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The Peace Rivérjregéaﬁ of Alberta is gharacterized by short

, J ,
frasigfr3$ gfawing seasons. High soil isture contents result in

-

¥
because of the short crop seasons, ;ause crop losses.*

]

The drainage problem in the Peace River region has been attri--

buted to a combination of the large volumes of water from snowmelt

during seeding, high precipitation while 3v§?aﬂranspiratian is low
during harvest and soil hydrologic pfépercies, In this study soil
: M 5 * A ¥ N !

physical pfgpérties were quantified. ' Water entry into, and its
flow ﬁhrgugh, the soil and soil moisture status during the 1981 sea-
sone, were investigated at three sitesd.

The analxgls of sall physical prope erties showed that clay con-
éentg in these 5ail§ are high, -above 50Z and sand contents low, leDHAi,,

10Z, with clay contents highest in the B horizon. Bulk\densitiess "

were alsa fgund to be highest in the B harlzgn Saturate
: L

hydraulic conductivities. of these soils were found to bekwery low

=™

in the Ap horizon and .even lower in the B horizon. Flow of watér
" through these soils was found to be iarge;y controlled by the B
horizon. A cﬁmpa:isah of the three sites showed site 3 to have a’
much less pronounced difference in physical prPEfties;bEtHeen the
Ap and the é horizon. |

IThe initial rate of water entry into the soil was found to be
high when the soils were dry and ernckéd. The rate of water entry
into the soil was found to quickly decrease when Hatg} éenetrstian

L
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¥
reaches the B horizon, which acts as a barrier to water, percolation.

the Ap horizon and subsequent surface ponding. ' .

Moisture changes during the season were found to be msinly
restricted to the top 50 cm of the soil: Chang;s in soil moisture
ound to be influenced by a numger!;% factors including
evapctrangpigiiicn, precipitation and the kinds a} Crops grown.

Lo "

contents were

*® #
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INTRODUCTION

LOCATION

L]

The Peace, River District is located aépra:iﬁately 400. km north-

west of the city of Edmonton (Figure 1). The area covers paris of J

i

the provinces of Alberta and British Columbia. The region is bounded

by the Rocky Mountains to the west and theksauth and to the east

by the highlands of the lesser Slave Lé%gi Ellioet (1974) reports

- N
that of the over 16 million hectares in the district, 2 millien

=3

potentially arable hectares are cultivated.

.of the 8 millio

= L4
-

CROPS GROWN
Records from tﬁé Alberta AgrigultuTEVStatistigs Branch show
that in the {979 ;;ﬁpping season, cgfeéls accounted for 55% of the

, ( ) . L
total land under cultivation, forages- accounted for 13.6Z2 and other,

crops accounted for 0.7%. Summerfallow accounted for 29.4 of the

CLIMATE
The geographic paéitian of the Peace River region ﬁékes‘it
a unique agricultural region. The limits of agricultural pro-

" duction -have -been extended, so zhat.this area constitutes the
ﬂﬂfEPETﬂmDSt agriiuitural frontier in Canada (Hoyt et al., 1974).
A combination of factors, mountains to the west, which cut off :

cool ai?iﬁésges and 'extra long summer days, a consequence of

latitude, result in unusually warm summers which make possible
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TABLE I

" CROP AREAS FOR THE PEACE RIVER REGION 1979

(after Faris et al., 1981)

T of Total

e

Crop Hectares in 000's Cultivated Land
- Rape Seed w77 26.5
Barley - 307 17.0
Wheat 142 | 7.9
Oats 54 “3.0
Flax 8 0.4
Rye 4 0.2
- Cereals (Total) 992 55.0
Fargges 245 13.6
Other Crops 12 0.7
Summer fallow 531 29.4
New Breaking 23 1.3
Total Cultivated 1803 100




the extension of the agricultural frontigr (Richards, 1968).

Thg Peace district is characterized by short summer Qeasons and
relatively short frost-free growing seasons. The use of early maturing
crop varieties and strict adherence. to recommended early seeding dates
is thus essential for successful crop production in the reéion; Factors
which interfere wifh or delay field operations are therefore of major
concern to the farming community in this region.

.It is with respect to the foregoing discussion that the significance
.of the drainage problem should be viewed in the Peace district. Snow-
melt in spring and high rainfall during the harve;t perio& coupled with
low evapotranspiration rates during these periods may result in surface
ponded water.and excessively muddy fields, delaying seeding and harvest-
ing in spring and late summer respectively. |

'The drainage problem is not unique to the Peace River region. The

problem is encountered in flat lands whenever precipitation rates are

higher than rates of water movement through the soil. However, even
. Y ~

i

though the drainage problem occurs elsewhere, the causes.and hence solu-
tions to it are varied and will depend on ghe unique characteristics

of the climate, soils and crops for each specific region.

Therefore, even though studies and management recommendations have

been made on the subject for areas such as southern Alberta, these

studies and recommendations may not necessarily be relevant to the

.

Peace country. A thorough investigation of the climate and physical

characteristics of the spils of the Peace River district is, thus, a

necessary first step towards fiqging and recommending solutions to the

\



drainage problem.

RESEARCH OBJECTIVES
The objective of this research, therefore, was to identify, through
an indepth study, soil physical characteristics which may contribute to

drainage problems in the Falher area of the Peace River district.

To realise the objective, spezific'infestigaéiana undertaken may -
be summarised as follows:

(i) precipitation and evapotranspiration comparisons,

(ii) water infiltration into and redistribution within the soil

profile, ) | .

effect of these on water movement through the profile, and

(iv)_ soil water holding capacities and profile moisture contents

during the cropping season. . .



LITERATURE REVIEW

[N

INTRODUCTION

The word drainage is often used to refer to the physical network

* of streams and surface waterways in a given area or to the water carried/

-
-

in these streams (Luthin, 1957). In this study, however, the word drain-
age is used to mean the removal of excess water from wet agri;ultufal
land (Schwab et al., 1966).

Soil wafer is considered excessive if it is more than that required
" for optimum crop growth or if it does not allow for the efficient use
of agricultural machinery witﬁout damage to the machinery or to- soil
structure. Excessive soil moisture conditions arise when a high per=s
centage of soil voids are water filled, leaving only a few voids air
filled. Artificial drainage becomes neceSséry‘vhenever soil moisture
is excessive and when water is ponded on- the S;il surface because not
enough water is removed from the soil naturally (Hillel, 1980%h) .

Generally dréinage problems arise when water addition to the soil
exceeds water loss from the same, such that an optimum soil-water soil-
.air balanee is not maintained. Drainage froblems, thergfore, ariéexwhen
p;ecipitation; surface and subsqrfaée water flow into a given field
exceed evapot;anspirafion; deep percolation and surface runoff of water .
from the same field i.e. water balance between the in%low, I, and the
outflow, O, is not maintained aﬁd storage, S, is inéteasing. This rela-

tionship can be described by the following equation:
: L .

I-0adS where t is Cime. . . Lot e

dt '
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Drainage problems can be attributed to a number of énvifanﬁéntal
and/or soil profile conditions. These ﬁandiﬁi@ns can be summarized
as fgl}aﬁs:
(i) Low rates of e vap@trsnspiratlan which reduce total
water loss from the soil.
(i1) Lav rates of infiltration and/or high intensity pre-
cipitation, such that water enters the soil at a rate
lower than that at which it is being added to the soil

surface, resultin ng in ponded water. .

(iii) Low rates of pEtalatign, Water flows downward through
the sqil at such a slow rate that excess sture accum-
ulates. |

(iv) The presence of a high water. table which increases soil

moisture content of the near surfacg horizons through
capillary rise.

. (v) Low position of the land in the landscape of the area .

which may result in the field acting as a seepage zone

as well as a surface drainage trough.’ The low topo-

drainage outlets for ponded surfaie runcif water.

m—-
w
I
=
"
(1]

Adequate drainage provides the maintenance of optimum soil m

conditions.maintaining a balance between incoming water, basically

£l
F

nfiltration, and Qutg ing water. including moisture fedistrlbut;an

and percolation. The maintenance of the water bal nce is predgmlnantly



governed by water movement into and through the soil.

FACTORS THAT CAUSE AND
GOVERN WATER MOVEMENT

Water Potential. Water, like all matter on earth, possesses energy

(Hillel, 1980e).

Watér possesses energy in two forms, as kinetic and as potential
energy. The kinetic energy of water is that. energy which ﬁhe water
possesses owing to its movement. This energy can be represented by the

formula:

2

%h where V is velocity and g is acceleration due to gravity.

pressure differences or elevation differences (Hillel, 1980a;Hansenet
al., 1980). The combined kinetic-potential energy, H, may be represented
by Bernoulli's equation which gives energy per unit mass as:

H = V2

2g

+P+y

x|

where P is pressure per unit area, W is weight of water per unit
volume, and y is elevation above some chosen datum.

In the flow of water through soils, since the velocity of flow is
2

- - v . ,
usually very low, the kinetic energy ig must be even smaller and can
thus be ignored. Bernoulli's equation can thus be simplified to:

P i -
h-w-ky . 2

¥

[

 Where h is the hydraulic he?ﬁi also called the Piezometric head. -

/

/



At the surface of water which is open to the atmosphere, tbe’hydﬂgé

[

static pressure is zero. Therefore water in a saturated profile is at
hydrostatic presgure greater than atmospheric and is said to possess
a pasitive pressufe>patenzisl. Water in an unsagﬁrated profile is at
a hydrostatic pressure iess than atm&sphégic and is said to possess a
negative pressure (also called tension or suction).

