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ABSTRACT

Morphological, micromorphological and analytical features of deep
plowed Solonetzic and related soils were evaluated at several locations in

east-central Alberta. Emphasis was placed on tilth related features of

Ap horizons. ' f

The majority of soils examined were classified ln the Solonetz
order. Where relief was hurﬁmocxy, however, a substantial poArtion of
the soils observed were Chernozemic. In most instances the Ap horizon

‘ of the no'rmal’ly tilled soils was granular in structure and fell into the
mul'lgranic/mulIgrénoidic fabric' sequence. At one location the Ap
' h'orizon was mullgranoidic iunctic in composition. Eluvial horizons, where
* present, exhibited banded fabrics.' Transitional AB horlzons exhibited
blocky structures and, mlcromorphologlcally, were porphyroskehc with
insepic plasma separations. Humified organic matter was frequently
observed in .the AB horizons, and may be a relic of previous Na—humaté
trénslocation or may reflect current humification of this zone, B
horizons were‘typically. porphyroskelic ‘with a variety of observed
pla;'s'ma fabrics: mosepic, masepic or skelse.pic plasma separations, or a
conmbination of the three were predominant‘ within the s-matrix. A
tendency towards highér plasma concentrations with debth suggests
s.olo.dization is occurring in the upper B hor:zons . The blocky
mesostructure of the ‘B horizons was reﬂected in thelobservatlon of
craze, skew and Jomt blanes separating adjacent units.

Deep plowing resulted in redistribution of genetic materials and

»-created a unique soil fabric in the Ap horlzon Mullgranic//
mullqranondlc materlal was mlxed with porphyroskehc materlal to produce

£
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.mixed complex'mullgranoidicf'//porphyroskelic fabrics to minimum depths
of 75 mm. At greater depths intact zones, of the two modal fabrics were
observed,

The new fabrlc in the Ap horizons of the deep plowed soils has
many characterlstlcs dlstmctly different from the soil fabric present in
the normally tilled soils. Inclusion. of the porphyroskellc B horlzon
material .was reflected in hlqher \values of Ca +, Mg2+ and Na' ,
particularly in the Solonetzic soils examined. Exchange acidity and soil
reaction were appreciably altered by deep plowing. Total C and total N
were significantly lower 'in the deep plowedl Ap. horizons. The deep
plowed Ap horizons had higner,total clay and fine clay conlents with
the increase in both these constituents primarily refleeting an increase
“in ’ehe smectite component of the phyllosilicates.

Tilth related properties were altered by deep plowing. Modulus of
ruptLre was significantly hlgher in the deep plowed Ap horlzons at
s:tes dominated by Solonetzic sonls Mean weight dlameter ‘and
aégregate stabllitygenerally decreased upon deep plowing. The plastic
limit was significantly lower on the deep plowed soils which resulted in
an increased plasticity index.

Response of various crops to deep plowing was evaluated on the
various geomorphlc soil sequences observed. Response of wheat, oats
and barley was generally positive at all locatlons however, then degree

- of - response -was greater where Solonetzic soils dominated the landscape.
(: A higher soil reaction and reduced exchange acidity is implicated in

crop 'response phenomenon; other chemical criteria were generally

rinadequate in explaining crop response. Changes in the soil-water-plant

S0
P

regime are implicated in contributing to crop response, however, this
area requires further research under Alberta dryland conditions.

v
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1. INTRODUCTION

Deep plowing evolved as a means for improving the productivity of
Solonetzic_ soils" during the 1950's in the USSR (Botov, 1.959) and
shortly thereafter the practice was transferred to North America
(Cairns, 1962; Pair and Lewis, 1960). Since .the mid-1970's deep
plowing has been widely used in parts of Alberta, primarily on a test
‘basis, to evaluate its feasibility for widespread use (Hermans, 1981).

Many studies have been conducted on deep plowed Solonétzic soils

in Nbrtﬁ America, mc')'st of which revolve around elucidating mechanisms
or factors contributing to crop response. Improved soil-—water—rl)lant
relationships are implicated in crop response phenomenon (Cary et al.,
1967; Eck and Taylor, 1969; Mech et al., 1967; Rasm’ussen e_t_a_l.,\ 1972)
as are changes in soil chemical constituents (Cairns, 1972a, 1972bx;
Harker et al., 1977; Lavado and Cairns, 1980). Criteria used thus far,
however, appeér to have met with limited success in predicting crop’
re,sp‘onse.
) In Europe several criteria are used to evaluate the ameliorative
potential and methods of ameliorating Solonetzic ,séils. Criteria are
primarily morphometric and analytical in nature, but in all instances
they reflect the soil classification system under use (Obrejanu and
'Sandu, 1971; Pak, 1971; Szabolcs, 1967, 1971). " In essence they
observe the evolutionary stage (and thus classification) of a soil,
evaluate it in terms of their know[edge of the evolutionary sequence,
and make recommendations on this basis.

A portion of this studyv is devoted to an analysis of tI'%e geomorphic

soil sequence present, as evaluatéd by morphological, micromorphological



N |
and chemical techniques. The sum of these properties, namely the

élassific%tion of the soil(s), is believed to be related to crop response
upon deep plowing. Thus, a portion of thi‘s study’ is also devoted to
an analysis of crop response to deep plowing, as related to the
geo.morphic soil sequence present. |

Studies conducted thus Afar on deep plowed Solonetzic soils indicate
relatively pronounced- changes m‘ay occur within the Ap horizons.
Frequently, an undesirable physical cczndition (poor tilth) s
encountered (Bo‘wser‘and Cairns, 1967; Cairns, 1976a: Lavado and
Cavirnsv, 1980):. conditions which are potentially deleterious to crob
growth., Several authors (Cairns, 1976a; Mech et al., 1967) point out
the importance of developing management practices designed to cope
with, or improve, the resultant physical condition in the seedbed of
deep plowed soils. A portion of this study is further devoted to
characterization of physical properties of deep plowed Ap horizons, as
they reflect soil tilth. Although tilth is expressed in terms of physical
conditions, chemical and mineralogical characteristics may also influence
“the tilth of a soil.' Thus, chemical and mineralogical characteristics and

» their relationship to physical conditions are also evaluated.



2. AN OVERVIEW OF SOLONETZIC SOILS

2.1 Genesis of Solonetzic Soils

Classical theories on the genesis of Solonetzic soils were advanced
by Gedroits (1912, as cited by Pawluk, 1982) and dé Sigmond (1938)
and since have been refined by many researchers. Three _class.i'ckal'
procésses _havel been ident{ified; narﬁely salinization, solonization and .
solodization. Although not necéssarily exclusive of one another, these
processes form a convenient basis for explaining Solonetz forming
processes (Pawluk, 1982). Figure 1 is a schematic représe:ntation'of
prof’ >s and processes in the Solonetz evolutionary sequence.

.

2.1.1 Salinization

Solonetzic soils are believed to-have developed from parent material
which became salinized through the influence‘of shallow groundwater.
Salinization likely occurred dur_fng the recession of the last Wisconsin
glaciation, as excess meltwater gave rise to fairly extensive
groundwater flow sysfems (Pavx)luk, 1978). Within most Solonetzic
areas‘,' groundwater flow is through sedimentary éeposits of marine or
brackish origin which are generally overlain by thin morginal deposits
(Odynsky, 1945). Providing the flow systemsv are fairly extensive and
deep (intermediate or regional flow ‘systems, as defined by Toth, 1963)
large quantities of salt are dissoived and transported along the flow
path. Groundwater composition is variable, however, in ex cnsive flow
systems Na® and SOZ— tend to predominate in discharge areas
(Cheboratev, 1955; Le Breton and Jonés, 1963; Pawiuk, 1978).

Groundwater response to anistrbpy and/or hydraulic pressure

-
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vo.,

wnthln the flow media results in discharqe of saline groundwater at or

near the

'soil surface. Contlnued hydraulic discharge or upward

capiiiary movement driven by evaporation results in concentration of .

salts at the ground surface

-

2.1.2 Solonization

| Pawluk (1982) lists three prerequisites for Solonetzic soils to form

from an_initially salinized parent material:

(1)

The accumulated soluble . salts must contain an apprecnable.

' amount of Na -

(2)

(3)

Expansible clay minerals must be present"in sufficient
quantities.

Desalinization must occur gradually

“De Sigmond (1938) flrst . postulated that exchangeable Na* Ieveis

must be 12 to 15% or more. of the total exchangeable catlons for- the

formation

(Dahlman,

.of So.lone/tzvc soils. Levels of exchanqeabie Na as low as 7%

1965) and 5 to 8% (Szabolcs, 1965) may affect the colloudal-

activity of clays. Exchangeable M_cj'2 has been observed in hlgh levels

in Solbnetzic_ soils with ' otherwise uniformiy low exchangeable Na*

(Bent_ley and"Rvost, 1947; Ehrlich and Smith' 1958; E”IS and Caldwell,

' 7
1935; Kelley, 1934; Kellogg, 1934; Mltchell and Riechen 1937; Reeder

and Odynsky, 1964; and others), however, the exact‘ rote of Mgz+-is at

oresent controversial. Regardless of which cations are involved, they -

must adversely affect the stability of the clay-water system,

The effect which various cations have on the,clay-water' system is

il

largely dependent upon the suite of clay minerals present. ‘Expansible

phyllosnlicates are particularly susceptlble to swellmg and dlSDEFSIOH



\

under the influence of Na+. At low electrolyte concentrations and low
to moderate ESP levels (1b to 30%) montmorillonite and vermiculite are
particularly susceptible to dlSpersmn and movement relatlve to kaolinite
‘ (Frenkel et al., 1978). Smectlte minerals are commonly high and
,‘frequentlyr the do'minent. phyllosilicates in parenf mater:els and/or
Solonetzic soils in Alberta (Arshad and».Pavsrluk, 1966b Brunelle et al
19?6- Dudas and Pawluk, 1982 Pawluk and Bayrock 1969), in tho
northwestern United States (Sandoval and Relchman L1971)' and in the
USSR (Travmkova : 1976) Although expan’sib_l_L' ph‘y'llosil'iéates
suffncnently high in exchangeable Na may be présent, disbersion and
particle migration is minimal in the presence of seil solutio’n'high in
electrolyte (Frenke!l et al., 1978; McNeal ‘et _a_l_ 1966; Rowell, 1963;
Rowell elgl_., 1969); hence, the requirement for desalinization.

Desalinization is thought to have occurred as a resqlt of two
concurrent processes, namely, .improved drainage throug.h' the -
development of in‘tegr'ate]d'sinks and a shift tewards a more humid
climatek (Pawlu'k, 1982). The 'former reduces the degree of .influence of
sai...e groundwaters While.the latter reduces upward capillary salt flux
and promotes leaching.

With these three prerequ15|tes met the stage for solo?nzatlon is set
As downward. -leaching contmues the electrolyte concentration becomes
sufficiently low jo/;[bromote clay dispersion and translocation. The
»crltlcal electrolyte Ievel where clay dlsperses is highly dependent upon
both‘the mmeraloqlcal composntlon and exchangeable cation suite.
De Sigmond (1938) reports total salt levels from 0.10 t7‘ 0.15% will result
in dlspersion if‘ESP is in the range of 12 to 15%. R well et al. (1969j

report electrolyte concentrations from ‘10—1 to 103 moles/L for ESP's



ranging. from- 70 to 50%, respeétively, will result in suspension -
dispersion of montmorillonitic soils.
Concurrent with dispersion is alkaline hydrolysis, 'according to ‘the
'~following reaction (Ba.<had, 1960):
Na-clay + HOH ==H-clay + NaOH
NaOH + CO; == Na* + HCO,~
Under the resultant alkaline énvironment dissolved and peptized organic
matter is leached along with clays to form a dark stained, columnar B
horizon. “ |
Maintenance of relatively high Na® .concentrations in the- .soi‘l
solution .and on the éxchaﬁge cdmpléx will continue to ' promote
dispersion and eluviation/illuviation. Sodijum, howeve:‘, is preferentially
leached relative to other- (':om.mon' cations ~uch that some mechanism must
bé, present to‘reri.‘rifr_oduce Na* and maintain a dispersed soil system.
Gradual desalinization. is believed responsible for repeated Na* recha}'ge
into the upper solum. Assuming continuity is ‘maintained between the
water table and‘ the s'oii surface, Na® will accumulate during‘ dry peri_odws
of high matric potential at the soil surface (due to evapotranspiration or
fréezi,ng), ‘while Na+ and clays will be leached duﬁ\in@ periods of high

‘ . Lo \ ]
precipitation (Szabolcs, 1971; Landsburg, 1981). Under such conditions

strong eluvial/illuvial features may develop.

2.1.3  Solodization o L
Sclodization, or the breakdown of the B‘\‘: horizon, is though;t to

occur as a consequence of diminishing groundwater influé_nég within the

soil soium. Thfs may result from a continued drop in the water table

énd/or textural differences between Ae and Bnt‘ horizons *which. reduce

2



the potential for capilldry rise of :iﬁaline groundwaters (de Sigménd,
1 1938; Landsburg, 1981: Szabolecs, 1971). In ‘either case disconnéction
of groundwater from the upper solum reduces the amount of Na+
recharged thereby increasing ne.'t Iéachiﬁg of Na®.

After Na* removal\ becomes significant alkaline hydrolysis decreases
in intensity and alkaline products are leached. A mildly acidic chemical
regime develéps (de Siamond, 1938) which is more favomjrable to
vegetative growth. Increased vegetative growth intensifies Ca2+ cycling
from lower in the solum to the soil surfa;:e (calcification, Pawluk and
Dumanski,‘ 1969). This further enhances Na® removal. Humification of
the surface horizon(s) is concurrent with increased vegetative growth
(Pawluk and Dumanski, 1969).

Calcification and humification gradually result in (Bowser, 1961:
Pawluk and Dumanski, 1969; de Sigmond, 1938): " |

(1) Bréakdown of the ‘columnar str‘ucturé and development of-.a

blocky merrsostruc‘ture.

(2) Humification of eluvial horizons, if present.

(3) Grad‘ual thickening of the A horizon at the expense of the B

horizon.

(4) Development - 12 'Li':%rjsitiénal‘AB horizpn in place of the t'op

of the weathered Bnt horizon.
The degree of expression of any of the ab9ve features will depend upon
the amount of solodization thatl has taken place; that is, consideration
for the length of time as well as the overall intensity. The soil thus
evolves through the Solodized Solonetz—Solod—Solonetzic Chernozem
sequAence és groundwater influence decreases, desalinization continues

and calcification and humification increase in intensity.



2.2 Properties of Solonetzic Soils

-

There are a number of stages which may be observed within the
evolutionary sequence of Solonetzic soils, with each stage expected to

reflect somewhat different properties. This, combined with a variety of

’

parent materials from which Solonetz soils form results in a diverse

array of morphological, physical, chemical and phyéicochmical

\

properties.  Only a brief account of properties is given here, “More

detailed accounts of various features are outlined in subsequent

chapters,

2.2.1 Morphological Features

A unifying feature common to all Solonetzic soils is the Solonetz B
horizon.  This horizon ge\ne}raily has a columnar or vprismatic structure
and may have a blocky mesostructure. When dry it is hard to
extremely hard and when wet it is plastic and stlcky (Can. Soil Surv.
Comm., 1978). Ped surfaces are frequently stained with ‘illuvial
Na—humémtes. Rooting patterns tend to be exped unless the $oil is in an
advaﬁced ﬁtage of soledization (Bowser, 1961).

Morphological features of the A hor . on are diverse. Thickness is
highly variablé and to a large -extent is governed by groundwater
conditions and relief. Shallow grouhdwater- tables and steep slopes
result in thin A horizons by limiting the depth of pedogenic processes-
and bv soil removal. through erosion, respectively. Mull Ah horlzons
with granular structure and soft or friable consistence aré present in
.parkland and grassiand ecosystems except on severely eroded soils.
Platy Ae horizons with soft consistence are frequently encountered.

Horizon boundaries between Ae and Bnt horizons are commonly abrupt.
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Transitional AB horizons are usually present in the latter stages‘of
development. Coloyrs of the AB are similar to the overlying Ae while
structure is generally similar to the blocky mesostructure observed in
the Bnt below.

C horizons are massive and saline. Carbonates, salt crystals and

gypsum rosettes are normally, though not always, encountered.

2.2.2 Chemical -Properties .

Since Solonetzic soils were at one time salinized, soluble salt
content is generally higher tﬁén‘ in associated Cl;ernozemic soils.
Distribution of salts with depth depends upon the balance between rate
of leaching and groundwater introduction. As solodization proceeds the
depth to which salts are leached increases (Bowser, 1961); _hence, the
depth to a saline horizon generally increases (within a given climatic
zone) fhrough the sequence Solonetz Solodizéd Solonetz Solod.
Bowser. et al. (1962) report low electrical condﬁctivity (EC) values in ‘A
and B horizons.of Solods and Chernozemic soils, with somewhat higher
EC values in the B horizons of Solonetz and Solodized Solonetz soils
(~see Figure 2). Higher EC values were also found in the C horizons of
the Solonetzic soils as compared with the ‘associated Chernozemic soils. .
Similar findings have been reported elsewhere (Arshad and Pawluk,
1966a; Bentley and Rost, 1947; Landsburg, 1981: MacLeéh and Pawluk,
1975; Sandoval and Reichman, 1971), '

Qualitative differences in.the soil chemical suite are also presnt in
different horizons at different genetic stages. iBoth soluble and
exchangeable Na¥ increase with cepth in Solonetzic soils (Fi“gures 3 and .

2

4, respectively). Maximum accumulation of soluble Na, relative to other
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cations, generally correspond to zbnes of maximum salt concent.ration
(Bowser et al., 1962; Sandoval and Reichman, 1971). Likewise, soluble
ca?* tends to increase with depth and attain a maximum . in saline
horizons. Values for Ca2+, however, are generally lower than those for
Na® because of the lower solubility of cal? salts. Magnesium‘ﬁormally
exhibits trends similar to Ca2+, although at lower concentrations.
Exchangeable K" is low and uniformly distributed with depth (Arshad
and Pawluk, 1966a) with solubl‘e K+ exhibiting similar trends.

Sulfate is by far the dominant anion reported in North ™ America
- (Arshad an.d- Pawluk, 1966a; Bowser et al., 1962; Sandov&l and

Reichman, 1971). European studies, however, frequently make

reference to appreciable amounts of cog', HCO; and Cl  relative to

2~

i (Sokoldv and Kotin, 1961; Tursina, 1961; Szabolcs, 1965, 1971).

SO

Soil reaction is variable and also reflects the evolutionary stages of
soil genesis. An alkaline pH in the A horizon is indicative of shallow
groundwater and minimal profile devglopment (Pawluk and Dumaﬁski,
1969). Acid conditions, whether‘measured by soil reaction (Figure 5)

or exchange acidity are more frequently encountered in the A horizon

and are associated with more advanced profile development. B and C

~

horizons are weak to moderately alkaline, the former generally more so
th.an the latter (de Sigmond, 1938: Bowser g_’g_'_a_l_., 1962; Pawluk and

Dumanski, 1969; Szabolcs, 1971).

2.2.3° Mineralogical Properties

Mineralogical properties of Solonefzic soils are also variable. The
most important property, that of clay mineralogy, will be the only

mineralogical fraction discussed. Pawluk (1982) suggests an appreciable
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amount of expansible clay minerals'must be pfesent for‘ Solonetzic soils
to form. A considerable amount of research supports this view point.

Van Schaik and Pawluk (1978) report approximately 50% of the totaI.
clay fraction in the C horizons of | some Solonetzic soils s

ra!

montmorillonite. lite further comprises 25 to 30%. Corresponding
values reported by Arshad and Pawluk (1966b) for C horizons are 40
and 25%, respectively, Similar values for montmorillonite are also

reported by Brunelle _e_t(a_l (1976). .
o ,

Mica and/or kaolinite have been reported as subdominant
phyllosilicates (Arshad, 1964: Mathieu, 1960; Sandoval and Reichman,
1971). .On account of its ubiquitous natulre, clay sized quartz is also
present (Arshad, 1964; Brunnelle g_t__zﬂ., 1976).

Size and-charge density"of phylloéilicates to a large extent govern
their distribution with depth in Solonetzic soils. Smectite minerals are
expaﬁsible, smaller in size and higher in cvharge density and therefore
are more susceptible to dispersion and migration under the inﬂuénce of
Na®. Brunelle et al. (1976) report as much as 35% more montmorillonite
in Bnt horizons than in overlying eluvial horizons. In most cases
montmorillonite was higher in Bnt than in the underlying C horizons.
Higher illite content in the A and B hoirzons relative to the C_ horizon
suggested illitization had occurred. The remaining «<lay fraction
consisted of kaolinite, chlorite, amorphous material and quartz. These
components were higher in t;luvial horizons, "which suggests their

. \ . . .
increase is. due to negative enrichment.
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2.2.4 Physical Properties

To a large extent physical properties of Solonetzic soils result from
interactions_ between the soil chemical and mineralogical suites. The
simple fact that exchangeable Na* promotes swelling and dispersion of
smectite minerals results in many uni'que characteristic fea.;Unés'.

