'of
percolaﬁion, the amounts of soil_moisture stdred ,increased;
Eck et al. (1977) observed that increases in soil moiéture
aqcounted‘for 28, 54, and‘58%.of the apblied watér -for an
unhodified, modified toh90‘cm; and modified to 150 cm slowly
permeable soil, .respectively. Krogman (1979) monitored deep
ployed .and régular cultivated- Solonetzic soils under
irr#gatioh TorA4 consecutive years. ‘Averaged;'within each
year, a dgreater proportion of the total soil w?ter t6'90 cm
-was7§ontained.in the 60 to 90 cm depth interval 'under’-deép
plowing than under shalléw cultivation. For 1975, 1976,
1977, and 1978 the p}oportions of total soil water in %hé'éb

to 90 cm depth for shallow cultivated and deep plowed soils
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were 36 and 40%, 33 and 38%, 36 and 39%, and 36 and 37%,

respectively.

Increased ‘proliferation-ofiroots at. greater depths\was
. . 4 - ‘l\ N ‘\'.-'.—/' .
a feature of deep plowed soils (Krogman and MacKay, -1980;

Rasmussen ef al., 1972; Cairns and Bowser, 1967; Eck and:
Taylor, 1969) that combined Wwith greater aerial: growth,
increased water use efficiency. Frem depths off30 to.45 cm, -

soil moisture was depleted more rapidly from ,the shallow

s

plowed soil .than ffom the: deep plowed soil. The slowl§
permeable clay layer began at a depth of epprgximatelf 50
C. Soil moisture _Qes deplefed more rapidiy and in %qrgef
‘quantities from the 60 to 700 cm depth inteanle“iH the deep
plowed soil. The depth of plowing was7approximateiy"70 e% l
(Eckxand Taylor, 1963%). Sandoval et al. (i972) found ‘thqt;
"water,-storegé- in the soil profile duréng summeffe&loﬁfand
depletion during crop growth were g:eater idithe'deep ployea
soil than in a regular -cultivated Solenefzic‘EOilulSdfl“"
moisture depletion was qFterminea.Afen three 45555éaqgiye.

years (1968, 1969, end .J9705 . by the.difgerence*in eoil
moisture before and after‘a seaseh ofvcfoppihg with cegealsﬂ_'
Depths of soil ‘moisthe 'wegebmeasyred by gravimetfic_aﬁd
bulk density Sampling. 1n41%68; 4969,“a5841950 tﬁere'wefe XBT
and 11 cm, 5  and eé cm, and 9;and']4iem ef soil noisture
depleted frdm the 0 to 90ﬂcm*dep£h ofifeéhlaf édltivated and -

. & T
deep plowed (to 60 cm) soils, respectively.
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2.3 CROP YIELDS - L

Xields of grain crops vere géneraliy increased by .deep
blowing (Saﬁdoval et al., 1972; Sandoval, 1978; Alberta
Agficulture, unpubiished data} Cai’rns, 1962). Deep plowing
trials performed by farmer cooperators with Alberta
Agriculturé in 1981 revealed that the greatest increases in
yields brought about 5} deep plowing were at fﬁose sites
that had the poorestbyields under regular cultivation. When
moisture and fertility stfess were minimized, response to
deep plowing was reduced (sandoval et al., 1972; Krdgmén,
1 1979; Anderson and Ballantyne, 1982). Krogman and MacKay
1(1980) found in greenhouse experiments that horizon mixing
.usually enhanced yields on S&lodizgd Solonetz soils, but had
little effect on the crops grown on‘aésociated soils such as
the Salonetzic'chefnozems br Solods.
‘Forage response.£o de;p plowing, iﬁAparticular alfalfa
(Med icago sativa), was . frequently greater than cereél
response (Cairns, 1970). Harker et' al. (1977) repqrted' a.
significant increase in yields of alfalfa and b;ome‘réﬁomus
ineﬁhis) over a three year 'periqd on deéé plowed soils.
cairns (]970)-suggested“that increases in soil pH caused by
..aeep plo&ing, in aadition to gréater rooting depth, may have

created a more faVoréble'rooting environment for alfalfa.



3. MATERIALS AND METHODS

3.1 SITE DESCRIPTION
3.1.1 BACKGROUND

In 19;7, the Drainage Branch of the Irrigatioh Division
(Alberta Agriculturé) initiated a résearch project  in <che
Western Irrigation' District (WID). The. purpose of this
projgct was to evaluaﬁe the effectiveness of subsurface
érainage and deep pléwing in -water table control and
Solonetzic soil reclamation (Paterson, 1982). The research
project was named the Befus Drainage Project after"G. Befus,

the cooperating landowner.

3.1.2 LOCATION

The Befus Drainage Project was located approximately 21
km east.of Calgary in SW 13-24-27-W4 (Fiéure 1). The project
site was bounded on the eas£ by a'largé supply canal, - the
west by a combination éréin/delivery ditch, and on the south

by the Trans-Canada Highway.

L

Aol

3.1.3 CLIMATE
Toth (1966) statéd_that according té Kbppen's system of
classification; the élimate in tﬁis area is characterized“as
cold,“humid continental. The averége temperature of the
warmest ‘month is 16.6°C (Table 1); the average temperature

of the coldest month }is -13.8°C. This climate 1is .also

12 4 ,
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Table 1. Climatic data for Befus Drainage Project (mean

values from Strathmore Alberta).

Years of Rgcord

Parameter May June July Aug Sept
Temperature (°C) .

Minimum, 3.0 7.3 9.2 8.2 . 3.5

Maximum 17.1 20.7 24.0 23.0 17.9
*Daily 10.1 14.0 16.6 15.6 10.7
Precipitation (mm)

Total 50.6 81.7 ~ 48.6 49,2 32-4

24 Hour Maximum 30.5 = 58.9 25.4 41,9 - 28.2

Total Annual 449.6 mm - :

10 11 10 11

13
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Figure 1. The location of the Befus Drainage Project.
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characterized by frozen ground and snow cover for .severél
‘months duration each year.

Mean annual precipitation for the area is 450 mm. Much
of this precipitation falls during the growing season

(Peters and Bowser, 1962).

3.1.4 VEGETATION

The Befus Drainage Projeét was located in the
southwestern vegetation =zone as definedvﬁy Budd and Best
(1976). This is a prairie type of vegetation community that
alternates between mixed and shortgrass prairie plant
species. Cémmon grass species include fescue (Festuca
specjes;, wheatgrass (Agropyron species), grama (Bouteloua
species),‘andggggalegrass'(Stfpa species).

‘Water filled depressions at the Study site in 1981
contained species of rushes (Juncus spe;ies), reeds
(Calamagrostis species), and smartweeds (Polygonum species)
as well as sloughgrass (Beckmannia syzigachne). Wild barley

(Hordeum jubatum) was a dominant grass species on pasture

located south and east of the site.

3.1.5 TOPOGRAPHY AND DRAINAGE

The Befus Drainage Project was situated . on ‘a nearly

level (0.5 to 1.0% slope), poorly drained lacustrine plain
(Plate 1). Locally, drainage was restricted to the east and
,7yestrby;9ently rolling to undulating.uplands (Figure 2). The

‘Rosebud River, to the north, and the Bow River,; to the south.
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of this project,‘prdvidé natural drainage,wéys for'the area.
These rivers are;‘a part .of the South éaskatéheWan River.
Basin. Irrigation canals ‘are an intégral"part/ of  an
artificial drainage scheme in the area. ~ - % |
Within the Befus Drainage Project, the 1land surface

sloped gently to the north and south from the center.

3.1.6 GEOLOGY

3.1..6.1 BEDROCK i
Depths to bedrock and watér table »profileg_ wiuﬁjn

- the Eéfus Draihage Project are exhibited in Map.1 (back
pocket). Transects A—A}, "B-B', and C-C". follow
east-west, north-south, ana | north-south bearings:
respectively. Their exact.positions aré shown on Map 2:

The bedrock tends. to slope gently' downwardé‘ in a

northwesterly direction in an undulating manner,.Bedfock'

sampling anq% drilling during piezometer installation

revealed that it consisted largely  of ‘ sandstoné

(Patersoh, 1982). Peters and Bowser (i962) indicated

that the Paskapoo formation is thev uppermost’  bedrock

formation in the Qesterﬁ' half of.the Blackfoot soil

survey sheet (in which this project 1is 1ocated).>fThis

formation ’of. non-marine origin, consists of an

'alternéting séries of hard grey sandstonesg and ;soft,.
grey, brown,- and greenish sands, éhéles} énd sandy‘

shales (Williams and Dyer, 1930).
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3.1.6.2 SURFICIAL

The thickness of the 'surficial depéﬁ}t varied

between apprbximately 2.5 m on the west side of the

s study area- (see Transect_A—A') to .approximately 5.0 m in
the cehtral- portion of the tillage treatments. ‘The
surfiéiél deposits also tended to be thinner at the
south end (see Transeéts B-B' and C-C').

Harron (1982) reported that‘the sﬁrficial deposits
consisted of a lacustrine vgheer appfoxiﬁate 100 cm
thick over till. ‘The lacustrine parent material was
slightly layered to strongly varved Qith sand. The
deposit was stone free with occasionél gypsum>cfystals,'
The till contained angular pebbleé, coal, 1iron  stains,
and gypsum, although fine sandy lenses were present. The
lacustrine deposit was clay loam to siity ciay. loam in
texture while the till was s;ightl? sandier and had a -

clay loam texture.

3.1 7 HYDROGEOLOGY
Shallow marshes and intermi;fént,lékes are common on
this-nearly level lacustrine plain. The general direction of
groundwater flow is-f:om the Qest‘and east with groundwaﬁer
being discharged upwards into the plain‘(Ozoréyvand Lytviak,
1974). In late sﬁmmer, salt crust covered sloughs and
lakeshofes are common and a%kaline patches.dot the élain.
The chemistry of groundwater in the area, based on

E]

| analysis ‘of well water, indicates that sodium 1is the
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“dominant cation (§5%) with calcium pfesent in lesser
quantities (Ozoray. and Lthiak, 1974). Sulphate is the
dominant anion (75%) bﬁt appreciable quantities of carbonate
and bicarbonate a;e,present; Total dissolved solids'can'vary
from less than 1000 to greater'fhan 5000 mg L-'. The 20 year
safe yield for most till and lacustrine deposits in the area

is 5 to 25 L min-'.

3.1.8 SOILS

Selected areas " not 'deep plowed “within the Befus
Drainage Project were surveyed at 15 m iﬂter&als by Harron
(1962) in  November 1981. Harron descfibed profiles within
these\areas tolthe subg;oup level;aCCOrding‘to the Canadian
System of Soil Classification (Canada Soil Survey Committee,

- 1978). A brief summary of his soil survey -is preSented
Soils of  the" Chernozemic “ Solonet21c, and Gleysollc
orders were 1dent1f1ed in approx1mately 50%, 40%, and,10% of
_the 5011 proflies studled, respectlvelyf,Twelve subgroups
wefe\fecbgnized; Tﬁese subgroup5r were ‘divided into Soil.

L]

complexes‘ acCording ~to 51m11ar1t1es in 5011 gene51s and/or'

soil chemlstry The areas surveyed and the locatlon and

’

‘extent of the 1nd1v1dual 5011 complexes are dlsplayed on Map

/

- ’2.‘

'3';"1_.'.8,—.“1'SOLON'ET‘ZIC COMPLEX =
.The - Solonetzic complex,  consisting -~ of ' Black

delodizedﬁ Solonetz, Blacﬁﬂﬁsolonetz,QrBlaek”Solod,ﬁand
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Solonetzic Black subgroups, was mapped in “all the
sampling areas. In map unit 1, 80% of the soil 'prqﬁiles
were identified as ‘belonging to the Solonetzic.ordef;
half of those profiles were Bléck Solodized Solonetz.
Solonetzic Black soiis were the largest group of

non-Solonetzic soils.

The Ah horizon was approximately 10 to 15 cm thick,'

-

“nonfsaline, non-sodic and slightly acidic. Mean depth te
the Bnt horizon was 20 cm. The variation iﬁ‘deéth and
thickness was similar ascoss all %he sampling afeas.‘The
Bnt horizon Qasbsaline,\sodic and élightly.alkaline. The
Csk and Ck horizons occurred at dépthg of approximately
30 to 40 cm nand 45 to 70 é;, respectively. They were
saline, sodic and alkaline. The Csk horizon in the

Undrained (South)‘ sampling area.tended to be shallower

than in the other sampling areas.

3.1.8.2. ORTHIC COMPLEX ‘
~ Orthic Black and Eluviated Black soils constituted
approximately 70% of ‘the Orhtic compiex. Calcareous
Black, Rego Bléck, and saline Orthic Bl;%k soils
accounted for the. remainder of the profiles.
The Ah horizon was.approximately .15 ‘cm thiék and

was non-saline, ,non—sodic”and had a slightly acidic to

\

neutral pH. The B horizon was gehe;ally found at depths
between 15 and 40 cm and tended to be non-saline,

non-sodic and neutral in pH.
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A Ccas horizon was present in over half of 'the
,profiles sampled. This hprizon~occurred”at'é mean depth
"of 40 to 50 cm.and was saline, sodic and alkaline, as

v

was the deeper Csk horizon.

3.1.8.3 REGO COMPLEX ' | » | ;'

Soils of the Rego_cémpleﬁ (mép unit 3a) occurred in
.5etween non—sgline depressions and'the " orthic »complex.
The Rego‘complex consisted of the Rego Blaék subgrodps,
alf@odghACalcareous Black soils were found  where there
was a gradationito the Orthic complex.~

The mean thiékness of the  Ah horizon was
approximately  2@ cm; however, there was considegable
‘variabiliff in“ Drainage Replicate 3. The Ah .was
non-saline, non-sodic and neutral in pH in both sampling
areas. Depthlof'thickness data for the AC horizon,. which
was non—ééline énd ‘noh*sq@ic,*was not given. S6dicity
and salinity values of the C horizon tended ‘to be
greater Th*fthe Undrained (north) sampling area than in

‘Drainage Replicate 3.

3.1.8.4 REGO-SALINE COMPLEX o L ;
The Rego-saline complex (map unit 3b) 6cc0r>é&/;p'

_south and east of the Solonetzic cOmpiexland adjacent to
the saline depressions (Harron, 1982). The subgroups

that characterize «his complex' were the Rego Black,

o
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saline Orthic Black, and saline Rego Black.
The A horizon of the Rego—saline complex soils

tended to increase in both salinity and sodicity in a

- southerly dlrectlon ci'the Befus Dralnage Progect This

‘trend is ev1dent on Map 2. Salt crusts were strongly

‘evident on soils 1n’Drainage Replicate 1 and Undrained

(south)- sampIing areas. Salt crusts were not apparent
elsewhere on soils in the Rego-saline complex. In the B
and. C horizons this trend ‘was consistent only in the
‘sodiuﬁ,_adsorption ratio (SAR) values, Depths  and

thicknesses of the A, B, and C horizons were extremely

variable throughout the‘Ysampling areas.  The [”mean,
thicknesses of horizons in soils sampled 1in the

Undrained (north) area were greater than in the other;

drainage replicates, indicating a 'greater degree of
profé&e development.
. \

3.1.8.5 GLEYSOLIC COMPLEX

\

The Gleysolie complex (map unit 4a) consisted

'primafily,of Humic Luvic Gleysols, althdugh Orthic Humic

Gleysols(éad Gleyed Black Chernozems were present. This-

complex was»'mapped in the north central depre551onal

area of the Befus Dralnage Project (Map 2).