The hydrostatic pressure, P, of water is related to the hydraulic
head, h, by the equation:

| h = P where § is water density and g is acceleration due to gravity.
5 g |

In the soil, water movement is in response to diffgfenées in this

hydraulic head, h.. The rate at which water moves is dependent on the

hydraulic gradientrand the hydraulic conductivity.

Darcy's Law. An observation first made and reported by the French
engineer Henri Darcy in 1856 showed that the di§§hafgg rate, Q, equalled
the volume, V, flowing thraugh-é column Qf length L, per unit time, t.
It was directly proportional pg‘the cross sectional area, A, and to the
hydraulic head drop AH, and waélinvgfsel; proportional to the length
over which Elav occurred. |

The relationship between the hydraulic gradient, AH , the hydraulic
= L’

conductivity, k, and the rate of discharge is best described by Darcy's -

[y

Law given by:

Q=

<

=a AAMH where a is the proportionality factor,
WL . '

The specific discharge rate (%)i called flux density or fiux, g,

can be shown to be proportional to the hydraulic gradient:



9.
A

T<

AH
- = 3 —=—
1 L
The proportionality factdr, a.?s. given the symbol k and is the hydrau-
li¢c conduetivity,

Thus q ="k aH
L

2

y

is 1in

[
[

This law stapes that flow of liquid through a porous med
the direction of and at a rate proportional to the driving force, AH,

acting on the liquid and proportional to be hydraulic conductivity.

Hydraulic Gradient. The hydraulic gradient is difference in hydrau-

lic head between two points divided by the distance between these points.
It is the head drop per unit distance in the direction of flow and is

the driving force for water mg¥ement (Hillel, 1980a), Water will not
8

the hydraulic gradient drops to zero, when hydraulic head equilibrium

has been reached.

Hydrag!ﬁc Conductivity. The time it takes for hydr#ulic head equil-
ibrium between’ﬁvo points to be reached is determined in part by the
hydraulic conductivity of the soil.

The hydraulic conductivity is a ratio of the flux or rate of dis-
charge to Ehe'hydraulic gradient. Hydraulic conductivity is influenced
by a numbet of facto;s wﬁich include so0il and fluid factors. The soil
factors include texture, structure, density, total porosity, pore sizes

and pore geometry. The fluid attributes that influence hjdrgulié con-

ductivity are viscosity and density.

O'Neal (1949) found that fine-textured, platy and prismatic structured

10
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soils have low hydraulic conductivities. He also fauﬁé that it is not onaly
L3
the structure, but also thgy relationship between the length of vertigﬁl
and horizontal axes of the structural aggregates that are influential

in hydraulic conductivity. The overlap of these aggregates is also
important, the hydraulic conductivity being higher in the direction of
the overlap.

Texture also affects hydraulic éandﬁctivit?. High Ela;;and silt
percentages reduce hydraulic conductivities as do high densities (Mason

et al., 1957; O'Neal,®1949). Saturated hydraulic '‘conductivities are

likely to be higher in soils that are cracked and where macropores make
up the greater percentage of total porosity. , .

If the hydraulic conductivity of a soil varies from point to point,
the soil is said to be nonhomogeneous. The soil is said to be aniso-
tropic if the hydraulic conductivity varies with direction at g(pgint;
Hydraulic zﬂndﬁitivity also varies with soil water content, being higher
at higher moisture contents, and is also affected by hysteresis, vhereby
the soil wetness, at a given suction, depends on vhethef the pratesé

leading up to it was absorption or desorption.
INFILTRATION

IntraducE;}n. Infiltration rate is defined as the time rate at

which water enté}?athe soil (Schwab et al., 1966). Infiltration rate
is also called intake rate where infiltration occurs under a épEiific
soil surface zanfiguyaticﬁ (ISTEEISEﬁ?aﬁd Hansen, 1962). ‘Althauf,
infiltration has sometines been defined to mean not only water entry but

also the associated downward flow of this water through the profile,



infilrration in this study is considered as merely the entry of water
) < )

intq%the s0il; the dowaward flow of this water is considered redistri-
bution or per&aiatiaﬁ. 2

Infiltration capacity is the>!ax1nug infiltration rate for given
s0il conditions. Horton, who iﬁ71933 introduced this concept, found
that infiltration capacity is highest when water ;s first added to the
soil and that it drops with time until it reaches a constant value
(Arend and Horton, 1942). This final constant infiltration rate has

been called basic 1ntake rate or steady state infilt ility (Hillel,

1980b ¥,
%

Accumulated intake is the total amount of water absorbed by the
soil for a given period of time since the onset of infiltration.

1}

tion Capacity. Initial infiltra-

Factors that Influence Infiltr

tion capacity of the soil is dependent on a number of seil properties.

. )

These properties include initial soil moisture content, the hydraulic
- ¢

conduc ty of the soil, ﬁhe surface conditions of the so0il and the

presence within the profile of less permeable flow impeding layers,

Initial soil moisture affects soil infiltrability through its

influence on soil hydraulic gradient. An increase in initial sall water

content is accompanied by a reduction in the hydraulic gradient. Low

initial moisture contents will thus give relatively higher initial ip-
- .
filtration capacities. ¢
The hydraulic conductivities of the surface and the subsurface
, v .

horizons determine the maximum rate of water flow through the profile.

Soil properties, that influence hydraulic conductivity, therefore, are
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important in influencing iﬂfilﬁrétiani Soil pcfasit?} pore geometry,

structure and texture are important as are soil and water temperatures.

Low saturated hydraulic conductivities indicate low potential infiltra-

tion rates.

Soil surface conditions also influence infiltrability. Well granu-
lated. vegetated and highly porous soil surfaces generally have higher
infiltrabilities. Disturbed, bare and compact soils generally have lower

(Duley. 1939). Soil surface crusts can act as hydrau-

infiltrabilitie

lic barriers and impede infiltration, therefore, soils with unstable

structures which tend to form crusts have lower initial and final infil-
tfabilities (Diebold, 1954; Hillel, 1980b). )

Layering within ‘the soil profile aisa affects infiltration. When-
ever layers of low hydraulic conductivity are éﬁase‘tg ;he soil surface,

they may affect infiltrability soon after its onset. If these layers

occur deeper in the soil profile, they may only be significant in influ-

encing the final infiltrability.

Factors Eg§pgn§iblemfgr the Drop in Infiltrabi i;yi The character-
istic drop in infiltrability from an initial high to a constant low Einal
infiltrability has been shown by a number of investigators (Horton, 1933;
Arénd and Horton, 1942; Bodman and Cﬁimgn, 1943). This drop has been
These processes can be summarized as follows:

(1) A drop in the hydraulicgéradient due to the decrease in the

soiliauctian which Qézufs as mefg and more water enters the
soil and as the wetting front moves deeper into the soil

profile (Bodman and Colman, 1943).

[

(W]
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(ii) The gradual compaction and crusting of the soil surface
undet the impact of rain drops. The resulting crustihas
a lower permeébility and acts as a barrier to iﬁfilﬁratiaﬁ
- (Duley aﬁd Kelly , 1939: H%rteﬂ. 1941; Moore, 1980).
(iii) Soil slaking, detachment, migration and inwashing of fine
soil partiglesfés a result of rain drop impact. The in-
. washing of the fine soil particles leads to blocking of
-water conducting pores and hence lower infiltrability

. (Horton, "1941; Moore. 1980; Hillel, 1980b).

(iv) The expansion of 2:2 and 2:1 clays such as montmorillonite
and smectites in the soil which resuls in fewer conducting
pores and thus lower soil hydraulic conductivity.

(v) . The presence and compression of air trapped below the wet-

=

Significance of Iniil§§§E}§n4;nerain§g§75;gd;gsi Infiltration

separates the portion of a given precipitation that enters the soil and
that which ends as ponded water or surface runoff (Arend and Horton,

1942). In drainage studies, therefore, infiltration capacity can be

surface ponded water and/or runoff or whether all the precipitation
water will enter the soil quickly enough and not create ponded water
conditions. Thus infiltration capacity is an indication of the maximum

prectpitation rate that will not creste drainage prodlems. '\~

T
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water movement through the profile,

REDISTRIBUTION AND
PERCOLATION

Intr ction. Redistribution is the movement of infiltrated water

within the prcfilg. It may involve lateral and or vertical movement of
water. - RedisfFibution occurs in soils in which the hydraulic head is.
nat unifcrm,

Percolation is the movement of infiltrated water through a profile,
beyond the relevant depth or down to the water table. Hillel (1980b)
‘called this process internal drainage. Percolation occurs when enough
water has iéfiltraﬁeﬂ into the soil that the moisture content of the -
relevant depth is higher than that of greater depths. The process in-

- volves the finw of water either out of the relevant depth (deep percola-

tion) or down to the water table in instances where it is Hlthlﬂ zhe

relevant depth,

Fagtaggﬁthat7I,fljeﬁ‘g74§715 ribution. In fedistributian,‘infil=

trated water mgves from the upper wetted horizons to the underlying un-

influenced by initial so0il moisture, the wetting dgpth-af infiltration,

the relative moisture contents of the uhwetted layers and the water con- -

% sy . - P PR

ductive properties of the .soil.
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5

In redistribution, be¢aﬁ§e of the unsaturated deeper layers, the

i

water's driving force consists of both the gravitational potential and ,

the suction gradient of the unwetted layer. Since the suction gradient
is dependent on soil moisture content, the drier the unwetted layers and
the smaller the Qetted depth, the greater the suction éradignt and there-
fore the faster the redistribution p:égess (Peck, 1970).