The most obvious physical feature is particle size distribution
(Figure 6). ‘Textural differences between A and B horizons Qenerally
increase from‘ Solonetz to Sclodized Sélonetz stages. Differences in clay
content as great as. 28% have been reported between Ae and Bnt
horizons of Solodized Solonetz soils (Bowser et al., 1962). Differences
in clay content between A and B horizons for‘Solod‘ized Solonetz as
compared to Solods is not as pronounced; although illuviation tends to
occur further down the pedon and become distributed over a wider
depth (Bowser et al., 1962)..

Preferential movement of the fine clay fraction appears to occur
relative to the coarse clay fraction. _ quser et al. (1962) and Brunelle
et al. (1976) report more pronounced differences in fine clay content
than total.clay content between horizons, .In some instances three times
as much fine clay was found in ént horizons than in overlying Ae
horizons. Fine clay within the Bnt was freque‘ntly found in quantities
d;)uble that of the U_nderlying C.

Clay illuviation and ‘resulta_nt shrink-swell cycles are undoubtedly
responsible, in part, for high bulk"densities in Sélonetzic B hérizons.
Arshad (196!4), Brunelle et a_l. (1976) and Maclean and. Pawluk (1975)
all report substantially higher bulk dens'ity values in Bnt horizons
compared to overlying A horizons (see Figure 7). Bulk density

differences between B and C horizons are generally less pronounced.
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Solonetzic and an associated Chernozemic soil
(After Bowser et al 1962).
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Hydraulic conductivity of Solonetzic B -horizons is variable and

f
- somewhat reflects the degree of “solodization: - values, however, are
generally much lower than those for Chernozemic B horizons (Bowser et

al., 1962, Figure 8). Stratified according to horizons, hydraulic

[

conductivities generally follovi/ a sequéncg_ A>C>B, although exceptions
do occur (van thaik and Pawluk, 1978). Anistropy\may be present,
particule;-rly in Ae horizons, -Develcipment of a pléity structure results
in a mari;ed preference ‘for lateral flow relative to vertical fiow
“'(Landsbvurg, '1981).

-

2.3 Classification of Solonetzic and Related Soils

Classification of salt affected so’ilsl, particuiarly those affected by
sodiurri:, is variable and to a large extent depends upon the reasons for
dev‘éloping such a classification system. Most cl/ass,iﬁc’aiion systems

~have a genetic bi"as:A that is, they desc~rib'é soil clg§sg$ as they refiéct
soil genetic horizons whicii evolve through specific soil forming
proces;ses. On the other hand, some classification systems _chziracterize
soi‘l properties in light of agronomic use. In some instances the Fwo o
'm'erge to form a system based on common origin, yet with ’the poteniial
for assessing agricultural utilizatiop. A brief discussion of the major

classification schemes dealing with salt and/or- sodium . affected soils

. o P
foliows. T

2.3.1 Canadian Taxonomy
" In the Canadian soil classification scheme (Can. Soil Surkr. Comm.,
1978i the definition of the Solonetz order is based on 'B horizon

properties; The Solonetzic B horizon "has columnar or prismatic
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structure, is hard to extremely Hard when dry, and has a ratio of
exchangeable ca’t to Na® of 10 or less". Although chemical criteria are
somewhat différent than those of other classification éystems, the
morphological simi‘larity is relatively consistent.

Differentiation into great groups is based on the degree of
expressionv]of eluvial (Ae) horizons and disintegration of the upper Bnt
horizon. /IGr'eat groups recogni\ied are Solonetz, Solodized Solonetz and

Solod.  Horizén sequences for these groups are, respectively: no

pronounced Ae horizon (<2 cm thick); an Ae horizon =2 cm thick: and

‘an Ae horizon ‘at least 2 cm thick with a distinct »transitionaI-AB or BA

v

horizon. In essence the great groups reflect evolutionary stages.

Recognition of an Ae horizon, followed by a transitional AB (or BA)

hbrizon, is intended to reflect the deg.ree of solodization.

J

Subgroup differentiation primarily reflects climatic/vegetative

zonation and ' groundwater regime. Surface colour and . depth to

@

mottle/gley features, respectively, are used .to delineate subgroups. In

one instance chemical criteria are used for recognition of a subgroup:

)

i

the Alkaline Solonetz has a :surface pH 8.5. . <«

W
f:}/ "‘g—y

©2.3%2 United States Classification

2.3.2.1 U.S. Soil Survey Staff

‘The soil taxonomic system used in the United(‘ States (U.g. Soil
Survey éta_ff, 1975) does not recognize salt'éffecfed soils. at a high
level of abstraction. Salt affected soils are those which contain salic,
gypsic or natric horiz'{(j)‘ns, the presence of which is recognized at the

great group level,

« Salic horizons, generally, are horizons which contain secondary

a
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enrichment of salts more soluble fhan gypsum. Gypsic,horizons are
similar, except the secondary enrichment is in’ the erm of gypsum,
Natric horizons have an SAR>13 (or ESPZ?S). and thcy exhibit
prismatic, columnar or, rarely, bll/ocky structures. lﬁ most ins:ca’nces it
appears the natric horizoﬁ is very similar to the Solonetzic B horizon as
defined by the Canada Soil Survey Commiittee (1978). More complete

definitions of these horizons can be found in the source material (U.S.

Soil Survey Staff, 1975).

2.3.2.2 U.S. Salinity Laboratory Staff

Classification of salt affected soils under this system results in
three groupings (U.S. Salinity Laboratory Staff, 1954) b.ased.on soil
chemical properties. Saline, saline-sodic “and sodic groups are

recognized. Differentiation is based on those criteria given in Table 1,

Table 1.  Chemical classification of salt affected soils (after U.S.
Salinity Laboratory Staff, 1954). '

Classification

Property Saline ~ Saline-Sodic 4 Sodic
EC (mS/cm)1 >4 >4 ' <y
ESP <18 >15  >15
pH? < 8.5 < 8.5 © >8.5

1Elec’crical conductivity of saturation extract at 25°C.

sz values are genér‘al, rather than critical limits.
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Saline.soils are frequently recdgnized by the presence \of white salt
crusts on the soil surface.. The dominant soluble salt is rarely Na+,
'with" the dominant anions being CI” and Sbi‘. Low solubility salts,
such as gypsum and alkaline carbonates may also be present. These
soils are generally well flocculated and permeable because of the
presence of excess electrolyte. |

Saline—sodic‘ soils are similar to salinel soils in properties and
éomposition except for the presence of appreciable Na+. Reclamation of
these soils requires removal. of Na® concurrently with the removal of

N
excess salts to pre\vent de:ceriorati(_)n of soil structure and soil
permeability.
<+ Sodic soils differ from tﬁe previous two in héQing a low electrolyte
concentration (EC<4). High Na+, over time, results in distinctive

eluvial/illuvial horizons and a columnar or prismatic B horizon of low

pérrﬁéability. Sodium is usually the dominant soluble cation.

i
/
/
s

2.3.3 Sodium Affected Soils of Hungary

In 1938 de Sigmond advanced a comprehensive classification system .
for sodium affected soils in_ Hungary. Those soils affec‘ted by Na'™ are
,grouped into a specific order and\are subdivided on the basis of
chemical and morphological criteria és they reflect genetic proceéseé.
Subdivision results in five "main tybés": Saline soils, -Salty Alkali
soils, Leached Alkali soils, Degraded A_Ikali soils énd Regraded Alkali
soils., Further differentiation into "éub—types" is also‘based on

<

morphological and chemical criteria. A breakdown.is given in Table 2.

According to de Sigmond saline soils contain excess soluble salts

and consist primarily of Na® and Mg2+ in variable combination with
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2= co? and HCO;. Profile development is weak and is

v 3

maintained by poor internal drainage or min .nal- leaching. Vegetation is

Cl, SO

typically halophytic. Division into sub-types isvbased on the auality of
anjonic constituents (Table 2). . |

Salty Aikali soils are similar in that profile —development is
generally weak, although distinct eluvial and iIIuQial horizons are
occasionally present. Exchangeable Na® is >12% and total Na® is> 0.20%.
Permeability of these soils is variable, with the more permeable members
being lower in exchangeable Na. Vegetative cover is. similar to that of
saline soils. _ “ {

Leached Alkali soils follow in sequence as\ le‘achiné"; and lsalt removal
continue. The B horizon has a well defined columnar structure and
eluvial/illuvial horizons are pronounced. Total soluble salt content is
- low except in the lower horizons while exchangeable Na® content remains
high in the upper horizons. C horizons are typically stratified on the
basis of accumulations of carbonates or gypsum: the former.occu‘rs at
‘greater depths due to lower solubility and a net downward movement.
The D horizon (presumably "unsltered" parent rock) ‘is normally gleyed.
Vegetation tends to be xerophytic as opposed to hallophytic because of
decreasing salt content and moisture stress.

Degraded Alkali soils have thick A1 (Ah). and‘)A2 (Ae) horizons.
Sodium is iost from the upper solum, being displaced by H* which
results in an acid reaction. The columnar structure breaks down into
"r'wut—like clods" and is not as éistinct as in the Leached Alkali soils.
Mottled and gleyed horizons, m-ar'king v>vater—tab-le fluctuations, are
frequently encountered in the subsoil. |

Regraded Salty Alkali soils are those affec.ted" by secondary
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salinization, Morphoiogical and physical characteristics are similar to
those of Leached Alkali or. Degraded Alkali soils with the exception that
\morphologlcal features may be weakly expressed. Accor'ding to
de Sigmond these soils have undesirableiproperties associated with both
high salt status and undesirable physical properties,

A modified classification system, having a>genetic and agronomic
bias, is reported by Abraham and Bocskai (1971). Solonetz soils have
been subdivided into five major soil cateqories (soil types) according to
morphological and chemical criteria. The five t;/pes recognize.d aré
Solonchak-Solonetz soils, Meadow Solonetz soilé,’ Meadow Solonetz

~turn‘ing into “Steppe soils, Solonized Meadow soils and Solod soils.
Chemical limits fo;- the five soil types are given in Table 3.

Solonchak~Solonetz soils have weakly developed columna‘r B
‘horizons, are high in éalt stroncly alkallne in reaction and are
characterized by shallow water tables. Differentiation into subtypes is
based on the dominant anion(s) present, as given in Table 4. -

Meadow Solonetz soils are characterized by:-: a distinct eluvial A
hori;\on of variable thickness; a columnar B horizon with a minimum ESP

\(;value of 15 or 25, depending updn depth; and C horizons which
frequently contain accumulations ot;: lime aﬁd occasionally exhibit gley .
features. Water soluble salt content is generally low in the A horizon
but increases with depth. Subtypes are differentiated on the.basis of
A horiéon thickness, as indicated in Table 5. Variants are further
recognized accordlng to salt quantity and composition, Thickﬁess of
‘the A horizon is deemed as important criteria for subdivision. Near
neutral pH values (6.2 to 7.5) combined with low Na® and low total salt

content result in a medium more condusive to plant growth. Hence, as

-
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Table 3. Major chamical features of Solonetznc soils in Hungary (From
Abraham and Bocskai, 1971),

For Table 3 see;

Abraham, L. and Bocskai, J. 1971. The utilization and amelioration of
Solonetz soils in Hungary. p. 69 In |. Szabolcs (ed.) European
Solonetz sdils and their reclamation.” Akademiai Kiado, Budapest.
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stated by Abraham and Bocskai "the fertility of such soils is directly

proportional to the thickness of ‘the A horizon".

Table 4. Subtype differentiation of Solonchak-Solonetz soils in Hungary
(after Abraham and Bocskai, 1971). . '

Subtype ' “Anion(s)
Carbonate solonchak-solonetz cog', HCO§
Carbonate & sulphate solonchak-solonetz >50% SOﬁ_, Cog—
Carbonate & chloride solonchak-solonetz >30% CI, CO§—, 'SOLZ‘_

Table 5. Subtype differentiation of Meadow Solonetz sofls in Hungary
(after Abraham and Bocskai, 1971).

Subtype THickness of A Horizon (cm)
Shallow’ <7
Medium 7 - 15

Deep . >15

Meadow Solonetz turning .into Steppe soils comprise the third soil
type. Deeper water tables result in increased eluviation al;ld somewh.at
strong solodization in the upper B horizon. Soluble salt conte;ﬁt is low
except in the B horizon, while exchangeable Na+ levels remain similar to
those of the Meadow Solonetzes. Surface horizons are generally slightly
acid to neutral (pH 6.-2 to 7.0) and again form the basis for subtypes

according to criteria in Table 6.
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Table 6. SUbtype differentiation of Meadow Solonetz soils grading
towards Steppe soils in Hungary (after Abraham and Bocskai, 1971).

Subtype . Thickness - of A Horizon (cm)
Medium _ <20
Deep _ >20

Variants separated on the basis of salt content and composition are also

’
3 recognized.

Chemical limits for Solonetzic Meadow soils and Solods are given in
J

. /
Table 3. Specific descriptions, however, are not given for these two

soil types.

2.3.4 Russian Soil Taxonomy

The classification system-.used in the USSR, as described by Rode
(1962)' is similar, though not identical, to that described by de Sigmond
(1938). Salt affected soils are generally classified into three groups

(or types) which recognize unity in origi“in. That is, soil properties
réflect soil processes which in turn refle‘;cl:t soil forming factors.‘f The
three major groups recognized are Saline, Solonetz and Solod soils.

Saline soils, as the name implies, contain excess soluble salts.
Profile development is weak with soils usually exhibiting "'complete
.homogeﬁeitv of mechanical as well as total chemical composition of the
aluminosilicate soil constituen'g throughout the profile", Subdivision‘ of

saline soils is based on two major constituents. Firstly, the depth and

concentration of soluble salts as indicated in Table 7.
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Table 7. Subdivision of saline soils in the USSR according to total salt

content (after Rode, 1962).

Terminology Solubte Salt Content (%) Depth (cm):
Non-saline . < \25 0 ~ 150
Weakly solonchakous >0.25 180 ~ 150
Solonchakous | >0.25 30 ~ 80
Solonchakic >0.25 5- 30
Solonchak >1.00 sur%ace

Secondly, on the basis of the dominant anion(s) present, as indicated

)
in Table 8.

Table 8. - Subdivision of saline soils in the USSR according to salt
-omposition (after Rode, 1962}.

Terminology s

Dominant Anion(s)*

Sulphate-soda
Chloride-sulphate’
Sulphate-chloride

Chloride.

*In the case of more than one anion, the latter is

dominant

\ ’ :
Solonetz soils differ markedly from saline soils in their degree of

profile development,

These soils generally consist .of a light gray

surface of wvariable thickness underlain by an illuvial, columnar or

prismatic B horizon.

The B horizon generally breaks into "cuboidal"
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units, which characteristically have flat, humate stained ped faces.
< . "(,"

The Solonetz horizon is underlain by a horizon of salt accumulation.
Calcium_ carbonate may be present in the middle tom-kj{wer ‘B horizon.
Solonetz soils are highly variable and are subdivided on the basis of
several criteria (Table 9). |

Differentiation into subtypes is based on two properties. First,
;:Iimatic zonation - Chernozem t;) Chestnut to Brown zone - as one
moves to drier climates. Sécondi on the degree of moistening or, depth‘
to groundwater table. : Designations are Meadow Solbnetz, Meadow
Steppe Solonetz and Steppe Solonetz for groundwater tables at de;.)ths"
‘of <5 m, 5-8 m and >8 m, respectively. Further differentiation of
subtypes into genera is based only on chemical criteria: total salt
content; depth of salt accumulation; type of anion(s) present; and
depth to éarbonates or gvpsum. More specific criteria are given in
‘Table 9,

Division of genera into variants, in part, relates _to thickness of
the A horizon (or horizons overlying the Solonetz horizon). Shallow
Solonetz, Medium Solonetz and Deep Solonetz are recognized when depth
of the overlying A horizon is 7 cm, 7-15 cm and 15-25 cm, respectively
tRode,l 1962; see Table 9). Rode further recognizés a Crusty Solonetz
(A horizon <3 cm thick) although this is not indicated |n Table 9.
Additional B horizon properties, namely "Na¥ content, degree of
solodization and stchfure z-- listed in the table of Pak (1971) (see
Table 9) but are not designated by Rode.

Solods represent a degr_aded .stage of Solonetz soils. They owe
their origin, in a relative sense, lto increasing water tabl% depth,

. Solod soils have a highly humified A horizon, generally 6-10 cm thick,
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Table 9. Criteria used for classif;/ing Solonetzic soils of the USSR into
various groupings (From Pak, 1971).

For Table 9 see:

Pak, K.P. 1971. Solonetzes of the European part of the USSR and
their reclamation. p. 141 In |. Szabolcs (ed.) European Solonetz
soils and their reclamation. ~ Akademiai Kiado, Budapest.
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|
underlain by‘_\';a whitish rsolodized horizon of variable thickness.
Remnants. of the former Solonetz horizon are often visible in the ‘A.
horizon. Surface reaction of the upper horizons is usually weakly acid.
Below the ‘surface lies a distinct illuyial horizon which may exhibit a
".residual"‘ columnar structure. The lower portion of-the illuvial horizon

may be calcareous. »

2.3.5 Classification, Properties .and Solonetz Amelioration Potential

'Several attempts have been made o bgA;'roup'/ Sblonetzic_ soils
according to ameliorative’ potential, Most ”groprings are based on
properties ~and hence, they reflect to some dégree the‘classifi\caéion
scheme at hand. . .

European literature makes several r.eférences to classification and
meliorative potential of Solonetz soils. Rode (1962) stafes "reclamation
proceeds particul'arly'on Steppe-Solonetz". Thﬁs, a water-table depth-.
>8 m facilitates reclamation. Reclamation of Meaaow Solonetz soils is
more difficult due to shallower grdUndwater and hig‘h'e,r soluble salt
content. In these soils leachihg and drainage become intecral parts of

the reclamation procedure.

Rode further relates chemiéal properties, in part, to reclamation of
Solonétz ,soils using gypsum. Greater amounts of gypsum are needed.
for reclaiming Soda-Solonetz than "Medium Columnar Solonetz. ~ This
‘épparently is related to both the adverse effe_ct of soda on ,colloids‘asv '
well as depth of overlying A horizon. In all cases it is felt deep
plowing 'should accompany gypsum application to 'destroy the Solbnt_etz B
horizon. . hd . |

‘A further expansion on these characteristics is given by Szabolcs
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A

(1971). Primary emphasis is aiven to groundwater' and secondary

e'mphasis to the soil chemical suite. A summary is given in Table- 10.

- Whéte the groundwater is dlsconnected from the soil solum "as is the-

case with Steppe-Solonetz soils, deep plowing and chemical reclamation
methods are successful, although agrotechnics are "also’ strongly
emphasized. | |

Agrotechnics appear to include ameliorative tillage as‘ well as
seedijng to tolerant and/o'rvrecla'imer crops (Pak et-al., 1964). Salt
content in the upper solum is the crite\rionb used to select a specific
amelioration method. - o
\. ln soils where the gfoundwater is ternporarily linked with the soil
solum (Meadow Sol_onetz‘,_ Solod soils turning into Steppe soil“s,) similar
methods are used. Gypsum applications and deep plowing are
recommended, the iatter particularly. if Water so"’lu'ble salts are low end_

gypsum is high in the lower B and upper C horlzons

-

For Meadow Solonetz and Solod soils adequate 'drainage and
leaching is essential, partlcularly when salts in high cdncentrations are
near the su'rface.- | Chemical amendments are also recommended,
particularly in fine textured soils. '

“In the U.S. Rasmussen and McNeal: (1973) attemgted to.defin'e the'
optimum depth of deep plowing and soil types 'responsive to deep
plowing on the basis of hydrauiic conductivity.‘ The basis behind this.
research was ;chus: upon mixing horizons; the final weighted hydraulic
conductivity will depend upon the relative thlcknesses and hydrauhc
conduct:v:tles of those. horlzons mcorporated in the mixing procedure.

In deriving this procedure both electrolyte concentration and ESP were

considered, as’ both have a pronounced influence on hydraulic



36

Table 10,  Ameliorative groupings of Solonetzic soils (From Szabolcs,
R71).

For Table 10 see:

Szabolcs, 1. 1971. Solonetz sovils in Europe, their formation and
properties with particular regard to utilization. p. 16 In
I. Szabolcs (ed.) European Solonetz soils and their reclamation.
Akademiai Kiado, Budapest. ‘

)
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conductivity,

In  Alberta  Cairns (1961)} ,~

R

a Solonetz-Solodized
Solonétz—Solod complex with regard t‘bi péssible amelioration. In light of
chemical properties determined Cairns assessed the suitability of three
amelioration methods; gypsum application, application of elemental sulfur
and deep plowing. Gypsum applications ‘were deemed unsuitable due to
the low solubility of gypsum and poor drainage. It was felt applications
of S° would further reduce an already acid pH as well as bromote
leaching of Ca2+.‘ Deep plowing appeared to be the most suitable
amelioration ‘method. Destruction of the B horizon and raising the
surface pH éould be accomplished in this manner. A minimum depth of
46 cm and a desirable deptlh‘ of 61 cm were given to ensure
incorporation of sﬁfficient gypsum and carbonates to raise soil pH and
promote chemical recla:rhétion.“

Carson et al. (1979) also attempted to assess the deep plowing
potential of Solonetzic soils in Alberta on the basis of chemical
properties. A various analytical methods whre used including soluble
salt analysis on saturation extracts a.nd ext}actable cation analysis,
using NHu Ac at .vario'us soil to extractant ratios. Results of the
chemical analvsis were discussed in light of known crop response, or
lack thereof, on deep plowed soils. No clear relationship was found

betwea~ any one chemical parameter and the degree of crop r;esponsé.