501ls in this- complex were relatlvely ,weﬁ{\‘l

developed with thick, deep horizons, Tﬁe non- sallne,.

¢ .
non-sodic nature of the Gleysolic complex soils were due

'fo the salts being leached below the’depth of .sampling.

Y .\B .
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The A and B horizons tended to be slightly acidic, while -
€ . . . v B ) 2. a A

' the C horizon was more s$trongly alkaline, o

3.1.8.6 GLEYSOLIC-SALINE COMPLEX
Rego Humic Gleysols were the predominant subgroup

in the complex (map unit 4b). They were mapped in a
v Ve .

depression located in the east central portion of the

e

Befus Dfainage Project (Map 2).

| The A horizon was approximately 20 cm'thick. There
was no B horizon and the C horizon was reiatively
shallow, at 27 cm. Soils sampled from both horizons were

saline, non-sodic, -and slightly alkaline.

\

°

3.1.8.7 GLEYED COMPLEX

The Gleyed complex was mapped in a smali:depression

in Drainage . Replicate 3 (map unit 4c). Theidominant

nle

soils were Gleyed Black Chernozems. '

and 40 cm thick, respectively and were non-saline,

non-sodic, and had an acidic to neutral pH.

*»

8

3.2 SITE PREPARATION AND INSTRUMENTATIbN

Site preparation and instrumentation prior to 1981 were

e

performed by the Drainage Branch, Irrigation' Diviéion\ of

Alberta Agriculture and were described by Paté;éon (1982).

The two tillage treatﬁents, regular cultivated (RC) and deep

The A, B, and C horizons were approximately 20, 40,
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plowed (DP), were located adjacent to each other, separated
‘by_ an access lane approximately 3 ﬁ in width (Map 2). Each
treatmght was 620 m'long and 84 m wide, resulting in an
apbroximate ﬁotal area of 10 ha. Site preparation or

instrumentation not illustrated on Map 2 is noted.

3.2.1 DEEP PLOWING (1977) |

Deep plowing was,performbd in the spring of "1977. The
soil was. disturbed to a depth of 0.76 m with a topsoil
saviné plow. 'After deep ‘ﬁiowing,- the soils on  both
treatments were diScedvand fertilized, Two strips of gypsum
were then broadcast at rates of 3.3 and 7.7 t ha-" along the
length of each tillage treatment. The effects ofgthésé

strips were not considered to be significant and thqs' are

not illustrated.

Lo
g
o

-ﬁ%é,z TILE DRAINAGE (1977)

Slotted Q'plastic drainage ghbing (100 and 150 'mm
diameéZr) was installed ‘in tﬁe ﬁfa@l' of 1977.<‘A Single.
dfaihagé reélicate coﬁéiéted of three parallel tiié spaglngs
(7.6, 15, aﬁd 30 m) at two depths f0.9 to 1.2 m and 1.2 .to
1.5 m). There were three replicates. - The tiles weré
installed laterally across the width of the tillage
treatments.. They emptied iqﬁo é collector drain that was
_u;qcatgd aloﬂg éhé western perimeter 5 of the tillége
ftreatments: and thét'dischafged into the.aelivery cana1. All
?g;les wé£e~iﬁstailéd with a Speicher - Wheel T;enéﬁér with

. Bl
2B
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]
’

automatic laser graue control, -

3.2.3 WATER TABLE WELLS. AND PIEZOMETERS_(1977)

Water table Qells we:e installed in thev fall. of 1977
around the perimeter of the tillage treatments aqd at other
locations within the projecf "area (positibns\” not
‘illuStrated). Each well consisted‘ of a 3 m “1ength of
polyvinyi chloride (PVC) pipe (51 mm diameter) which was
slotted along the entire length of the pipe. A plastic cap
was placed over the end of the pipe before it was placed in
'a  hole augered by a B@dlL meile drill. Drill cuttings were
used to backfill around the pipe. ,

Piezometer nests were also installea in the fall of
1977. Each piezometer was constructed with a 457 mm sletted
portion of 51 mm (0.D.) PVC pipe connected to a
| predetermined length of non-perforated . 51 mm (O.D;), pvC
‘" pipe. All piezometers were installed using.hbllow'stem auger
technigues. Each piezometer tip was packed with a medium
eand filte; sealed with a bentonite plug_and then backfilled
with drill cuttings. There were two to four piezomete;s‘ perA
nest and the pieidmeterS'extended to Qarious depths wifhinbg
~ the geologic units. o

’ HThickness of lacustrine or till parent ;mate}iél,
texture, and depth tp bedrock were i ﬁo;ed ddringi
installation., Elevations of the groundlsurface‘for the water

table wells and piezometers were'sufveyed and recorded'efter

installation.
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3.2.4 chps> . | .-

Galt barley was seeded on the tillage treatments in
1977, 1978, = and f979. Alfalfa and Sromegrass were seeded
with the barley in 1979. The alfalfa and bromegrass were
well establ}shed during the two study years 1981 and 1982.
3.3 IRRIGATION (1980)

A side roll wheel move sprinkler system was purchased
by the Drainage Branch in 1980. The sprinkler system was set
up aloﬁg the length of the tillage treatments. Only one
tillégé treatment could be irrigated during a set. Water for

irrigation was obtained from the delivery canal.

3.4 MONITORING (1977-1980)

Monitoring within fhe pfojéct area dﬁring the period
1977 to 1980 included: | |
1. groundwater levels in water table wells and piezometers.
2. dr;in effluent volume and chemistry. -
3. crop growth and yield using square meter quadrats.
-4, soil sampling in the fall to evaluate salinity and
sodicity. L .
5. rates of water application during irrigation and visual

inspection for ponding.
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3.5 INSTRUMENTATION (1981/82)

Instrumeﬁtation and monitoring sites are shown on Map 2
unless otherwise noted. Sites that were selected for soil
moisture monitoring were jhdged to be representative of

level, upper, mid, and lower slope areas.

3.5.1 NEUTRQN PROBE ACCESS TUBES

In June 19817a;qminum access tubes were installed for
monitoring séil moisture. In both tillage treatments, an
accesé,tube%was installed along the E;Aline of each of the
15 and 30 m spacings in each drainage repiicate (drain depth

1.2 m). .Also, two access tubes were installed in “the
undrained (north) portion of each gkeatment (Mép 2). The
four tubes in eacﬁ of the three drainage replicates and the
undrained portion will be 'called RC(north), RC(south),
DP(north) and DP(south) hereafter. These tubes were
installed by hand aﬁgeving to a depth of 100 cm and sliding
a tube into thé hole. Each tube was sealed at the surface
with bentonite. o

In May 1982 twentY'access tubes per tillage treatment
were installed 1in each of Drainage Replicates 1 and 2 to a
depth of [00 cm. ,Th;se access tubgs were spaced evenly
across the ‘width of the tillage treatmenﬁs, midway between
the 1.2 m deep, 15 and 30 m drainage tile épacings; They
were gr&gped as "Blocks" ©on Map 2. A 50 mm coringvtube,
powered Ey a mobile dfilling unit, was used for the

installation of these access tubes. The tubes were pressed

&
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into the cored holes resulting in a tight, well-sealed fit.

3.5.2 WATER TABLE WELLS

| 'In  June 1981, water table wells were installed élong a
north-south transect.on each tillage treatment. Within the
drainage 'replicates the .water table wélis were at the
midline between the dfainage tiles. Methods of installation
were similarlgg thoée described %n Section 3.2.3. Bentonite
was packed around each water table well at the 'surface to
seal it f?bm surface runoff. The ground surface elevations
were surveyed after installation.

"J

3.6 IRRIGATION (1981/82)

‘The tiflage~treatments were 1irrigated once in 1981;
late in August. It tooﬁ approximately four to five days to
irrigate each ﬁreatment. A six hour set was used and ‘water
was appiied at a rate of 10 to 15 mm h-'. - M

In 1982, the tillage treatments Qere irrigated twice,
from July 27 to August 6 and from August 18 to August 26.
The first irrigation was simiiar'to' that described above.
The amount of water applied in the second irrigation was
incréaséd by moving the sprinkler lateral\ only 9 m as
opposed to 18 .m, increasing the area overlappeéd by
sucéessive sprinklings. The sp:inklér lateral was -moved‘lto
the next position after fivé hours. The actual depth of

water applied at each tube was measured with 1000 ml cans

located beside the tube.
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and at 20 cm intervals in 1982. The initial depth of

30

°

3.7 MONITORING (1981/1982)

3.7.1-SOIL MOISTURE

Soil moisture was monitored in 1981 (June-August) and

1982 (May-August) using a Campbell Pacific Nuclear

Corporation Hydroprobe Model 503 . (neutron probe). Under

dryland conditions (no irrigation) soil moisture was

monitorea‘ weékly. Soil moisture was also monitored before
and after irrigation events..

Soil moisture was measured at‘10 cm intervals\ZD 1981

ading

was 15 cm in both cases. Readings were taken to a depﬁh of

95 cm. The accuracy of- a given moiéture meagurément was

approximately 0.005 cm® cm™*, or 1 mm of water/20 cm soil.

3.7.2 GROUNDWATER LEVELS

Groundwater levels were measured two .or three times

weekly in 1981 and two or three times moﬁthly'\in 1982 in

-

water table wells along transects B-B' and C-C' (Map 1).
During irrigation, water table fluctuations were monitored
daily. Groundwater levels in piezometers were measured two

or three times monthly (May-August) in both years.

3.8 STATISTICAL ANALYSES'

\An analysis of variance (ANOVA) was performed on 1982

»soil moisture data to detérmine if treatment differences (RC

versus DP) were statistically significant. The experimental
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design used 'to Analyze the soil moisture data was a
factorial one.: The 'final, main effect factors were
treatments (2) ?hd blocks (4). Repeated measures of soil’
moisture were a third féctor,_also fixed. DuriAQ the ANOVA,
all factors were crossed and observed at all ‘possible
combinations. BMDP2V (Biomedical Computérlprogram; Dixon,
19835.was used for the ANOVA compuﬁations. %his program was
designed for the analysis of variance whén repeated meaéures
.over time are invol;ed. A sebarate ANOVA was computéd~ for
each'individual depth. |

In the event of significant . three ‘way 1interactions
(treatment x  block x Qéek) occurfing, an "a posteriori”
multiple comparison . test' was employed to determine
significant differences betweén the eight (2 x 4) t;eatme@té
and block means for each individual week.. Thev ﬁultiple
cbmparison~ test wused was TukeyrégHSD'procedure (honestly -
significant difference). Thé “HSD téét  was designed . for
makinél all pairwise 'combarisons among means (Kirk, 1968).
The error terms for the treatment ghd’blbck effects ‘(maih)
and for the week, tfeatmen£, and blackkeffects were pogled

for the HSD test.



- to the depth of pl§wing.

4, RESULTS AND DISCUSSION.

4.1 hEGULAR CULTIVATED AND DEEP PLOWED’SOIL
Plate 2 displayé a RC soil (Rego Black. Chernozem in
. : ‘
this case) and a DP soil taken from the Rego-saline complex

of Drainage Replicate 1 in 1981. Carbonates are more visible

on the face of the DP profile, although the RegolBlack soil

also showed sﬁrong effervescence Qhen'testedeith dilute
HCl. The depth of plowing was approximately 60 cm.

The depth of cultivation (10 cm) is shéfply defined in
fhe Régo Blgck soil (Plate 3). Below the'-Ap horizon, ~rooﬁ
channels are'visible but there is no structural development.

Cdmpletehmixing of the horizons didﬁ:not ,occuﬁ during
deep plowing (Platet 4). The buried Ap‘is'visiblé as dark

colored patches of soil in the 0 to 8 cm} 13 to 18 cm, and

25 to 39 cm intervals. Also visible are profuse shrinkage s

cracks that form polygonal patterns.throughout the profile

4.2 SOIL MOISTURE STATUS 1981

The  'weather conditions for June 11 to August 10 can. be

summarized as follows:

1. Cool (maximum daily temperaturé" 5-15°C) with showers,

frequently -greater than 10 mm. This condition occurred
from June 10 to June 16 aﬁd from July. 10 to August 4.
2. ‘Warm (maximum daily ’temperature 15—25°C) ~with heavy

‘afterhoon‘th’ndefshowers on June 26, June 30, and July

32
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Plate 2. i"Regular Cultivated soil (Rego ‘Black) and a’

Lot

Deep Plowed soil.

COLOURED PICTURES
[nages en couleur
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Black).

COLOURED PICTURES
Images en couleur
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Plate 4. A Deep Plowed soil. .

COLOURED PICTURES
Images en couleur
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7. This condition occurred from June 1 to July'iO.

3. Hot ~ (maximum daily temperature 25-35°C) with no
precipitation. This condition occurred ﬁfom August 4 to.
August 10. X

Increases‘in soil ﬁoisture in tﬁe uppermost 60 cm

between June 11 and June 16 or between July *10 and Jtu 22

were assumed‘ to be the result  of infiltration - and

7
i

redistribution. Decreases in soil moisture in'thé same deptﬁ‘
inte:vél between June 16 and June 25 or between August 5 and
August = 10 _ were  assumed t§ be the result of
evapotrénspiration. Consumptive use of soil mqisture’~wa§
- probably maximum duriné these two. peripds because Qhef
’occurred immediately prior to the first (June 28) and second
(August 11) cuts of alfalfa-brome hay. The 0 to‘60 cm depth
interval was chosen because it approximates the depth of
deep plowing and also to minimize'the influence of a shallow
'wéter table. ﬂ |

The position of the water table is shown on Map f
before (July 6) and during (Juiy 22) the’cool; wef weather
for both the deep plowed (Transect 'B-B') and ‘regular
cultivated (Transect C-C') treatments. The water table on.
both détes in the RC treatment wasAhearly level 'with few
depressions. and with the groundwater mdﬁnds'localized under
 surface deppessions.v In the 'DP treatment, on‘both dates,
much steeper gradients existed in the water . table and the’

numerous depressions and mounds showed no .relationship with

the soil surface. The decrease in depth 6f4£he "water table
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on July 22 was greater“under the DP'treatment than under the
RC treatment. This suggests that the increased récharge of
the water.table may have been assdciaped with ;nlimprovemenp
in the drainage of the DP soil that facilitated deep
percolation of soil moisture. | | ”

The soil moisture status is compared in the following

sections on the basis of individual Drainage Repiicates.