Fﬁ With the movement of Qatef from the wetted to the drier layers

in the profile, there is a decrease in both the suction gradient -exerted
by the drf’layers as they absorb water and the hydfaulic conductivity

of the wetted Zones as the water content of these dEﬁ;i ases. As a result
,Haf the decrease in suction gradient §nd ﬁydraulic_Eﬁaductivity. the flux
of water drops rapidly in redistribution. The rate of advance of the
wetting Erant will also decrease with the decrease in flux,

The redistribution process involyes desorption and absorption éE

"

is affeeted by hysteresis. As a result of hysteresis, the expected mois-

tu* distribution profile. in which mistute,incr,,,gs with depth because

of gravity, is not usually observed. Hysteresis instead results in a

profile in which the initially wetted, de r;;ng layer remains at higher
moisture contents (Rubin, 1967), | o
In fediséfibutién, therefore the decreasing hydraulic Eénductivit&
Ycoupled with the decrea51ng hydraulic gradient and the hysterealg effect
lead to higher water stékage in the upper desorbing horizons. 7
Rubin (1967). Youngs (1960), Bresler et al., (1969) and Schofield
(1935) have shown that hysteretic moisture ﬁﬁvEﬁgﬂc igjslpuer than either
the absarbing or desorbing nanhysteretic moisture movement.

L

l6



17

Hillel (1980b) has summarized the factors that influence redistri-
bution as those that affect hydraulic conductivity, i.e. texture, clay

type and organic matter, the depth of wetting, moisture content, the

presence of water flow impeding layers within the profile and evapo-

transpiration.

Factors that Influence Percolation. Watér movement in percolation,

because it occurs in near/or saturated profiles,is predominantly in

response to a gravitational potential, since the suction potential is

negligible. - -
A number of ﬁaﬁhematical expressions have been developed to describe

percolation. One presented by Hillel (1980b) assumes the érefile dfains;

uniformly and also assumes there is no flow through the soil .surface.

The flux q, through any plane at depth Zj must therefore equal the

rate of decrease of total water w, where w = 67y

%-k(e)=—%‘f =-Z%b 3¢
The downward flux increases in proportion to depth. Flux also diminishes
in time as does the rate of decrease of soil wetness, in accordance wigh
;he functional decrease of hydraulic conductivity with remaining soil
wetness. This equation cén be used to determine hydraulic conductivity
as a functlon of wetness where evapotransp}ration is insignificant.

Initially owing to the higher saturated hydraulic conductivity,
sapdy soils drain much more rapiély than do the low hydraulic conduc-
;i%ity clays; however, in the later stages of the process, this order

is reversed.
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The daunward\giijéin percolation has also been shown to be

proportional to the total amount of water remaining in the profile:

where - dw 1is a time rate decrease in profile water content w, and A

=

*is the proportionality constant. The equatioh can be intergrated to

= e = where wj is initial water content
This equation assumes that w tends to zero which makes it unrealistic.
One must therefore allow water contknt to approach asymptotically some

finite value of water retained w.. The equation then can be written as
i
Loo=At
W o= wie + wr
Percolation is thus dependent on time, water content and soil pro-

perties that influence hydraulic conductivity.

The Effect of Layering on Redistribution and Percolation. The under-

s}

standing of water movement thréugﬁ layered éails (because of their common

1973; Gill. 1977; Phillip, 1966; Day and Luthin. 1953; Zaslavskj, 1964;

- Eagleman and Jamison. 1962; Hill and Parlange, 1972; Swartzendruber, 1960).
Soil layering occurs when differences in texture, structure. clay

type and bulk density exist and when lané use practices result in soil

surface horizons having different physizal properties from subsurface

ones, In the fiéld two layering sequences are possible. The first and

more common one is where a coarse.textured layer of higher hydraulic con-

ductivity overlies a fine-textured layer of lower hydfaullﬁ Conduﬁt1v1ty
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The second and less common one i$ thé opposite order,

In general, regarding flow throuéh layered profiles, Miller and
Gardner (1962) showed that soil matric suction must be continuous
throughout the layers for water conduction. Théy also showed that the
soil wetness and the hydraulié conductivity of layered soils may exhibit
abrupt discontinuities at inter-layer boundaries. The discontinuities -
are found in both layering séquences although they are a result of
different phenomena, |

During flow in the coarse/fine profile, the initial rate of the
wétting front movement is dependent only on the higher saturated h)drau—
lic conductivity rate of the coarser layer until the wetting front reaches
the finer textured layer of lower hydraulic conductivity. The lower
rate of flow through the fine-textured layer is 1imi£ing, so that the
portion of flow above the maximum rate of flow possible through the
finer layer Backs up forming a perched water table.

During downward water flow through a fine/coarse profile, water
movement is initially controlled by the. saturated hydréulit conductivity
of the finer-textured layer until the wetting front réaches the inter—'
layer boundary. The wetting front.movement.ihen stops at the interlayer
boundary because of differences in suction between the £wo layers. The

N + . '
greater suction in the finer-textured layer. has to be reduced to that

of the coarser layer before water will flow across the interface.
suction difference is reduced by an increase in water content of the finer-
textured layer. This required increase in uater”COntent”is.reaIised'by'"5’“’

the formation of a pefched water table (Miller and Gardner, 1962).



Russel (1946) developed agillmple mathematical description to explain

the least conductive contr Ption theory. Assuming the soil to con-

sist of numercus homogeéneous 1ayers and that there is no surface ponding

of water, the equation

-

2 4+ ...+

1 =1xLll+1xb2
L

P B L P

X %? can' be derived.

[

According to this equation, the reciprocal of the permeability value P
of any saturated column is equal to the sum of the reciprocals of the

P values of all layers that comprise that column, each being multiplied
by the ratio of its 1e§gth to the entire length., Water flow through a

layered soil'prgfile‘is thus controlled by the least permeable layer

(Swartzendruber, 1960), i;f%:‘

Significance of Redistribution and Percolation in Drainage Studies.

Redistribution and percolation are important in drainage studies because

these processes determine the rate at which infiltrated water moves

through the pfgfileix The rates of both redistribution and percolation

are also important as they determine the length of time during Hhiih-upper

soil horizons remain at high moisture contents after infiltratignf
Horizonatioen is also significant in drainage because of the perched

water tables that form during water flow into layered profiles. Perched

water tables result in relatively higher water contents than would be

the case if layering did not exist in these profiles,

EVAPOTRANSPIRATION

Introduct ion. Evapotranspiration is an enurgy requiring process

whereby water is lost from the soil sgfface through evaporation and

20



transpiration. The required energy is normally supplied by solar radia-
tion. In evaporation, water is converted from the liquid form to vapour
which then escapes into the atmosphere while in transpiration, water is

first taken up by plants and then lost to the atmosphere as water vapour.

Factors that Influence Evapotranspiration. Evaporation is influenced

by mainly the temperature of both the air and the evaporating water, the
wind velocity, the relative humidity, the nature of the evaporating sur-

face and the quality of the evaporating water.

In addition to the factors which influence evaporation, transpiration
is further influenced by the kind of plants in question, their leaf typei
‘whether broad or narrow, succulent or not, stage of growth of ﬁhe plant
rooting habits, water transpcrting mechanism and the thickness of the
plant stand in the field (Ward, 1975).

In summary, the following factors affect evapotranspiration.

(i) The nature of the evaparagl e surface. Evapotranspiration

is higher from free standing water than from a dry soil,
The‘calar roughness and vegetative cover of a field will
. influence evapotranspiration from that field.

(ii) Wind velocity is an important factor affecting evapotrans-
piration since Eh- rbulence it creates is responsible for
dlsper51ngthe moist layer above the evaparazlng surface and
thus decreasing vapcuf pressure and-hence increasing water
loss.

“ (iii) The relative humidify is also an important factor as it deter-

mines the vapour pressure gradigntg A high relative humidity



22

is indicative of a low pressure gradient and thus low

evapotranspiration.

(iv) Solar radiaéion provides the energy required to vapoufise
water and is therefore an important factor governing evapo-
transpiration. The effect of solar radiation depends on
the location of the area on earth. cloud cover and atmospheric

| pollution. The greater the cloud cover or pollution. the o
less the total energy arriving at the earth's surface and
so less evapotranspiration occirs.

(v) The temperature of both'the air and the evaporating water
is another important factor. - Air temperature must be higher
than water teq-F}ature for evapotranspiration to occur. The
higher the air tempera£ure relative to the water, the higher
the evapotranspiration rate.

(vi) Evapotranspiration from the soil is also depehdent on the
soil éoisture content and the hxgraulic conductivity of the
soil. High moisture content and a relatively higher hydraulic
conductivity mean that water movement in the soil is relatively
fast; thus evapotranspiration is likely to be higher in such
a soil because water movement to plaﬁt roots and to the |
evaporating soil surface-is faster than in a soil of low
moisture content and relatively low hydraulic conductivity.