Low SAR or ESP {/alues, and high Ca-Na 1.!ios wére inconsistent in
predicting a favourable crop respohg:. " - ‘averse was also true.
Sites which did respond well to deep picw « enerally ~ acid Ap,

‘althofxgh this was not 'universal. -

Information available through standard soils surveys has also

e
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served as a basis for assessing aréas suitable for deep plowing. Soil
classification, texture,” drainage, parent material, topography and
stoniness are considered by Kjearsgaard (1980) to be important factors
in governing deep plowing. “Kjearsgaard's assessment is given in
Table 11.} He further points out that lime. or salt horizons are normally
present, If, however, depth to these horizons is in fact important,
then soils in the Black soil zone are questionable with respect to
plowability, as depth to these horizons may exceed pem'etration depth of

the deep plows.

2.4  Djstribution of Solonetzic and Related Soils

2.4.1° Geomorphic and Climatic Distribution

Salt affected soils, inc'uding Solonetzi_c soiis, are distributed
th‘roughout éll continents of the worid. Hence, they may be associated
\-Nith a variety of climatic conditions and landscape features. Broad
generalizétions, however, can be made with respect to <climatic and
geomorphic distribution.

. K0vda (1965) and Szabolcs (1979) give an -account of the ‘cllimatic
distribution of salt affected soils. These ‘s'oils are genera’ll_‘y found in
cold or temperate regions although they al\so occur in subtiiopica'l. and-
tropical regions. Generally speaking, climate is continental and arid or-
semi-arid. That is, at ~some timev during the vyear there is a néf
precipitation deficit which disicj:ourages salt leaching and in fact may
encourage salt éccumulation.

Gebmorphologically, salt affectéd soils are genérélly associated with
alluvial plains or river and lake te;'race‘s; They-are_ also found in

“ depressional mountain plains - or occasionally on mountain plateaus
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i(Kovd'a, 1965). Vegetative cover‘ is variable and to a large extent
reflects climatic zonation. Grasslands tend to predominate in the
Chernozem zones (Steppe regions) while savanna type vegetatioh
predominates in dry, equitorial regions;. Salt affected soils are also
found under deciduous/coniferous vegetation in Podzol zones of the
north and are frequently associated with Brown and Chestnut soils of
warmer regions, Red Earths of tropical regiong and Sierozems of dry,
subtropical regional (Kovda, 1965).

Salt accumulation is connected with well défined geomorphological
and hydrogeological conditions. In arid ahd semi-arid regions the
groundwater is usually somewhat mineralized (Szabolcs, 1979)
particularly in relation to more humid aréas (Kelley, 1951). b Soluble
salts within soils- and groundwater is generally linked to underlying V
marine or brackish alluvial formations and shallow groundwater
conditions. Kelvley (1951) reports "much of the soluble salts found
within soils of dry climates can be vtrace.d to secondary deposits [of
shales and s_andstbnes and the] 'chief}jcause of soluble salts is poor
subsurface drainage". Within western Canada Soloﬁet;ic soi‘ls‘of
semi-arid and sub-humid reginns‘are generally associated with relatively
level topography, relatively shallow, saline Cretaceous shales and
restricted internal~dréi'nage (Bowser, 1961). ° Such findings are
reported in studies of -Arshad and Pawluk (19668) an.d MacLean’and
Pawluk (1975). ! . o

Depth to the water table is: impbrita,nt. Floreé and Stoica (1958)
report a critical water-table depth of 2.5 m. . Water-table depths .

- shallower than 2.5 m result in salinization of the soil. surface by soluble

salts (NaCl, NaZSOu; MgSOq, CaSOu-ZHZO); The -degree of salinization
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decreases as the water table ‘deepens,‘ with  minimal salinization
occurring at water table depths greater than 3.5-5.0 m. MaclLean and
Pawluk (1975) found Solonetzic soils in low lying areas where depth to
the water table was generally between 0.5 and 2.0 m and discharging
groundwater was very saline. Chernozemic soils were found primarily
in upland areas where the water table for most of the year was greater
than 2 m deep, although they were also found in low lying areas with
shallower water tables. Low Na groundwater and lateral flow above
the water table appeared to relate to the occurrence of Chernozemic
soils in low Iyi’hg éreas (MacLean and Pawluk, 1975).

!

2.4.2 Geographic Distribution

The approximate distribution of salt affected soils by continent or

subcontinent is given in Table 12,

Table 12. Worldwide distribution of salt va”ffected soils (after Szabolcs,
1979). : '

. ’ Extent of Salt Affected Soils
Continent - ’ (x 103 ha)

North America ‘ - 15,755
Mexico and Central America _ 1,965
South America A , - 129,163
Africa | - 80,538
South Asia 87,608
North and Central Asia ' 211,686
South East Asia | - 19,983
Australia - ‘ 357,330

Europe | | | B 50,804
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Salt affected soils therefore occupy‘ a considerable extent of land area.
A breakdown of the_geographical distribution of Solonetzic soils (with‘
structural B horizons) is given by Szabolcs (1979). A summary is
given in Table 13.

In addition to those countries Iistéd in Table 13, Solonetzic soils
also  occur in Spain, Austria,. Greece, lItaly qnd,Portugal (Szabolcs,
1971). In Canada, the bulk of Solonetzic soils are found in Alberta.
Approximately 4 millfon ha, or 30% of the arable land, is 6ccupied by
Solonetzic soils (Peters, 1978). In Saskatchewan' there are
approximately 1.5 million ha of land .where Solonetzic soils predominate
(Anderson and Ballantyne, 1982). Their presence is also reported in
Manitobé, although' chemically they may not satisfy the definition of

Solonetz (Ehrlich and Smith, 1958).

2.5 Land Use of Solonetzic Soils

2.5.1 Land Use and Amelioration Methods

The nature of the areas in which Solonetzic soils o'cc;ur‘ is generally
of low local -";‘elief and is..climatically suitable for production of a yariety
ovf crops'. In.éssence,_ the areas are arabm;ﬂor laﬁd
‘use of Solonetzic soils is‘agricultural.

Under dryland c_onditions,"a variety of crops have been or are
currently grown on Solonetzic soils, depending upon p:revailing clima‘tic
conditions.  Field and forage crops such as wheat, oats, barley, r'yew,
fllzvax',’ rabeseed (canola}, alfalfa, bromegrass, crested Wheatgrass and a
variety of othe}" forages or forage mixtures are common in Alberta.

This, undoubtedly, is also true of other areas, as field crops comprise

a major land use in European countries (Abraham and Bocskai, 1971;

\t:\_
ey



Table 13 . Worldwide distribution of Solonetzic soils (modified
from Szabolcs 1979) . ) :

Continent and Country Approximate Land Area ( x103 ha)

North America

Canada - 6,974
USA ' . 2.590
South America
_Argentina . 11.818
Bolivia 716
Brazil N 362
Paraguay 1,894
Africa
Angola ) 86
Chad . ) 3,728 °
Liberia ' a4
Niger ' 111
Somalia i 3,754
Asia
Sotomon Island . 30,062
. USSR 79.618 *
Australasia 38,111
Europe : .
Bulgaria 20
Czechslovakia 7
France » 75
Hungary . 326
Romania 110
USSR 20,382
Yugoslavia 185

* Cbmputed by difference, éssuming total area in the USSR
occupied by Solonetzic soils is 100.000.000 ha. (Pak 1971).
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Obrejanu and Sandu, 1971). Not all land, however, is deemed suitable
for cultivation. | In Europe, those soils permanently linked with saline
or alkaline groundwaters are generally restricted to pasture use .or'for
growth of ha_lophyt'ic fodder crops unless adequate drainage is provided
(Szabolcs, 1965).

Qt‘tempts have also been made to irrigate Solonetzic’ soils.  Mixed
success has been noted in Alberta (Palmer, 1982), the northwestern
U.S. (Piper, 1982), and Europe (Abraham .and :Bocsvkai, 1971). Of"
particular interest_is EQrbpean utiliza.tion of Solonetzic soils for growing -
rice. (Abraham and Bocskai, 1971: Obrejanu and Sandu, 1971), which
involves inundétion-of the soils. Such attempts appear to have met
with moderate success provided that adequate drainage prevents
salinization of surrounding lands. |

Land use has not been restricted to agricultural purposes. In
Eufope attempts have been made to establish tree plantations on
Solonetzic soils, as well as utilize areas as fish stock ponds by
inundating low lying areas (Abraham and Bo.cskai, 1971). ':Freg
plantations met with' limited success as trees are more susceptible to
drought stress and have lower salt tolerance than' field crops.; Fish
ponds were confined to areas with high' water tables which were
‘otherwise unsuitable for arable c;’rops or péstures. Limited success was
also realized withn' fish ponds, due to relativély low vyields and
Salinization of ‘'surrounding areas.

Much of the land use of,'Solonetzic soils f‘evolvesi around
~agricultural utilization, primarily because they "... mostly - occur in

areas where the agricultural potential is - otherwise favourable ..."

} W :
(Szabolcs, 1971). Their use as such, however, is generally hampered



" by undesirable physical ,propertiés' and difficult management resulting
therefrom. Furthermore, more productive soils typically occur in
association with Solonetzic soils which ad;/ersely affects productivity of
the entire area (Szabolcs, 1971).» For these reasons considerable
emphasis has heen placed on amelioration methods designed to increase
productivity. A multitude of amelioration methods have béeﬁ attempted
over the last 30 §/ears. These methods can be classified into three
general categories; agronomic, chemical and physical. Not all methods
within a grouping are mﬁtually exclusive and an integrated approach

combining several techniques is frequently used.

B
P

Agronomic amelioration utilizes cropping practices designed to

@

maintain or increase the vi'ndigenous fertility of the soil without
drastically altering its properties. Growth of crops such as alfalfa or.
saline/alkaline tolerant forages is d.esigned to improve soil conditibns
and prevent soil deterioration. Applicaton of manure and growth of
plow-down crops also serves to improve surface conditions. Agronomic
amelioration encofnpésses principles involving both physica‘l and cherﬁical
treatment, however, since .processes are biological the rate at which
-improverﬁent progresses is. generally slow.

Chemical treatment prifharily involves the application of amendmen‘ts'
designed to promote exchange and leaching of Na®. Certaih fertilizers, -
$uch as (NHQ)ZSOM’ NHuN_O3, ’Ca(NO3)2 and KZSOQ have been used for
this purpose (Cairns and van Schaik, 1968, Cairns et al., 1980; Carter
et al., 1977; Obrejanu and Sandu, 1971). Acid . or acid-forming
éompounds, such'as So, HZSOH’ HCI or FeS2 have been used (N1cCEeady~
and Krouse, 1982; Obrejanu and Sandu, 1971; Pak et al., 1967). Other

amendments utilized include gypsum, phosphogypsum, lignite dust,
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-molasis, _FeSOu, ,CaClz and CaC(‘)3 (Alzubaidi and Webster, 1982;
Obrejanu and Sandu, 1971; Pak et al., 1967; Rasmussen et al., 1972;
Raychaudhuri, 1965).

Physical treatment results in relatively drastic changes within the

soil body.  Subsurface drainage and leaching with irrigation water

(Raychaudhuri, 1965; Paterson, 1882; Travis, 1982) are used to alter:

+

the soil hydrologic regime as well as ‘encourage leachina of Na . Land

levelling and tvhev digo method (placement oflow

PO

>

e ' . . R
gypsiferous and calcarious. material over poorer- quality mati

7, Aoy
G

alters the hydrologic regime although additionat> 3

realized frc;fn “the = additional chemical cffects“.’: P4r.bafi[,e~;
~ techniques  including chiselling  (Alzubaidi and Wébstec, 1985);
sqbsoiling'(Herrr!acs, 1981; Lava'do and Cairns, 1980; Rasmussen _e_!l‘_a_l.,
1972) and deep p;lowing (Anderson and Ballantyne; 1982; Alzubaidi and
Webster, '1982; Bowser and Cairns, 1967; Cair.ns, '1962; Harker et al.,
1977; Lavado and Cairns, 1980: Rasmussen g_i_eal., 1972; .and. others)
have been shown to alter hydrologic, chemical uand physical properties
of Solonetzic soils.\ One of the most promising technﬁiques, because of
its drastic effect on profile characteristics, is deep plowing.

W%

2.5.2 Deep Plowing

Q. .

Deep plowing, vas an amelioration technique, ‘app>ears to have
evolved during the early 1950's in'the USSR. Devclopment ap_péars' to
have occurred almost simultaneously on three distinctly different types
'o_f soils with'different aoals intended. D‘eep plowing of Podzolic soils
Was initially devi’sed to mix subsoil material with the relatively ‘infertile

A horizon while burying the lesé fertile Ae horizon (Botov, 1959;

dv%guption

‘ 4".
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Aodlin, 1960). Concurrently, deep‘plow\ing was evaluated- for its ability
to reduce capillary rise of saline groundwatefs in irrigated areas by
destroying the network of fine capillary pores (Fesko and Strugaleva,
1959). Deep plowing (or a similar tillage form) of So-lonetzic. soils was
evaluated at approximately the same time (Maksimyuk, 1958: Botov,
1959). Shortly thereafter deep plowing or horizon mixing of Solonetzic
soils was studied in the U.S. ‘(%air and Lewis, 1960) and Alberta

(Cairns, 1962).

2.5‘.2.1l Theory -

~ Deep plowing involves the destruction and reorganization of genetic
horizons. As - 1 it attempts to increase crop productivity through
the following mens:

(1) Physically disrupt the B horizon.

(2} Incorporate Ca2+ salts within the disrupted. B horizon.

(3) lncorporate carbonates within the Ap horizon. |
Mechanical dlsruptlon of the B horizon and redistribution of soil
constituents is intended to improve the physncal and chemlcal condltlon
of the so:l such that crop growth is encouraged. Specifically, deep
plowmg should:

(m lncreaée water transmission prqperties of the soil by reducing

bulk d‘éhsity and in;reasing ‘;he proportion of noncapillary
pores. o

(2 Increase penetratipﬁ deipth of crops, th»rough reduced bulk

density and vincreased} depth’ of water. storage.

(3) Expedite salt Ieéching, partlcular!y Na ., due to mcreased

depth of "effective leachmg and incorporation of Ca 2+ salts.
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(4) Encourage biological.cycl.ing of CaZ? (calcification) through
increased rooting depth of crops.
(5) Increase the general level of biological activity by reducing

extremes in soil moisture. .
. [ d

Several researchers have examinec the effect of deep plowing and/or
deep tillage in light ‘of these anticipated changes. Some of this

research is summarized below. - Those aspects not covered at this time

may be found in the appropriate chapters to follow.

P

by
V2 4.

2.5.A2.-2 Soil-Water Relations

Several e;uthors have reported changes in moisture moveme"nt,
ret’ention and extraction by crops after deep plowing or profile mixing.
'Fo‘:r the most part a;amatic increases. in water infiltration have beén
noted upon mechanical mixing or deep plowing soils (Pair and Lewis, -
1960; Eck and Taylor, 1969; Rasmussen et al., 1972; Maksimyuk, 19548).
‘Excepti-o_n.s, however, have been noted'a‘nd Mech et al. (1967) attribute
a higher. infiltration rate .in the conventionally tilled soils, relative to
the mechanically rﬁi-xed"'soils, to possjble ' lateral flow along ‘an  Ae
horizon. | |

l'néreased infiltratian, to. some_ degree, has res'ulted;inA greater
* depth. of wéter storaée (Eck and Ta);lor,‘1969; Rasn’mssen et al., 1972)
and a more uniform disvtribution of hoisture with depth (Burnatzki and..
AYarovenko, 1961“). In addit?on, a greater total water‘ storage resuits
within the' dist{eréd_ profile (Fehrenbaéherj et al.,-1958; Cary et al.,
1967;. Eck and Taylor, 1969). Greater vilz;ter .s‘.torage Tié' linked to
increased infiltration but may also be due to reduced »éyﬁé%jation from -
the soil sgrface, as reported }:)y Enk and Taylor (1969). (5reat_er total

i) >
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»
-water storage generally results in increased water “extraction by
vegetation (Cary et al., 1967; Mech'_gia_.l., 1967; Eck and Taylor, 1969)
although increased total water, storage may 5e a result of increased clay
con-tént' in some zones with no apparent diffe_rénce between plant

available moisture (Fehrenbacher et al., 1958).

2.5.2.3 Buik Density

Bulk density is a property which” influences. water anéi root
penetration in soi]s and has traeen addressed, in light of deep plowing,
by several authors. Rasmussen et al. (1972) réport reductions -in bulk
‘denSIty for all horizons to a depth of 90 cm upon deep plowing a
Solonetz!c soil. After eight years bulk densutles at depth Stl“ remained

low. Sandoval (1978) also noted reductlons m'soil bulk densi'ry ‘at

ﬂ

ant

dept'*fs of 15 to-91 cm five years after deep plowmg . Solonetznc SOI|
Although bulk density generally decreased upon deep plowmc, increases
in the. bulk density of the surface 'horizon (Ap) have beerr reported

j(Sandovnal et al., 1972),



3. INTRODUCTION TO STUDY

Tilth*is defined as "the physical condition of a soil as related to

its ease of tillage, fitness as a seedbed and impedance to seedling

emergence and root penetration" (Can. Dept. Agric., 1976). Deep

-~

plowing attempts to improve those aspects .of tilth related to root.

penetration; that 'is, reducing bulk dens_ity and ' increasing water
transmission properties ' improves root penetration  characteristics.

Another aspect of soil tilth, however, may .deteriorate upon deep

-

plowing. This aspect is soil suitability as a seedbed.

' Several properties have been measu_red’ by wvarious authors which
e

réflect reduction .in soil tilth. P.educed int’iltration (Lavado and Cairns,

- 1980; Mech et al 1967) lncreaSed soil' hardness (Lavado and Calrns

1980) and mcreased crust strength (Sandoval et al , 1972) are resultant
propert:es; Wthh restrlct‘cror) growth, These properties are .ﬁnked to
! . \

certain ‘changes An the Ap horlzon sizh as increased clay content
(Rasmussen et al 1972'1 Sandoval et]a_l., 1972; Lavado and Caxrns
1980) lncreased extractable Na (Cairns, 1976a; Lavado and Calrns
1980) and a loss of orgamc matter as reflected in reduced C and N

contents (Bowser and Calrns 1967) No attempt however ‘has been

3.

made to specuﬁcally measure,/corre,late and predlct changes in soil

f.‘. .

'tnlth - as. measured by ph;j srcajs‘}apar meters - wnth changes in  the,
f{« L

B dlstrlbutlon of soil’ constltt\;e,nt:" -,v'used .by deep plowmq Several

authors (Cairns 1976- Mech° et " ‘1967) ponnt out the |mportance of
4 o

developmq manaqement practlces deslgned to cope wuth ror lmprove

resultant physucal condltlons in the seedbed of deep L owed sonls

. SR i \
t}nderstanqu of these physncal condltlons \those factors
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which affect them and those changes which impart them is essential.
’

\
3.1l Objectives
The objectives of this Study are quite broad in overall scope.
The.y follow in approximat'e order of importance.

e 2 B ‘
(1} OQuantify, in "'relatlve"’ terms, physical, chemical and

mlnoralomcal c“r'i‘racterlstlrs of Ap horlzons (deeLl plowe‘d and

D
Fn

conventionally . lJlf'Pd so;ls) Wthh havc somg bearl'ng on soil

7 B
w\f{.l =

tilth,  and - ,del.:ermine the relatlonshnp1 between these

. -~ o
. B P - . . ., L

properties. -

1

" (2)  Substantiate and procure differences ’ln #ab’rlc and composition
‘3« ':
through m:cromorpholoqucal mvesthatlons

%

: £3) | lndrCate "Soil manaoerﬂent practlces which may aid in alleviating h

;::" adverse properties ln the resultant deep' plowed seedbeds.
(14) If possible, further eluc-idate the basis for crop- response .‘on
P deep plowed soils and develop criteria for predlctlnq relatiye‘

plowing ‘success.