4.2.1 UNDRAINED | S
= The relative elevations and positions of _the access
tubes are shown on Map 1 and Map 2, respectively. The ground

elevations at the access tubes (in meters above datum), from

the highest .to lowest, were 28.25 m (DP north), 28.19 m (RC

north), 28.07 m (DP south), and 27.89 m (RC south). The RC
south tubé Awas 'lécafed next to a depressional area whgge
runoff collected during»storms‘énd irrigétion causing a rise
in the water table.‘For example, 75‘mm 6f precipitation over
a 12 day period (July 10 to July 22)'raised the water . table
at the "~ south tubes from a depth of 160 cm. to approxlmately.
100 cm. Over the same perlod the water table rose -from a
depth of 265 to 221 *cm and from.196 to 16;$cm at the RC

north and DP north tubes, respectively.

The .positionA of the water table had a profound effect

‘on the moisture status of soils below 60 cm (Figure 3). From

Juhe"11 to August 10 the so0il profile below 60 cm was

. éonsisténtly wetter at the south tubes than at the north )

tubes. On July .22, ?;he soil at depths of 60 to 100 cm
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contaiqed approximately 130 mm :of“ moistUre&at the north
tubes compared with 143 mm édd i51 mm at the DP sbgth and qu
south tﬁbes, respeQinely (values are the totals of depths
of. water in ﬁﬁe'GQutd\BO cm aﬁa‘80 to 100 cm intervals shown
‘in Tables 2a, 2b, and 2c).
At depths‘less than 60 cm,; at DP q@uth,\the soil tended
to - be consisténtly drier (June 11 to August 10) than the
soils at the north sites while at RC south, fhe..soil was .
consisténtly' wetter, déspite the water tables at DP south
. being as sﬁallo&Aas'or Shallower. than at RC sou£h. Thiq)
.trend was more apparent during hot, dry»weaﬁhe:. On August
10 iﬁ the 0 to 60 cm interval, there were an avéragé 177 and
154 mm‘ of sdil 'mdisture in- the 'RC and DP sites,
respectively. . - S .
o A net inéreaé% iﬁ soil moisturg_on June 16 (24 to 36 h
'after.24lmm of brecipitation) Qas‘apégpent only»ag DP south
vwhére an additional 4 mmrof soil moisture in the 0 to 20 cm
interval were measured (Table 2a).‘ During the dry perioé
(June 16 " to June 25) before the first hayvcut, the average
net depletions above~6b.cm Were'b and 7 mm fdrAth¢~RC and DP
soiis, 'respectively. Changes in soil fwisture be1§w 60 cm
were negligible at all four sites. |
There were éverage nef inéreases (0 to *60 cm) of 9 and
11 mm éf soil moisture in the RC and DP soils, respectively
on July . 22 (Table 2b).\The émall‘increase in soil moisture
at the RC north site (4 mm);wés attributed to gregtef rﬁhoﬁfxy

: : K
because of its upslope . position (Map 1). In the RC south .-
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Table 2a. Changes in soil m01sture status 1n June 1981 in
' ' the undralned area. '

Soil Moisture

, - (mm)
- Access _
Tillage Tube Depth June " June June
Treatment Location (cm) 11 A 16 A 25
0-20 52 -1 51 -3 48
. 20-40 61 - 61 -2 59
North 40-60 65 -1 64 -1 63
‘ +60-80 62 - 62 - 62
Regular 80-100 64 1 65 -1 64
Cultivated 0-20 55 - 55 -5 50
8y - s 20-40 67 1 68 -2 66
R ‘South 40-60 70 - 7Q -2 68
60-80 72 =2 70 -1 69
80-100 75 - 75 - 75
( ~0-20 50 - 50 -6 a4
‘ 20-40. 60 - 60 -2 58
North 40-60 . 62 - 62 - 62
60-80 : 64 -2 62 = 62
Deep 80-100 65 1 66 N 66
Plowed ! - ,0-20 " 47 4 51 -5 . 46
¢ : 20-40. " 56 -1 ‘55 . - 55 .
South 40-60 60 - 60 -1 .59
60-80° 68 1 69 -1 68
80-100 75 - 75 =1 74
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Table 2b. Changes in soil moisture status in July 1981 in
the undralned ‘area.,

Soil Moisture

527

. (mm)
Access
Tillage Tube Depth July July July
Treatment Location (cm) 10 . A 22 28
0-20 47 -3 50 1 51
o 20-40 60 K 61 -1 60
North 40-60 64 - 64 . -1 64
60-80 62 - 62 = - 62
Regular 80-100 64 2 66 - 66
Cultivated 0-20 49 1 60 -3 57
20-40 64 1. 65 1 66
South 40-60 67 1 68 - " 68
V 60-80 68 3 71 -2 69
80-100 72 8 80 - 80
0-20 45 7 52 -1 51
- 20-40 57 3 60 [ - 60
North 40-60 61 1 62 - 62
: 60-80 .62 - .62 - 62
 Deep 80-100 65 2 67 -1 66
Plowed 0-20 46 6 52 -
20-40 54 4 58 -1 57
South 40-60 58 1 59 2 61
! . 60-80 67 - 67 1 68
80-100 72 4 76 -2 .74

-



Table 2c. Changes in soil moisture status

in the undrained area.

in August 1981

42

Soil Moisture

(mm)
) Access :

Tillage Tube Depth Aug Aug
Treatment Location (cm) 5 A 10
0-20 50 -2 48

20-40 60 =1 59

North ~40-60 63" 1. 64

. 60-80 61 o 1 62

Regular Y 80-100 66 - 66
Cultivated 0-20 54 -3 51
20-40 65 5 - - 70

South 40~-60 68 -1 67

60-80 .-.68 -2 66

80-100 78 -8 70

0-20 iy -3 46

20-40 60 -2 58

North 40-60 62 -1 61

: . 60-80 52 -1 61

"Deep 80-100 6’/ -1 66
Plowed 0-20 50 -4 46
20-40 56 -3 53

South 40-60 59 - 59

. 60-80 - 67 - T 67

80-100 - 75~ -1 74
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soil, 11 mm of the total 13 mm increase occurred inlﬁhe_b to
20 cm interval, while in the DP soils approkimatel? half of
the soil moisture increase was in the 20 to 40 bmfinte;vai.
Below 60 cm, at RC south _there was an ‘increése in soil
moisture of 11 mm compared with onlf 2 to 4 mm at the other
sites. | |
During the dry period prior to the second cut (Augﬁst 5.
to Augustv]O),lthere were'ngt-deplegions of 3, 6, and 7 mm
in the 0 to 60 cm depth éf the RC north, DP north, and DP
south soils, respectivelyﬁ(T;ble 2¢). A net increase of 5 mm
was measured at RC sou;hiin_éh%f20 to 40‘Em.interval.bBelow
60 cm, the change in soilhmoisfure Qas ¢inimal (less than 1
mm) at all sites except for the Ré sopth. At this site there
was a dec¢rease of 10 mm-in soil moisture below 60 cm, either
ﬁ}dué to drainage (as the water table reéeded) or capillary"

‘'rise (which would account for the increase of 5 mm in the 20

to 40 cm interval).

4.2.2 DRAINAGE REPLICATE 3
The elevations of the access tubes were 28.10 m (DP
south), 28.10 m (DP south), 27.82 m (RC soufh), and 27.72 m
(RC north). On July‘é2 (after a 12 day rainfall period) the
water table had risen 70 to 80 cm, to an approximate depth
belbw‘ the grdﬁnd surface of ﬂOOlcm, in the vic;nity of the
DP north and south, and the. RC north tubes. The depth to the

water table at RC south was 156 cm (Figure 4). Soil moisture

below 60 cm increased 15, 1, 9, and 12 mm in the RC north,
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RC south, DP north and DP south soils, respectively, on July
22 (Tables 3a, 3b,}and 3c). i
The four monitoring locations had similar moisture
'sﬁatus from June 11 to August 10. Above 60 cm, DP south. was
the driest, followed by RC south. Tng'moisture status”at‘ RC
nodfh Qas similar to DP north. On August 10, the depths of

i ’ o :

) sofﬂ moisture in the 0 to 60 cm interval averaged 180  and

162 mm for the RC and DP soils, respectively.

Net increases in soil moisture for the period Juné 11
to 16 were measured in the DP south soil (5 mm) and the DP
north soil k2 mm) in fﬁé 0 to 40 cm interval. Soils at the
RC sites showed‘ net depletions of soil moisture. The net
depletions of sqil moisture’from June 16 to June 25 avefaged
4 and 7 mm for the RC and DP soils, respectively (Table 3a).
At the wetter sites (RC and DP north) it was diffiéult to
défermine whether soil moisture was being lost by'drainage
- or evapotranspiration,\basea‘sblely on the profilermoisture.
The hydraulic gradient in thé'DP south soil was probably in
. the upward directios because‘ofvthe' drfness 4of .thé upper
soil horizons. |

The largest net increase in soil moisture (0 to( 60 cm
interval) was measured on July.22 in the RC north soil. The
amount measured wa:s 15 mm and, like the RC .south soil in the

Undrained Replicate, most of the increase occurred in the 0
to 20 cm interval. There was a net increase of 17 mm in the
DP south soil, evenly distributed thfoughout_the 0 to 60 cm.

interval. A net increase (0 to 60 &m) of B mm was measured
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Tabf? 3a. Changes in so1l moisture gtatus in Dralnage
‘ \ " Replicate '3 in June 198}/ ‘
N , 'Soil Moisture
l\ , (mm)
AN Access - -
Tillage Tube Depth - June June June
" Treatment Location (cm). a1 A 16 A 25
0-20. - 56 =1 56. . -4 52
o 20-40 70 -1 69 - 69
. - North 40-60 68 - 68 - -1 67
- _ C 60-80 .66 27 68 -2 66
Reqular 80-100 67 -1 66 . 3 69
" “Cultivated 0-20 57 -1 56 .0 -2 54
K : 20-40 66 - - 66 - -1 65
o South 40-60 65 -2 63 - 63
o 60-80 62 -1 .61 - 61
80-100 67 -1 66 2 68
0-2n 57 1 58 -4 54
' 20-- 69 1 70 -2 68
North 40-60 69 -3 66- - 66
' 60-80 68 -2 © 66 - 66
Deep 80-100 72 -2 70 1 71
Plowed 0-20 49 3+ 52 -5 47
‘ ) 20-40 = 55° 2% 57 =2 55
"f\\\\ South. 40-60-. 58 - .58 -1 57
P ’ 60=-80 61 -2 '59 1 60
k 80-100 ~ -1 68 =2 66




Table 3b. Changes in soil moisture status in Drainage
Replicate 3 in July 1981.

. Soil Moisture

(mmq
Access’ 7
Tillage Tube . Depth July July July
Treatment Location (cm) 10 A 22 . A 28
' 0-20 46 15 61 -3 58
20-40 66 -5 61 10 71
North 40-60 66 = 2 68 - - 68
, ~ 60-80 65 1 66. 2 68
Regular 80-100 66 14 80 5 85
Cultivated - 0-20 54 4 58 -1 57
o - 20-40 64 2 66 - 66
, South. 40-60 6 1 63 - 63
s : 60-80 6 1 62 - - 62
: - 80-100, 69 - 69 - -1 - 68
' 0-20 53 k\ 6 59 1 60
20-40 69 1 70 - 70
North 40-60 65 1 66 - 66
‘ 60=80. 66 1 67 -2 65
Deep o 80-100 70 8 - 78 -3 . 75
Plowed %0-20 46 6 52 -1 51
' 20-40 * 53 6 59-- -2 57
South 40-60 55 5 60 -2 58
60-80 59 3 62 - 0 62
80-100 67 9 .

76 - 76"

N

r
A\
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Table 3c. Changes in soil moisture status in Drainage
Replicate:“3 in August 1981,

So}l Moisture

‘ (mm)
] Access ~ =
Tillage Tube Depth - Aug . Aug
Treatment - Location - . (cm) 5 A 10
. 0-20 . -~ 56 -5 - 751
- 20-40 70 - 70
North 40-60 68 = 68
' . 60-80 65 . - 65
Regular «80-100 65 - 65
Cultivated : _ - 0-20 - 56 -2 54
. 20-40 63 -1 62 -
. South 40-60 63 -1 62
- 60-80 62 -1 61
1 80-100 - 68 1 69
0-20 57 o= 56
.o - 20-40 69 -1 68
North . 40-60 66 -2 64
' : 60-80 . 67 -1 66
‘Deep ' .. _ 80-100 74 1 74
Plowed . SR 0-20 51 ~4 47
- | | 20-40 55 -1 54
South ° 40-60 57 .- 57
, 60-80 60 - 60

‘80-100 74 -1 - 74




at both the DP north

The net depletit
cm interval) averaged
respectively. Soil me¢

were uniformly-dis

"~ -

moisture. losses

L4 9

4.2.3 DRAINAGE
'f%eeess‘tubeé weFé
‘éillage treatmenesn'T}
28.44 m (DP 'nerth)‘
north). ‘ -
Oon July 22; the
‘20 cm from a éepth of
at RC north, DP nortl
(Figure S).‘Soii moist
Julyf>22 averaged 135
DP soils: an average ;
from July 10 (Tables ¢
Soil moisture at
11 to August 10) t
other three sites and
north; also to the 60
moisture in the 0 to ¢
for the RC and DP eoii
Rainfall prior k¢

on soil moisture. Ir
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‘h and RC south sites.

»tidns from August 5 tao August 10 (0 to 60
jed .5 mm in both the RC and DP soils;s
L moisture logses at RC south and DP north

;\S, while at RC north and DP south,

L "2 ’ & L)
&Efé%sitgated‘on a topographic high in the

.'The*eleQations were 28.59 m (DP south), _

-h), 28.33 m (RC south), and 28.16 m (RC
the water table had risen 53, 55, 35, and
of 196, 185, 218, and 210 cm on July 10
>rth, RC south, and DP south, respeétively
yisture in the 60 to 100 cm inte;val~ on;.
135 mm for the RC soils and 129 mm for the
je increase of 7 and 2 &ﬁ; .respectively
:s 4a, 4b, and 4c).

at DP south was consistently lower (June -
) to at least the 60 cm depth than at the
ind lower aﬁ . the DP north than at RC
‘60 cm depth (Figure 5). On August 10 soil
20 60 ém interval averaged 176 and 156 mm
Soils, respectively.

: po_Jngjé6“(24 mm) had a minimal - effect
IIn the r;gulér cultivated treatments £he‘

s



.Table 4a. Changes in soil moisture status in Drainage
Replicate 2 in June 1981.