Evapotranspiratioﬁ is important in drainage studies in that it may

. 3 . - . . e e e

significantly influence water loss from the soil.
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THE WATER TABLE POSITION

Introduction. The water table is the depth in the soil profile at

which the soil water pore pressure is atmospheric (Tolman, 1937). The

water table is the upper boundary of the zone of saturation in a profile
: = A
where groundwater is unconfined (Ward, 1975). It is the plane of contact

between unconfined groundwater and the capillary fringe.

A water table that is close to the soil surface may increase, through -
capillarity, the soil moisture content of the profile. The depth at Hhiih-
the water table is found and the total capillary rise will determine how
Vmuch influence the water table actually has on soil moisture status.

A very high water table coupled with a high capillary rise, such as may
occur in high silt soils, may result in high moisture content through
the entire profile.

Water table positions fluctuate with season. The water table's
position is closest to the surface after a high suppl; of infiltration
water such as might occur during spring sna;ﬁelt or high summer rainfall.
During these periods the water table may actually be within che;raat zone
creating unfiyourable soil m;isture conditions for plant growth.

in general, the water table is known to follow theﬁcantyurs of the
overlying ground surface although in a gubdued form (Ward, 1975; Freeze
and Cherry, 1979). The amplitude of relief that the water table assumes
in a given area, where precipitation infiltration is uniform over both
high and low ground will depend on the hydraullc conductivities of the

soil. In coarse-textured highly conductive soils, a more hnrizantal

surface is relatively quickly established. In fine-textured soils such
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as heavy clays. whose hydraulic conductivities are low., the water table
assumes a relief more closely resembling the surface relief for relatively

long periods of time.

Influence of the Water Table on Drainage. The position of the water

table in the profile is important in drainage studies because it may

influence, through capillarity. the profile's soil moisture content and

W

its moisture redistribution. The water table presents a drainage problem

o

if it is within the profile or is at such a depth in the profile as to

tion.



MATERIALS AND MEFHODS
SITE DESCRIPTION

Location. A detailed study of soil physical properties, profile
water movement, vériations in moisture content over time and potential
evapotranspiration was undertakén at three research sites in the
Falher area of the Peace’Rive:ﬁregion of Alberta. The three research
sites lie on a north—séuth liﬁe approximatgly 3 km west of Falher
and 60 km south of Peace River. Site 1 is located 7 km north and
3 km west of Falher (SWS5 79 29 &5). Site 2 is 3 km west of Falhe;l
(SEI 78 22 W5) and site 3 is S kn west of Falher (SW25 77 22 W5).
The total distance between the northernmost and southernmost sites
is approximately 13 km (Figuré 2).

Topography. Topography of the Falher area is very gently sloping
to level. Site 1 lies in a very shallow depreﬁsion although in
general the land slopes very gently in a south-easterly direction.
Site 2 is located on the higher part of a field which slopes to the
southeaét while site 3 lies on an east to west slope.

Geology. Surficial geological material in the Falher area
" consists of well-sorted, stratified till or modified saline lacustrine.
material derived from the Smoky River shales (Odynsky and Newton,
1950). The material is stone free, of grey to dark grey color. It
is uniform and has numerous gypsum crystals.' The dépo;it is gen-
‘erally shallow, being less than 8 m ifn ceptﬂ

‘The geological naterial overlying the ‘Sapkey River shales consists

25
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of thin bedded dark to black shales with occasional ironstone and
pyrite nodules. These shales weather readily and are thus the
major constituent of the deposit.

Mineralogy of the Parent Material. Mineralogical analyses of

the clay fraction of the parent material (sample depth 90 - 100 éﬂ)
are presented in Table II. Smectite/montmorillonite are the most
.abundant minerals followed by dioctahedral Mica (muscovite), then
Kaolinité and Chlorite; th? last two being almost equal in abﬁndaniei
2

Surface area of the clay fraction ranges from 475 to 525 m“/g
while cation exchange capacity ranges from 39 to 52 meq/100g. K
content is 3% and mica constitutes an average 337 of the clay in the

sample,

Water Table Position. Jones (1966) describes the possibility

of groundwater in or near Falher town as unfavourable. He also
reported that small quantities of water have been obtained at depths
of 120 m. Most domestic and municipal water supplies in this area
are -from ﬁurface sources, dugout ponds and lakes.
Soils. The three sites lie within an area which has been mapped

as the Falher-Rycroft association. This association is described
as including Black Solodized Soicnetz and Eluviated Black scilé
.although surface hBorizons may be biagkj grey black or gfey in color
(Odynsky and Newton, 1950). Surface texture was reported to vary
ffon silt loam to clay loam. |

.. According to the current Canadian systenm f@f;claésifying sailé B
(Canada Soil Survey Committee, 1978) Ehé Falher soils would be classi-

fied as Dark Gray Solod-Solonetzic Dark Gray intergrades while the

-
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TABLE II

MINERALOGICAL ANALYSIS OF PARENT MATERIAL

-Site 1 Site 2 Site 3
Minerals Listed 1 Smectite .., Smectite Smectite
in Order of (Montmorillonite) (Montmoorillonite) (Montmorillonite)
Abundance
2 Dioctahedral Dioctahedral Dioctahedral
Mica (Muscovite) Mica (Muscovite) Mica (Muscovite)
3 Kaglinitev Chlorite Chlorite
4 Chlorite : Kaolinite ; Kaolinite-
Mechanical - . .
Analysis Sand 2 2 2 2
Silt 2 25 . , 21 16
Clay 2 73 “ 77 - 82
f _
Surface 2 . : . -
Area m/g* 526 495 476
Cation Exch , . ’
Cap - meq/100g** 39 52 46
K 4 3 3 3
Mica r4a s 34 32 34
*Figures ad justed to a standard smectite sample. .

*%Valyes may be high due to dissolved ions in sample;

***Assuming mica contains 8% K and that all measured K is due to mica in the
sample. ’



Rycroft soils would be claséified as Dsrg Gray Salédi;ed églcnet;
—.Dark Gray Solod intergrades. The soil at Site 1 has been tentatively
classified as a Gleyed Solonetzic Dark Gray. The Ap and Aeg horizons
are underlain by a strongly mottled Btnjg horizon at a aeptﬁ of 20 |
cm. The soil at Site 2 hés béén tentatively classified as a Dark

Gray Solod. in which the Bat horizon occurs at a depth of 28 ;ii The

soil at Site 3., tentatively classified as a Dark Gray Solodized
. L
Soloneg}, is characterlzed by a dense Bnt horizon at a depth of 9

cm (Crown,'1982).

-

Cropping. ALl three research sites are located in cultivated
\?;iélds. During the 1981 growing season, site 1 was seeded with
barley, site 2 with canola and site 3 was in its fourth year of

alfalfa.

| SOIL PHYSICAL ANALYSIS
Semi-d{sturbed éare;samples taken for hydraulic conductivity

determinations were also used to determine total porosity éndibulk
density. Soil sa&ples from the same cores ﬁefe used to determine

particle size distribution and water retention capacity,
£ ..

Six cores were taken at each site, three from the surface
Ap and three from the B horizons. The cores were 7.5 cm long and

7.5 cm in diameter.

Particle Size Analysis. Particle size distribution was deter-

mined for each sample using the hydrometer method as described

by Day (1965).

29



Soil Moisture Retention Capacity. The capacity of the soil

to retain moisture. as illustrated by the soil moisture charac-
teristic curve, was determined for each site using pressure plat

apparatus.

Total Porosity. Total porosity was determlned for the semi-

disturbed cores using the method described by Vomocil (1965).

Sample Bulk Density. Bulk déﬁsizy was determined by the g% re

method as described by Blake i1965)g

Hydraul c Co onductivity. Hydraulic ianduitivieigs were deter-

mined acco d ng to the fall;ng head method described by Klute (1965)

for semi-distrubed cores.

Profile Bulk Density. To determine variations in the bulk

density of the soil profile, a twin probe density guage was used.
The distance between the source access tube and the detector access
tube was 30.5 Em; Wet dénsitj reaé;ngs were taken starting at

the 2.5 gé depth and progressing in 2.5 cm increments to a depth

of 125 cm. Gravimetric samples were taken at the same tige from

similar depths to determine mass basis moisture content necessary

to derive bulk density values. : , .

IVFLITR TION RATES AND WATER MOVEMENT

Infiltration Tests. Ring infiltration tests were conducted

at each of the sites during early July and August 1981, according
to the dauble ring method described by Vertland (1965). A 5 cm
head of water was allowed to drop to 3 cm before the rings were .

refilled. A float guage was used to monitor water levels.



Sqil Water Movement. To monitor soil water movement in the pro-

file, the twin probe density gauge was used. Two aluminum access tubes
were inserted vertically into the soil at a distance of 30 cm apart.
The tubes wergmggeEJ}efﬁ 4n the field for at least a month to effect
tight contact between the access tube and the soil. A large diameter
infiltration ring was then positioned so that the two access tubes

were within the ring and equidistant from the ring sides (Figure 3).

To monitor the movement of the wetting front, an initiai 'standard’
density reading was made prior~td the ponding of water in the rings.
Water was then ponded in the rings and readings were made down the
tube until these coincided with the standard readings. The last depth
to show a change in density was assumed to be the position of the wetting

fro?;. Readings were then rgpeated starting from the surface déQn the
tube to determine changes, if any, in the profile’'s wet density, and
to establish the new wetting front position.