- 3.2- Design Strateov and Experlmental Layout

Five srtes in east- central Alberta were chosen for this study in

" June 1980 The sites were prev:ously deep plowed as test sites under

the deep plowmg program conducted by the Plant lndustry D|V|5|on

‘Alberta Agrlculture Plowmg was performed in 1975 or 1976 talependmg

upon the site, with. a three layer or snngle =Abottom plow (Table 14),

Deep plowing was performed in approximately 1 ha strlps adjacent
to ‘an ‘unplowed check strip (hﬂf,reafter referred to as conventlonal

tillage). A palred plot design was establlshed on the deep plowed and
. L i) Lo 4} . '

N

B N
.&?,O
s

K ks
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(a)

¢ ‘ DEEP . PLOWED TILLAGE

-0 OO0 0Ox0 OO

'Q\"u.. e
Tk, OO0 0OxD Ox0O
N "Q}N);;’: DO 'R ‘ . .

NORMAL TILLAGE

R~y

9 O Yield sample locations (1m?) -

X Soil sample locations

(b)

BL.SS - BLSS :

[~

Figure 9. Field plot design showing (a) Relationship of paired plots

within sites (b) Distribution of paired plots according to
slope positi‘on and possible associated soils.

*Classification is according to the Canada Soil Survey

Committee (1978).
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.. nature to that'p'i‘és;ently on the check str‘ip.
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adjacent conventionally tilled strip'(Figure %a) immediatély prior to or
after crop emergence in June, 1980. Plot Iocations.were chained in for
relocation the following year. Each paired plot consisted o%‘ two 1 m?
crop sampling blocks, séparated by a 1 m? soil sampling block, on each
of .the deep plowed and conventi'onal‘ly tilled strips. Individual paired
plots were Ioéated as close together as possible on adjacent tillage
treatments while ',still maintaining adequate distance from the dead
furrow' to eliminate edge effectsj. The rationale here was to minimize

soil variability within paired plots on the assumption that the soil on

- the deep - plewed strip was, prior to deep plowing,'very similar in

N

ey

."-‘I"o,'ca.téd; if possible, on different slope positions (Figure 9b) to

encompass the range of soil types anticipated within the field. In this

manner, changes in soil properties and crop yield characteristics could
. ) ‘ 74

relate more closely to the geomorphic soil sequence present.

A more specific account of site characteristics, experimental design

and analysis methods are found in the Materials and Methods section

within the appropriéte chapter. 4 .

{7

k)

. Four paired‘ plots were established at each site. These were

e

Wy
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(Wainwright). T

4. BIOGEOGRAPHIC SETTING, MORPHOLOGY AND MICROMORPHOLOGY

4.1 Introduction

This chapter is devoted to biogeographic characterization of the

~study area and characterization of visual soil features. Characteristics

of the study area, including c_Iimate, vegetation, geology and soils
inventories are discussed in the literature review. Site specific
characterist‘ics are included in the initial discussion.

Morpholog‘ical characteristics are examined, as they relate to soil

processes and classification.  Discussion of morphological features as

| they relate to crop response upon deep plowing is found in Chapter‘G.

Micromorphological investigations were undertaken to procur‘e differences
in soil fabric and composition as related to the geomorphic soil sequence
present. Redistribution of genetvic materials resulting from deep

plowing is also examined.

4.2 Area Description

4.2.1 Location \ o - oy

The study area Iies.’ within east-central Albér“ta». More specifically,
the five sites follow a general. north-south transect valong 112°W
Iongifude between 52 and 53°N' latitude (Figure 10). The horthe'rn mbst
portion of the study area is slightly south of the Camrose-Viking z(njea

while the southern most portion lies with-in‘ the Stettler-Castor-

Cof'onafipn corridor. The entire area is ‘contained -within National

-Topographi'c System (NTS) sheets 83A (Red "Deer); ‘and 73D

-

>N
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4.2.2 ClimaAte
Climate throughodl't"u}"tﬁé‘st‘udy area is continental, characterized by
long, cool summers (Koeppen climatic zone: Longley, 1968) and cold
winters, The CLI classification indicates that for vcertain locations
within the study afeavagriculture is limited by aridity or deficient soil
moisture. This, howev‘ekr, tis not true!¥or the majority of the area
(Environment Canada, 1976). '
Mean annualh precipitation f'oi‘ ) Camfose, Forestburg, Halkirk,
Castor, Stettler and ‘- Coronation is given i.n Table 15. Annual
precipitation is rela;tively uniform througholt the area. Slightly less
precipitation occurs in the southern portion of the area rélétive to the
northern area (370 mm to 390 rﬁm vs. 390 mm to 400 mm). Lower
_ precipitation‘ is more apparenf as oné moves east, particularly in the
southern region (420 .mm vs, 327 mm fbr Stettler and Coronation,
respectively). |
Me_aﬁ seasonal precipitatiion' is also given in Tabl'e 15.  Growing
season precipitation: rangés frpm 6_1%' (Castor) to 70% (Halkirk) of mean
annual vprecip'itation. Cor}ésponding values of growing season plus fall
precipitation are 73% and 83% of mean annual precipitation, again for
Castor and Halkirk, respectively. It is generally accgpﬁgd the ‘bulk of
"effective" precipitation utilized by crops is that whicvh";{:occurs during -
the growing sneason’a"nd fall, .a"s". winter pkecipitation in this fegion is
geherally ‘lost through evaporation or runoff (Bowser et é_l.; 194‘7,
1951). June and July ére high rainfall months, with approxir'natel.y 120
to 160 mm falling during this period._ April and October are mdhths‘of
low precipité‘iion in .the_ spring and‘flall, respectively.‘ | .v
Table 16 lists. ‘ann.ua_l precipitationv_'values from 1968 t_‘o 1978. The

& -
»
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high and low years on record at Castor of 402 mm (1973) and 180 mm

(1976), respectively, represent 133% and 75% of normal precipitation.
Since the average moisture deficit in the area is approximat‘ely 203 mm
(Laycock, 1960) the 1976 low represents an overall moisture deficit of

approximatley 300 mm. Years of. below normal precipitation thus may
\ -

severely limit crop production, particularly in the southeastern portibn .

of the study area. ,
" s

Mean annual snowfall (Table 17) ‘is higher—"in the south and

southeastern portion of the area. Total snowfall ranges from 874 mm at

Camrose to 1283 mm at Coronation. Gvenerally, only a small portion

(14-27%) of total annual precipitation _isivgjerived from snowfall. Mean
fall snowfall (September and October) is low in all areas, indicatihg
~ rainfall during this period is the major contributor to soil moisture

reserves the following spring.

Although no mention has been made of rainfall intensity thus far,

this factor is equally important. Timing and mténsnty often determine
the effectlveness of precupltatlon,~part|cularly that which occurs durlng
‘the growing season.” For the period May through August one-day

A

maximum precipitation, based on a 10 year return perlod iS 51 to

64 mm.: For the same period, w:th a 25 year return period, one—day.

maximum '.precipitation is 64 to 76 mm (Longley, 1968). These values

indicate a SIgnlﬂcant portion of growmg Season preclpltatlon may occur

durlng a smgle 24 hour perlod

Table 18 lists temperature means at available Iocatidnﬁs. . Little -

difference exists in monthly, seasonal. or annual temperatures- between,

1

stations. Mean annual temperatUre is approximately 2°C. January is

. . . & “ B .
& the coldest month at approximately -15°C, while July, averaging 17°C,

SR
T
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‘(Achillea mil' " lia) comprise the more co'nspicuous herbS‘ Smartweed

. 63

is* the warmest month.. The approximate number of degree days, from

May 1 through September 30, is 2200 to 2400 (Longley, 1968}.

~J

|
L

4.2.3 Vegetation . .,
The study area falls wnthm the aspen parkland vegetatlve zone,
which forms a transition between decnduous/comferous forests of the
north, and short and midgrass prairies to the south (Pettapiece, 1969).
There is a gradual increase |n the proportlon of mldqrass mixed prairvie
o .

grassland as one moves southward at the expense of tree cover,

In ‘the northern area, the dominant tree cover is aspen poplar

" (Populus tremuloides)‘with willow (Salix spp.) commonly- occurring in

moist, non-saline depressions. White Spruce (Picea uqlauca)' is

occasionally associated with poplars in moister areas. More open areas

consist of various :shrubs and herbaceous vegetation intermixed with a
variety of grasses. Rose species (Rosa spp. ) are the most common
shrubs “while Canada Anenome (Anenome . canadens:s), = Cinguefoil

|
(Potentilla spp.), Goldenrod (Solidago spp.) and- Common Yarrow -

.

(Polygonum  _nifolium),. Dock (Rumex spp ) and Water Parsmp (Slum
suave) are frequently found in moister - poéltlons Grasses include

various admlxtures of Wheat ' Grasses (Agropyron spp.), Blue 'G‘ramma

'

' Grass., (Bouteloua syzngaehne) Rough Fescue (Festuca S‘cabrella_‘), June

~

'Grass (Koelerla crlstala) and Bluegrasses (Poa spp.]).

Towards the south of the study area the proportlon of grassland
mcreases and minor vegetatlve changes indicate a sllghtly drler climate.

Gumweed (Grindelia squarrosa) ‘appears - along wnth ﬁeedle Grasses

(Stlpa spp.) while the proportlon of Common Yarrow and Buffalo Bean

@
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, (Thermopsis rhombifolia) increﬁase"sv.- S 4‘ R

R

64 - :

A ‘more complete listing of the more common vegetation species and .

‘their habitat is given. m Table 19 . R -

Varlous Weed species @re well repreSented throuqhout the area,

The best represented ﬁmlly is the Crucnferae, l‘ncludllng St:nkweek

\

i

'.(Thlapsi arvense) | Cornmo]n "Peppergrass  (Lepidium densiflorum)’

Shepherd's purse . (Capsella  bursa-pastoris) ; Flfky:/veed!, (Descurainia

Al

. sophla) a‘s-‘ well -s se\feratggé)ther less common species. Troublesome"

perennlal weea. tnclude' Quack G’rass (Agropyron repens) Canada

Thlstle (Gfrs:um arvense“f and Common Dandeglion (Taraxacum ofﬁcmale)

%

Green Foxtall ~(Seta ra“4

common |n the mrthe@ area“’ ‘ Several other Specres are .also present

L

o

- as lndlcated in Table 20.

A\

within

; \J‘ ' - ' : - -,

= - o

me, 1939; Stalker, 1960) Both are of upper Cretaceous age wlth
formerg prlmarlly bracklsh .or- fre% ter in Lrlgm (Stalker,' 1J960)
j N

- ,¢ .
s %ta d he latter marme (Geol. Surv Can., 1967 Green, 1972, as quui~A
J?’ ; ¢ . -

by Hackbarth 1975)‘” , B

1

Th Edmonton formatlon cpnsists of argillaceous san‘dstones

RN

bentomt;c shales carbonaceous shales thm bentonltlcé beds and coal

Nm

‘seams (Geol Surv-. Can.' 1967) The Edmonton formatlon underlles thea

ma;orlty of the study area to the west and \south (Rutherford 1939;

o

Warren and Hume 1939) " n .tne. northeast reglo_n the Bearpaw‘

»

rrldls) and Chlckweek (Stellarla medla) are more‘;

.mont‘on and Bearpaw Formatlons (Rutherfork 193'9,*’, 'Wa'rr‘en~ and F

Cowar
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Gy
formation appears. The Bearpaw ‘consists of inte‘rbedded argillaceous
sandstones, sandy and silty shales, thin, eoncretionary_ironstone beds
and b‘entonitic beds TGeol. Surv‘. Can., 196~7a) éoth bedrock
formatnons dip towards the west and southwest at approxnmately 3 to

4 m/km (Le Bretbn 1971).

v v 4
Lo

4.2.4.2 Physmgraphy and Surficial Geology ' _t)?.

The entlre study area falls within the T@uea flats physmgraphnc

s

dlvnsmn and contlguous areas (Stalker 1960). ThlS is an area of low
local rellef with elevatlons rang 'th"g from .approximately 700 to 820 m

ASL @h“e area is characternzed by shallow, small, frequently dry and

68

EN

. salfe™lakes and slouqhs (Stalker .'196'0‘),'.-.'( One smatl river, the Battle fg_,

X

‘\y Rlver transects . this physsograp,rr"é*’u&?t'uﬁ:lgure 10) : . SN B

4

The area is domlnated by glac:al tHl deposJ,ts of”-relatlvelyﬂg'shallovl?5

thickness. Dl"lft thlckness in the Torlea flats ranges from 3 to 8 m in
J\

the northern . region to less than™ 1.5 m" in the southern .and
southeastern extremities (Stalker, 1960: ;G‘ravenor‘: 1956) . 'Average
thlckness is 1.5 to 3.0 m. The thin glacial till deposits generally occur

as' relatlvely level to rolling ground morame systems although localized

U?‘H'

[

areas of bummocky moraine are ;Sresent Relatlvely Ievel lacustrine

~

deposits and occasional, scattered hills are also present. The Oaajoggty

~

. s .
of the glacial material is dgrivéd locally from underlying sediment .

«,(Stalker 11960). ‘ SR \' - F
X v

$

N
Three <Ll }nembers have been descrlbed (Stalker 1960) They

dlffe;: prquﬁ;,

ily m/'age degree of compacthhv én“d ‘degree of influence by

groUndwater ra%her than in composntlon In ascendmg order Athe '

three titl members are Lab,uma, Maunsell and Buffalo Lake. - This order

<Y

.* vu;_,



T
jﬁ' 5. ™

generally corresponds to decreasmg age decreasing_ debth d‘\bt:\rial

below . the water table decreasmq compactlon decreasing conten p\fv

carbonaceous materlal and mcreasmg permeablllty

S
%

4.2.4.3 Hydrogeology

» Hydrogeological “‘conditions within the study area are described by

Le Breton _4(19'7'1)’.@@' '-‘Hackbarth (1975). The wa.ter table can be
).;i‘f]appro>l<il'nated' by the land surface and is generally“within 15 m of »

. »ground surface. "Active -groundwater. flow is 'generall); within 90 m -of

ground surface and as such is mainlv within n'on—surficial deposuts

\'

- —

~nChemistry wnthnn the bedrock waters tenﬁds to be comprlsedp of J\la .
and K* in combmatlon ,wuth Cl , although SO is proportllonately hlgher

in the southern reglon '(Castor‘varea‘\). Groundwater compos'i:"h in the

5-‘4(" N . s B i & 54.. -

»t'erlals consists of predominately Ca2+ and Mgz+’°

blnatlon

- wnth CO and."HCE)a;: althouqh the proportion of Na . K%Si-";Cl—‘- and @

PR

- SO- increases slightly when the drift is relatlvely shallow Areas of
fthlck;:‘ drift  generally . represent groundwater 'recharge' areas while
! discharge areas occur where'underl’ying bedrock .deposits ‘are in close f

' proximity to ground surface. Approximate groundwater composition is

given in Table 21, > : .- ' : o
Ry ' X ‘ - , B : - \ 5 | - N
le} 5. ’Soll lnventorles o '> . . Co : I a
. B . o [ . .

l

@ﬂel amea encompasses tHe Black soll zone in the north and grades
»

v PRV

‘mto the Dark ‘Brown " sorl zoné€. in the south The majorlty of the 50|ls

. in the area are Chernozemlc and Solonetzlc? thﬁ minor areas of Luvnsollc $
R ;

and Gleysollc soils (Bowser et al 1947 1951 Wyatt et al 1938

1944),. The majority of the soils have fo'rmed within medium textured

{ . . . I AT

+
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partlcularly 113‘ tw south and southeast have formed wuthl"ﬁ till veneers

underlam by mbdihed Cretaceous seduments at shallow depth (Table 22).

‘lﬂ

informatlon glven' in Soil Survey reports (Table 22},

In addltlon to thc

Bowser et al. (196 examined features of soils within the area. A
portion of their results were discussed in Chapter 2 (2.2).

v

4.3 Materials and Methods

. 4.3;1 Soil Morphology aﬂft : | . Ti’“.f_.‘

\).

Pl

' @taken in: the fall of 1980 following "crop harvest Eight cores were

aken at each of the five sites, four in each of the deep plowed and

N ;_ \\,
K

B conventlonally tliled soils (see Figure 9). Horxzons were dl,?@?e

colour (Munsell), textureu, structure and consistence were'"
according‘ to Tgﬁe Canada’ Soil Survey Commlttee (1978) Hortzon
3 : {\

- ‘designations were mltlally aCSIgned m .the field and “were Iater modlfled

pendmg the outcome of chemical analySIs, Direct soil classnﬂcatlon was
o .t . N o . .‘ ’-.‘4
not possible in some instances as cultivation destroyed .diagnostic
. RS . N . .
'n » )
horizons. ln,these inggances classification is in,ferred on the basis of
other soil propertiesfb

4.3.2  Soil Mlcri&norphology 4 .

4,3.2.1 Th “Section Preparation . r

. l‘ the fall of 1980, 106'mm diameter cores were taken to a depth

of 250 mm for micromorphological characterization. "Cores were air dried

for "two months followed by oven drying at 50°C. ‘The cores were’

impregnated using "Scotchcast" epoxy resin according to the method of

a

Soil cores (75 mm diameter) to a. depth of approxumately 1 m were -
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td
Innes and.Pluth (1971). After lmpregnatlon the cores were sectloned to

"._',.cks in vertical increments of

e

produce 50 mm x 75 mm x . 25 mm
75 mrn Durmg sectlomnq ‘the ouiéﬁ% mm was dlscarded as. this was

the most dlsturbed during sampllng The final thin sections, which

W <{?a
S i 1«(‘,»
N ;,-

measu re

Laboratahias
. ‘«-

B4

4.3a.2.2 Descriptive Te’rr’hinology , i e

Mi'c':‘r‘.omorphologicel investigations w.ere undertak’encto describe soil
fabrics ac;(/:oirding to related distribution and pIastna separation and to
describe soil voids. :Definitions “of. descriptive terminology are those
qii/en by Brewer (1976) and Brewer a‘nd Pawluk (1975). - The following
definitions (Brewer;w1976] are basuc to mlcromorpholoqmal descrlptlom;s

&
Primary Ped: those peds in a sonl which cannot be suble{eﬁz‘

further. to produce smaller peds They represent the Slmpl@&iw‘f

peds in a sonl materlal but may be grouped together to form

larger peds;

" s-matrix: that material comprising primary peds, which may
consist of plasma, skeletal grains and voids.

-Plasmq: colloidal sized, r‘elatively soluble, orgamc and morgamc
E " material Wthh is not bound up by ‘skeletal qrams‘ i

Skeletal grains: gl:‘ams-larger than co}loidal materlal,- which are

‘4

-»

- comprised ofsindigenous u;;in‘erals.f
. . -

Soil ‘Fabrics According to Related Distribution (Brewdr, 1§%6: Brewer

and Pawluk, 1975). e
Related distribution refers to the orfentation of a group of like
individuals with sespect to a different gro_up of like individuals. %lt-dan,

-

bt ]

J -
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, ‘ ‘ EET R g . \ ‘ :
be described in terms of the refationghin;‘between plasma and skeletal
A

grains

or the relationship"' between -4natrix material and complex

N

three-dimensional umles - The various tvpes recognized herein are-

Porphyroskelic fabrlc - the plasma occurs as a dense groundmass

within Wthh skeletal grains are lmbedded

Granic fabric sequence: urhsbccommodated, loosely packed, discrete

mclude ortho— (mmeral grams) phyto— (partlally decof"

units without coatings on or bridges bet'ween units. If the
units éxhibit some coalescence around the edges the termv

qranondlc isPused. Where the 'units are densely packed they

“ R
. 4 a

may appear as a vughy groundmass a'nd approach a po'rphyric
type of fabric. Modlﬁers are typically added to describe the

composntlon of “the gramc ‘or grano:dlc unlts Modlflers'

plant fragments), humi- (hlghly decomposed,, dark, moder llke
L o

organic .unigs) ‘matri- (matrlx materlal) and mull— ‘(mull—hke-
units consnstmg of plasma plus skeletal grams with plasma

ﬂ" Q‘ ; ~c
“blrefrmgence masked by organlc matter). C

Fragmic fabric sequence relatlvely.densely packed, accommodated

-

discrete umts without coat gs on, or bridges between units.