50

Soil Moisture

(mm)
Access - -
Tillage Tube Depth  June June June
Treatment Location (cm) 11 AT 16 A 25
0-20 54 ~ 54 -2 52
20-40 63 =1 62 =1 61
North 40-60 68 -1 67 -1 66
: : 60-80 68 -2 66 0 66
Regular 80-100 70 - 70 - -
Cultivated 0-20 49 - 49 =2 47
. o 20-40 58 i 59 -2 57
South 40-60 62 - 62 -2 60
‘ 60-80 61 1 62 -1 61
80-100 66 1 67 -1 66"
0-20 49 2 51 -6 45
. ’ 20-40 58 1 59 -3, 56
"North 40-60 . 64 1 65 -1 64
. : 60-80 66 =1 65 - - 65
Deep 80-100 67 3 70 -1 69
Plowed 0-20 46 1 47 -6 41
, 20-40 " 50 1 51 -1 50
South 40-60 52 1 53 -1 52
60-80 59 - . 59 - 59
80-100 - 67 -2 65 ¢ 1 66
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Table 4b., Changes _in so1l moisture status in Dra1nage
: Repl1cate 2 in July 1981,

Soil Moisture

(mm)
. Access o~ ' 0

... Tillage Tube "Depth July - July - July
. Treatment = Location . (cm) 10 A 22 A 28
0-20 49 9 58 -2 ., b6

20-40 61 . 8 69 -2 67

North  40-60 64 g 6 70 1 71

‘ 60-80 65 '3 68 -1 67

Regular 80-100 - 68 - 3 71 - 71

Cultivated - 0-20 . 47 7 54 -3 51

20-40 56 -7 63 -2 61

South 40-60 60 4 64 - . 64

ce 60-80 59 3 62 1 63

L . 80-100 - 64 5 69 -1 69

- 0-20 46 . 8 54 -3 51

20-40 56 . 5 61 -1 60

North 40-60 62 4 66 -1 65

60-80 65 - - 65 2 .67

Deep 80-100 - 67 3 70 - 70

Plowed 0-20 43, "6 49 -1 48

. = 20-40 - 49 1 50 1 51

South 40-60 53 . -2 51 3 54

- ~ 60-80 59 -2 ° 57 - 2 . §&9

- 80-100 65 - 1 66 3 69

i
Y2
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Table 4c. Changes in soil moisture status in Drainage
' Replicate 2 in August 1981.

Soil Moisture

i | (mm)
B Access : _ -~
Tillage ", Tube Depth Aug Aug

Treatmentﬂﬁﬁw . Location (cm) 5 e AL 10

A 0-20 53 = 53

A - 20-40 68 ' -3 65-
North 40-60 '70. -2 &8
‘ 60-80 67+ -2 65
- - Regular , 80-100 &8 r=1 67
Cultivated - 0-20 51 -5 46
I - 20-40 59 -1 58
S South 40-60 63 -2 61
R 2" S L 60-80 63 . -2 61— -
o ‘ ' . 80-100 .68 - =2 .66 4
Q-20 . 49 -5 44
20-40 58 -1 57
North 40-60 64 . -1 63
A - | - 60-80 65 - . 65
Deep ! 80-100 - 69 . -1 68
-~ Plowed . 0-20 46 w~2 . 44
: - 20-40 50 ¢ -~ 50
’ South 40-60 53 o 54
- - 60-80 . 59 . . 1 60
80- 167 68 - 68
; i
—ﬁ ‘
4

' ot
. - :(," 2?5
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change in  soil moisture (0 to 60 cm,interval) was‘;2 and 1
mm at the north and south tubes, respectively. At the DP
north and south‘“tubes;'respectively, the increases uere’&y
and 3 mn. Théiéuerage-net.depletions of soil.moisture (0 to

)

~60u cm intervéiA méaéurea on June 25 ﬁ%re 5 and 9 mm for the

T <o
" RC and DP soils, ﬂrespectlvely There was more 5011 moisture
S

depleted;,frem the ‘5 501ls, even though they tended to be

ook

4. , ‘
.drlef’th&n“the RC soils. o B : '

.HJ

Soaﬁ m01sture, measured on July 22, (0 to 60 cm

-1nterVal) had 1ncreased mueh more 1n the RC north (23 . mm),
oo :
DP north (17 mm) and RC south (18 mm) soils than in the DP

outh 5011 (5 mm) Average moisture increase in this “depth
. ) - . ‘, ; )
1nterval was .21 mm for the RC soils and 11 mm for the DP

' soils. The larger inoreases“-‘in s0il moistupe  were
distributed unlformly over the 0 to 60 cm depth (Table 4b).

Runoff was probably greater atothe DP south 51te because . of

_its hlgher elevation, resultlng in less 1nf11trat10n The

'largest increase in 5011 mo1sture (23 mm ) was in? the wettest

R BN
B
.

5011 (RC north) ‘ : .‘ g

3

Depletlon of total- proflle m01sture from August 5 to TO%

wéré-,1o_ and 4A&mm from the RC and DP 501ls, respectlvely,

J(Tabie>4c).°' ’ S !
v

)

412 4 DRAINAGE REPLICATE 1

o

‘ “%outh) 027,97 m. b north), 27.87 m (KC nofth), and 27 84 mf,’ )

CD

(RC south); The water taple was denerally shallower-rn th15;

The elevat1©ns of the access tubes _were 28.02 ‘m; (BP",;H
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replicate than in the others. Or July 22, depths to the

water table were 11° (RC ﬁorth); 83 (RC south), 79 (DP'V

.th) and 75 cm (DP sc increases f}om July 10 of G?%%
64, 76, and 65 cm, respectlvely The 1ncreases in the ?ﬁ%@ht
of soil water 'in the 60 to 100 cm interval (measured on July
22) everaged 10 and jﬁ for the RC and DP soils,
respectiveiy (Tables 5a and Sb) | L

The RC north "soil Mmoisture profile was censistentlyi
drier ‘than soil moisture profiles monitored at the' other
sites within this repllcate (Figure 6)..For example,ighe
total depths oﬁw501l m01sture in the 0 to 100 cm: depth_
interval . on August 10 were 271 (RC north), 327 (DP port}?.),t
335 (RC south), and 336.mm (DP south) . o

The - net '1ncreases in soil moisture-in the 0 to 60 cm
int 'vél.between July 10 and 22 averagf% 12 and 19 mm for
Ehe RC apd DP sites, respectively. The dlstplbutlon of the
inc¥eases in soil mplsture__th;oughout ,the' 8  t; 60 cm
ihtervgie were relatively unifefﬁ,v withﬁ?no indication of

ponding in the 0 to 20 cm intervé}.

e

W

The net aepletions ofs soil moisfure in the 0 to 60 cm

~interval (measured on August 10) were 7 and 9 mm for the RC

and DP 50115, respect1Yely.

4,2.5 DISCUSSION

v

. The'emenitoring sites intfhe RC soils were all located_-

"in the Solonet21c complex w1th the exceptlon of the south

LI . ‘
tube in"ehe Undralned area, which-was located in the Rego

ta v

oy

IR

-

SO v. | RN N
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Table 5a. Changes in. soil moisture status in Draxnagev
Repllcatgf in July 1981

v (hm) | ail”i;:.
o Access ' . e ‘

Tillage - Tube Depth July aJuly »
Treatment Location (cm) 10 A 22 A

0-20 47 6 53 -1 52

- 20-40 53 - 53 1 54

North 40-60 49 4 .53 - 53

o 60-80 57 2 59 . 2 61

Regular - - 80-100 66 3 69 ° 8 77

C Cultivated : 0-20 58 6 64 -1 73

' 20-40 63 5 68 - 68

South 40-60 64 - 3 67 -1 66

60-80 66 11 77 -1 76

. 80-100 73 4 77 11 88

0-20 55 8 63 - 63

_ S5 20-40 60 4 .64 1 65

North 40-60 66 4 70 - 70

60-80° 67 6 .83 :. -9 74

Deep . : 80-100 - 72 17 89 - 89

Plowed ‘ 0-20 55 8 63 -2 61 -

g 20-40 66 7 73 - 73

. South 40-60 66 ' 6 72 -1 71

60-80 ;67 .16 83 -2 81

80-100 74 14 88 - 88

Y
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Table 5b. Changes in soil'ﬁo1sture,status in Drainage
Replicate 1 in August 1981,

Soil Moisture

, (mm)
Access : . -

Tillage Tube Depth Aug Aug
Treatment Location -~ (cm) 5 A, 10+

- 0-20 51 -4 47

S 20-40 .. 54 -2 52

. North 40-60 53 -2 51

A 60-80 61 -4 57

Regular 80-100 66 -2 64

Cultivated 0-20 61 -3 ¥-58

" 20-40 67 -2 65

South 40-60 67 - 67

' 60-80 69 =1 68

- 80-100 78 -1 77

0-20 61 -5 56

- ) _ L 20-40. 62 -1 61

’ ‘North . 40-60 69 -2 67

_ 60-80 68 .- 68

_-% 7. Deep ’ 80-100 77 -2 “?5

. 7" Plowed e 0-20. - 60 - -4 56

7 CLNEe RN 20-40 70 ~3 67

- b7, “south 40-60 69 -3 66

e Ui ST T 60-80 + .70 2 72

PR F— ©. 80-100 83 -8 75
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9
~complex.

In the Undrained area, Drainage - Replicate 2, and

rainage Replicate 3, the DP soils were consistently drier

than .the RC 501ls located in the Solonet21c complex. In the
undralned afea, 5011 moisture at the RC monitoring site
located in the' Rego complex was intermediate betweén soil-

m01sture at the DP sites. In Dralnage Repllcate 1, the DP

north south and 'RC south sites were consistently wetter

.":\

tHan the RC north site and so1ls at all four sites within

this repllcate were con51stently wetter than soils within

o
PR

:the other repl1cates “ng”*was‘ probably agfresult ﬁof a

shallow water table that was. w1thand450 cm of the surface.
The'amounts of soil moisture depleted between August "5 and
10 also7 tended to be greater within this,replicate. With a
shallow water table and a relatively high rate of moisture
depletion,‘(in ‘Drainage Replicate 1) a large hydraulic
gradientf(capillary rise) probably existed contributing to a
further increase in soil salinity.

30 '” There were tasidally two: features of soil moisture
status that distinguished the DP soils from theﬁRC so1ls
1. The DP soil proflles tended to be drier.

&>

2. An 1ncrease in so1l moisture greater than 1 mm after the
. . . _
ra1nfall of 24 mm.on June 15 was measured in the DP

'hsolls but not' in “the RC soils.

Infiltration probably was greater in the DP '$oils

during rainfall’ because they were generally drier.

Infiltration may have occurred ,through fissures 1in the



clayey topsoil of the DP soil. Under dryland conditions“’an
increase in soil n01sture durlng every avallable ra1nfall is
the most desirable 51tuat10n. Sandoval et al. (1972) noted
thd¥ DP soils were. initﬁally' wetter_than_RC soils.after

fallow, but became drler after ‘a season of cropping with

“ cereals. Perennxal cropplng w1th alfalfa and bromegrass in

. this study, i.e. no soiI moisture recharge _during. fallow,.

and i%reater'“soil molSture* extraction froqigme DP soils,.

would be. possible explanations why the DP soils were

‘ cOnsistently drier. The alfalfa and brome grass hay crop was

ideal for mon1tor1ng 5011 m01sture extract1on because these

~ two spec1es have the h1ghest.annual consumptlve use compared

with other~commonly grown crops (Sonmor, 1963)

In this study, soil mo1sture depletlon over - the short -

“

term (1 to 2 weeks before cuttlng) ‘was not greate« in the DP

—r7

soils, although the data were too var1able to draw definite

conclusions. Because the DP 501ls were usually"drler _ the

o

rates of soil moisture depletion should have been greater in

.‘u"

the wetter RC 50115, but they were not. It 1s p0551b1e that
the t1me interval cons1dered (1 to 2 weeks) was too short to
detect differences in -soil moisture extractlon._ Mon1tor1ng
over a.longer'period'of time or during hotter; drier weather

L3

may be necessary to detect differences.
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4.3 SOIL MOISTURE STATUS 1982

4.3.1 DRYLAND CONDITIONS (MAY 17 TO JULY 15)
The mean maximum d&kly temperatures (recorded on site)
were 16, 22, and 21°C compared with. long term average

temperatures of 17, 20, and 24°C, for May, June, and July,

respectively. The respective actual and average

precipitation (mm) for May were 42 and 50,.for\June were 53
and 82, and for July were 53 aﬁd 49, respectively. b
Comparisons of soil moisture-status ih~1982‘,wére made
on the basis of groﬁped sites.rather than individ . sites
(as in 1981), Eéch set of grouped sites (calied hereafter a

block) consisted of 10 access tubes; five tubes in each of

the deep plowed and regularly cultivated treatments. The

locations of each of the four blocks are shown in Map 2.

Repeated measures (weeks) of so0il moisture content (cm?®

cm™®) ‘were compared on an individual dépth basis (15, %5,

o

. { .
55,.75, and 95 cm) to detérmine if significant differences

¥ ‘ o
(p=0.05) between tillage treatments occurred during the

monitoring‘period. The ANOVA tables for each of the depths

are given in the Appendix. The results of these tables are

summarized in Table 6.
For each of the depths analyzed, there were no
significant'treatment effedts found with treatment averaged

across Weeks (8) and Blocks (4). Also,” there were no

" significant. interactions of 'Treatments_ and Blocks _wpén

averaged across Weeks. In other words, the soil moisture
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Table 6. Significance of factors in the-anélysis of variance
og the 1982 soil moisture data. '
A .

Factors
Depth  Treatment Block TxB  Weeks 'WxT WxB  WxTxB
(cm) - (T) - (B) - (W) c - .
15 NS ' * ok % NS . *®%x * Kk * %k %k X%k
35 NS . kX NS *¥kk Ok k%% kxk¥
55 NS * % % NS xkx T wxx Rk * % %
75 . NS * % % NS KKk *i* XK K kX
o * % % %K

95 : NS * ¥ NS kkk ke

NS - not significant (p=0.10)
* - significant (p=0.10)

¥* - significant (p=0.05).
*xx - sSignificant (p=0.0%%"
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status of éhe LDP or RC soils was similar across’ all foﬁr
blocks when the eight repeated measures (weeks) weré' taken
into account, j.e. averagéd over time.

The Imeané , tésted for signifiCance wére ‘ the
TreatmentS—Biocks—Weeks means 3with Weeks  held constant,
.i.e.for each 'Week; the 'differences between the eight
Treatment (2)-Block(4) means were tested for significance.
The requifed differences‘for significance (determined with
Tuk%&‘s~ HSDA procedure) between means, for each depth, are

shown in Table 7. Also shown are the' nocled error te

each depth.»@

k.