The same test used to determine wetting front position was conducted
to establish maximum' soil moisture of the profile. In this case, water
was ponded in the rings for 30 minutes before standaré?gét density read-
ings were made at 5 cm intervals down the access tube to a depth of 65

Acﬁ. More readings were taken after 2, 4 and 24 hours. In this test ’
the first set of readings, i.e., made after 30 minutes of water pond-
ing was assumed to be the standard set. Any change in wet bulKk density

in the profile after this initial standard reading was attributed to

a change in moisture in the profile.
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PROFILE SOIL MOISTURE
MONITORING _
Profile soil moisture for the three sites for the 1981 crop sea-

using a Campbell Pacific Nuclear neutron probe,

son was monitored
cm. Nor-

Model 503 Depthprobe.
Readings were taken at 10 cm intervals down the tube, the first

reading at the 25 cm depth and the final at a depth of 145 cm

mally readings were made fortnightly.
period April 28 to Octtober 30

RAINFALL -
Rainfall measurements during the
or nearby using standard reain

were collected by farmers at the site

gauges.



RESULTS AND DISCUSSION

" PRECIPITATION AND

EVAPOTRANSPIRATION

Precipitation and evapotranspiration have a direct influence
on soil moisture and are thus important in soil moisture stﬁdiesi
Precipitation is a source of soil water while evapotranspiration
contributes to water loss from the soil. For purposes of relating
soil moisture data gathered in a single season to the long term,
it is necessary to compare climatic data for the season with the
iong term climate data. Such a comparison for the 1981 crop season
for the Falher area is given in Table III.

In general terms the area received much less total precipi-

tation from May to October. 1981 than the long term average.

Site 1 received only 40Z2 of long term average precipitation while
sites 2 and 3 received only 55 and 60% respectively of ;Qng téri
average precipitaiton,. All the three sites received less mgnthl§
precipitation during the May to Dctcberuperiad 1981 compared to
long term mean precipitation. The only exception was site 2, “which
for the m;nth of June, recorded highér }Féﬁipiiacig’ than normal.
The largest deviations from long term means in precipitation
in 1981 were observed during the months of August, September and>:
October. Site 1 recorded no rainfall during this period while
_site 2 recei;ed 9 mm or 14Z of the long term August mean, 6 mh
- or_16% of thé long term September mean and,né.pregipitétian in ..

October. Site 3 received 10 mm or 161 of long term precipitation’
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duflﬂg August 25 mm or 651 during September and 9 mm or 32% during
October

Potential evaﬁ@traﬁspirétian for the 1981 season for Falher
was 20.5% or 104 mm ﬁighéf than the long ze&m mean while May record-
ed 1R higher, Juﬁe 5% lower, July 172 higher, August 55Z higher-
andyB?Z higher and 35X lower for the months of September and h .
October respect 1vely

The 1981 season was thus characterized by. much lower precipi-
tation especially in the second half of the season and much higher
efapatraﬂspiraﬁiaﬁ when compared to the long term means. The soil
moisture status can thus be expected to have bgsn much lower than

in a typical year.

SOIL PHYSICAL PROPERTIES

: - s 9 = = s . . g“. ) x E
~ Particle Size Distribution. Despite variszlans inm actual

clay. silt and sand‘quantities between the three site the soils

at these sites fall in the clay and heavy clay textural c%a;sesvl

(Canada Soil Survey Committee, 1978) (Table IV). _ o B
Clay iDnéEﬂESAiD these soils are high, at 1;352»592. Hhile‘ »

the sand content are generally low, below 10Z. Exceptions are

saiples of the Ap horizon at

ite 2 and a B horizon sample from
site 1. Similar results have been reported for the parent material

by Chanasyk et al. (1981) : \

cantents than do the hnrlzan gamples. Thls is true far all

mple B-1 (a B horizon sample from site



TABLE IV

PARTICLE SIZE DISTRIBUTION -
OF FALHER SOIL SAMPLES
Horizon Particle Size Distribution '
& — -

Site Sample # Sand % Silt % Clay % Texture
1 Ap -1 7 32 61 Heavy Clay
1 Ap = 2 7 31 €2 Heavy Clay
1 Ap - 3 7 32 61 Heavy Clay
1 B -1 12 31 57 Clay

1 B -2 2 10 88 Heavy Clay
1 B -3 2 13 85 Heavy Clay
2 Ap - 1 10 36 54 Clay

2 Ap - 2 12 35 53 Clay

2 Ap - 3 11 38 51 Clay

2 B -1 7 30 63 Heavy Clay
2 B -2 3 31 66 Heavy Clay
2 B-3 6 26 68 Heavy Clay
3 Ap - 1 11 23 66 He%vy Clay
3 Ap - 2 10 23 67 Heavy Clay
3 Ap - 3 9 23 68 Heavy Clay
3 B-1 3 17 80 Heavy Clay
3 B -2 5 15 80  Heavy Clay
3 B - 11 18 71 Heavy Clay




s | | | 33

1) which had more sand and relatively less clay zgan the
samples.

Actual clay content differences between the Ap horizon and
B hortizon samples varied from site to site. This clay content
difference averages'léz at site 1, 13% at site 2 and 10T at site

3.

E
-

Sand contents were higher in the Ap horizon samples when com-
pared to the B horizon samples. The lowest sand content defe;gined

is 2% in two of the B horizon samples of site | while the highest,

[

127 is found in samples B-1, a B horizon sjte 1 sample, and Ap-

2, an Ap horizon sample from site 2,

&

Silt contents are higher in the Ap horizon samples compared »
to B horizon samples. The range for silt contents is from 10% in
sample B--2 from site 1 to 38% for sample Ap-3 from site 2.

Hgistugg,RetgntiqnﬁCgpggity! The moisture retention capacity

fzf the soil, usually presented as the moisture characteristic curve,
is a soil physical property thét is well correlated to its particle
size distributignf Génerally, the higher the clay content. the
higher the water retention capacity of the soil (Hillel, 1980a;

Schwab et al., 1966). The smaller sized clay particles result

in higher total porosity and a relatively higher proportion of

Table V gives results of the water retention capacity tests.

_Water retention curves for Ap.and B horizon samples for sites - O IR

[

1,2 and 3 are p;é;gnzed as Figures 4, 5 and 6 respectively. Marked



TABLE V

SOIL WATER RETENTION CAPACITIES
FOR THE A AND B HORIZONS OF FALHER SOILS

Z Soil Moisture Retained
Horizon Pressure (kPa x 102)
. & —_— - IS _
Site  Shmple No. 0.33 1 2 36 9 12 15
1 Ap - 1 31 28 27 23 2 26 20 23
1 Ap - 2 30 28 26 23 20 20 18 20
1 Ap - 3 31 28 25 23 20 21 - 21
1 B -1 23 21 17 18 16. 15 15 13
1 B -2 37 32 3 29 27 25 25 25
1 B-3 37 32 21 28 25 25 27 23
, . , .
2 Ap - 1 30 26 2 20 18 21 15 17
2 Ap - 2 29 24 22 22 18 21 20 18
2 Ap - 3 29 26 26 21 19 18 17 17
2 B.-1 29 25 2 22 20 23 17 20
B -2 722 29 28 26 23 24 23 23
, B -3 33 29 27 25 21 23 15 22
Ap - 1 29 26 26 2 20 19 19 19
Ap - 2 29 27 25 23 - 20 2 18 19
Ap - 3 29 25 24 22 20 19 19 18
B - 30 29 28 23 21 23 16 20
, B-2 31 28 26 2 22 21 2 2
.. .. B-3 27 2 23 21 19 2 17 20

P T o
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differences between Ap and B horizon samples are observed at sites
1 and 2 (Figures 4 and 5) but not site 3(Figure 6). Note however
that sample B-1 from site 1 gives a much lower retention curve.

. At bcgﬁ sites 1 and 2 with the exception of the curve B-1 at site
1: the lower lying B horizon has a higher water retention capacity,
The Qbservéd differéﬁces in moisture retention capacities bgéyeen
the Ap and the B horizon samples may be explained on the basis of
clay content. Averége clay content differences between the two
horizons are 25% at site |1 if sample B-1 is excluded and 15% if -
included; 13% at site 2 and 10% at site 3. The smaller difference
in clay content between the Ap and E horizon samples at site 3 may
, be one reason for the lack of a clear distinction between the moisture
retention curves of the two horizons at this site.
The lack of a clear distinction betweenizhe Ap and the B
horizon curve for site 3, (Figure 6) may also be due to different
field managgéent practices, such as depth of tillage which may have
caused the mixing of the two horizons. |
The moisture retention curve alga gives an indication of pore
sizé distribution in é g;?en soil (Hil%el, 1980a). Soils whose
méis;ufe retention curve slopes ére low, i.e. flat curves, havé
a more uniform pore size distribution. The curves in Figures 4,-
5 and 6 are relatively flét between 300 and 1500 kPa. These -
-sails therefore are likely to have uniform pore size distribution.
High moisture retention at 1500 kPa (20-25% in site 1, 15-22% n

in site 2 and 16-21% in site 3 samples) is an indication of soils



whose pore geometry is predominated by finer micropores.
Porosity. Water movement through a given soil‘is influenced
by total porosity and pare size distribution. The.rate of water

macro- rather than micropores (Hillel, 1980a; Schwab et al., 1966).