-

A patterned appearance generally results due to @araﬁon of

units by horlzontal and vertlcal jomt planes When adjacent

N
ERE

umts a;sgearp,partlally umted, the term fragmlc is replaced by‘

- fragmondlc Densely packed*’umts of th|s fabrlc sequence may :

aJy .. !l
o e ~'t,

~also apgyoach the porphyric type. ’

lu,netlc._-.g_fabrlc (forrﬁerly gefurlc): f-matrix‘ material forrris loose

e

‘infillings. and brldges between framework members but does

not entlrel'y mflll u:the areas . nor does it entlrely coat
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framework members. Bare surfaces of framework “members
‘ commonly form walls of the larger voids.
. R ‘ -

Banded fabric: a succession of bands separated by a series of
parallel, horizontal to subhorizontal, joint planes. These
bands ekhibit a gradation in colour and matrix from top to

bottom. Tt;‘? top has a hlgher concentratlon of plasma and‘

’ P,
exhlblts a d”?v ker colour than the bottom

lsobanded fabrlc as with banded fabrlc except the bands do not

ethBIt aw@}anqe in densuty of matrix material or a gradatlon

R &x, .

in colour. Yﬂsroughout the thlckness of the band. - -

Complex; Fabrics (Brewer and  Pawluk, 1975) \

\\n

Deslgnatlon “%)‘f complex fabrlcs recognizes “the presence of two or
- Ne “
" more modal fabrlc types within a glven zone. They are recognized as_-

::‘
5
v

,mlxed or- separated . ' Cox R - o
. e \un, ’ " ’ ..:3 . o \\
hS Mlxed complex fabrlcs - fabrics in which the component fabrics are
inextricably' intermixed; that is, they are intimately assocnated
" with one another such that they cannot be sepérated ,Anijf%;

b

example is matrl—mullgran’oidic; in which mullgranoidic fabric

is dominant yet matrigranoidic material is  found in intimate

K ' | L S
association.. L B )
. ER 4

£
s

'Separ,at'ed complex vfabriés- the'component modal- fabrics can be

g - u,separated into 3‘istmct - recurrmg ZOnes An example iks\ﬂ
. . >
s’ . <
mullgramc/mullgranmdlc fabrlc whe\re sharp boundarnes exist -
/

Cana ii—_A : between ﬂa dommant mullgranondlc fabric and subdommant
. zones of mu!lqrame fabrnc A ,double slash (//) mdlcates "
- R 'fheré is & gragual boundar\/ between the two fabrlcs.

- o : . . ‘q‘w
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@&

Plasmic Fabrics (Brewer,

76

1976). .

Analysis of the plasmic structure involves the de_s"cript‘igh ,and

the dlstrlbutlon and ori

‘classifitation of elements of the s-matrix, with particular reference to

«

entatlon of clay domains. Optical properties,

partlcularly exlmctlon patterns ‘are wewed under crossed nicols and

o

’*Lvisible plasma crystals; -the kind and

of orientation - of plasma grains; ‘the kind and degree of

ot

preferred orlentatlon- and the klnd and degree of developm' of‘

plasma separatlons Pl“asmlc fabmcs observed%erem fall mto the seplc

R
' 'Y
class of Brewer (1976) and. have "r‘ecogmzable anlsotroplc domalns W|th
' .“ 'Nv s’ .
various . patterns of preferred ola’ﬁptatlon" : A brlef accoupt of "{;}’aose "o

'~:plasm|c fabrlcs observed

e

L-- - -

is outh#@d below

.

lnsepic fabric- strlated plasma separatlons occur as iselated:_‘

patches wuthm

v \
. ,

d plasma. . N

A dommantly fleg

rat|

3 Mose‘blc fabr|c~ strlated plasma sep s may adjom each other
'“' ' e A
but the appearance is otherwuse flecke@g R e
v a,

Voseplc fabrlc L a portlon of the plasma separatlons ar'e as§OC|ated

.‘-k

with the walls.

5 ‘fépfic :

»

Skeplse’pic

s assocuated :

%’ﬂetked

"

of yoagls, the remamder is f ckg.d;.

. L4
N N s

n° of thé plasmd .separations are -

. » . y e,

Bfnces of _'skel_eta‘llgra'irls,. the-‘remainder!‘
et & t: 2 O )

& [ B . ¥

. L PR i
. N

/s . k|

‘Maseplc fabrlc- " elongated zones of strlated plasma oCcur the

Yo remamder |s: flecked PR

N1

~ R

Comg}éx fabrlcs can be named where more than one plasmlc fabrlc

A}

is present.‘ For example lf plasma separatlons are domlnantf?y flecked

B -"‘.'\*’\

with rmnor zones \ of

assocnat‘lon- wnth‘ ske_letal
c : ,

A

\ J)’I

orlented pIasma occurrlng ~su"5cutan|cally in B

Lo i
grams the appropriate term is skel—mseplc

|
‘

£ v :
4 B R . LI . N

<
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" 3.3.2.3 Image Anajysis (Density Slicing) *

determme the extent of varlous genetlc materlals W|th|n a a/l,ven than

L section.. - Equnpment utlllzed was supphed by the‘ "Alber/a Remotef"

A

Voids (Brewer, 1976).
. kg
Voids, which» _represent .the pore,. fraction, . are described. with -
~\. R %
respect to thelr size, shape and arrangement, Only a minor description

w.4.

sof those voxds dqscé»bed is glven “here. ‘
Vughsga rdfidomly dlétrlbuted and orlented v0|ds of lrregular size
and shape; usually not lnterconne‘cted with other voids.
~Joint planes:” these. are; planar’ vonds elonqated in two directions
and _ llmlfed in  the third. They are generally rando_m to
- 'intérpedal- '_.are “ parallel  to subparallel, have a. Specitic"'

)

referred drlentadgaon and have relatlvely vre%mpag smooth waHS

)

P SN
ic of an Ae horizon. '*;',' S
9' A ’

'Skew,.planes: generally snmzlar tc Jomt planes. except they tack

‘_%example ls subpar'allel sets of joint panes in the banded
r

“

l' ~ any specific referred orlentatlon, that is; t‘ney are .random in- v
*. orientation and'“dist'ribution @ f . ‘v -
.~Craze 'olanes- . éeneralI\y mterpedal planar 'vo'ids '-V:T:hey are h
7. g %ompl’ex,' lrreqular and randomly orlented vo:ds due to th(/elr‘

associatio w:thf accommodated peds

.
N s P Ca
o v . . . . . - .
. NP s rem S )
¢
N

a

lm’age 'analysﬁis was pe'rformed on selected thm

DJ'

Sensmg Centre Edmonton and consnsted of a Ilght tabf TV camera b

dens:ty ‘slicer and colour TV momtor The lmage is converted by the'

wdensnty shcer‘mto a vudeo sugnaP of upr to 32 grt'ey tones and %k

dlsplayed on- the TV monltor The proportuon of the varlous materlals

' g - 0
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was determined by assigning a given density range or ranges to a

givenn material. Density intervals weré’\adjusted to reduce the amount
: N

of overlap between different genetic materials. A more complete

description of the density slicing unit can be obtained by contacting

personnel at the Alberta R;emot_e Sensing Centre,

4.4 Discussion ,v

4.4.1 Site Description

4.4.1.1 Landform

Sites 1 anhd 2 are locatéd‘in an area domrnatéd by hummotky to
undulating rﬁorainal depc;sits. Plots at both these sites were placed
alqng the slope.' P'sts occupied the. crest, midslop.e and lower slope
'positions, similar to that shown in Figure .9'5'{;?‘:'" |

Leyél tob rolling is the dominant surfacé expr‘éssion at sites 3, 4
ar;d 5. Surficial deposits generally consist of a re_lati_vely thin till
lveneer overlying modified, unconsolidated Crétaceous sedi_mer{t.' For
sites 3 and 5 plots were gstablish'ed along the slope while at site 4 'plots.-
were on the slope contour. In -éll\ in_st.ancé“s the plots ovccupie‘d an
app_r'oximate midslope position. . ' ,

Data of Mc.Cracken (1979j indicéting approximate"*"d"epth_ to bedrock

is given in Table 23,

u.uﬁ.z Drainage

Table,23‘al‘s'o gives water-table depths at most study sites during
a portion of 1978. For the most part'groundwater is relatively vshallow>,
particulafly in tlhe eakly summer months. .Overall water-table depths

are slightly shallower where the depth of till is shallow.

L



Tabjle 23. Depth to bedrock and water table levels at the study sites

during 1978 (After McCracken 1979).

Depth to Water Table (m)

. Water Table Depth to
Site Well Number Bedrock (m) March June August

1 1 >4.6 4.0 4.1 3.9
2 a4 1 3.5 2.9 1.9

3 >4 3.1 3.3 3.0

2 N/A N/A N/A . N/A N/A
3 1 >4.6 - ary 5.7 ---
2 >6 .1 ory 2.7 -

3 >3.0 dry 4.3 -

4 1 2.1 L dry 2.8 3.0
, 2 2.4 \dry dry 3.0

3 1.8 dry 4.5 4.5

5 1 @ 70 dry dry )
2 1.5 dry 2.3 -

3 1.5 dry 2.4 2.5

N/A - not available

79
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4.4.2 Soil Morphology | .

Horizon designations and morphological descriptions for
conventionally tilled soils of sites 1 through. 5 are given in Talél_es\Zu
through 28, nespect{:/ely. 'Descript.ior‘ws of the deep plowed soils a‘re hot
given here, due to difficulty encountered in distinquishing féature.s,
the variability of those features and the ‘resultant complexity of
morphologicgl 'descrfptions. |

Soil profiles at site 1 (Table 24) 'are fou“nd on the following slope

¢
positions:" profile 1 - lower slope; 2 - lower slope; 3 - midslope; and
L ! ‘vper .slope.‘ Because undisturbed Ah horizons, ./‘\e horizons and/or
AB horizons  have not t;een destroyed by - cultivation, subgroup
.classificati_c'm isv possible. For p‘rofilesj through ll,l« the respective
classifications (Canada Soil Survey Cbmmittee, 1978) are: 'Obrthic Black
Chernoiem;\ Black Solod; Black Solod; and Solon.etzic Black Chernoit_;[q.
In this claséiﬂcation\chemicval constraints (Appendix A, Table 61) ha\\s;be
been considerﬁéd and are r‘eflec.ted in horizon desi.gnation‘s.ofl Table 24,

The soilg do not conform ideally to concepts of Iandscapé featurés
fo'r'SoIonetzic regions, Bentley and Rost ‘(1947) and Bowser (1961)
describe va general sequence of 0.BL— SZ.BL— BL.SO—T BL.SS -~ .BL.SZ
as one moves downslope and the degree of groundwater influence_

increases. That is, advanced stag,ies of Solonet> evolution are

. associated with better drained sites in higher - topographic positions'.

Joffe (1936) and Ellis et al. (1970) as cited by Peters (1982) report the
reverse’t'o be true: weakly'c'ie\(eloped So'lonetz' ;)rofiles occupy ' the
higher landscape positions while those in .advanced stages of evolution
(Solods) occupy lower slope positions. ¢ Increased Ieachling resulting

from moisture redistribution to lower slopes is the rationale behind this
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Table 24. Morphological descriptions of the soil profiles at site 1. .
Profile Horizon Depth Description
(cm) N
1 Ap 0~10 Black (10YR 2/1 m):; loam; moderate granular;
friable.
Ah 10-25 Black (10YR 2/1m); loam; moderate to strong
N granular; friable. 4
AB 25-43 Very dark grayish brown (10YR 3/2m); loam to clay
loam; moderate blocky and moderate granular; firm.
Bm 43-70 Dark yellowish brown (10YR 4/4m); loam to ctlay
foam; weak to moderate blocky; firm.
BC 70~91 Dark yellowish brown (10YR 4/4m); weak .blocky to
amorphous; ,f-irm.
Cca 91+ Yellowish ﬁrohn { 10YR 5/4m) loam to clay léam;
, amorphous; firm, . .
2 Ap 0-13 Black (1QYR 2/1m); sandy loam; moderate
granular; friable.
Krotovena 13-15 ”_—\“%J
Ahe 15~ 2Bw—““Véry dark grayish brown (10YR 3/2m): sandy
- toam; moderate granular to weak platy; f ble
AB 28-41" Very dark grayish brown (10YR 3/2m); .loam;
moderate to strong blocky:; very firm.
Bnt 41-66, Dark brown (10YR 3/3m): clay loam; weak fine
) prismatic and modgrate blocky: very f{irm,
BCk 66-76 Dark brown (10YR 4/3m); loam; weak fine
prismatic to amorphous; very firm. .
Ccas 76-97 Yellowish brown (10YR &/4m); loam; amorphous; )
firm.
Ccasa a7+ Yellowish brown (10YR 5/4m); loam; amorphous:
- firm.
3 Ap "0-11 Black (1OYR 2/1m); loam; weak to moderate
_ granular; friable. :
Ah 11-16 -+ Black (10YR 2/1m);:1oam; moderate to strong ‘
’ granular; friable. . .
Ae 16-20 Grayish brown (10YR 5/2m); loam; weak fine platy;
' friable.
AB 20-26 Very dark grayish brown (10YR 3/2m); .loam to clay
- R loam; moderate fine to medium blocky; firm.
Bnt, 26-41 Dark brown .(10YR 3/3m); weak columnar and moderate
fine to medium blocky; very firm.
Bnt, 41-51 Dark brown (10YR 4/3m); clay loam: weak columnar;
o very firm, :
BCsk 51-61 Dark brown (10YR 4/3m); clay loam; weak columnar
to amorphous; very firm. '
‘Ccas 61-87 Yellowish brown (10YR 5/4m).: loam; amorphous:
very firm.
Ccasa 87+ Dark brown (10YR 4/3m); loam;. amorphous; firm.
4 Ap 0-8 Very dark grayish brown (10YR 3/2m); loam;
4 weak fine granular; friable.
Ah ‘56212 Black (10YR 2/1m) ;" loam; weak fine granular;
yfriable. :
‘Ahe 12-26 Very dark.grayish brown (10YR 3/2m); loam: weak
platy and weak coarse blocky; firm.
AB 26-38 Dark brown (10YR 4/3m) loam to clay loam; weak
blocky; firm, ) ) ’
Btnj] 38-51 Dark yellowish brown (10YR 4/4m); clay loam;
weak columnar and moderate blocky; very firm.
Btnj, 51-6% Dark yellowish brown (10YR 4/4m): clay loam; weak
prismatic and weak blocky; very firm.
BCk 65-81 Dark yellowish brown (10YR 4/4m); loam to clay
‘ foam; weak blocky to amorphous; very firm.
Ck 81-94 Dark yellowish brown (1QYRf4/§mi; loam; amorphous;
firm. T e g
94+ Dark yellowish brown (10YR 4/4m);: “Toam;

. Csk

amorphous; very firm,
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type of catena.

The two schools of thought are Iikely both important in recognition
of assg’éiated soils and their geomorphic relations. Geologic material is
not hemogeneous nor isotropic such that groendwater conditions can be
accurately assesse'd( on the basis of topographic information alone. On
~ the same token, net leaehing is not only a function of surface moisture
but as well is strongly dependent upon _inte'rnal., drainage - and
.groundwater flow . MacLean‘-'a_nd 'Pawluk‘ (i976) ‘found the distribution of
.'S.o_lonetzic soils :Nithin a Iahc\i‘scape cannot be explained entirely on the
basis of* topographic or hy’c.‘ii"rogeologic features alone’ and;“e:\/en when
_‘hydrochemica.l f‘eatures‘ arie -'evaluated, the lea{enary sequence of .
Solonetzic soils is »highl.y‘~ variable.  Several factors are ufdoubtedly
responsible for the catéh.a.ry sequence obseryed.a't' site 1.

2 -
Morphological features given in Table 24 genefally conform to those

plj_eviously aiven within the region (Bovyser et a_l 1947, 1962).
Solonetzic soils at this site are in en advanced .sta:ge of evolution, as
in‘dieat'\ed by blocky mesostructures in the B horizons and as reflected
in {he actual soil 'classificétion. Data in Table 2.31 indica.te the water
table is fafrly 'deep and vthis is Iikely reflected in the soil profiles
observed.. The Orthic BIackAAChe'rnozem oE)served in the _Iower' slope
-ppsition is ‘vnotl salt affected ~within . sampling ’d\epth‘ (Appe:"ldix_A,
Table 54), although its deep plowed counterbpart is saline at 48 cm
(Appendix A, Table 62)." This ‘implicates considerable vgiability in sE)il
permeaybility which may reflect stratification of niaterialsé@lew sémplingj'
depth. - -

It is interesting to note the Solonetzic Black Chernozem in the

upslopel topographic  position (profile 4, Table 24) morphologically
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exhibits. strong Solonetzic featureé, including a columnar structure,
\}ery firm consistence when wet, extremel'y hard consistence when dry;
and dark humate staining on ped surfaces. Chemical criteria, however,
exclude this profile from the Solonetzic order (Appermdix A, Table 67).
Similar anomalies have been observed elsewhere in«Alberta (Reeder and
-Odynsky, 1964) but not_ within this. regidn. |

The presence ‘of Ah horizons underlyingh Ab horizons is unusual
within® cropped Iandscépes. This is possibly related to prior soil
management. The'VChéck strip was Iocated”"in close proximity to the
legal field boundary relative to the cer_atef: of the. field. For many years
titlage. was éccomplished with 'the.use 6f a-"one—wa&" tiller whi\éh, over
time, cled result in deposition of filled A horizon yi'nate‘rial at the.field
extremeties at the expense of material in the center of the ‘f'ield.

Soil features at site 2 (Table 25) are similar in nature to those of

[y

site 1. Soil prbfiles and corresponding slope positions are: 1 - lower
slope; 2 - lower slope: )3 - midslobe; and 4 - upper slope. Soil
classification for these profiles are: 1 - Orthic Black; 2 - Black

Solodized Solonetz; 3 and 4 - Solonetzic Black Chernozem. - Anomalies
with respect to ;norphovlogic"al and- chemical criteria were not observed
here, although as at shte 1 an Qrthié Black Chernozem was observed in
the lower slope pdsition, ,Bo-th‘SoIonke"c»zic -Black Cherno'zem's exhibited

only weak Solonetzic features.

Salts within the profiles generall—y"o_ccur at shallower depths

‘relative to those soils at site 1. Although no groundwater information
~ . : .

is availabl‘é/,'this suggests -the water-table depth may be shallower'at

site 2 relative to site 1. The, presence of a Black - Solodized Solonetz

K]

(profile 2) supports. this viewpoint. In addition, the pr*esénce of
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1

Table 25. Morphological descriptions of the soil profiles at site 2.
Profile Horizon , Depth, ~ Description,
; . (cm) :
1 Ap 0-8 Very dark gray (10YR 3/t d); loam; moderate
' granular; slightly hard.

Bm 8-28 Dark yellowish brown (10YR 3/4 d); loam: weak
to moderate blocky; hard. :

BCk 28-48 Dark brown (10OYR 4/3 dJ; loam: weak blocky;
hard. )

Cca 48-76 Brown (10YR S/3 d); loam; amorphous; hard.

Ccas, 76-101 . Dark Brown (10YR 4/3 d); loam; amorphous; hard.

Ccas2 101+ Pale brown (10YR 6/3 d):; loam; amorphous; hard.

2 Ap 0-13 Biack (10YR 2/1 m): loam: moderate fine
granular; friable.

Ae 13-20 Brown (10YR 5/3 d); Joam to sandy laam;
weak fine platy and moderate fine granular;
slightly hard.

Bnt 20-33 Dark brown (10YR 3/3 d); clay loam: moderate
to 'strong columnar and strong medium to
coarse blocky; extremely hard.

BC 33-36 Brown (10YR 3/4 d): clay loam; moderate
blocky; very hard.

Ccasa 36-63 Yellowish-brown (10YR 5/4 d); loam; amorphous:
very hard.

Ccas 63-108 Yellowish-brown (10YR 5/4 d); loam; amorphous;

' very hard.
Csa 108+ Brown (10YR 5/3 d) loam; amorphous; hard to
: very hard. '
3 Ap 0-15 Black (10YR 2/1 m); loam; moderate fine

: dgranular; friable.

. Btnj 15-33 Dark brown (10YR 4/3 d); clay loam; .
moderate columnar and strong blocky; very
. hard.

BCk 33-46 Brown (10YR 5/3 d); clay loam; moderate
, columnar and moderate blocky; very hard.

Ccas, 46-70 Yellowish-brown (10YR 5/4 d); loam;

: amorphous; very hard.

’ Ccas, 70-90 Yellowish-brown (10YR 5/6 m); loam;

amorphous; friable. . :

‘Ccasy 90+ Brown (10YR 4/3 m): loam; amorphous; firm.

4 Ap 0-12 Black (10YR 2/1 m); moderate granular;
friable. 4
- Ae 12-20 Brown (10YR 5/3 d); loam; weak coarse
- . platy; slightly hard. .
. AB 20-33 Dark brown (10YR 3/3 d): loam to clay loam;
B : - weak to moderate blocky; stightly hard.

Btnj 33-53 Dark brown -(10YR 4/3 d); clay loam; weak
columnar and strong blocky; extremely hard.

"BCk 53-66 Yellowish-brown (10YR S5/4 d); loam to clay
loam: weak prismatic and moderate Hlocky to
amorphous ; very hard.