The .procedure for testing for éignificant differences
.ih soil moisture between- the BC_énd‘DP soils at any depth on
a givenéﬁaté involved comparing thé' actual géifferenée in
soil mo;sture»with“the ?equihéa'difﬁerence..Fdr exan%e, on
May.25, in Block 1, ,the};écfuél _differenée.iin mean soil
moiSturep‘bépween thedﬁc and DP soil, at the 35wcmvdepth‘was
O.d2 cm? cm‘é.‘ Thé rquired. difference for:;sighificange'
(p=0.05) at - this depth ‘Kbh ‘any date) was 0.10 ch“lcﬁ%°
(Table 7). Therefore, there was'nO'siénificant difference“in
soil msisture.befween treatments at this depth in this bléck
on May 25. ' |

The soil moisture status is'ébmpared écross wéeks in
the folloWin% sections on the basis of the individual
blocks. ;The..fiQé, moiSture measurements. per tréatment at a
given depth were«gvgnégéd;.i n¥~§{f J | °

~ N

-



Table 7. Pooled error terms and'réqqired'differenc\
- statistics for soil moisture analvses, 1982.

Depth Pooled Error = Requir.  Differecnce

4

(cm) (cm°cm")*l (cm®cm )
15 0.35 0.12
35 0.22° . 0.10
55 0.06 ’ 0.05
75 0.0 0.04
95 0.06 - ' : 0.05

"

-

SS(error 1) + SS(error 2)

¥Pooled error term =
o d.f.(error 1) + d.f.(error 2)

- 8§ - Sum of Squares
d.f. - degrees of freedom

v~ error 1 - treatment x block
error 2 - treatment x block x week

-~



i

W )-".?' -

o

65

4,3.2 BLOCK 1
The elevat{ons of the RC and DP “tubes in Block 1 were

28.16 and. 28.44 m, respectively Water table data were

i

available for the soil moisture7 monitorir dates May 31,

June 9, June 15, and July 7, only. The depth to the water.

table in Block 1 was greater than 270 cm during the

monit,,ing pergod. - Mean values of 'soil m01sture (cm cm™ )

Tfor’the 'RC and DP are plotted in Flgése 7.
The DP. soil tended to be drier than the RC soil on

every monltorlng date except July 15,_but_these"differences

ﬁﬁtwere not.51gn1f1cant. The variability in soil moisture which
P ;

'3
occurred during the monitoring period as indicated by . the

coeff1c1ent of variatlon (cv in Table 8a) can be summarized

as ¥ollows:

1. soil moisture variability was greater in the DP -soils;
particularly at depths of 15 and 35.cm. |

2.' in iboth tillage treatments, the variability in soil

'~ moisture at the'15'cm depth increased,to -a maximum on’

June 15, then decreased. .

3. ‘in both tillage .treatments, soil moisture variability
~was maximum at a depth of 15 cm and decreased with.
-depth: - | ) "‘5

i

On May 17 the ranges in 5011 m01sture at. -ﬁS 'cm. depth

were 0.24 to 0.30 (RC) and 0. 20 .to 0. 36 cm? cm" (DP)P with

respective cv's of 7.5 and 21.0% (Table 8a).;The chgnges * in
soil moisture between Mayﬂ 17 and June 15, at this depth,

ranged from -0.10 to 0.02 (RQ) and from ~0.10 3to -0.07. cn®

i
e
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Table 8a. Variability of soil moisture ‘for Blgck_1.9
‘d’ ' . . May B June” - .o July
‘ Depth - : —
Trt (cm) 17 25° 31 9 15 27 7 15
’ : ' ~ L. Y
15, x 0.27. 0.26 0.28 0.24, 0.22 0.20 0.26 0.26
cv 7.5 11.5 14.2 2Q.8 27.3 20.0 7.7. 7.6
35 x “0.31 0.31 ~0.34 0.31 0:30 0.30 '0.30 0.30
| Cov 12.9 12,9 11.7 12.9 7 13.3° 13.3 13.3 13.3
RC 55 x 0.34 0.34 0.36 0.3%2 0.33 0.33 «@ 33 0.33.
~cv. 8.8 8.8 8.3 8.8 9.1 9.1 6.1 9.1
75 x 0.35 0.35 0.37-0.34 0.34 0.34 ©0.34 0.34
el 5.7.% 5.7 5.4 5.9 5.9 5.9 5.9 5.9
95 x 0.38 0.37 0.40 0.37 0.37 0.37 0,36 0.37
ecv 7.9 8.2, 7.5 5.4 8.2 81 5.9 8.1
. 15 x 0.28 0.27 0.28 0.25 0.22 0.19, 0324 0.25
- cv 21.0 25.9 25.0 28.0 31.B .75.3°6.7 12.0
ce <35 x 0.29 0.29 0.29 0.29 0.28 _0.27 40.27 0.30
C e 3F ovo21.4 2601 2401 2601 25, o) 25.9. 75 9 20.0 .
DP 55 x 0.33 0.32 0.32 0.32 0.32 0,32,QQ.31 0.33
‘ cv. 6.1 6.3 6.3 6.3 6\3 6184 6.5 6.1
~ 75 x 0.34 0.34 0.34 p 34‘i0 34 0.34 0.34 0.34
. ev 8.8 8.8 8.8 8.8 8.8 8.8 8.8 .5.9
95 x 0.37 0.37 0.36 0.37 0.37 0.36 0.35 0.38
oy 5.5 8.2 8.3 8.1 8,2 8,33 ¥8.6 2.6
Trtl—'Tillage Treatment . o ; - -y -
RC - Regular Cultivated : o :
DP - Deep Plowed K . . S w :
“x - mean (cm® cm~?) i ‘ . L
cv.- c0eff1c1ent of varlatlon (%) A : R4 ”
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cm™* (DP),
largest changes (-
. \», .

~

the tlllage

. boundaﬁgggffect w1th the

' The changes in. 5011

'15
w

e (DP)

.Same

-y

3 3 BLOCK 2‘

§§€-'
G

28 33 m (RC)

. OBV;m

a=.=

0.10"°

treatments.

ranged fromf 0 03 to 0.

3

The%ﬁargest change (

cm’

The

68

.

Q{th'aﬁﬁuch greater range7in "the RC so0il. The

&

. ) » o b N .
cm-~*) -occurred at the driest

'

» &he RCiand“DP soils}kThesevtwo ‘sites - were

vgt (W1th1n 5 m) to the buffer strip separating

results suggest a p0551b1e'

buffer strlp

R I

i*'

0 (RC

Q. 10

m01sture between Junen15 and July

<v .&t :v.

,bcgurmed at the

cm’ “éﬁ&h
V. ' Rt

o i

1&
two drlest 51tes. On July 15 5011 mbgs ﬁre ranged from

Below m15 e

The

elevatlons

R4

v

(35, 5

of .

'ﬁ, 0. 21 to 0.28! (Rc),and 0.19 to

W

u"‘.

27. ¢m?

5 75,¢or 95 cm) SOlﬁ&ﬂblsture d1d

the

and 28. 59 m (DP) .

s X . \T
e 4R
o not increase or decrease mone than 0 03 ch cm“’ durlng the
R < , . r‘ L {
e monmtorlng perlod at any of thef%h%es - ,jur'ﬁ%ﬂ»';{-; P
.:& , . M.' . . 3 kﬂ ) . .- e “\ Lad X
o "‘a’ ’ YIRS - ’ N ' . W A
‘,1.. 'g' N \_._ . RN s
(4! ’ ) '._ . o »

o S N

. T ) T
access  tubes Wn Blo 2 were.:

Y

The. water taBHg dépths were -

'300 and 280‘ cm in the DP and RC treatment ,ﬁrespectlvely,
? \

* for the duratlon of: the mon1tor1ng perlod
v

The

Q" 7

mean soal moisture proflleS}ase prtted in Flgure

8. The DP 5011 tended to be we

reversal

51gn1f1cant dlfferences in 5011 m01stUré betwee the.RCd\andr

" DP 5011 at4any depth_on

and -

Qf the "t

3Tbe“variability

also

1ncreased

,"’ {{2)

rend

SOl

from.

in’ B

1l mo

R

May

LT
B

“v —‘% .
tter -than. the- RC soil (a
. Lo %r o S
lock 1) ‘hit  there _were nd

ERY

- B ’_.'_.,

any date.

1sture decreased with 'depth'

o Ok - s
17 to June 15 (at’thej}5.cm
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s
\

'depth) as in Blbck . waever greater varlablllty occurred

-

win the RC 5011 proflle rather than*ln the DP soil. proflle,
‘unlike ‘Block- 1 (Table 8b) . T S H "
) * e ;‘4,

Oon’ May 17 the RC 50115 ranged 1n m01sture from 0 17 tb‘

‘y)-_l [

0.32 compared w1th 0 1$~to_0 34 cm cm"'ln the DP 50115. The

A"'.: " B

driest 51te 1n each tlllage treatment was. 1ocated adjacent

\

"to_ the' buffer str1p Phe‘ hangesuﬁg 5011 m01sture between
‘ v U R K

—O 04' to —0 05 cm“‘cm" (DP) JW1th the greatestﬁrangegvln

aﬂthe Rc*ﬁblls and the grea&estachange at the drler 51tes.

vs:a'

w&% Between Junef 15"and July %15 the chanégs. in 5011

M ] 3 . @ n ~ .
;o m01sture were Qm02 to 0. 12 (RC) and 0_01 -fO 07. cm? cm‘%-

o

and O 21 to 0 33 cm3{cm'3 (DP)‘

-

'ralnfall that occurred after June 27 (ngure“S).

Below 15 cm changes in, 5011 m01sture were less:xthan

" -

\@;’ to -0. 05 (RC) and  from

2

GDP) ;w1th %hgj greatest rncreases at the drlest sLtes. The'f
ranges 1n 5011 mo%sture on July 15 were Q.1 9 *to 0. 36 gﬁﬁt)‘ﬁ

w&;h respectlve cv 5 of 25, 9T

: - - - ‘, / w LI
0.03 cm?® cm durlng the monltorlng perlod for Both tlllage _
. . \J . . - N - ‘
treatments. ‘ N . : j&
4. 3 4 BLOCK 3. o : | f'- : T

f

The elevatlons of the access tubes were ! 27.87. m"(RC)

and 27. 97 m (DP)~ During the monltorlng perlod the water

table fluctuated between depths of 200 and .250 cm for both |
4 :

‘treatments. The shallowest depths,were on July 15, when the

‘waterrtahleiwas at 233 (RC) and 217 cm (DP)}
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isture for Block 2.

2

Deipth .

. Trt (cm)

June

9 15

s

35

W

RC

55

20.23

IR .

00320531,
92,5
S

0.20 0.
40.0
« S,

0.29..0.28 0

30.4

30

2_..3;.4;‘%; 25.0

16.1

P

0.34.°0.33

N 30 v' \) )
Nl 95
15
35

=t

X

o cv

cv

© 0.34

2.9

0.35

5.7

0.34
2.9

04350,
5,7

0.31
8.7

0.34°
2.9

0.34

« 2%9

0.31 0.
0:33. 0.

0.34

Trt -, ‘Tillage Treatment

" RC - Regular Cultivated
DP - Deep' Plowed '
» x - mean (cm* cm~?)

cv - coefficient of variation (%).

A~

. i

.6 ‘13 * 3 ‘r, .-“
0:33 "
9.1 9“1 u
. 35
7 5.7
.26
0 7.7 .
.30 ~ ¥
0 10.0-
.33
1 3.0
0.33 0.34
0 "2:9
0.35.
9 -.5:7 -
5
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- The mean so11 m01sture proflles are plotted in Figufe
d 14

94 The RC soil htended to be wetter than the DP'soil at -ﬁh};g@
depths less than SOci# and drier below 50 cm, r@l:
o diffetence in soil .moisture between the'RC and DP soll'at , >
anyldepth or anyvdate were not signlficant.~ 3}%1 O | Héﬁ&@;

The \var1ab111ty in soil ;moiSUnre was consistently

'Lgreater in the 'DP so1ls ‘than 1n the RC 501ls, at the 152'and .

.35 cm depths ‘ On May 17 th@wranges‘of 5011 mo1stures were,f
) - ~‘/ ) B

Jﬂ:29 6@ 0.39 RC) and 30 16 o o, 41 g i (DP) “and 'Ehef

R - respective cv' séwere' 14 7 and 31 2% (Table 8c). Varlablllty ' e

3,1n tHe RC 50119 was

.Q

?’J'i"t515' for Blocks W%at'

N The changes 1n 501& m01sture between

May 17 and June 27 were -0.02 t@: Oﬂ,_. (RC) And. “0.01 to

)
"

. : -0. %TJ cm“J'(DP) In the »C 501ls the drier 51tes tended
. to lose more m01sture than the wetter 51tes, ‘this trend did

o " not occur in DP 50115.,"Between June 27 and July’15“theth

\ : ; SR
ot

changes 1n 5011 moisture were 0. Q1 to 0. 07 (RC) and Ot07’ td’
-'M0.08 .cm? (DP) The respectlve ranges ‘in soil m01sture

< v oon July 15.were O 24 to 0.37 and 0.20 to. 0. 38 cm® cm~?. The
greater- 1ncreases in 'so1l m01sture occurred at the‘dfiet*

~51tes 1n both tlllage treatments.u , ‘.h"d “i -’,‘“- o

o " e ¥ [ . s .
R 4 T e vi’q_ . . v

,i“' Belowb-15 cm, the changes in sotl m01sture durlng the

.fmonﬂto?:na petlod were less &g&$ 0 03 cm3 cm'3 at the 35——cm
,depth and less than 0 01 cm3 cm'3 at depths below th1s,wfn
< both tlllage treatments, |

g ' ‘ .

At 95 cm, sdﬁl moisture was con51stently more unlform

'in the DP 501ls than 1n the RC 50115 and also tended lto' be

2. ) . + . e o ) -

A o .
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Table 8c. ﬁariéﬁilitf"of s6il moisture for Block 3.
e :

D

i

¥

73

R 23

Depth

L Trt (cm)

By

A
7

;s_Ma-_ y

s

Jdnéﬁ

24,25

97

‘1

5

@

mu

27

L.r»'

- 75

. 95

v’ 1447f 18
h 34,0
2.9
’ ) t:&u;r .
S X 70»35
.cv 5.7

‘%17
x . 0.34

N

x 0. 35

S

“»
Lty W,

oo

x 0. 37;,,1
cv 1 3 5 T:‘-‘.’. s

[

O ‘34
14 7

"J&

0. 34&

5.9

Vf%?:osssé,0?35°'os34"
Sy LT

5.7

Vo 37
Cogr

“0224
‘5,93

5.9

0.37
10. 8

/d

3

hsd

.3

10.37 .
10.8.

Sl

0. 2B

L 32,1 18

DP

3%,

.55 .