Unlike particle size distribution and water retention capacity

results, no gengfal trends are observable in the total porosity
values (TableVI). Total porosity is not a permanent soil property

as it is modified by changes in soil structure and thus byisail»
management practices. With the exception of sample B-1 from site

1 whose total porosity is 42%, the samples have total porosities _
of 502 or greafer. Site 1 results show no difference in total
porosities between the Ap and,E horizZon when sample averages are
used for comparison. However, if sample B-1 is excluded, the B
Rorizon has higher total préSiEy; At site 2 and 3 the appcsite

is true, the Ap horizons show higher total porosities.

Aeration porosities (the proportion éf total pgfiéicy which
is air filled when moisture content is at field capacity) f@f.Falth
‘sails estimated ffgm';étal,pafasiﬁy figures (Table VI) and field
capacities (Figgf35 4,5 and 6) are about 222 for the Ap and 132
for the B horizon at site 1, 29% for thé Ap horizon and 21% fér
the B horizon at site 2, and 27i'far the Ap and 21% for the B horizon
at siEEIB. At all thé three sites, aeration porosities of the B
horiazon samples are iﬂi!f than those agithg apparent Ap horizon

samples. Thus where adequate amounts of water to saturate fully

the s0il are available at the soil surface, perched water tables

44
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TABLE VI

SELECT SOIL PHYSICAL PROPERTIES.

Horizon L Bulk Hydraulic
& Total Density Conductivity
Site Sample No. Porosity % ‘g/cm . cm/sec
1 Ap - 1 52 1.26 2.23 x 1072
1 Ap - 2 53 1.33 5.06 x 10~
1 Ap - 3 53 1.28 9.92 x 107/
1 B -1 42 1.72 4:21 x 1078
1 B -2 62 1.42 5.47 x 1078
1 B -3 56 1.38 3.18 x 1078
2 Ap - 1 58 1.20 7.31 x 107
2 Ap - 2 59 1.12 5.18 x 1073
2 Ap - 3 57 1.03 -
2 s B -1 52 1.31 6.23 x 1078
2 B - 2 54 1.34 5.21 x 107
2 B - 3 53 1.46 2.29 x 1078
i — e
3 Ap - 1 53 1.46 7.53 x 1678
3 Ap - 2 55 1.50 5.79 x 1073
3 Ap - 3 61 1.39 '6 94 x 107’
3 B -1 50 1.53 3.28 x 1078
3 B - 2 52 1.42 3.63 x 1078
3 B -3 49 1.53 2.30 x 1078
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3

maydevelop in the Ap horizon because of the likely lower flqw rates

of the B horizons.

The higher aeration porosities in the Ap horizons may be due

of macropores.

Bulk Density. Bulk density, which is the ratio of the mass
to the bulk volume of the soil particles plus pore spaces in the
soil, like total porosity, is not an iﬁvariant characteristic for
a given soil. It varies with soil structure and hence with soil ;

Y
management practices (Blake, 1965).

Bulk density values determined on semiédistufbed cores show
that samples from the Ap horizons have lower bulk densities than -
those from B horizons (Table VI). Similar FésultSYHEfE Gbgéined
using the twin probe density guage (Figure %)i

Profile bulk densities are lowest in the Ap Hérizans with a
sharp increase to a maximum of 1:61 g/cmB at a depth of 12.5 cm
at site 1, 1.51 g/cm3 at a‘depth of 17 cm at site 2 and 1.61 3/253
‘at a depih of 24 cm at site 3. Below this maximum bulk density

point. the profile bulk density decreases slightly and except for
site 2, assumes a more or less constant value throughout the remainder
of the profile.

The site 2 bulk density profile shows a marked decrease in
bulﬂ density at the 60 cm depth of 0,2 g/amg, The higher bulk

densities of the B horizons are consistent with the narticle size

analysis and aeration porosity data (presented on page 44 ).
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indicate high bulk densities while high sand contents together with

high aeration porosities indicate relatively lower bulk densities.

In a comparison of bulk densities determined by the core method

and by the twin probe density guage (Table VII). the twin probe

density guage gave values between 4 and 97 higher. Only in the

case of the site 3 Ap horizon did the semi-distrubed sample show

. a .
a 41 higher bulk density than the twin probe density guage.

- TABLE ViI-

BULK DENSITY DETERMINATIONS

SEMI-DISTURBED CORES vs TWIN PROBE DENSITY GUAGE

Site Horizon Bulk Density in g/c;m3

lean of Core Samples Mean Twin Probe Guage

48

1 Ap | 1.29 1.42
\ B s 1.57
2 AP 1.12 1.18
2 B 1.37 1.50
3 AP 1.45 1.39
3 B 1.49 1.58




Hydraulic Conductiviﬁy} Hydraulic zaﬂduétivity is pefhaps

'the most important soil property iqvalved in the flow of water
(Klute. 1965). Saturated hydraulic conductivity is an indication
of the potential maximum rate of water flow through the soil.

Hydraulic conductivities of the soils studied are extremely
-low (Table V). Hydraulic conductivities of the Ap horizon samples
at site 1 range from 2 x 1073 EE)SEE to 1 x 1GEE cm/sec. while

B horizon samples are less variable with a mean of 4 x 1(3;8 cm/sec.

Results for site 2 show a similar trend with Ap herizon samples

while the B horizon samples all show hydraulic conductivities of
10‘8 cm/sec. Results for site 3 show little difference between
the Ap and B horizon samples. |

The trends shown for sites 1 and 2 can be e:élaiﬁed by the
particle size‘analysis, porosity and bulk density data. Lower’
bulk densities, relatively higher aeration porosities and lower
water retention capacities in the Ap harizaﬁ%ggvagr relatively
higher rates of water flow., Site 3 results may partly be
attributed to the lower bulk density and minor wétéf‘fétéﬁtiﬂﬂ
capacity differences between the Ap and B horizon samples. It is

also possible that at site 3 the minor. differences between the

~has been under alfalfa for several years and the structure of the

- Ap horizon may have resuited from a lack of snnual cultivatiosm and/ -

- _or vehicle movement over the field during haying operations.

49



A third p@s;ibla explanation for the lack of difference between
the Ap and B horizon hydraulic conductivities may be that because
of the relatively shaldow depth to the B horizon (9 cm), when the

ield is cultivated more B horizon material is mixed with the

L]

surface horizon than at the other sites. Thus the Ap horizon has

In general, hydraulic conductivities of 1077 to 1078 ca/sec

suggest extremely slow rates of water movement, so that water flow

INFILTRATION RATES '

Final infiltration rates recorded vary from a low 4 mm/h at
site 1 to a high 30mm/h at site 3 with the final infiltration rate
at site 2 being 22 sm/h (Table Vili). |

_ These results Hau;jfappear, with the exception of site 1, Eé
indicate that infiltration is not the major reason for the drainage
problem. This observation may not be entirely correct because of

the s0il conditions at the time of the tests The soils at all

1.

the sites were dry and cracked at the time of these tests and sub-

stantial lateral flow was noted at the A-B horizon interface through

these cracks once water was ponded on the surface. TMis appears
In an attempt to reduce lateral flow., test rings were driven

desper into the soil during the second set of infiltration tests

(test 2) and water was artifi&ially added to the soil the day

before the tests were run to reduce cracking. The results of this
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second set of tests show much lower infiltragion rates at sites
2 and 3 (Table VIII).
It was also noted from the site 1 tests that lower infiltration
¥
rates weére recorded when infiltration rings were driven into the
B horizon of the soil. To confirm the observation, 7 to 8 cm of
the Ap soil material was removed to ensure that the' rings were
driven into the B hdrizon at each of the sites. Test results under
these conditions (shown as test 3 in Table VIII) show that within
a few minutes the infiltration rate had dropped to zero. '
These results show that infiltration into the apparent Ap soil
horizon occurs at a rapid rate especially when the soil is initially
~dry. Infiltration into the 3 horizon: however, drops to zero.
Soil cracking greatly increases initial infiltration rates. Thus
infiltration into these soils occurs at a rapid initial rate,
eBpecially if ghe s0il is dry and cracked. until the wetting front
—~Xeaches the A-B horizon interface, after which infiltration slows
down and finally ceases.
~ WATER MOVEMENT THROUGH
THE PROFILE
Results of the tests to monitor water movement through the
profile during infiltration using the twin probe density guage
are presented in Figures 8 and 9. Figure‘a results are for the
test to monitor. the wetting front's position. Figure 9 shows the |
longer 24 hour test results aiméd at estabiishing soiliﬁéi§tufé”“

content aftefvlonger periods of time under ponding.
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There was an increase in wet bulk density and hence moisture

content of the profile within the first few minutes after water

soil surface (Figure 8). Tt is unlikely, however,

» .

was ponded at th

‘W‘
(-]

that this initial increase in soil doisture ,’p” »sents the wetting

" W‘
—

front

position. . The .increase in soil moisture is more likely
due to water moving &avn the profile through cracks in the soil

and along access tube sides. After this initial increase in prcflle

moisture, there was a coatinued increase in the moisture content

Ll

ent was reached,

¥

in the top 20-25 cm until a final moistur

Wy
1]

con
These tests show water moved to varying depths in these profiles,

at least 60 cm in sites 1 and 2 and 50 cm in site 3. The tests

further show that after the initial increase in soil moisture there

were further increases of moisture with time in the surface horizoen.