Cca 66+ Pale brown (10YR 6/3 d): loam to clay loam;

amorphous; very hard.
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soluble salts and carbonates in _the_'same horizons implicates a relatively
shallow, stable water table. ‘

Mo'rphological descriptiéns for soils observed at site 3 are given in
‘Tablé 26. Unlike ‘the previous two sites they are. uniform in appérent‘
horizon sequence .and therefore classificatibh, but differ markedly in
Ii‘thology. With respect to ‘Iocati.on within the Iandscépev, all soils are
found within relatively level terrain. |

.Based ‘on morphological, micrombrphologicél and analytical features
{see Chapter '5)\ the fclas.siﬁcation' for these soils is as follows:
‘profile ] - Black Solod; Profiles 2, :3 and 4 - Black _S‘oiodized Solonetz
- or Black Solod. Differences in clay c¢ontent (both tofé‘L and fine clay)
as well as differences observed in phyllosilicate "distribution upon deep.
plowing suggest relatively intense eluviation from the Ap horizon and_
thus implicate the development 01" a Solodized Solonetz Qr\ Solod'fo‘/r
~ profiles 2, 3 and 4. This, however, is at best subjéctive in lieu of
distinguishing morphologicz‘.al. criteria. | “ “

Stalker (1960) reports the presence of a disConti%gué 'e,sker ridge
within the immediate vicinity of site 3. This is s‘u~pported upon visu'ai
observation of the field as well as the lithologic séquénce in the soils
examined. Profiles 2 and 3 Have, within 'sampling depth, C horizon
rﬁateriél (1C) which is distinguishable as lenses ;)r "strata from
overlying and/or underlying material in terms of 'colnour, texture and/or
structure. The IIC ho-rizon material is higher in chroma than the
underlying material (profile 3), coarser in texture th‘gn the overlying or
underlying material (profiles 2 and 3) and may,be single grained
(profile .3).  Such a "Iithblogic sequence suggests a bossible

glacio-fluvial origin associated with internal ice flows. Gley features
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very hard.

Table 26. Morphological descriptions of the soil profiles at site 3.
Profile Horizon Depth Description
(cm) )
] Ap 0-12 Black (10YR 2/1 m); loam: moderate fine
; . granular; friable. :
Ahe 12-16 Very dark grayish-brown (1OY£ 3/2 m); loam;
N weak fine platy and moderate fine granular;
friable. "

Ae 16-20 Graytsh-brown (1OYR 5/2 d); sandy-. loam;

. . weak to moderate fine platy; slightly hard.

AB 20-29 Brown (10YR 4/2 d); loam: moderate to
strong fine blocky; hard, .

Bnt 29-63 Yellowish-brown (10YR 5/4 d); clay loam;
moderate columnar to strong blocky;

. . very hard. .
BCk 63-70 Brown (10YR 5/3 d): clay loam: weak columnar
' - and moderate coarse blocky: very hard.. -
Ck 70-85 Light yellowish-brown (10YR 6/4 d): loam to
: clay loam: amorphous; very hard.

1ICsk 85+ Yellowish-brown (10YR 5/4 d); clay loam;
amorphous; very hard. .

2- Ap - 0-14 Dark grayish-brown (10YR 4/2 d): clay loam;
= moderate fine granular; sliightly hard.

Bnt 14-35 Dark brown (10YR 4/3 d); clay loam: moderate 4
columnar and strong fine to medium blocky;
very. hard.

— BCk - 35-57 Brown (10YR 5/3 d): clay loam: weak co lumnar
to amorphous; hard to very hard.

II1Ccag 57-61 -Gray (7.5YR 5/0 m): sandy leam; common, fine,
prominent, strong brown (7.5YR 5/8 m) mottles;
amorphous; firm.

IICsk, 61-83 Yellowish-brown (10YR 5/4 d); loam to sandy

. loam; amorphous; hard. . .

IICsky 83+ Brown (10YR 5/3 d); loam; amorphous; hard.

3 Ap 0-14 Dark grayish-brown (10YR 4/2 d): loam;
. moderate fine granular; slightly hard.

Bnts 14-33 Dark brown (10YR 4/3 d); clay loam: strong

Y columnar and moderate to strong blocky;
very hard. .

BCcas 33-53 Brown (10YR 5/3 d); loam; moderate columnar
to amorphous; very hard.

IICca 53-59 Brown (10YR 5/3 d); sandy loam to loamy

° - sand; amorphous tovsingle grained;

‘slightly hard. ’ :

IIlCcasa , 59-73 Yellowish-brown (10YR 5/4 d); toam to sandy.
loam: amorphous; very hard.

IIIiCsak 73-92 Very.dark grayish-brown (10YR 3/2 d): clay
toam; amorphous; very hard. -

ITICs 92+ Dark grayish-brown (10YR 4/2 d); clay loam;
amorphous; very hard.

4 Ap 0-14 - Dark gray (10YR 4/1 d);: loam; moderate fine
granular; slightly hard.

Bnt 14-32 Very dark gray (10YR 3/1 m); clay loam;,
strong columnar and moderate blocky; very -
firm.

BCsa 32-44 Dark grayfsh-brown (10YR 4/2 d); clay loam;
moderate columnar to amorphous; hard.

Ccas 44-69 Patle brown (10YR 6/3 d): loam to clay loam;
amorphous; hard, o

I1ICK 69-84 Grayish-brown (10YR 5/2 d); clay loam;
amorphous; extremely hard.

I1ICs 84+ Pale brown (10YR 6/3 d); clay loam; amorphous;
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observed in profile 2 further suggest this glacio-fluvial material may
behave as a semi-confined aquifer for groundwater flow.

~ Coarse textured material, where present, is always overlain’ by
soils devefoped in medium textured morainal material.  Overiying depth

of glacial till ranges from 53 to 85 cm. Directly underlying the glacial

till within profiles 1 and 4 is modified Cretaceous sediment, whxch alsx

underlies the glacio-fluvial. material of_ profile 3. This modlfled}\
Cretaceous sediment is clay loam in te;<ture, very hard in consnstence
and exhibits well defined fine,‘ S%Jbangular blocky units.

Salts. oceur'at a shallow depth within the profiles, particularly in
Qrofiles 3 and 4 (Tableﬁ,}G and Appendix A, Table 58). The presence
of soluble salts in horizons overlying horizons which have accumulated
carbonates (profiles 3 a(\d' 4) suggests an infusion of salts above net
leaching depth. This”'i'mplicates a relatively shéllow, fluctuating
grodnd‘water .table, although data of McCracken (1979, Table 23)
indicate a relatively deep water table. It is possible that Solonetzic
processes have resulted from ;ateral groundwater flow through the more
perv.ious lenses and these lenses have piezometrfc heads independent of
the topography. x\ | |

Like site 3, soils at site .l& occur within a relatively wuniform
landscape. - All profiles are on the midslope contour within rolling
terrain. Diagnostic A horizons .of profiles 1 and 2 may have been
destroyed by cultivation, so their Classificafion is tentative (Table 27).
Analytical data in Chapter 5 <uggest sugmflcant clay translocation -such
that proflles 1 and 2 -appear to have evolved at least to the stagoe of

Dark Brown Solodized Solonetz. The presence of salts at shallow

depths and the columnar morphology of the Bnt horizons with a gen‘era'l



Table 27. Morphological descriptions of the sotl profiles at site 4.
Profile Horizon Depth Description
’ (Cm) N -
°
1 Ap O-14 Dark brown (10YR 3/3 m); loam; weak fine
granular; friable.

Bnt 14-22 Dark brown (10YR 3/3.d); clay loam; moderate

_ to strong columnar; extremely hard.

Bntk 22-31 Yellowish-brown (10YR 5/4d): clay loam:

« moderate columnar; extremely hard.

BCsak 31-58 Yellowish-brown (10YR 5/4 d); loam; weak
columnar and moderate medium blocky upper,
amorphous lower ; hard.

Csk 58-70 Yellowish-brown (10YR 5/4 d): loam; amorphous;
hard. sand streaks present.

Ccas 70+ Dark brown (10YR 4/3 d): loam; amorphous ‘hard.

2 Ap - 0o-10 Dark brown (10YR 3/3 m); sandy clay loam;
weak to moderate fine granular; friable.

Bnt 10-21 Dark yellowish-brown (10YR 3/4 m): sandy clay
loam; moderate columnar, and moderate
subangular blocky:; very firm.

Cca 21-36 Dark brown (10YR 4/3 d): loam; amorphous;
very hard.

Ccasa 36-57 Dark: brown (10YR 3/3 d); sandy loam;

. i amorphous; hard. -
Csk - 57-91 . Brown (10YR 5/3 m); sandy loam; amorphous;
‘ firm,
11Cs 91-105 Light brownish-gray (1OYR 6/2 m); sandy loam;
. amorphous firm.
IICsa 105+ Dark yellowish-brown (10YR 4/4 m); clay loam;
&3 : amorphous; very firm. ° .
N .
3 Ap\ o-11 Dark brown (10YR 3/3 m); sandy loam; weak.
’ } granular; very friable. o .
Ae 11-24 Brdwn (10YR 5/3 m); sandy loam; weak platy
. : angﬁyeak fine granular; very friable..

Bnt "24—37. Dark yellowish-brown (10YR 4/4 d); sandy
clay loam; strong columnar; very hard.

Ccas 37-63 Dark brown (10YR 4/3 d); sandy clay loam;
amorphous:; hard.

Csk 63+ Dark yellowish-brown (1OYR 4/4 d); sandy loam;

) amorphous; hard.
4 Ap 0-13 . Dark brown (10YR 3/3 m); sandy loam; weak .
’ ) : fine granular; very friable.

Ae 13-22 Grayish-brown (10YR 5/2 m); sandy loam to
loamy sand;. weak platy; friable.

Bnt 22-39 . Dark brown (10YR 3/3 d); sandy clay loam;
moderate to strong columnar; very hard. *

BCk 39-53 Brown (10YR 5/3 d): sandy clay'loam; weak

) columnar upper and amorphous lower ; hard.

Csk 53-68 Dark yellowish brown (10YR 4/4 m):- sandy loam-
amorphous; friable.

I11Ccasa 68-93 Yellowish brown (10YR 5/4 m): sandy loam;

. amorphous; friable; gravelly.
Il ICcasag 93-110 Dark-yellowish brown (10YR 4/4 m); clay loam:
’ ) amorphous; firm. : .
110+ '

‘IIIC;ag
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AR
absence of a blocky mesostructure éupport this claséificatio'n. Based on
observed horizon sequences, érofil_és 3 and ll‘ are Dark Brown Solodized
Solonetz.

i

The sola of ‘all soils have developed in loam tq sandy loam morainal

-

parent material. Coarse textured material underlies the sola of profiles:
2 and ll_whi-[e sand lenses are present in the Cskl horizon Qf profile 1
(Table 27). Modified Cretaceous .sediments are found within sampling
depth in profile§ 2 and. 4. Seluble salts a;t.relétiyely shallow depth-
(31 ém+, Table 27 andA Table 67,‘._‘Ap’pendix A) and g‘leytfeatures
obé/efved in proﬁle 4y suggest the periodic ‘occurrence of a relatively
shallow water table. - | | 3

Soil‘s at site 5 (Table 28) aiso occur in the:Dark Brown s_.o'il z.dne.
All profilés occur in the midslope position in rolling terrain. _The 'upper
portion of the B horizon has, iﬁ three of the . four profiies, ‘been
destroyed by cultivation.  Analytical data (Chapter 5) Tis not as -
suppor’t.iv"e’ for; elUvi>a\tion as those data for site & so cﬂlass-ificatio,a‘ is not
given her'e.: However, profiles described within the“area (..W.yatt _e_'ggl_,,,A
. 1'938,. s:ee Table:22) would fall into tﬁe Dark Brown Solodized Solon}etz;
'.:0catego‘r'y. " |

All sola .have developed in loamy textured giécial till..‘ Modified -
Cretaceous sediment is encoﬁntered below the. solum 'in' threg Jof’”tfﬁe four -
profiles examined and is as shallow as 40 cm erm grox{"nd su_r'féce :
: (brofile’ ll)

Morpholo_qically, tHe B horizqn is generally strongly developed
columnar- with a fairly well‘dévelop‘ed blocky mesosfr‘ucture. The latter
suggests . some degree of Solodization haé occurred. . Infusion of'svélts_ih -

the lower solum of profiles 2 and 4 suggests a relatively. shallowt,‘-

e
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Table 28. Morphological descriptions of the soil profiles at site 5.

Profile Horizon Depth Description
' (cm)
1 Ap+Bp 0-15 Very dark grayish brown (10YR 3/2 m): loam; weak to
. . ‘moderate granular; friable to firm. ' N
Bnt 15-29 Very dark grayish brown (10YR 3/2 m): loam to clay
‘ . Joam; strong columnar and moderate blocky; very fiiin.
BC 29-33 Dark grayish brown (10yR 4/2 m); loam: weak blocky
: to amorphous; very firm. '
Csk 33-41 " Dark grayish brown (10YR 4/2 m);: loam; amorphous;
. ) vary firm. | d ]
Cs 41-60 Dark reddish gray (8YR:4/2 m); loam; amorphous; very
firm. o A
Csa 60~-86
Csak 86-96 _ .
1ICs a6+ Cretaceous sediment (shale). i
2 Ap+Bp 0-10 Very ddrk grayish brown (10YR 3/2 m); loam; moderate
. fine granular; friable to firm.
Bnt 10-24 Dark brown (10YR 4/3 m); loam to clay loam; weak
columnar and moderate blocky; very firm.
BCsk 24-34 Brown (10YR 5/3 d); loam; moderate blocky to '«
amorphous; slightly hard.
Ccasa 34-41 Pale brown (10YR 6/3 d); loam; amorphous; slightly
. hard. .
Ccas 41+ ,
3 Ap 0-9 " Dark brown (10YR 3/3 m); loam; moderate fine ‘
. . granular; friable.
Bnt 9-19 Dark yellowish brown (10YR 4/4 d); ¢lay loam;
moderate columnar and strong blocky: extremely
, bard. ) .
BC 19-24 Dark yellowish brown (10YR 4/4 d); loam to cldy
. loam; weak blocky; hard. .
Ck 24-47 Yellowish brown (10YR 5/4 d) ; loam; amorphous; &
hard. : .
Csak 47-62 '
Ccas- 62-~84 ]
1IC 84+ Cretaceous sediment (shale).
4 Ap+Bp 0-14 Very dark grayish brown (10YR 3/2 m); loam;
moderate fine granular upper and moderate to strong
. blocky lower; friable (upper) to very firm
lower.
Bntsk 14-25 Dark brown (10YR 4/3 d): clay loam; strong
columnar and moderate to strong blocky; very hard.
BCk 25-40 B8rown (10YR 5/3 d); loam; moderate fine to medium
blocky to amorphous; hard.
IICcasa 40-53 Light browriish gray (10YR.6/2 d): loam to clay
loam; amorphous; extremely hard; relatively
unaltered bedrock materiatl.
I1Ccas 53+ ’
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fluctuatihg groundwater table. This is supported by data of McCracken

(Table 23) which indicates water tables as shallow as 1.2 m have been

recorded.

Deep Plowed Soils

No’attempt is given here to morphologically describe the deep
plowed soils. Horizon sequehc'es below deep plowing depth are
indicated in Tables 62, 64, 66, 68 and 7Q, Appendix A, and are similar
to. fhose observed in conventionally tilled soils at equivalent-depths. A
br?ef summary with respect to plowing depk)‘th, however, is given here.

- Plowing depth at site 1 was relatively consistent and fairly deep.
Plow depth ranges from 48 to 59 cm. Although, based on the
con'ventionally tilled profile sequences, these depths were insufficient to
reach C horizon material, in most inc*ances calcareous and saline- C
horizbn“material Qas observed immediately below deep plowing depth.

Depth of deep plowing was slightly shallower  site 2, ranging
from 38 to 48 cm. In. most cases calcareous or salinre C hcrizon material
was not reached within plowing .depth. In one instace a ~iiowing depth |
of only 38 cm resulted in only partial disruption of an ., ver B horizon.

Plowing depth at. site 3 ranged from 31 to SOAcm. In most
inétances this was sufficientwto incorporate calcareous C horizon material\;\
(Table 66, Appendix A). In one instance th‘ié material ”was also saline,

In most instances plowing'depth. at site 4 was sufficient to reach
calcareous and saline parent material, even though plowing depth was
relatively shallow (23 to 43 cm). ‘.The shallowest plowing dépth (23 cm)

was sufficient to penetrate a calcareous BC horizon.

)
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™

The overall shallowest, but most consistent depth of deep plowing
was observed at site 5 where plowing depth ranged‘frv'om 33 to 42 cm.
In all instances calcareous and saline C horizon material was found

immediately below plowing depth,

S 4.4.3 Soil Micromorphology

4.4.3.1 Fabric Analysis

Micromorphological descriptions for zones observed in both the
conventidﬁally tilled and deep plowed soils at the five sites are given in
Tables 29 through 38. ' Descriptions are general in .nature in t.hat they
describe all observed zones for a given tillage treatme\nt and site. Not

all zones are present within a given profile. For zone sequences

¢
I

observed within _ai given profile the reader is feferred to Figures 11
through 20. |

- Descriptions  for conventionally tilled and deep plowed so'il's‘ at
site 1 are given in Tables 29 and 30 with zone sequences indicated in
Figures 11 anc 12, respectfvely. Approximatieb'h.orizon. equivalents for
those zone designations in Tables 29 ahd 30 are: I - Ap; la - Ah;
Ib - Ahe; Il - Ae; Illa,b - AB; |Va,b,c - Bnt or Bm; A and A1l -
anthropogenic material resulting from deep plowing.

Zone 1, or Ap material, reflects the’ norm of A horizon material
observed. 'This zone generally consists of pért.ially ‘fuse'd mullgranic
units with variable amounts of partially decomposed plant tissue
(phytogranic units) ihtersperéed within., The dominant natural process
implied Here is the accumulation of organic matter and its resultant

intimate and complex association with mineral material. Zone la is-

similar to zohe | except it occurs below cultivation depth and is present



Table 29. General micromorphological descriptions for zones occurring in ..e
four conventionally tilled soil

Zone Fabric

profiles at site ‘1.

Description and Remarks

Ia

ib

11

Iva

Ivb

IVe

Granic//granoidic

Granic//granoidic

Isobanded granoidic

Weak banded granoidic//
porphyroskelic

Porphyroske]ig

Porphyroskelic

Porphyrosketlic

Porphyroskelic

Separated complex fabric: mullgranic
untts of irregular size and shape
coalesce in areas to form zones of mull-
granoidic fabric: degree of coalescence
becomes more pronounced with depth; oc-
casional phenoclasts; common partially
decomposed plant tissue; inclusions of
skel-mosepic porphyroskelic fabric com-
monly present when this zone directly
overlies zone IV; always present.

Separated complex fabric: mullgranic//

.mullgranoidic; as with -1 above except

mull component more pronounced; norma\l ly
absent.

Muligranoidic: regular 5-7mm spacing of
joint planes results in the appearance of
isobanded fabric; mull component is sim-
ilar to, or slightly weaker in expression
than zone I; common.

Separated complex fabric: mull-matrigran-
oldic units coalesce in areas to form
zones of porphyroskelic material; banding
is discontinuous and rather weak:; insepic
plasma fabric masked by weak expression
of mull component; gradually grades into
111; normally absent.

Insepic porphyroskelic: plasma fabric is
weak ly masked by the inclusion of highly
humified organic matter: vughy; common.

Skel-mosepic porphyroskelic: in some in-
stances strongly striated zones occur
resulting in a futher sub-dominant
masepic plasmic fabric; vughy with numer-
ous skew planes; common.

Skel-masepic porphyroskelic: similar to
IVva except domains are more strongly
striated; mosepic plasma separations oc-
casionally sub-dominant; vughy; numerous
craze planes with units partially accom-
modated; normally absent.

Skel-mosepic porphyroskelic: very similar
to IVa except for the presence of hlghly\
humified organic matter imbedded in the
s-matrix; normaliy absent.

For

zone sequences see figuré 11.
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only .in profile 3. Micromorphologitally‘, this maFerial is more isotropic
and slightly denser than the overlying zone I. Zone Ib of profiles 2
and 3 exbibits a mullgranoidic fabric which is 'similar in nafure_ to
zone I.  Regular 5 to 7 mm spacing of joint plahe; suggest this Iayer
was at one time cultivated. Successive cultivatiqns could be responsible
. for the isoband appearance of zone lb, l;awluk and Dudas (198'2)‘
“\\(eport a banded fabric separated by horizontal joint planes in the once
C\\l\.l\l‘tbi‘ Ap of Chernozemic soil. |

A

Banded fabric and weak

| Il was found only in profile 3.

\
expré§sion of pl'as'ma'fabric in this zone sugéeSt it is eluvial in nature.
Similar descri'ptions for Ae horizons were reported by McMillan and
Mitchell (1953) in various soils »of Saskatche\;van.

Zone III; observed in profiles 1 énd 3, appea'rs to represent a
transitional AB horizon. Soil fabric is porphyroskélic with .weak inéepic
plasmic- fablric somewhat masked.by weak humification of_‘ t.his_ zone,

B .,hofizé)n material - is represented by zone IV. . Numerous skew,
joint ‘and/or craze planes were ot'>served. : Design‘at\ior{\ of . zones as
lVa,b,c; is based on plasma . fabric orientation and the apparent degree
of ‘highly humified orgaﬁié matter within the’ s—matrix. Zones IVa and
IVc are similar in that plasma fabric is dominantly, skel-mosepic, yet
they differ in the amount of humic material wit\?in the s-matrix;
humified organic matter ig_ much more p‘rv';)nbunceé in zoi'\r.)e IVc relative to
zone - IVa, Zone Vb is domfﬁated ‘by skel-mosepic plasma separations.