=75

95

X 6 32
cv 312

ccv. 2.6

0.32

0.31,

1.3 32.% 34,5

0.33

2%.2

0.35° 0.36. .35 "
8.6

0.37

5.4

0139
2.6

0.33

18.2
5.6

0.37
5.4

0:39
0.0

0.

1

9.

5.

0.
0.

36

7

39
0

4:.

-0.37

" 5.4

0,28 0T

70.36 ,
6. 5.6

5.

0.38
2.6

0.34 Q.35

5.9
0.36

0.0”

8.6

0.36

5.6 .

0.38 0.38

2.6

A{cm?® cm™?) |
cv = coeff1c1ent of varlatlon (%) .

- Trt - Tillage Treatment
"RC - Regular Cultlvated
. - DP - Deep.Plowed
D mean
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cm” ‘(Table 8d).

75

wetter. This was possibly.a result of a shallower water

ST

! . A , ‘ .
table and a greater hydraulic gradient due to the drier
surface layers in the DP soilsé@

<
4.3.5 BLOCK 4 ' o , L .ﬁ

ey
L8

The elevations of the access tubes: were' 27.78 m 4@&C

and 28.03 m (DpP). Prior to June 15, the water %able was

_below 270«ahdj230 cm in the RC and DP soils, respeotively.

Subsequent - to the raintg}l in late June and July, the water
SR B 7 ' : o
table rose to depths of/ 210 CDP) and 220 cm-(RC)

"The ‘mean soil m01sture proflles for{Block 4 are shown
. . W

in Figurea10. Soils in Block 4 were wetter than those in any

[} . n

ether block; particularly at depths less than 50 cm. Within

" ..Block 4 there were no\ significant differentes in soil

moisture ,.between the RC and DP soils, at any depth fon any

date. . o .

\\ on May 17 at. three 51tes 4in the DP soils a: ooi/sitet

in the RC 501ls molsture'at the 15 cm depth> was between .

'0f40. and 0.45 omJA cm". At the other two s1tes in the DP

501ls and at four siteg in the RC soils, m01sture was in the

‘

range -of 0. 35 to 0. 40 cm? cm". Between May 17 and June 27

consumptlve use or natural dralnage was @uch greater in the
DP 50115 coh?ared to the RC 50115 The respectlve changes in

5011 m01sture were —O 16 to -0.05 an& .50.04 t6 -0.02. cm®

[} RN

‘Between June 27 and July 15 soil moisture ohangesA were

‘ - . - 4 s
~0.01 to 0.03 (RC) and 0.02 to 0.07 cm*gim‘° (DP). Below 15

- v » .
[ 7
. . , . 1Y S .
. . .o . .



e 76
Table 8d. Variability of so0il moisture for Block 4.

o N May _ June July .
o Depth- — :
Trt  (cm) 17 25 31 9 15 27 7 15

v 15° - x  0.38 0.37 0.37 0.38 0.36 0.35 0.36 0.37

cv. 7.9 13.5 10.8 7.9 11.1 8.6 5.6 8.1

\ e
35  x. 0.36 0.35 0.35 0.36 0.35 0.34 0.34 0.34
cv. 5.5- 5.7 5.7.5.6 2.9 2.9 2.995.9

CRC. 55 x 0.38 0.3%} 0. 37 0. o 37 0.35 0.35 0.36

SR cv N 2.6 2, & 2% 2.7 % 2,9 2.8 2.8
- ’ . ’ “4" #3» ..,. VJ“V‘&‘: . : :
75 x 0.38. 0 8 0.39- 0.38 ,0.37 -0.379.37
- cv 2.6 “ﬁgz 6 "2.6 2.6~ 2.7 2.7-2.7
e /7 ' ; . "k - ‘i' o - . “ﬁ‘
5+ 95 x 0.40 0.39 0.39 0.40 0.40 0.38 -0.38 0.39
~cv 2.5 2.6 2.6 2.5 2.5 2.6 2.6 2.6
15 x 0.41 0.40 0.39 0.38 0.38 0.29 "0.35 0.35
cv 9.8 10.0 10.3 10.5 18.4 20.7 11.4 14.3.
85 x 0.38 0.38 0.37 0. 38» d¢.40 0.35 0.35 0.36
L cv . ?"% 5.3 5.4, 5. ﬁﬁ7&f§% 5?3 ,.577;‘5.§-
DP 55 x 0.39 0.38 0.38 6.38 0.40 0.36 0.36 0.36
© cv 5.1 5.3 5.3 5.3' 10.0 5.6 '.5.6 5.6
75 % 0.39 0.38°.0.38 0».38 -0.40 0.%6 0.37 0.37°
~ cv 5.1- 5.3 5.3.2.6 7.5 2.8 2.7 2.7
95 4% 0,40 0.40 0.390.39 0.4% 0.37° 0.37 0.37
cv 820 5.0 5.1 2.6 9.5 5.4 2.7 5.4
Trt - Tillage Treatment - | ) ’
RC ¢ Regular.Cultjvated , '
-DP - Deep Plowed o .
x - mean (cm® cm~?)"' ,
L ocv. - coeff1c1ent of variation (%)

e

ir.
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4.3.6 SOIL MOISTURE CHANGE (MAY 31 TO JUNE 27) %
, _ . : %

‘moisture at the 15 cn depth were s1m11ar in the ‘RC and DP

© soils, but,these;ohanges tended to -be more un1form,in\the'DP

cm the chanées in soil moisture during the monitoring period
_ | .

were less than 0.03 cm® cm 2 in both tillage treatments.

78

v

D) .
l" S‘,

Soil moisture change during this period was prlmarlly

- depletion. The two ralnfall events on June 9 -and 16 (12 and ‘.”‘

14 mm, respectlvely) may havef‘feplaced 5011 molsture
. \ ' [\ ‘, '
.depleted but  did not calse a net 1ncrease in it. The high ..

I
- ’ -

vdaytlme temperatures in’ the 20 to 35° g range,ﬁafter;June&'Q,i
C e : -
afforded fa .good opportunlty to compare consumptlve use 1n.

,the RC and DP soils dur1ng peak growﬁmg stages of the: cr?p

MThe hay crdp was scheduled to be cut 1n the latter part of

-]

June, but cutt1ng was postpbned untll July 15 becauSe of ffb

cool wet weather that OCCurred after June 27 Therefore,.

~ -

soil m01sture mon1tor1ng dur1ng thﬁs perlog-was done under a

] B ¥

f1rst crop situation, i.e;'approxlmately 50 to. 75% of the .

~vegetatlon was shallow rooted bromegrass% Partly as a result

v : « 4 ‘..,, s . i, ‘)’1,
of thlS, the 15 cm depth was generally the most act1ve zone* L .Nv
ﬁof un1fo}m 5011 m01sture change (Table 9) o faJi‘jA; o h\g‘ \\

4 - IR -

-

o I B
.( Wlth the except1on‘of Block 4 - the mean dhanges in 501l»

1,

o .;"‘“

N - . . B . — !

£y ¢ . s ~

© soilsak ASsuming this change’in .soil moisture was due to

consumptiye» “Use by the hay crop, more uniform soil m01sture
LA R v : . R L
extractlon could translate 1nto hlgher ylelds ST e :L,';

E 4

1In Blocks 1>‘and 2 the RC sofls wers predominantly e, L

Solonetzic intermixed with Orthic soils (Map' 2). The- mean -
» . . H .



% Table 9.
o 1982,

v

7, B L

Changes in

w

79

soil moisture from Méy 31 to June 27,

. L \ 'Depthﬂ,

"~ Block 1

2 Block 3

. Block 4 Grand Mean

: “ . P ‘:i\ o~ ‘ (Cm)

¢

"RC

.~;le_'

_RC

bP.

RC.

" DP . RC

fﬁﬁ-ﬁ$:,
s -f,15 X

'?g%fﬁ.35“*qx. -7 -

‘%@» . cv .38
0 _7 .
Rd _6

cv w-*31

L6l
131

=10 -
v
47

-1
~323 7

s 0
1896 1

3 712 l’i“]

27

67

0 -2

w%%11

- 2.
67

T =12

~1 kg
o~ '3“37
—1@
53

19

36-

45

-19

S
113% 66

’3.“ o v.".’ . . 7"
-2

'132“_

~15.. -
44

AR
46 . 50

S =4y -5
84 'j
3"
96 .

-3 w3,
562@413“

._3 -
1518

-4
95

-3 |
169

_4l
62

=2

X - mean . (mm)

+'~ increase
- - delrease.

¥

‘cv - coeff1c1ent of varlatlon

-

v

Dp .

LW

a7
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"changes in so0il " moisture at the 15 cm depth far sites

i o ., . R

~ located in the Solonetzic Tomplex and. the ~ Orthic complex

V(Blocks 1 and 2) were -16 mm and r15dmm,'respectivelyL*Theirh'

‘m01sture dat all 51tes

T2, 3; and 4) was —18 mm Wit

respectlve cv’ s were 36 and 52% The ’'meéan change of. soil

in the Solonet21c complex (Blocks 1,

».s0il moisture. at"51tes*1n the Rego sal1ne complex (Blocks 3

@

s w
L]

'change wﬁs more unifomm in Block 24 compared to Block 33

*ahd;A because the Orthlc and Solonetz1c 501ls tended

and 4) was iﬁ? éuth a cv of 38% Therefore,\gsml m01sture

) e .

change ‘was : rej.unlform in Blocks 1uand‘2 compared{y1th 3
o

v

o0

"similar mo1sture changes, wherEas changes in the Solonetz1c;

z \
and Rego-saline 501ls were: much dlrferent 5011 ,m01sture
? ) ,

beca%se tﬁg 50115 were prlmarlly Rego sallne. Sallnlty
U »

then Rego—sallne\.sorls probably 1nh1b1teg plant _growthl;—

‘ ’ ' 4 ) N N - .
resultlng in lower consumptlve use. Yo N ‘a& “

Assum1ng that\,501ls: (begore deep plowlng) on the DP

treatment of Block 4 were as sallne 'pr more salane than

A

¢ .

-501ls , on: thec_fRC treatments deep plowlng may have

TN b

cm depth (Table ‘9). " The 1ncreased changes were probably

A

H a cv of -38%. The mean change of

‘have

°

:contrlbuted to the 1ncreased 5011 momsture change at ‘the 15,

Tl

e

losses due, to evaporatlon (1ncrea5ed ;so0il cracwlng) 4orvgl“

L
h

transplratlon (more favourable - rootlng env1ronment) ,rather

ta Y

than-percolatlon,’because, based on 5011 proflle m01sture,

v
e

the hydraulic gradlent was upwards.*If th1s was the case

then deep plowgng could contrlbute to further Vlncreases in’

-
w

+salinity in areas already sallnrzed ‘and possessing‘a $hallow

e,



\

(within 2 m) water tabler'

Below 15 cm, with

the exception of Block 1, soil

‘moisture changes in both;the'RC and DP soils were extremely

variable ahd too large

to make logical comparisons. In Block

1, \moisture change 1in the Rg\soils to the 95 cm depth was

relatlvely uniform compared to DP and RC soils in the other

blocké. Why this occurred is unknown. Bas€d on Map 2 che

variability for Block 1
because the discribut

Blocks.

shcuid have'been similar to Block 2

ion -of 501ls was 51m11ar 1n the two

/\

L4

4.3.7 SOIL MOISTURE CHANGE (JUNE 27 TO JULY 7)

This period was se

lected to compare changes ' in soil

moisture in RC and Dp soils after a relatively heavy

rainfall periad. Total
mm. Of this total,
hours before monitoring

/ Increases in mean

rainfall durlng this 'pericd was 58
31 mm were récorded approx1mately 48
on.July,].

soil m01sture greater than 2 mm were

~'measured at the 15 cm depth only (Table 10). ThlS increase

"was much more uniform in the DP soils and tended to be

-

larger 1n the DP than the RC 50115 in Blocks 3 and 4.

due to‘;he smoothing ef

dbpth. The magnitude

4

this depth suggest this

depth of 35 cm indicate
- v Y
depth at some sites but

»

Lower cv's at a dapth of 15 cm (Table 10) were. probably

fect of,water 1nf11tret1ng past this

of recharge (approximately 10 mm) at
conclusion. The very high cv's at .a
that infiltration water reached this

not at all. At depths greater than

)



' Table 10. Changes in

soil moisture from

June 27 to July 7,

1982, '

Depth Block 1 Block 2. Block 3  Block % Grand Mean
(cm) Re DP RC DP RC DP RC DP RC DP
15 x 10 10 13" 10 10 11 3 12 9 11

cv 52 29 62 35 66 26 73 51 _ 74 36
35 x -1 0 -1 -1 1 0 0 0 0 0
cv . 117 4500 77 144 217 225 2000 1400 275 367
. s ' . .\\\
55  x -1 -1 -2 =2 1 -1 10 -1 -1
cv 89 60 33 73 67 120 242 200 300 150
75  x -2 -1 -2 -2 0 -1 0 1 -1 . -1
cv 44 217 23 38 250 180 600 138 144 360
95  x -2 -2 -2 -3 -1 -1 1 T =1 -2
cv. 68 78 38 30 350 86 163 100 182 120
x - mean (mm) . .
cv - coefficient of variation (%)

+> - increase

- - decrease
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N ~ : : & . .
- 35 cm, cv's were lower than those at a depth of 35 cm.

‘For Blocks 1, 2, and 3 the cv's of moisture increases

for the DP soils were lower than dese~of,the RC soils

suggesting more uniform infiltration in the DP soils. The .

amounts of recharge did not, howéver, differ between

treatments. -In Block 4 the amounts of infi;fratioo and
.dniformity were: higher in the DP than iﬂ‘thekBC soils,
possibly due to the beneficial effects ofjideep plowing on
salinity. fhe maénitude‘of the pooled\error'terms indicates
that the experimental error. (variability) that existed among
moisture;measurements within a treatment,was‘much_greater et
the 15 ‘and 35 cm depths than af'the'55, 75, or 95 cm‘depfhs.

N

4.3.8 DISCUSSION

| Researchers 1nvestlgat1ng the effects of deep p;owing
Solonetzic soils have malnly focussed on effects of deep
_plowihg other than soil moisture Sretusf (eg. crop yields,
soil Chemistry,-bulk;denSity, crusting, etc.). Soil moisture
measured in these studies‘wés generaily not subjected ro
statistical tests fo determine¥significance. Thus it is not
knownf nor can it be determined, whether Krogman’s‘(1972) 1

to 5% more water in the 60Wfo 90 cm depth under deepwblohed

soils or Sandoval's ef al (1972) 2 to. 3. cm more' water

extracted durlng crop growth also under deep plowed soils,

are in fact significant.- Therefore, these results cannot be
used -as a ba51s of comparison for the 1982 results of this

study.