These subsequent increases wvhich were restricted to the apparent

Ap horizon were a result of ;azer backing up, and they continued

until a final woisture content had been reached. Thereafter very

little water entered the soil and further additions of water led

to increasedgburface ponding.

From a comparison of the data in Figures 8 and 9 the final

T
n
™
o
=
L
=
\m
[1-]
e |
[V
jurt
e

ities and hence moisture contents in the profiles
are similar. This suggests the profiles attained their maximum p
‘moisture contents within the first few hours gf er ponding water |
on the surface, | |

The observations made in these redi:tribiciﬁn-t::t: may be - - o e

e;pl&ingé on the basis of soil physical properties. The high water



retention capacity of these soils effectively feducgs the proportion
of soil stored water that may be depleted naturally by evapotrans-
piration while the ex;feazly low hydraulic conductivity rates,
especially in the B horizons, practically El%miﬁate drainage of
water through the soil. As a tansgjuenée, the proportion of total
porosity that may be air filled aﬁsa_given time is reduced, there-
by reducing the total amount of water required to saturate the égilg

Once saturated, the soil will remain so until moisture is reduced

through evapqtr;Lspiratiaﬂ'as hydraulic conductivities are low.
Additions of water to the soil while it is Zﬂ this saturated state
leads to surface ponding ™ecause of the negligible rate of deep
percolation.

This also explains why the final infiltration rates in these

soils are so low.

SEASONAL PROFILE MOISTURE

Soil moisture contents dufing the 1981 season ?EféxdiffgrEﬂt
between the three sites (Figure 10). Moisture was highest in all
the three soils'follgwing énawﬁg;t'in late April and declined sharply
during ;ost of the month of May. Between late May and early August
no significant changes were recorded until .late Au§u3§ when total

soil moisture decreased sharply so that by mid--September all profiles

recorded their lowest moisture contents fof the season. Total soil

Sites 1 and 2 were at higher moistture contents than site 3 .

throughout the season. Soil moisture contents at sites 1 and 2
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were similar during the early part of the season'untilithé August <
Sept;iber period when site 1 registered much less moisture than »
did site 2.

From the bi-weekly profile moisture readings it vﬁs observed J
that moisture contents of the B and C horizons of the soils showed
much less variations compared to the Surface iayers.

To determine to what depth down the profile variations in
moisture content occurred, the*total profile was arbitrarily divided
into three layers; layer 1 being O - 504an layer 2 teing S0 - 100
.cm and layer 3 belng 100 - 140 cm. Moisture variations in these
three layers were considered.

Of themoisture changes in the three layers for each of the
soils,layer 3 shows the least variation in moisture content durlng
the season (Flgure 11). The maximum change in moisture from that
recorded at the start of the season is 22 mm or 6% for site 1,

11 mm or 3% for site 2 and 7 mm or 2% for site 3. Thus the;e”was
little change in moisture content below the 100 cm depth.

Variations in mdisture content in the 50 - 100 cm Iaser,shbws
a maximum_;hange in moisture content of 21 mm ‘or 4% at siteml,

6 mm or 1Z at site 2 and 14 mm or 3% at site 3. Moisture content

s .
of the 50 - 100 cm layer, therefore did not Ehange v;ry much during
the 1981 cropping season. ]

The 0 - 50 cm layer showed the most change in moisture content.

"~ The maximum decrease ig moisture content shown by the site l curve

is 75 mm or 15 while site 2 shows a maximum change in moisture
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a

of 35 mm or 7% and site 3.60 mm or 12%. These observations suggest

that most of the changes in soil moisture content during the 1981

season occurred within the top 50 cm. l
A comparison af the zhaﬂges=in moisture content in the 0 -

30 cm and 30 - 50 cm layers at the three sites is presented in.

Table IX and Figure 12. The maximum change for the 1981 season

—

ite

|,.m

was 52 mm or 17% at , 28 mm or 9.5% at site 2 and 42 mm or
147 at site 3, while it was 24 mm or 122 at site 1, 100 mm or 5%
at site 2 and 19 mm or 9.5% at site 3 in the 30 - 50 c¢m layer
The contribution of the 30 - 50 cm layer to maximum moisture change
in the O - 50 cm layer during the 1981 seas;n was 317 at site 1,
27% at site 2 and 303 at site 3. Changes in moisture content in
the 30 - 50 cm layer are therefore substantial and contribute
significantly to moisture changes in the 0 - 50 cm lay and to
total profile moisture changes.

Trends in moisture content change in the O - 30 c¢m and the

- 50 cm er are illustrated in Figure 12. Moisture content
change in cﬁe 30 ;VEQ cm layer is similar but much less pronounced
compared to the O - 30 cm layer. Also illustrated is the delayed
response to soil moisture changes in the O - 30 cm layer that occurs
in the 30 - 50 cm layer.

The lack of s signi ificant change in total moisture content in
the 50 - 100 cm and the 100 - 140,cm layer of the three profiles
is due to low hydraulic conductivities which restrict downward

water drainage in these soils. The predominantly fine pore geometry
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of these soils. a result of high clay contents, may also have con-

tributed to the lack of change by restricting water vapour loss.

\;-a‘

he fact that 1981 was a rather dry year undoubtedly contributed

to the lack of changes in moisture content in the 50 to 140 cm layéf
as there was little moisture input into the soil at this depth.

Low hydraulic conductivity also contributed to the lack ﬂf significant

moisture change in these layers. Changes in moisture content record-

ed in the top 50 cm of the soils are a result of the proximity of - -

this layer to plant roots and the soil surface.

The actual change in total soil moisture content varied bétween
the three sites. Site 2 seeded with canola showed the least change
of 60 mm of water between April 27 and September 14. Site 1, seeded -
with barley, showed the most change, decreasing 85 mm in the same
period, while site 3, under alfalfa, showed a decrease of 80 mm.

The differences in profile moisture changes during the season
can be attributed to a number of factors. These may be soil, crop
or climatic factors.

The maximum water storage capacity of the soil may have
influenced soil moisture during the season. Maximum moisture con-
tents for the three sites to a 50 cm depth were determined by first
establishing maximum in situ profile moisture contents. This in
situ maximum mﬁistufé content was established by first ponding
water on the soil surface and taking readinés of wet bulk density,
using the twin probe density guage, until no more change in wet

bulk density occurred. Maximum moisture content in the profile
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was then calculated from this maximum wet bulk density using
previously determined dry profile bulk density.

The maximum moisture contents show that sites 1, 2 and 3 have
i

A .
total water storage capacities of 300 mm, 336 mm and 227 mm res-

pectively for the top 50 cm of the profile. As a result site 3
would become.saturated the quickest but the exact amount of water
required to saturate 50 cﬁ of soil depends on the field moisture
content. Since field moisture content is usually within the ava-
ilable moisture range. the amount of water reqﬁired for saturation
would bé considerable less.

Crop factors which may have influenced profile moisture in-
clude the consumptive use by the crops. Alfalfa has the highest
cgefficient 0.80 - 0.90 followed by barle;. a small grain, 0.75
- 0.85 while canola, an oilseed, had the lowest coefficient of
0.65 - 0.75 (éansen et al., 1980). From this it should héve been
expected that the alfalfa field, site 3, would lose the greatest
émount of moisture during the season and site 2, the canola field
the least, all other factors remaining the same.

Because of the difficulties involved in determining what
proportion of each precipitation event actually contributed to
soil moisture, consumptivebuse determinations for the different
periods of the 1981 season cannot be made. Thus, only consumptive
use for the month of August when no precip;;ation wag recorded

can be compared.

During this month average consumptive use for the barley crop



was 2.5 mm/day while it was 1.7 mm/day and 0.8 mm/day for the alfalfa

and canola crops respectively. That barley had the highest con-
sumptive use appears in direct contradiction of the moisture use
coefficient figures given earlier, until it is noted that the bafley
f;eld.had a higher profile moisture content at the start of this

period than did the alfalfa field. Thus the barley crop had more

available moisture at the start of this period.

in initial moisture contents. Field 3, being under alfalfa, is
likely to have had the lowest residual moisture contents at the
end of the 1980 season. This is because perennial crops use moisture

right up to the period in the fall when plant growth ceases, while

Further, perennial crops. because of their fully developed root
systems, start using moisture much earlier in the season compared

to annual crops that have to develop a root system each season

. F

*

~ cant.

| Climatic factors that may have influenéed pféiile moisture
include evapatrajspifaﬁian andiprecipitatian; In general the poten-
tial evapotranspiration at the three sites should be similar ¢on-
sidering they are relatively close together, with differences in
actugl evapotranspiration being due to different crop coefficients.
Pre¢ipi£ation, igcluding both snowmelt and rainfall, may, however,

have been different becasuse of the areal distribution pattern of
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precipitation. Precipitation may thus be a contributor t@rthe
differences in moisture between profiles.

The influence of climate on soil moisture may be interpreted
from the data in Table X which includes soil moisture content,
precipitation and evapotranspiration rates for the period April
'27 to November 2. Soil moisture content is given for the
0-50 cm layer of the soil. The precipitation and evsﬁgzganspira—
tion figures given are accumulated for each period starting the
day after the soil moisture readiné and ending on the day of the
next moisture reading.