Zone.ll_V ‘wa's observed 'in profiles 1, 3 and 4. Skel-mosepic
porp.hyi_’oskelic material (IVa)\is present in profiles 1 and 3. This

’ 2.2 . . . :
fabric is not pronounced in' that portion adjacent to overlying zones.

That is, ‘plasma .tends to become more ‘concentrated and pronounced with
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depth. Plésma concentration may"reflect illuvivation within this zone,
. yet. only "’weak exbression in the wuppermost portion suggests clay
removal from the upper 'B horizon is occurring. More pronounced
plasma concentrations in zone 1Vb of profile 4 relative to profiles 1 and
3, suggest illuviation is intense and solodization has not-proceeded to
an advanced stage. Zone ,ch,. which wasi observed only in profile y,

has highly humi fied organic matter imbedded in the s-matrix. Both
i

areas are located adi_acent.to vertical skew .planés such that the
humified material is probably the resultlof sodium humate translocation..

Zone sequences and implied horizon sequences do not conform well
to those observed morphologically, even though sampling distance was
within 2 metresv. Agreement is found only with préfile 3, which
morphologically and micromorphologically exhibits characteristics of a
Black Solod. Morphological charaéteriS’ticﬁ of profile 4, which indicate
the ’Btnj has strongly éxpressed Solonetzic ’features, are supported by
the high plasma concentrations_of zone Vb which were obser.ved
micromorphologically; | |

vMicrdmorphologicakl descriptions and zone sequences for the deep
plowed soils at site 1 aré giv‘en in Table 30 and Figure 12,
respectively. For the mostvpart zones observed are similar in nature to
those observed in the cdnventionally tilled soils. Exce'ptions include a
. radical alteration in distribution of various materials with depth and the
presence of aﬁthropogenic material. Zones A and A1 represent this
anthropoger.micb material which consists of an admixture of wvarious
materials in varying ‘quantity. ‘

Zone A represents a mixture of A and B horizon material (matri-
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Table 30. General micromorphological descriptions for zones occurring in the

deep plowed soils at site 1. N
Zone Fabric ' Description and hemarks
19 \ . »
A Porphyroskelic- G Mixed complex fébric: matri-mullgranoidic

granoidic .

A1 - Granoidic//
porphyrosketic

T, Granic//granoidic
III Porphyroskelic
Iva Porphyroskelic
IVb Porphyroskelic
Ive Porphyroskelic

; skel-mosepic porphyroskelic; proportion
of either fabric \type is highly variabie,
depending somewhat on packing density;
plasma separations given are generally
found in intimate association with the
muligranoidic fabric; masking of plasmic
fabric by organic matter is weak to mod-
erate; masepic plasma separations are oc-
casionally sub-dom'inant; common partially
decomposed plant residues; always
present. :

Separated complex fabric: mull-matrigran-
oidic//skel-mosépic porphyroskelic; ’
similar to fabric A but porphyroskelic
materjal dominates and zones tend to be
separated rather than mixed, although
mixed zones are also present; mull com-
ponent {is weaker than in A: vughy; few

.skew planes and partially decomposed

plant residues; common.

Separated complex fabric: muligranic//
mullgranoidic; units are of variable size
and shape and degree of coalescence
governs fabric type; common partially
decomposed plant residues; appears to be
identical to zone I in the conventionally
tilled soils except the degree of packing
of mullgranic units is independant of
depth; always present but proportion and
depth of occurrence relatLve to other
fabrics is highly variable.

Insepic porphyroskelic: plasma separations
normally masked by moderate inclusions of
humified organic matter; normally absent.

Skel-mosepi~ porphyroskelic: see
conventional tillage, zone IVa (table 29).

Skel-masepic %orphyroske]ic: see

conventional . llage, zone IVb (table 28).
Skel-mosepic jor ‘~lielic: see

conventional <il. ~.ne IVc (table 29).

For zone sequences see figure 12.
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mullgranoidic)  within which larger B horizon units are found
(skel-mosepic’ porphyroskelic). ‘The former ' represents gran'ic -units
composed of mull and matrix material whlich occur in intimate
association, while 'thé latter 'is composed of‘small porphyroskelic units
“interspersed within the dominantly granoidic fabric. 'Zone A1, observed
in profiles 2 and 4, differs from zone A in that minimal mixing of
matri-mullgranoidic material,' and porphyroskelic mater'.ial has occurred.
The two fabrics occur as separable entities with a gradual boundary
distinguishing ' the two separated fabrics. Unlike material in zone A,
thaf found within -zone A1 appears to have originatéd predominantly
from hbn;Ap (or Ah) material. Plates 1 and 2 indicate the appearance
of the mixed fabrics of the anthropogenic material.

It should be noted that Ap material (zone 1) is not found at the
immediate soil surface. Rather, it is found lower in the deep plow;d
profiles .(profiles 1-3) and is virtually absent in profile 4. It therefore
iappears the action of the 3-layer topsoil saving plow is such that B
horizon material is incorporated with A horizon material and these two
materials, upon subsequent tillage, are mixed to form a more
homogeneous soil mixture. Discrete areas of uniform material (zones I,
(11, IVa,b,c) remain, however, perhaps due in part to both stability
and limited cultivation depth.

Zone seqvuences in the conventionally tilled soils at site 2 (Table 31
aﬁd Figure 13) are similar to those of site 1. Sampling depth,
however, was. inéufficient to obéerv'e the nature of B horizon material.

Zone | consists of mullgranic material exhibiting a variable degreé
of_ fusion to form a dominant mullgranoidic fabric. This zone

corresponds to Ap material. Zone la, observed in profile 2, exhibits a
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A) Zone A, Figure 12c, 3.0 cm depth; plain 1ight; x 16.

B) Zone A, Figure 12c, 3.0 cm depth; partially crossed nicols; x 16.
Plate 1. Micrographs of anthropogenic material resulting from deep
plowing. : .
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A) Zone A, Figure 12c, 22.0 cm depth; plain Tight; x 10.

B) Contact between zones IVb and I, Figure T2c, 20 0 cm depth

partially crossed nicols; x 10.
Plate 2. Mi%rographs of fabric mixing resu1t1ng from deep p10w1ng‘
at site



Table 31. General micromorphological descfiptlons for zones occurring in the

conventionally tilled soil profiles at site 2. . X,

‘Zone Fabric

!

Description and Remarks

I : Granic//granoidic

Ia Granoidic

11 : Weak banded granoidic//
porphyroskelic

III Porphyroskelic

Illa Porphyroskealic

Separated complex fabric: mullgranic
untts of {rregular size and shape coa-
lesce to form mullgranoidic fabric;
muligranic fabric |Is occasionally domin-
ant; minor inclusions of insepic porphy-
roskelic material may be present; common
to abundant partially decompose plant
tissue; highly porous, with aprarent

102

porosity decreasing with depth; normally

gradually grades into zone I1I; always
present. - '

Mixed complex fabric: matri-mullgranoidic
i very similar to I except for lower -
organic matter; dense packing in some-
areas approach a porphyroskelic” fabric;
normaki{y absent.

: »
Separated complex intergrade: weakly
banded matri-muligranoidic//insepic porp-
hyroskelic; organic-matter slightly lower
than in la; occasional joint planes with
units partially accommodated; common un-
decomposed plant residues; normally
absent. g

Insepic-porphyroskelic: common inclusions
of highly humified organic matter
imbedded in s-matrix, decreasing with
depth: vughy: common skew planes; common
partially decomposed plant tissue.

Insepic porphyroskelic: similar to III
except presence of organic matter is
minimal; weak skelsepic plasma fabric
occasionally present in lower portion of
zone; normally absent (perhaps due to
limiting depth of thin sections).

‘For zone sequences see figure 13.

Te
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higher degree of coale;cence of granic units, those of which are lower
in apparent organic matter content than in the overlying zone I. This °
‘zone appears to exhibit weak eIuQial features and therefore may
correspond to a' weakly humified and wéakly eluviafed»Ahg horizon.

Avvdistincvtleluvial zone (I1) is observed only in profile 2. - This
zone consists of insepic prophyroskelic material which is sé’parated by
horizontal ‘joibnt plahes to produce a banded fabric. Weak inclusions-of
'orga'nic matter are present which éuggests this zone IS undergoing
gradual humification.

An apparent AB horizon is present in all four profiles and this
horizon  represents : the lower boundary of micromorphological
Aobservation. - Zone 1l is chéracterized ~by insepic porphyfo§kelic
material. Modérate inclu: s of humified organic ”matter:,‘ which’
gradually decréase with depth, suggest this zone is undergoing "gradual
hurﬁificat’ion. Zone lIlla underlies zone 11l in profile 3 and is similar to
zpné ‘III' ,alt.hough organic metter in'éldéions are weak. In the lower

portion Ao’r'-"tvh_is zone a weak skelsepi~ plasma fabric appears. This area

!
.

may'reflect the c,uirrent zone of intense solodization if if corresponds to
the upper Bn‘t horizon. o _"_

. Again, mi'cromorphol'ogicél zone seqUences do not confor:m well with
morphological descripfions‘;' Profile 2, however, is similar in both
respects ‘assuminng zone Il represents the upper  Bnt horizon. It is
possible the ‘Bm horizon“of_profile 1 corresponds to zone I11. Péyﬂuk
and Dudés (1982) report the Bmu horizon éf aa turbated Black
Chernozem is ‘dominated by insepic plasma fabric.

Dee;) pIovyéd soils e::hibif erratic 'dis';ribution_ of materials ‘with

depth (Figure 14). Zones 1, Il and Illa (Table 32) .are similar in
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Table 32. General mfcrbmorphological descriptions for zones occurring in the

deep plowed spils at site 2.

1 Zone

Fabric

Description and Remarks

Al

Illa

Iv

Iva

Porphyroskelic/
granoidic

Granoidic//
porphyrosketic

Granic//granoidic

Porphyi. '
Por Skl
Porphyroskelic

Porphyroskelic

Separated complex fabric: sharp boundary
between porphyroskelic material of
variable plasma fabric and mulilgranocidic
material; variable amount of matrix
material intarspersed within mullgran-
oidic fabric; highly porous; common
partially decomposed plant tissue;
normally absent.

Separated and mixed complex fabric;
matri-mullgranoidic//insepic porphyros-
kelic: similar to zone A except for pro-
portion of fabric type; porous, normailly
present.

Separated complex fabric: mullgranic//
muligranoidic: similar to zone 1 of
conventionally tilled soils; variable amount
of matrix material interspersed within
mullgranic material; normally present.

Insepic porphyroskelic: see zone IIl in
conventionally tilled soils (table 31);
always present.

Insepic porphyroskelic: see zone Illa in
conventionally tilled soils (table 31);
normally absent.

Mosepic porphyroskeiic: moderate
inclusions of highly humified prganic
matter; vughy; normally present.

Skel-ma-mosepic porphyroskelic: vughy:
normally present.

For zone sequences see figure

.

14.
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composition to those observed in the conventionally tilled soils. Zones
"A and Al reflect anthropogenic materia[ derived from two or more
genetic.rﬁaterials. Zone A consists of a porphyr;oskelic material of
variable ‘plasma composition interspersed within mulligranoidic material.
The bound’ary between the two fabrics is sharp. This zone, ovérall-, is
highly porous (Table 32). In zone A1l the prop'ortion. of the two fabric
types is rever;ed; matri-mullaranoidic fabric is subdominant to insepic
porphyroskelic fabric. In additibnh the boundary between the two
fabrics is not as pronounced.

/.\pparent‘B horizon material (zonés IV and 1Va) is present in
profiles 3 and 4. Both zones ‘have dominant mosepic plasma separations R
with zone‘ IVa exhibiting subdominant skelsepic .and masepic plasma
sebarations. Morphologically (Tablé 25) it appears this fabric i;
derived from Btnj horizons. |

}\Aicromorphological descriptions and  zone -sequ.ences for vthe
con‘ventionally tilled soils at site 3 are given in Table‘ 33 and Figure 18,
respectively, In all instances zone 'l is observed which consists of
mullgranic units partially fused to form mullgranoidic fabric. Within
this zone par.tially‘idecomp'osed plant residues are abundant.

, Zones illa and Illb exhibit weak insepic plasma separations. Zone
I.Ilb differs from zoné fa in having a greater concentration of humified
organic matter in the s-matrix. Zone Illb is only present in profile 4
and forms the bound‘ary adjacent to a re‘latively large vertical skew
plane which appeérs to demarcate adjacent columnar peds.

Zones |V, IVa and IVb are all porbhyroskelic but exhibit variable |

plasma separations. Zone IV of profiles 2 and 4 exhibits a mo-skelsepic

plasma 'Tabric. It is interesting' to note zone IV in profile 2 is .



Table 33.

General micromorphological

conventionally tilled soll

Zone

Fabric

108

descriptions for zones occurring in the

profiles at site 3.

Description and Remarks

IlIa

Illb

v

Iva

IVb

Granic//granocidic

Porphyroskelic

Porphyroskelic

Porphyroskelic

Porphyroskelic

Porphyroskelic

Separated complex fabric: mullgranic//
mullgranoidic; fine mullgranic units of
irregular shape coalesce in areas to form
zones of mullgranoidic fabric; abundant
undecomposed and partially decomposed
pltant fragments; few skew planes; occas-
ional phenoclasts; highly porous: always
present.

Weak insepic porphyroskelic: plasma
fabric weakly masked by inclusions of
highly humified organic matter; vughy;
normally absent. : '

Insepic porphyroskelic: similar to II1
except plasma fabric is strongly masked
by humified organic matter imbedded in

- the s-matrix:; this is a dense area which

is adjacent to a large, vertical craze
plane; normally absent.

Mo-skelsepic porphyroskelic: proportion
of mosepic to skelsepic plasma fabric is
variable and either may be dominant in a
given thin sectior; minor insepic and/or
masepic plasma fabrics occasionally occur
vughy: few craze planes with units

partially accommodated, gradually
decreasing with depth; normally present.’

Mosepic porphyroskelic: minor masepic and
skelsepic components may also be present;
plasma fabric somewhat masked by highly
humified organic matter; vughy; common
skew planes and craze planes with units
frequently partially accommodated; walls
of vertical craze planes occasionally
lined with mullgranoidic material;
normally present. :
Skel-insepic porphyroskelic: vughy: few
craze pi:anes with units partially
accommodated; where present, gradually
grades into zone IV: nermally absent.

For zone sequences see figure 15,
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separated by a thin band of zone |. This suggests cultivation has been
sufficiently deep to incorporate some B horizon material within the Ap.

Underlying zone IV in profile 2 is zone IVa, which exhibits less
pronounced plasma separ;ation‘s (mosepic). Zone Vb directly overlies
zone IV in profile 4. The skel-insepic plasma fabrié (zone 1Vb)
observed here may reﬂect" some degree of degra'datio:n' of an upper an
horizon. \

“An ého'mély'c'osgrved at this site is the bresence of insepic
porpvhyros'kelic ~material  (Illa) underlying mosebic porphyroskelic
‘material * (1Va) at shallow depthv (profile 1). Thus far po'rphyrogkelic
material with relatively weakly expressed plasma separations has been
associated with soldd_ized material and as such has overlain materfal with

more pronounced plasma concentrations. It appears that conventional

tillage may have redistributed genetic horizons in a manner similar. to

Kl

- that of profile 2. This would also "explain the rather .erratic
distribution of zone llla above ‘ZODE IVa, in otherwise Ap (zone.I)
material.

>Wit,h the exception ofv.profile.1, miéromorphological sequences agree
with morphological ob»serv,atic;n"s..' , Tha‘i is, Ap matérial (lzone 1) directly
: oyerliés Bnt material (zone IV or IVb), with eluvial or transi‘tional“
horizons generélly abse_nt. |

Descriptiong .and zone sequences 'for the deep plowed soils are
given in Table 34 and bFigure 16. Again‘,' a dramatic redistribution of
genetic materials is indicafed in 'Figure 16.. Zone types inclusive of
zones I, IV and. lVb..are similar to those described for the.
conventionally. til’lecll é(_)ils., Zones A and Al are anthropogénic in origin

and consist .of separate areas of mullgranoidic and mo-skelsepic



Table 34. General micromgrphological
deep plowed soils at site 3.

Zone ?ébflc

111

descriptions for zones occurring in the

Description and Remarks

A Granoidic/
porphyroskelic

At ' Porphyroskelic/
granoidic

| S Granoidic

\
SV Porphyroskelic
Ivb Porphyroskelic

Separated complex fabric: mulligranoidic/
mo-skelsepic pdhphyroskelic; insepic or
masepic plasma fabrics may also occur in
some areas; higher density and some
mixing of the two fabrics is often assoc-
ifated with the surface 5-10mm, which in -
some instances could be considered a
crust; highly porous, particularily in the
uppermost SOmm; occasional skew planes;
abundant decomposed and partially
decomposed plant tissue;lalways present.

Separated complex fabric: very similar
to A except the relative dominance of the
two fabrics is reversed; generally less

‘porous than A; normally absent.

Mullgranofdic: very similar to I in the
conventionally tilled soils except the degree
of coalescence between mullgranic units
is more pronounced and this zone is not
associated with the soil 'surface; occas-

-ional. inclusions of porphyroskelic

material with variable plasma separation
. always present. :

Mo-skelsepic porphyroskelic: as with zone
IV in the conventionally tilled soils:
this fabric type occurs as areas
interspersed within zones A, A1 or I;
normally present.

Skel-insepic porphyroskelic: as with zone

- IVb in the conventionally.tilled soils;

also interspersed within zones A, A1
and I; always present.

qu'zone sequences see fjguie 16.
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(

porphyroskelic fabrics. Differentiation of zone‘&#\/and. Al is based on

the proportion of the two observed constituent fabrics: porphyroskelic

ma(‘terial is dominant to mullgranoidic material in zone A while the

reverse (?s true for zone Al,

Oné fundamental difference exists between those soils described
ihus far and those at site 4. Surface horizons of the conventionally
tilled soils (Table 35 and Figure 17) are coarse textured and are
'ch.aracterized by mullgranoidic iunctic porphyric intérgrades. Here,
zone | consists of coarse ortho-f-members (sand é:‘i*ains) between which
mullgranoidic material forms bridges. Porphyric intergrades result
when packing of units becomes ‘pronounced, This type of fabric
reflects relatively intense degradation, either through genetic farocesses
or culturél practicés. The relatively coarse nature of the parent
material (Table 27) would undoubtedly enhance both.

Underlying this zone is either of zones la or Ib, but more
commonly the latter. Zorne Ib exhibits a weaker expression of the mull
com.ponent and is occasionally dissected by skew planes, but is
otherwise similar to zone I, it ‘probably‘ represents .a weakly eluvial
horizon relative to zone |, although the entire A horizon appears_to be
strongly eleiatéd (see also Chapter 5). Zone Ib is present in all
profiles. Zone la is present only i>n profile 2 The mull component of
the mullgfanoidic material is more pronounced in this zone relative to

zone | which may reflect either an undisturbed Ah horizon or an Ap

horizon which has not been cultivated recently.

a

Zone 11 is an eluvial horizon characterized by weak, discontinuous
bakding. It is present only in profile 4. Some humification of zone Il
appears to have occurred. s
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Table 35. General micromorphological descriptions for zones ocrurring in the

conventionally tilled soil profiles at site 4.
Zone Fabric Description and Remarks
I Granoidic tunctic ‘Muligranoidic iunctic: fine mullgranoidic
uni.ts of irregutar size and shape form
bridges between large ortho-f-members; in

some zones dense packing of mullgranoidic
units approach a porphyric fabric to give
zones of idunctic porphyric intergrades;
numerous packing voids; common partially
decomposed plant fragments; always
present.

Ia Granoidic iunctic Mulilgranoidic iunctidﬁ as with I, except
‘ higher organic matter and generally a
slightly greater packing density,
resulting in a greater proportion of
tunctic porphyric intergrades; normally
absent.

I1b Granoidic iunctic Mullgranoidic tunctic: mull component
L \ less . pronounced than in I; occasional
skew planes which are frequently 1ined
with material from I or la; plant
residues less common: always present.

It Weak banded granoidic Weak banded muligranoidic lunctic: very
iunctic similar to la, except for the presence of
“ o ' weak, discontinuous banding; normally
absent. S
111 Porphyroskelic Insepic porphyroskelic: plasma fabric

weak ly expressed between coarse ortho-f-
members; occasional weak masking of
insepic plasma fabric by organic matter;
occasional skew planes and partially
decomposed plant tissue; gradually grades
into IV; normally present.’ \

Iv Porphyroskelic Mo-skelsepic porphyroskelic: proportion -
of mosepic to skelsepic plasma fabric is
somewhat variable; in some zones masepic
or vosepic plasma is present, although
not as the dominant fabr ic; vughy; skew
planes common with units partially accom-
modated: few partially decomposed piant
fragments; always present.