Y
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In this study a comparison of the soil moisture status
\

-

a prlmary objective. Therefore, the experlmental design

was \uch that soil mo;sture sampllng sites were arranged

_ . ,
. perpé dicular to slope dlrectlon) “This was donp with 'the

real1zat10n that soil m01sture would tend to systeﬁatically@

increase downslope due to shallower water tables and runoff.
\
In fact) ‘a comparison of the mean 5011 m01sture proflles of

. : \
*Blocks 1, 2, 3, and 4 (Flgures 7, 8, 9, and 10) showed that
so1ls in Blocks 1 and 2 had similar moisture proflles, soils

" in Block 3 tended to Be wetter than Blocks 1 and 2 and’ 501ls‘

|

in Block 4 yere wettest. . _ ' |

However, - soil - moisture was not sampled across

“individual blocks in a systematic mannet i.e. with a o%as

- towards thée different soil .complexes,  but rather in a

transect fashion with equally spaced.(15' m) access tubes,
Consequently, random and systematicvspatial variability were
confodnded. Because the number of sampling sites in RC soil
. : | : . .
COmpleiesv.and 'nv the DP soils were unbalanced, it was
decided to . accept _the' experimental er;or‘ (due hto
confounding) in the ANOVA rather than analyzeithe different

o

RS - . i .
soil complexes as separate factors.

The magnitdde of the pooled error terms{Table 7)

1nd1cates that the e per1mental error (varlablllty) in soil

m01sture was much greater in the 15 and 35 cm depths than at

the 55, 75, and S5 m depths. This implies that so;l‘

moisture redistributiop or evapotranspiration-did not occur

as uniformly over the sampling area at the 15 and 35 cm

) \\ v i
3 .
\
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depths as it did at the 55,’ *75, and 95 cm depths. Soil
ﬁoisture variabilify at the 15 and 35 cm depths was greater
because soil moistureichanges'(primarily drying). were more
dynamic at thésg depths (Tables 9 and 10); For exéﬁple, with
decreasing ,maﬁrié potentials . j.e. ‘dfying, diffe}ential
_meoisture retention due to téxtUrél“bafiability would become
more pronounced resulting in an increased ‘soii;‘moistﬁre
variabili;y. ﬁoh-uniform plant cover aqd species due to soil
salinity,.poor:fertilitj; rodeﬁts; disea$es, and seeding
.could also have  affected soil moisture variabiiity due to
ndn-uniformosgrfacé shéding and root distfibution,'kdepth;
and érfangemeht. Maule (1984) observed that soil moisture
variability at the soil surface tended to be greater under
cropping_than(under fallow conditions, indicating that plant:
factors do " indeed -‘stréngly influence S0il moisture :
variability. | |

Deep piowing Soionetzic soils couldv affe;t soill
" moisture variability 'by altering clay distribu;ion'in the
soil profile and by creating/ a more favourable rootihg
environment. Whether this effect is,to increaée or decrease
variability in~dfy séils is difficult to assess and Qould
probably be site specific,‘Téble 11 shows the vériabilitiesvp
of soil moisture in the DP aﬂd RC soils ‘from May¢17 to July
15. Soil moisture_variability‘appeaés'to be more related, to
séil wetnésé than tillage treatmgh;‘ Epr‘gxample;_in Blocké
1, 3, and 4, soil mois£ure in DP soils 'was mérevvariablé_but

these soils also tended to be drier than RC soils, whereas
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.Table 11. Means, minimum, and maximum values of coefficients

. of variation of soil moisture during May 17 to
. ‘July 15. : c oo
Depth Block 1 Block 2 . Block 3 Block 4
" (cm) RC DP .RC DR ~ RC DP , RC  DP
15 x -14.6 23.3 29.6 22.3 19.3 29.8 9.2 13.1%
. min 7.5 %12.0 19.2 7.7- 14.7 -21.9 ° 5.6 . 9.8
max 27.3 31.8 40.0 30.0 32.1 34.6 13.5 20.7
35. x  13.0 23.8 24.6 11.0 . 4.5 19.6 4.6 5.7
min 12.9 20.0 - 24.1 9.7 2.9 18.2 2.9 5.3
max 13.3 25.9 25.0 12.9 6.1 21.9 5.9 7.5
55  x -9.0 6.3 14.6 3.8 5.6 7.5 3.1 6.0
min- 6.1 6.1 -12.5 2.9 3.0 .5.6 2.6 - 5.1
max 9.1 6.5 16.6 6.1 6.1 8.8 5.4 10.0
75 ‘x 5.8 8.4 7.8 .2.9 5.9 5.4 2.6 4.3
min 5.4 5.9 5.9 2.9 5,7 5.1 2.6 2.7
max ~5.9 5.8 9.1 ,3.0 6.1 5.6 2.7 7.5
95 x . 7.4 7.2 7.0 5.7 10.6- 1.6 2.6 5.1
min 5.4 2.6 5.6 5.7 8.1 0.0 2.5 2.6
max 8.2 8.3 8.6 5.9 13.5 2.6 2.6 9.5




‘in B;oék 2, RC soils were more variaﬁlé and also vere drier.
There waé é\pattern to thé increases and decfeases.in;sbil.
‘moisture’variability~in DP soilé‘in.BIOCks J;_2, and 3 énd
‘Block 2 in" RC soiié that also éuégeét the soil wetness
tﬁébry, Oon May 12vva:iability was app;oximétely_equal to the .-
"‘mean value of-vériability for the entire moqitofihé period.
" The maximum value of variability (Table 11) occurred dp:ing

hot, - dry weather (June 15 or 27) and:the minimum value
occurred after a héavy.rainfall (July 7 or 15); In' the . RC
-soiis, BI@cks, 1, 3, and 4 and in the‘DP soils of Block 4,
ﬁakimum soil moisture variability occurred‘durihg hot, dfy
weather ~(june 15 or 27) and waé minimum when the soils were
wetfer, eitﬁer'May 17, July 7 or 15.. At theA55, 75, and 95
cm depths, where soil moisture[was weite: and.moré constant
durihg‘the monitoring period '(iﬁilthe DP - and RC. séiis)
- variébility' wasﬁ'relatively iower and mbfe constant (Téble
11). Soil moisture vafiability was lower when the soils were
‘wetter probably because the raﬁge of moistdre fétedfion
values for different soil textures is harrower. at higher
matric - pofential. Maule (1984) also fdund,aprelationship
between soil)moisture }agiabilitybaﬁd‘ soil wetnesé for a
Chernozémic 'soil;rAt moisturé-éontehts ﬁeé},field capacity,
‘cv's ranged.from.3 to Si,Z'Whereas ﬁndef drier conditions
cv's rdnged.from 8 to 13%. . _ N - ‘; 

 In summaty the ANOVA was weakened by soil 'variability

~

“that:

~

1.. was mUch,éreater at the 15 and 35 cm depths, and
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2. changed in 1nten51ty dependlng on\so1l wetness.

Under these variable cond1t10ns the weekly sample means
’obtaided‘were pdof estimatés of the, populat1on means.; A
recommended procedure would be to increase the frequency of
the shallower §oil moisture sampllng sites relative td the .~
'éeeper sites. However, ﬁhé;féquired numbér»sf’sahpiing sites -
to obtain a pre—determineé level of mean accuracy (based . on
‘ sample variance) would: vary depeﬁdihg on soil wetness.:
Therefore, a sampllng technlque that is much:- more complex
i.e., takes 1nto“_accounp systematic variabiiity in soil
orders and systematlc variability in soil moisture (allows
for 1ncressed sampllng of drier soils), ‘is required before‘
meaningful comparisons‘ of soil m01sture'.sta£ﬁs cah  be

undertaken.

4.4 IRRIGXT[OR.(August 10)

Compafisons wsre made between thé RC and DP soils to
determine how efficisntiy water‘ appliéd duping sprinkler
irrigation 'was stored 1in the root zone. Thelwater storag;
efficiency (WSE) is the\ratio,'éxbfeSsed'as‘ a percent, of
the change in the rooting qzone'moisture to the moistursri
deficit‘(Hanson et al., 1980). WSE's were only 'cslculated
for those soiIs where the depth of water appl{ed,was greater
sthan the depth of moisture-defiéit“ The five soil moisture
profiles per block in each tlllage treatment are ‘referred to

as the east (E), mid-east (ME), central (C) mid-west (MW),

and west (W). Comparisons of WSE's were made only for tho'se
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profiles having s1m11ar molsture def1c1ts.
Soil moisture 'wasf measured 12 to 24 hours before
irrigationf“and‘]6»to'36fand 17 to 92 hours after the second

irrigation set of the RC and DP soils, ‘respectively. The -

- s0il . moisture profiles - (before and after irrigation)-are

fshOWU‘in Figures 11, 12, 13, and 14.»f§he fadded“ moisture
was? the total of water applied',in the first and second
irrigation sets. The "changed"‘moisture was the 'différence
in the total profile moisture (0 to 100 cm) before and after
1rr1gat10n. Usually, the closer to the sprinkler an -access
‘tube' was, the -greater the amount of water applled tﬂ the
immediate area around 'that tube' (assuming no wind).
Generally; each irrigatien, set was five hours,in‘duration
and water was applied at a rate of 10 to‘20 mm h-'.
For.\irrigatiOn_ scheduling' purposes, -the Irrigation
_' Division-used 0.25 te 0.27 cm® cm-? and 0.35 to '0.37;'cm°
cm-® for ledels"qf‘"safe'depletion"'and "field capacity",

respectively. - o ‘ o . \\'

¥ . ' -
. 4 . - Q(. .

L 4.4.1 mim' TABLE LEVELS ,
,The water table profile prior to irrigation - (July éﬁ)
\is shown on Map 1. Under the RC SOils‘(Transect C—C') the
‘water table was nearly level with few uerx slight mounds
under depre551onal areas. 'The' water table exhibitedfmore X
'.;mounds and depre551ons under the.DP soils “(Transect'.B*ﬁ')
A

;than in the RC 50115, but these vere probably due to surface

1rregu1ar1t1es rather~than treatment effects.
R
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- 94,

Post irrigation wateg table increases were primarily in
Drainage Replicate 1 and below a surface depression in the
RC soils, Drainage Replicate 3. Water »table ‘increases
occurred at these sites probably becéuse antecedent soil
moisture waé higher and runoff, collected .from upslope
sites, increased the amount- of water that was actually
applied during ifrigation. Theswater. table prOfiles‘.aﬁter
irrigation could have been exaggerated by air entrapment
becausé Qf~the hiéh rates of water apblication, aithough tﬁe
tile dr;ins discharged during irgigation (i.e. the actual
water table did rise above the tile drains).

The large rise of the water table in the Rego-saline
and Solonetzic soil complexes (Dfainage Replicate 1)
emphasizes the importance of subsurﬁace drainage  1if
waterlogging.and intensified salinity.are to be avoided at

"this site.

4.4.2 BLOCK 1

In the DP and RC. s-.ls, the soil profilé,wés not wet to
ﬁieldvcapacity after irriga;ion (two successive'spriﬁklinés)
i% .the soil at the 35 c%ﬁgepth was drier th;n 0.15 cm® cm™?
before_irrigation#,even though the water added exceeded the
soilumoisture deficit (Figure 11).'Tbe added water must have
been lost through runoff,¥e0aporation, or deep percolation'
to the water table throqgh cracks and'fiééures. At a soil
, moistﬁre,;ontent less than 0.15 cm® cm™?, vthe unsatufated

s

hydraulic}‘conductivity of the RC B horizon or the DP soil
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was vprobabiy sufficiently low to pfevent reblenishment of
- the root zone moisture dﬁring the time permitted. These
conditions‘would\also lead to a saturated layer. In.Block 1,
a satﬁréted layef'cﬂ;raéterized‘by 'a moisture content of

0}40_ cm® cm® or greater was not observed in the drier

[

soils. ) . h

Two soil profiles which had.similar moisture deficits
" were the E RC and ME DP (Tablé‘1éa). Théy had WSE's of‘ 63
and 60%, respectively. The‘MW”RC and MW DP soils, which had
moisﬁufe deﬁicits of 53 and 48 mm, had WSE‘é.of 53 and .58%,

respectively.

4.4.3 BLOCK 2

The E DP soif%&rofflé increased in moisture content to
field capacity. The other‘séi{ii c RC, W ﬁb, and C DP also
‘had moisture contents at the fS cm depth greater than 0.-15
cm? cm;J but_ did not increase to field capacity after
irrigation. In those soils where the 15 cm soil moisture
content Qas less than 0.15 cm® cm~?, the - increase 1in soil
.moisture.was primarily in the 0 to 25 cm iﬁte?vél,.but there

was no indication of a saturated layer. occurring = (Figure

LY

12). , ”
' The ME RC, C DP, and MW DP soil ©profiles héd similar
poisture déﬁicité of 75, 77, ahd 74 mm, respectivel§.(Table_
hzb). Théir;respective WSE's were 59, 32, and  66%. The
hydraulic gradients in the ME RC and MW DP soils during-

.

infiltration were greater because moisture contents at their

4

- -
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Table 12a. Water storage efficiencies (WSE) of Regular
Cu%tivated and Deep Plowed soils in Block 1.
\ﬂ
: . Soil Moisture Cy
Tillage Irrigation Time' ‘Added Req'd? = A’ WSE*
Treatment (set) (h) (mm) (mm) (mm) . %
East 1 45 40 86 . b4 63
2 36 57 .
1 45 40 55 - 49 89
2 36 98 '
Regular 1 44 28 73 69 -
Cultivated 2 23 35 ‘
= 48 48 53. 28 53
' 2 20 17 . | ‘
_ 1 53 28 - 35 34 97
‘West N, 2 16 50 '
East 1 121 55 -+ 55 15 27
' "2 g2 : .
1 121 52 89 53 60
2 92 40 .
Deep 1 32 43 .+ 73 55 75
Plowed 2 17 55 : : -
1 29 35 48 28 58
2 19. 36
1 42 65 145 80 -
2 29 35

West
i

4

' Length of time expired between end of irrigation set and

soil moisture measurement. ‘ B

- 2 Required depth of water to bring soil (0 to 100 cm)to
field capacity (0.35 cm’cm”?®).

‘Change in soil moisture content (0 to 100 cm) after

irrigation. -

4 ' : A .

"WSE = ———————x 100 if required < added

required ~ ’



15 cm depths were approximately 0.07 cm? cm-? ldﬁer\\ﬁhan
that at. this deptﬁ in thé C DP soil. Therefore cumulgfive
infiltration in the C Dp soil'wasllowet resulting\in a lo&er
net\Change in soil.yoisfure. The W RC and E DP soil profiles
-haa moisture deficits of 27 and 22 mm and WSE'$ of 89 and

82%, wrespectively.