In general evapotranspiration increased gradually in the season
from an average of 3.5 mm/day in May to a peak 6.5 mm/day in August,
then decreased to 0.7 mm/day in October. The increase in evapo-
transpiration in the first half of the season was not, however,
accompanied by a proportional decrease in profile moisture content
because precipitation moderated the influence of evapotranspiration;
In fact for brief periods of time during peak precipitation activity,
in June and July, profile moisture actually increased.

The influence of evapotranspiration is most observable during
late August and early September when no rainfall occurred. Soil
moisture content registeredfifffe sharpest decline of the season
during this period. One or- two rain shawefé during late September - .
and October are responsible for the slight inirggge in soil

moisture content shown in the last reading of the season.
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CONCLUSIONS
The water table does not contribute to the drainage problem

resulted in few seepage zones in the resgargh area. The level
1and5capég however, ﬁgﬁbined with low soil hydraulic conductivity
rates contributes to the drainage. problem by énhanéing surface
ponding.

| This current study has shown that drainage problems in the
?Elhzf area are compounded tg a large extent by unfavourable soil
physigalzpraperﬁies, High clay contents have resulted in high water’
r?tegtian capacities. High clay contents coupled with high bulk
densities have also resulted in the ‘extremely low hydraulic conduct-
ivities characteristic of these soils. Different soil physical
properties between ghe Ap and B horizons, together with the
extremely low hydraulic conductivities, especially in the under-
lying B horizons, greatly reduce infiltration, moisture redis-
tribution and percolation.

The high ﬁatg: quding capacity of these.soils means that
relatively small quantities of water aré necessary to create
saturated soil moisture conditions. Tﬁe low rates of infiltraiiﬂn.
redistribution and percolation mean that once saturated, the soils

are bound to remain

o until moisture is reduced through evapo-
transpiration. This explains why drainage prableus ariae during

snowmelt when large quantities of water are added to the séil.

The same is true during harvest when high precipitation, during
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declining evapotranspiration due to lower environment temperatures
may cause drainage and trafficability problems.

Whereas sites 1 and 2 show similar profile characteristics,
site 3 appears to be unique. Soil moisture haldiné estimates
show that site 3 holds significéﬁgly less water than do sites 1
and 2 at saturation. Thus site 3 requiresthe least amount of water
to réaﬁh saturation, Furthermore, sites 1 and 2 show distinct
differences in texture, water retention capacity, bulk density
and saturated hydraulic c®Rductivity between the Ap and the B

_horizons while differences in these properties between the Ap and
the B horizon 3?27§§§ﬁ less pronounced at site 3.

The lack of prang;naed differences in soil hydrologic properties
between the Ap and the B  horizons at site 3 means that water flow
through the Ap is at the same rate as through the B horizon.

. As a result, therefore. perched water tables, a potential problem
at sites 1 and 2. are less likely at site 3. The relatively lower
hydraulic céndu&tivitytcf the Ap horizon at site 3, however, means
that infiltration rates into this site afe lower and hence surface
ponding is more likely. .

Cultivation practices pay be among the possible reasons for

the lack of a pronounced difference between the Ap and éhe B

horizon at site 3. Practices that bring to the surface high clay

fé gignéigl which mix with and give the Ap horizon properties similar .
to the B horizon may be one reason. Less disturbance of this

site during the past four years fhat it has been under alfalfa may

*
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have allawedﬁthg Ap to cansglidate. reverting to structure 5§milar

to the B horizon and thus having properties similar to it

Management practices. both crops grown and cultivation practices,
used during the period this field has been farmed may also have
contributed to the similar properties between the Ap and the B

horizon.
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"‘POTENTIAL SOLUTIONS TO THE
DRAINAGE PROBLEM AT FALHER

DRAINAGE

One possible solution to the drainage problem in Falher is sub-
Surface drainage. Subsunface drain nage has a numﬁer of advantages over
other drainage systEﬁa, Subsurface drains are installed deep enough
in the soil that thedrains do not interfere with field operations.

Once properly installed, subsurface drains require little maintenance

Subsu:face d:alﬂs have another advantage over surface drains; they
increase the root zone by effectively draining excess moisture from the
soil above the depth of installation.
The deslgn of an effecﬁlve subsurface drainage system. however. is

greatly dependent on the soil ‘s hydraulic conductivity. When hydraulia

onductivity is high drains can be deeply laid and widely spaced. When
hydraulic conductivities are low. drains have to be placed at shallow
depths and zlasely spaced to be effective. With hydraullc condugtivities

spaced. while the fact that hydraulic ;endu;tivities decrease with depth

ness. The very high cost associated with such a system may not be justi-
fiable at Falher

Potential silt and clay clogging of drains in these high clay and

silt soils is likely to reduce a subburface system's effectivenesé and

life while increasing its maintenance costs.
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' Based on the findings of this study. a possible solution worthy of
investigation'is the use of mole drainsf Mole drains are pafticularly'
suited to high clay soils vith‘lov permeability iniihé upper 13yersranﬂ
impervious subsoils (Raadsma. 1974). Mole drains have the advantagetthaé
they can be constructed just below the relevant root déﬁéh allowing faster
drainage of the root zone.: »

Mole drains may have relatively short life spans of 3-15 years and
may have to be closely spaced; however, becggse of their low cost and
ease of construction (the farmer can incorporste the construction ﬂg‘gale; :
in his field preparation every few years). they may be a viable vengufe:
Surface drains may prove useful in reqédyiﬂg the drainége prableg:
in Falher because they are well suited to the rapid removal of large
quaﬁtities of water (Houston. 1967). fhe}'are relatively simple to con-
struct. To be successful,.howeQer..they require ﬁhgt there be some Slcpe. :
to the land. This may be a limitation in Falher where the land is
level. The lack of natural outlets would necessitsdte the artifical con-
vstructioﬁ of these to carry away the water, an expensive undertaking that
would also be taking land out ofgproduction. 7
Oben ditqh drains also have the potential Ea!encgufage soil e;asia%f
in high silt andAclay soils such as are found at-Falhgri Surface drains
would thus have to be Earefuliy and caukiously constructed and :ged. -
Even though surface drains may be effective in the removal of p@hded
surface water. they are not effective in réduciﬂg excessive water
in the soi}.. The removal of tﬁis excessive watef from the soil is Eéééﬂe

tial to solving the drainage problem completely. Surface drains would

have to be coupled with some other drainage system to reduce moisture
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within the soil to solve the drainage problem in Falher.
Surface drains have other disadvantages hich may discourage their
(M
use. They take land out of production and also impede farm mach-

inery movement.

DEEP PLOWING

where a surface or subsurface layer of low hydraulic conductivity
is the major impediment to redistribution and percolation. Under
such conditions, thé breaking up of this low permeability layer
py d;Lp plowing may alleviate the‘drainage pgablém.

Deep plowing of these soils may indeed increase the root zone
and.thus actually increase the amaount of water in the soil at
and thus reduce chances of trafficability problems in these soils.
However, deep plowing these soils is unlikely to increase the rate
of draiﬁage out of the profile because the water flow impeding layer
extehds'ﬁeyondlﬂaiths that can be practically deep plowed and also

because the hydraulic conductivities of these soils decrease with
. o 4\
depth.

Other problems may also arise as a result of deep plowing.

the surface horizon material reducing the hydraulic conductivity

of the A horizon and resulting in' lower infiltration rates. High

clay B horizon material may also affect the tilth ofvthe soil

'

wh



making the soils more difficult to work while wet.

oil chemistry, espec-

Thaugh not investigated in this study,
ially sall salinity and the exchangeable cations, may have a pro-
found influence on soil structure and hence on water movement

 and Hg contents would have to

through soils. Soil Na‘t , Ca
be determined for the different horizons before deep plowing could
be considered as a solution in Falher.

MANAGEMENT PRACTICES

The modification nf management practices perhaps offers the

‘most economical and practical solution to the drainage problem in

[
"

Lo

Falher. Modification of cultivation préctigesi the time of plowing,
the depth of cultivation, the change in equipment used may all help
lower s0il moisture. Cropping rotations and crops grown may also

have an influence on soil moisture status. Cultivation practices

. and cropping patterns that reduce moisture should be adopted.



Considering that 1981 was an unusually dry year in the Peace
River region, further investigation during an exceedingly wet year
may prove instructional in evaluating the extent of the drainage
problem more fully under fiéld conditions.

The areal extent of soil physical property variability within

El

and between fields in the study area should be investigated by
monitoring more sites. :

Studies should be undertaken to establish at what moisture
contents trafficability becomes a prﬂblem‘and at what moisture
contents crop growth begins to suffer. Using these moisture contents,
it should then be possible to predict which precipitation events
are likely to cause draiﬁageiprabLEEQi Such iﬁfnr:étian is vital
in the design of effective drainage systems.

The unique nature of site 3 soil physical properties raises

the possibility that cultivation practices or the lack thereof may

the physical properties of the soil should be conducted. The
effect of zero tillage and the possibility that this may result
in the soil reconsolidating to its original massive structure
should be investigated. The effect of different plowing depths
including deep plowing should be studied as should the number of
cultivation runs.

The growing of high water using perennial forages should be
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investigated as this may help maintain lower profile moisture
contents. Continuous growing crops in the field and”eliminating
fallow in the cropping rotation may be useful in maintaining lower

*
s0il moisture contents as well.
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