4.4.4 BLOCK 3
The' soi1f profi1es monitored in bbth treatments, wet
uniformly to a® least 0.30 cm® cm-®, including soils (C RC
and C DP) where the 15 ¢m depth soil moisture yaé less than
0.15 cm® cm~® (Figure 13). There were four fsoil profiles
monitored after irrigation (MW RC, ME DP, MW DP, and W DP)
which probably coﬁtained a saﬁurated layer iﬁ the 0 to 25 cm
interval. Soil profile moiséure in these soils was greater
than‘6.25 cm?® cm-? before irrigation and the amount of water
applied exceeded the moistu;e deficit. In Block 3, because
of the §ariability in soil moisture, a unifobm  application
of water either . caused . waterlogging or brought the soil
profile moisture up to Satisfactony levels. , _
The W RC and MW DP, E RC and E DP, and MW RC and W DP
soils had moisture deficits of 7, 20, and 27 mm,
fespectively;.befo;e'irrigation. The WSE's’were 14‘and 457%,
121 and 60%, and 119 énd 161%, .respectivelj. (Table 12c).
They were not .consistently h%gher\in either treatment and
- were probgbly'\in{;uencedf~q9ré b; the émougts of water

applied.” For example, soil profiles with WSE's of 457, 121,
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\
\.
Y

Table 12b. Water storage efficiencies (WSE) of Regular |
Cultivated and Deep Plowed soils in Block 2.

. Soil Moisture \
Tillage Irrigation Time:? Added Reg'd? Al WSE*

Treatment (set) (h) (mm) (mm) (mm)
East 1 44 38 129 56 -\
2 35 50 o \
1 44 40 75 ’ 44 59 -
h : 2 23 87 ,
Regular 1 44 29 48 39 81
Cultivated 2 23 75 ‘
' : 1 48 42 - 88 50 -
N 2 20, 39 — - -

% 1 53 30 27 24 89.-
West 2 16 "50 - :
East 1 121 55 22 18 82

o 1 121 '35 67 35, -
2 92 20 '
Deep 1 32 26 77 25 32

Plowed 2 17 . " 60 .

4 1 28 42 74 49 66

2 18 46 v :
1 4?2 45 87 46 53
West 2 29 45 - :

' Length of time expired between end of irrigation set and
soil moisture measurement. ' o ' '

* Required depth of water to bring soil (0 to 100 cm)to
field capacity (0.35 {cm?cm”?). :
*Change in soil.moisévre content (0 to 100 cm) after
jrrigation.. SRR ‘ -
‘ A . i o '
x 100 if required <.added"

WSE =
" required’



Table 12c. Water storage efficiencies {(WSE) of Regular.
Cultivated and Deep Plowad soils in Block 3.

99

Soil Moisture

Tillage Irrigation Time' = Added _Req'd? A*-° WSE!
Treatment .  (set) (h) (mm) (mm)  (mm) - %
East 1 44 46 19 .23 121 -
: 2 35 70 ) .
1 21 38 62 60 97
2 12 70 ' :
Regular 1 43 30 -89 85 g6
Cultivated 2 22 72 .
: 1 49 35 27 32 119
2 21 19 :
1 53 26 7 1 14
West 2 16 50 o
East 1 72 55 20 12 60
RS I 101 94 - 40 50 125
R 2 72 40 - 4
‘Deep , 1 33 38 112 93 -
Plowed 2 18 68 o
’ 1 27 35 7 32 457
2 18 70 '
1 41 75 . 28 45 - 161
West - 2 28 45 :

! Léngth of time expired between end of irrigation set and
soil moisture measurement.

* Required depth of water to brlng soil (0 to 100 cm)to

field capac1t

*Change in soil moisture content (0 to 100 cm) -after

1rrlgat10n.

WSE =

(0.35 cm?®cm™3).

if required < added
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and 161%. received {05, 116, and 120- mm of water,
respectively. While soil profiles with the lower WSE's 14,
60, andl119% reéeived 76, 55, ahd 54 mm, respectively. |
4.4.5 BLOCK 4

Soil moisture. levels. were abové theA"safe depletion”
level.(0.25‘cm° cm-?), in the RC soilé,‘ but tended to be
beldw this Iléyel'ih the DP éoiis‘(Figure 14). Consequently
the changes'in soil mgistqre were generally greater‘ in the
DP  soils. After irrigation. soil " moisture 1levels’ were
genierally at or above field capacity. Saturaéeqxlayens Qere
present in the W Rc; C DR,:and MW DP soils in the 0 to'25 cm
interval.vWSE‘s are given }n Tablé']Zd, but compa%isons of
WSE's wer€é not made becéuse soil moisture.deficits}befqrg

v

irrigation were different in the RC and DP soils. 1y

4.4.6 Discussion
The WSE concept describes what percentage of the water
applied during irrigation will be stored as soil moisture in

the root zone. It is a gross statement of a soil's

infiltration an: -edistribution characteristics and
- available water holc ~apacity. The following restrictions
on the use of the Wt ~ comparing the applicability of RC

"and DP soils for irriga. »r vere impos=zd:
1. comparisons were onl .:2mec to be valid between soils
for which the total profi. mo:~ture deficits were

similar, and



' Table 12d. Water storage efficiencies (WSE) of‘ﬁegﬁlar
‘ Cultivated and Deep Plowed soils in Block 4.

T ' Soil Moisture _
Tlllage Irrigation Time' Added Reqg'd? Al WSE ¢

Treatment , (set) (h) (mm) (mm) (mm) %
”East 1 43 .46 18 23 - 78
‘ 2 34 50
1 <t 43 30 20 23 115
. o w2 34 .75 -
Regular . 1= 43 * . 42 23 14 61
Y. Cultivated 2 22 - 65, ' ‘
. . ’ 1 49 . 36 19 -8 . 42
- © 2 21" . 24 | L
: 1 53 © 45 . - 24 -
West - 2 16 ~. 40 | : -
East . 1 72 60 - 8 9 113
e L1 101 .35 53 - 62 117
. 2 72 45
Deep - 1 33 20 - 29 -
Plowed 2 18 53 s
1 40 : 35 34 50 147
2 17 55 _
_ 1 40 63 56 67 120
West 2 26 - 35 : -

)

‘Length of time expired.between end of irrigation set and

5011 moisture measurement. :

* Required depth of water to br1ng 5011 (0 to 100 cm)to

field capacity (0.35 cm’cm™?).

’Change in soil m01sture content (0 to 100 cm) after

1rrlgat1on.

. A - . . ) .

WSE = ———————x 100 if required < added
- required
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2.:ythe distribution 6f the moisture deficits in the profile
were similar. . - .

Comparisons between soils.which had different‘moisturé
deficits béf@re' ifrigation are, not valid because. Both_
unsaturated hydraulic conddétivities'anduhydraulic gradients
will not be equivalent.'Interprefive errors could also arise
where the distribution of the hoistu;e deficit in two or
more soils throughout the éoii profile was different éven
though the total pfofile. deficit was similar. Therefore
th?se two conditions limited the number of sites théﬁ could
be compared. In Blocks 1 and 2, there were 8 sites (out of a

_total of 20) in the RC andUDP sites that could be compared -
based on:'these‘ c;itéria. The WSE's in the RC. and DP Eiﬁes
that couia be compéred ‘were similar. The WSE does ‘not
indicate how éffecti&ély the water was étored in the pfofile

"nor to what depth the Qater percolated. However, there are

no trends that can be discerned from Figures 1 and 2 that
in&icate that water’peréolated to greater depthé“in eithéﬁ

the Orthic or DP soils compared to the Solonetzic soilss

" In Blocks 3 and 4 the amount of water applied was in

excess of the moisture deficit (for examplé,'7 mm fequired
and 105 mm applied) becéusé irridétion was scheduled based
on soil moisture status. in Blocks 1~ and 2 where the
‘antecedent soil moisture was lower. As a result, WSE's
greater than 100% occurred. Generally WSE's greater than

100% are undesirable because soil aeration may be affected.

In this case (Blocks 3 and 4) it was felt that the excess

¢

»
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water would be beneficial in terms of obtaining a net
leaching So0il moisture regime in "order to reduce the
concentfation of salts. Tﬁere were' two observations which
indicated that water from icrigqtion did percolate through
the soils in Blocks 3 and 4: )

1. Ponded water was minimal afte: irrlgation, and,

2. The wacer table rose in ouick response to irrigation

i.e. , theadralns began discharging approximately 24 h

‘a after thef;start of '1rrlgat10ni of the RC 50115 and

continued during irrigation of the DP soils

. Drainage tﬁcough the profile must have been induced by a
grav1tatlonal head because soil proflle moisture was uniform
after irrigation (Figures 13 and 14). However, when :he
sugface layer ‘was allowed to dry, cap}llary fise.'was
probably induced'vresultlng‘ in resalinization of ﬁhe soil.
Therefore, ca;eful monitofing of hydraulic gradients and
soil moisture and—scheduling of irrigatioh is essential - to
ensure. salt removal by -leaching &s not’ offset by
salinization through.capillary_rise;

Comparisons of mean changes in préfile moisture between
ﬁhe Solonetzic and Orthlc soil complexes and the DP soils
(Table 13) revealed that the amounts of soil moisture stored
during. irrigation tended to be similar. Mean changes and
amounts r?quireé were less_ln the Rego—salipe soils than ”in
fhe DP soils (Blocks 5 anéi4) Both mean changes and amounts
.requ1red were approx1mately 14 and 45 mm for the Rego- -saline
and DP soils, respectively.’ This trend for the DP 50115

o
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’

(Blocks 3 and 4) to have a greater rate of depletion and to
generally be in a drier state than the RC soils suggests
that monitoring and irrigation scheduling is more critical

in DP soils.



4
A

Table 13 Mean changes in total prof11e moisture
after 1rrlgat10n. A

Solonetzic Orthic’ Rego-saline Deep Plowed -

n 10 4 6 20

"Reg'd x| 61 66 14 55
s 34 18 9 . 37

Added  x 89 78 90 87
5 27 19 20 ~ 23

Change  x . 46 &7 18 43
s ‘\ 19 17 - 9 22

n - number of observatlons
x - mean (mm)
s - standard deviation (mm)



5. CONCLUS I(?NS

Subtle differences in soil moisture StatUS'between the
- DP and RC treéatments were oﬁsefvea in 1981 and 1982, but
aﬁounts of soillmoisture depletgd were similar. In 1982 soil
moisture - -depletion and_rechargé occurred more uniformly in
- the DP soils ﬁnder the dryland conditions.

Howevér, these. differe: es 1in so0il moisture status
between the two .treatments were not,’significant under

d;yland conditions. Thqréfore the null hypothésis ﬁhat there

was no significant difference in soil moisture status
between the DP and RC treatmeﬁ£s~was~acceptéd. . |

The ahounts:and aepths of storage of ﬁoistufe. after
irrigation were similar in the DP and -RC 'soils.'DaEa‘
'indécated that under a carefully . managed, well: scheduled
'irrigation. scheme both treatments could be irrigated with
equal success. : .

In ogher'?studies where DP and RC soils were compared.
any methods the reseérchefs might have used to . aqcount'»ﬁér
soil moisture variability.were not repcited nor were their
cdh§lusiohs statistically validated. Therefore it Jas not
possibie uto determine ‘whether the'reSUlts from this study
agreed or disagreed wiph'those frém such ‘studies. However,
trends for higher moisture in the DP soils after fallow or
ﬂféinfail/irrigation:found by other _researchgfs were not
evident in this study. |

. §6il moisture variability increasedbwith extended dry-
. conditions and consequently the number of sampling sites

; \, .
106 .
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should have been *increased accordlngly Whether a .more.
detalled sampllng program would have y1elded s1m11ar results

is difficult to predict. R

-

More intensive soll! mo&sture~ sampling‘may have been
‘ usefuI prlmarlly in the 0 to 40 cm depth interval but little
add1t1onal 1nformat10n would have been galned by 1ncreased
sampllng at greater depths. Therefore, 1f future» mon1tor1ng
sehemes are de51gned to_ concentrate on the more actlva
‘depths'of soil moisture ohanges, then 7theoreti¢ally -more.
precise measurements could be obtained without”considerably_
higher manpowér and material costs. o o i
Similar studies of’ deep plowed soils ineother.soil
zones in Alberta under a varlety of m01sture 'reglmes( wonld

be requ1red ,to determine if the conclusaons of thlS study

are applicable elsewhere 1n therprov1nce. .
\ , , .
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Table A1, ANOVA

tables for 1982 dryland soil moisture.

S
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Sum of Mean
Source df Squares Square F
15 cm
Treat (T) 1 0.02 0.02 0.01
Block 3 - 86.48 28.82 10.96
"TB ' 3 0.63 0.21" 0.08
Error(1) 32 . 86.16 2.63 -
Week (W) 7 14.28 2.04-  73.95
WT 7 0.96 0.14 4.96
WB 21 2¢30 . 0.11 3.97
WTB 21 1.11 0.05 1.92
Error(2) 224 6.18 0.03 -
35 cm
Treat (T) 1 0.05 .  0.05 0.00
Block 3 22.03 . 7.34 4,33
TB 3 © 3.58 1.19 0.70
Error(1) 32 54,22 1.69 ~
Week (W) 7 1.94 0.28°  21.99
WT 7 0.16 0.02 . 1.81
WB 21 0.90 0.04- 3.40
WTB 21 0.90 0.04 3.40
Error(2) 224 2.82 0.01 -
55 cm
Treat(T) 1 0.45 - 0.45 0.95
- Block 3 11.43 . 3.71 7.87
TB 3 1.62 0.54 1.15
Error(1) 32 15.10 0.47 -
Week (W) -7 1.13 0.16 42.28
WT 1T 0.12 - 0,01 4.31
WB 21 0.67 0.03 8.39
WTB 21 0.43 0.02 5.40
Error(2) 224 0.85 0.38 -




Table ‘Al. ANOVA tables for 1982 dryland soil ﬁoisture
continued. - :

_ - .Sum of Mean ,
Source df - Squares ‘Square FY
75 cm A

" Treat(T) 1 0.30  0.30  1.10
Block 3 7.53 2.51 9.21
TB 3 . 1.18 " 0.39°  1.45/°
Error(1) -, = 32 8.72 '0.27 =

. e

Week (W) .7 - 0.87  0.12 - 42.80
WT 7 © 0.10 0.01 5,11
WB 21 ' 0.65 = 0.03 10.76
WTB | 21 °0.39 1 0.02 6.45
Error(2) | 224 0.65 - 0.03 ' -
95 ch

L Treat(T) 1 0.01 0.01 0.00 -~
Block 3 . 5,70 1.90 - - 4.66
TB : .3 1.20 0.40 0.98

© Error(1) » 32 13.04 0.41 -
Week (W) 7 1.03 - 0.15 24.98
WT B 7 0.16 0.02  ~ 3.88
WB 21 - 0.80 0.04 6.47

. WTB 21 0.54 0.03 4.42
- Error(2) 224 1.31 0.01 .-
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MAP 2

INSTRUMENTATION AND SOILS MAP

BEFUS DRAINAGE PROJECT
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