B3

For zone sequences see figure 17.
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¢

1

‘lnsepic porphyroske.ic fabric (zone, [Il). underlies zone Ib in
- profile 3 and zone Il in profile 4. Weak expression of plasma
separations between coarse ortho—f—memb‘ers,” combined with weak

humification of this zone suggest it is a transitional horizon.

—_—

Porphyroskelic B horizon material is'k' presentl‘ ih all profiles. ltr-is
somewhat variable in ;Iasma. composition but tends to be dominated by
mo-skelsepic. Skew planes are common with units partially
accommodated. | |

Res'ults‘ of observatiqﬂns on deep plowed soils are: given in Table 36
and Figure 18. Zones | and IV are similar m comp::s' tion to thosé }n
the convent'fohally ~tilled soils but differ in"their distribution - with
depth.- Zone A; as in ‘c')?her ,deép plowéd_ soils, is anth‘ropogékgjvic in
Qriginl. . Here it consists of\ matri-mullgranoidic - units interspersed
between ortho-frarﬁewo[‘k members, Pla‘sm\a fabric of the matfigranoidi(‘;
units. tends to bé mo;skelsepic in nature. ‘\LZone C},_present as a crust
in profiles 2, 3 and 4 is similar to zor:e A except that packing is much
more pronounced ‘such that iuncti_c hporp,hyri(_: intergradgs aré more
common. - Additionally, there appears to be a gradation tov;ards finer
.ortho‘-f—members | with depth through zone C. ”'.This may ré}lect\
red'istributiqn‘ of the orfho—f—m;mbers updn ra'indrop imbact. _ |

Zone IVa, which was not observed' in .Vth’e'conventionallvy tilled
séil‘s, is found in profiles 1, 3 and 4, Strdnper plasmavconc_entrations',
indicated by skel-masepic pla.sma.separatiorm‘s, suggest this zone s
illuvial in nature. [t iis likely this zone is de ived.from a lower portion
of the Bnt horizon, below. the depth observed in the conven£ionally

tilied soils.

. Micromorphological ~ descriptions  for zones observed in the

i
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Table 36. General micromorphological descriptions for zones occurring in the
deep plowed soils at site 4. .o
vy

Zone ?abric ! Description and Remarks
C Granoidic tunctic Mixed complex fabric: matri-mulligrancidic
‘porphyroskelic units are packed between coarse ortho-f-

members in varying degrees to form the

two fabric end members and i{ntergrades;
weak masking of skel-insepic plasma

fabric by organic matter; ma-skelsepic
plasma separations occasionally observed’
in the.center depth of the crust; propor-’
tion of finé ortho-f-members generatlly
increases with depth; normally present.

A Granoidic iunctic : Matri-mullgrancidic units of irregular

’ size and shape form bridges between large
or tho-f-members; dénse packing in some
areas results in zones of junctic porph-
yric intergrades; plasma is variable in
compositiory but generally is mo-skelsepic
which is weakly masked by organic matter;
occasional undecomposed or partially
decomposed plant tissue; always present.

I Granoidic functic Mullgranoidic iunctic: ‘as with A above
except mull component much more pronoun-
ced and no visible plaéha~separations;
always presest.

v Porphyrqskelic' ) Vughy mo-skelsepic borphyroskelic: skew
. planes common with units frequently par-
tially accommodated; normally pqesent.

Iva Porphyroskelic . Vughy  skel-masepic or ma-skelsepic
- porphyroskelic; skew planes common with
units frequently partialily'accommodated;
normally present. )

For zone sequencesfsee figure 18.



118

9be[ |13 jusu4nd jusuedde $93eDLpul sul| payseq
9dB ¢ - | S3{Lj0dd “f 334S e S| Los pamo|d daap 3yl UL pIAUl

o

-1¢

Sl

0=
wo

o}
] -2
81
BAl
[NeAb |
~Cl
-6
ini
v
-€
o o .
EU

_.\\\\rllrcxnla

‘Al9AL309dsad ‘[ - B SeunbLy Aq pajua
0 S2u0Z |P2}50|oYdAowoLD Ly

-

St

"yzdap
saudad

*gl @uanb4

m = .

/,n_ 12

- 81

. st

CAl
2L

W2



119
conventionally tilled soils at site 5 are “giv.en in .Table 37 and
corresponding zone sequences are given in Figure 19. Zone .|
represen.ts the norm for the cultivated Ap and generally exhibits the
_ ,.:null_qranic//mullgranoidic sequence although densely packed areas
grading to porphyric are occasionally present, Separated
mullgranoidic//insepic porphyroskelic fapric (zone la) was observed in
profile 1. This zone may comprise cultivated material vfron; former Ae
and/or AB horizons mixed within the current Ap horizon,

Zone H] of profiles 1 and 3 consists of porphyroskelxe fabric
exhibiting skel insepic plasma separatlons with moderate inclusions of
‘humified organic matter. Thls zone probably reflects the wupper,
partially solodized surface of the .E'Bnt‘horizon.

Two types of Bnt horizon meterial -are noted. | Botp are
porphyrpskelic in fabrie type {(zones. !V and IVa) and are dominéntlyv
skel-mosepic in plasmic fabric.A The difference is that masepic plasma
'separations are;.‘:i_significant, thougg subdominant in zone IVa. Both
zones are sugge;tive of illuvidtion, zone IVa perhaps more so.

Descriptions and‘ sequences for deewp."‘plowed soils at site 5 are
given, in TabQIe 38 and Figure 20 respectively. Un|ike deep plqued
soils of prevtous sntes no unaltered Ap material *was found within
sampling depth The surface is comprlsed of anthropogemc (A or A1)
materlal of a mixed complex nature. The proportion of mullgranoidic to
porphyroskellc fabric dlstmgwshes between zones A and Al (Table 38).
In both instances the boundary between the two fabrlc types is sharp.

Material derived from the B horizon occurs in discre‘te, small areas
(profiles 2 and 3) or ‘as the domirlant material in large areas

(profile 4). Plasma fabrifcrs are similar to those observed in the

conventionally. tilled soils.



Table 37: General micromorphological descriptions for zones occurring in the
conventionally tilled soil profiles at site 5,

Descript1on and Remarks

Zone " Fabric

I Granic//granoidic
-2

Ia .Granoidic// "

porphyroskelic

LY

ITI Porphyroskelic
v Porphyroskelic .
Iva Porphyroskelic

Separated complex fabric: mullgranic
units of variable size and shape coalesce
to form zones of mullgranoidic fabric;
proportion of granoidic fabric increases
with depth, and in some instances appro-
aches a porphyraskelic fabric: common
partially decomposed plant residues;-oc-
casional inclusions of porphyroskelic
material; porous:; always present,

Separated complex fabric: mullgranoidic//
insepic porphyroskelic: common partially
decomposed plant residues; fairly porous;
normally absent.

Skel-insepic porphyroskelic: moderate
inclusions 'of humiflied organic matter
imbedded in s-matrix: normally present.

Skel-mosepic porphyroskelic: moderate
amounts of humified organic matter within
the s-matrix; normally present, but
amount may not.warrant specific zonation.

Ma-skel-mosepic porphyroskelic: minor vo-
sepic plasma separations also occur in
areas; humic material imbedded in
s-matrix; plasma becomes less -corcent-
trated with depth; vughy: numerous skew
planes, occasionally containing roots;
normally present. :

120

For zone sequences see figure 19.
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v

Tabte 38. General micromorphological descriptions for zones,occuﬁring in the
deep plowed soils at site 5. )

Zone Fabric

Descrlet!on gnd Remarks -
T W Y

Al

v

Iva

Granoidic/
porphyroskelic

Porphyroskelic/
granoidic

Porphyroskelic

Porphyrosketic

Separated complex fabric: mullgranoidic
‘jfabriq interspersed within areas of por-
‘phyroskelic material; the latter

generally characterized by skel-mosepic

plasma separations but areas of. insepic
plasma fabric also occur:; generally
pordus;_common partially decomposed
plant tissue; always present.

Separated complex fabric: tdentical to
zone A with the exception of fabric
proportions; normaily absent.

. £
Skel-mosepic porphyroskelic: see zone 1V,
conventional tillage (table 37);
occasionatl plant fragments found in skew
planes; normally absent.

Ma-skel-mosepic porphyroskelic: see zone
IVva, conventional tillage (table 37);
normally present.

For

zone sequences see figure 20.
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4.4.3.2 Image Analysis

In many instances micromorphological observations revealed cleé?ly'
distinct areas of different genetic materials, Density slicing was
- performed to détermine the extenf of various materials within a given
thin section,"expréssed as a percent of total ‘thin sectionb area.
Emphasis was placed on distinguishing A horizon material .(mullgranoidic
or mullgranoidic iunctic fabricé) from B horizon material (porphyroskelic
faBric) part’ivcularly in the deep plowed‘ soils.” Results are given in
Table 39 and should be viewed with re.felrence to Figure§ 11 to 20, as.
indicated in Table 39. Pléte 3 illustrates the enhanced imaées of a
cbnventibnal‘ly tilled and deep plowed soil at site 1.

In all instances the surface 75 mm of the conventionally.t_illed soils
consists entirefy of A h‘ofizon‘materfal,l whereas that of thé deep plowed
soils consists_of an admixture of variousvanthropogenic materials. Deep
plowiﬁg has a var‘iable. effect on material within the 75 to 150 mm depth.
In some instances (sites 1 and 2).the propbrtion of st'.rictI;/ B horizon
~material hé_s inccreased; while in other§ (sites 3 and 4) it hés decreased.
If, however,“the amount ofbiB horizon material contained within the
anthropogeﬁic zones. is; considereq, deép plowing overall increases the
amount of non-A horizon material at depths of 75 to 150 mm. In most
instances the amount of A hori‘zon material found at depthg of- 150 to
225 mm is increased by deep plowing '(sifes 2, 3 and 4). The only
exception is where the ini‘tiéi “A .horizovn' oécurs Within this depth
(site 1). | |

- It should -be nofed that values in Table 39 are by no means exact.
OQerlép,in "apparent" density between obviously different ma-terials was

encountered in most thin sections. Three factors contribute to the

1
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observed overlap; real density, colour and thin section thickness. Real
density and soil colour in various combinations often resulted in the
same perceived density as determined. by Fhe image analysis technique
used. This is .particulérly true of the soil sequences examined at site.5
‘where differences between A and B horizon materiél‘s could be not
resolved.  Genetic materials low in real density but darker in colour

:

(Ap) resulted in the same apparent/ density as materials higher in

i
!

density but lighter in colour (Bnt). 1‘l"hicknesa of thin sections modifies .

the result by altering both colour and density. Thinner areas of thin
sections have lower densities and are lighter in colour. This is

indicated in plate 3A, where‘thé Bnt horizon exhibits the vsa‘mbe’

colouration (perceived density) as .the Iarger/;( skew plane interstices. -

i
i

4.5 Summary

Morphological and micromorphological feftures of deep plowed and
conventionally tilled soil:%»\vere examined./ The bulk of the -soils
examined were Solonetzic, according the the guidelines outlined by the

Canada Soil Survey. Committee‘&(1978). Only at sites 1 and 2 where

relief is hummocky were Chernozemic soils encountered. Those

Solonetzic soils observed exhibited moderate to strong columnar
_ structures in the B horizon aﬁd in most instances exhibited a blocky
mesostructure., The blocky mesostructure is an indication some degree
of solodization has occurred in these soils. Intact eluvial horizons wePe,\
observed in some soils at sites 1 to 4, however, none were observed at
site. 5. Differences in other features (discussed in Chapter 5) suagest
eluvation/flluviation has occufred in Solonetzic soils lacking an Ae

horizon. . It is, therefore, postuléted the Ae horizon has, in most

A
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instances, been destroyed by cultivation and those soils lacking an Ae
horizon are in an intermediate stage of evolution (Solodized Solonetz) as
opposed to an early stage of evolution (Solonetz).

The surface ho%izon (Ap) in the conventionally tilled soils was
dqminate‘d byl the granic fabric sequence which is dominant.ly mull in
composition. Similar descriptions are given by Pawluk and Dudas
(1982) for the. Ap horizon of a Chernozemic soil. At site 4
mullgranoidic iunctic fabric was observed in the\ conventionally tilled Ap
horizons.  This fabric is indicative of relatively -.seve«re degradation of
the surface. It may reflect soil management, genetic proceéses, an
intially coarse.‘ parent material or ‘a combination‘ of all three, Smectite
redistribution (Chapter/s) suggests intense eluviation.

Ba‘nded fabrics were observed in certain profiles at. sites 1, 2

y

and 4. Where’.obServed, banded fabrics were generally, though not

always, underlain by insepic porphyroskelic fabric. The latter appears -

to be associated with transitional AB horizons and occasionally with the

zone of weathéring in the upper Bnt horizon. Humified organic matter
was  frequently encountered in  the s-matrix of the ihsepic
porphyroskelic. fabric. This may-reflect sodium humate illuviation under
previous, more alkaline conditions or graduél humification of this ione.

l;’or_phyroskelic fabric was observed in all B horizons examined.
Plasma fabrics. \\)ver'e' variable 'but generally consisted of mOSepibc,
iskéisepic or (nasepié_ plasma sepa}'ations in variable combinations..
Bréwer (1976)\ attributes’ skelsepic, vosepic and masepic blasmic fabricsv
to forces associated with wetting and drying of éoil materials. Since
_Wetting and‘ drying is implicated-in the formation of columnar structures

in Solonetzic soils (Bowser, 1961)' this is the likely origin of these
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- fabrics. The origin of insepic and mosepic fabrics is not as certain.
‘They may, to some degree, be 'irjherited from sedimentary rock material,
with less intense shrink-swell cycles being responsible for development
of mosepic plasmic fabric (Brewer, 1976). Insepic fabrics observed
were typically associated with transitional AB horizons and apperent
yveathering zones in Bnt horizons such that their origin in the upper
sola of. Solonetzic soils .méy be partially eluvial in nature. Craze and
skew planes were frequently observed in B horizons. Where adjaeent
peds were found to be partially accommodated reflects the: blocky
mesostructure observed morphologically.

Deep plowihg altered the distributien with depth of soil fabrics in
addition to creating a. unique soil fabric, Former Ap.)'material
(mullgrano‘idic or mullgranocidic iunctic sequences) was replaced by
mixed complex mullgranoidic//porphyroskelic material to mimimum depths
of 75 mm. These areas (designated A or A1) are largely confined to
shallower depths and therefore may owe-their origin to Subsequent post
deep ulowing tillage; larger‘porphyroskelic'units have been broken
down and mixed with former Ap material to form more intimately
associated mixtur~: that appear fairly homogeneoue when viewed
macroscopicatly; Observed micromorphologically, this mixture can be
sepat'ated into distinctl;; different modal fabrit:s. It should be noted
:this anthrjopogenic fabric is also faound at depth such that it .may also
result front the mixinc action of the deep plows.

Relatively intact, iarger areas of porphyroskelic fabric are found
distributed throughout depth in all deep plowed soils examined. This
material z—-pears to be derived from AB or Bnt horizons_, aithough

material from lower depths c;nnot be ruled out due to the relatively
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shallow depth of micromorphological investigatiohs (225 mm). Chemical
properties of deep plowed soils (Appendix A} suggest C hprfzon
material- was, in most instances, incorporated within the disturbed
upper .sola.

At sites 1 to 4 original Ap material Imuilgranoidic oF similar fabric)
is observed within sampling Adepth in all deep p\lowed profiles, but not
at the immediate soil surface. Botov (1959) reports downwardblosses of
Ab material are the ‘result of an incorrect setting for the first léyer
plowshare of the 3-layer plow.  Variable topsbil thickness and
consistence of the B horizon causing uplift of the plow may also
con'éribute go Ap losses., |

At site 5 mullgranoidic;'gabric is not observed in any of the deep .
plowed profiles. This supports the tillage action of the two tQpes of
plows used. The topsoil saving feature of the v3—l,ayer plow, used at
sites 1 to 4, is indicatéd by preservation of at least ‘zon_es. -of unaltered
Ap material while the more complete mixing action of the single—bo’ttomv

plow (no.intact zones of Ap material) is indicated at site 5.



5. ANALYTICAL PROPERTIES OF SOIL SEEDBEDS.

%

5.1 Introduction’

| Considerable research has been devoted to the study of changes in
chemical and physical properties of Solonetzivc‘ soils through dé.ep
- plowing, ~ Although this. is true, little emphasis has been placed on the
effect of these various char\..g-es on the overall suitability of the soil as a
medium -for seed germinaﬁdn and seedling,eétablishmeﬁ_t. Furthermore,
no. attehpt has bee‘n madé 0 specificalﬂiy r'ne'as'ure and felate various
chemical, physical and m‘inera.logical vbroperties of deep plowed seedbeds
to crop este/ablishment patterns.’ This chapter is de\;oted to analytical
characterization of the seedbeds of conve_nvtionally til»l‘ed and deep plowéd
Solonetzic soils and thé apparent»nélationships between the'\_/ér"ious
properties measured. .The relat.ibnships of these properties, where
a.pplicable, to crop establi_éhment and g}}"o_\&th patterns are discussed. in

Chapter 6.

5.2 Literature Review

5.2.1 Effect of Deep Plowing on Chemical P(opertieé

The"- bulk of research b_h deep plowin‘g. of Solonetzic so.ils has
’f(-)cused on ‘changes" in. -soil c‘h:émic’al properties wi,tHin ‘plowing depth.
Various changes' in so.‘luble'--, e*tractable ahd exchangeablep ions are
reported by several authors. A summary of these éhanges\)v spe;:ific_to

Ap horizons, follows..

131
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5.2.1.1 Soil Solution Properties

Numerous researchers have examined changes in/' soil solution
properties. resulting from deep plowing. . The measured effect of deep
' ﬁlowfng on a given clonstiituent has generally been consistent. That is,
the' direction. of change repérted by one author is generally supportéd
by another author. A summary of the relative'chahges of various soil
solution properties is given in Table &0,

According to these studies soil reaction (pH) is consistently
increased by deép plowing (Alzub;idi and Webster, 1982; Ballantyne,
1983; Bowser and Cairns, 1967; Cairns, 1962; Harker et al., 1977;
Lavado and‘Cai'rns/, 1980). Measured increases range fromla low ‘of 0.3

PH units (Ballantyvne, 1983) .to a high of 2.8 pH units (Lavado and

Cairns, 1980). ‘lIncreased,pH values are.a direct result of incorporation

of caltareous material and/or incorporation of alkaline material from the

lower solum. Increased lime equivalent in deep plowed Ap horizons has

been reported (Ballantyne, 1983; Lavado,and Cairns, 1980), while other

studies indicate alkaline B horizon material is incorporated within the-

Ap ('Bowser and Cairns, 1967).

Cha'.nges in total s'alt content following deep .plowin'g have been
variable (Téble 40). In some instar{é_es electrical éonductivity (EC) Qf
the Ap hes increased (Alzubaidi and Webster, 1982; Béllanty.ne,‘ 1983;
Harker f_i_a_l.', 1977} Sandéval et al., 1972); in others it has decreased
Y(Bows‘er and Cairﬁs, _']96.~7;‘Ras‘mussen‘ e_t_a_l_.., 1972»)» while .in"s"cill others
no chahge has been rebc_ir'”ted.' Significant increases as high "as
v ‘2'..7-‘mS/cm are r"eporvt'ed’ (Havl:kje‘r et al., 1977) v;hile significant
" decreases of 2.3 mS/cm -are also. rejpor"ted (Bowser, énd Cairns, 1967).

What factors have affected the direction of change of total soluble salts

J,
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are not specified. Net',—:Lt[é?f‘:' hing, timé, initial salt status and soil
variability ‘will all affect the measured direction and magnitude of salt
fluxes. These factors would be reflected in the intensity of Solonetzic

soil formation and the degree of s.olodizatiyon that has developed at the
specific sites. "

Upon deep plowing saturation percent (SP) was found to increase
by Cairns (1962) but no change is repo‘rte.d t;y Harker et al. (1977).
Seyeral f;ctors may affect saturation percent, including clay qua\ntity
and quality, exchangeable Na and organic matter coﬁten_t. The
increased SP reported by Cai}ns (1962) accompaniés an increase in clay
‘content. |

Soluble”_l Caz+, in all instances, Has increased in thé Ap horizon
upon deep plowing' (Table 40). ,Ballaritvyyne (1983) reports an increase

of 13% in soluble Ca2+ upon deep plowing Solonetzic soils in’

Saskatchewan. Bowser and Cairns (1967) report a significant increase

3

of 0.14 me/100 g of soluble Ca'2Jr Up‘(;n deep plowiﬁg. a Duagh Salonetz
(BL.SZ). A similar increase of 7.1 me/L on the same soil serie.s is
reported by Hérke'r et al. (1977).

Results of soluble Ma® are less consistent ‘than those for soluble

Ca’2+. Harker et al. (1977) report a significant increase in soluble Na®

from- 21.2 to 48.9 me/L upon drap plowing. On the other hand,

decreases are reported byfel.mtv e “1983), Bowser and Cairns (1967)

and Sandoval (1978). Resgact’ ~~anges 2 from 42 to 31% soluble
Na+', 1.38 to 0.38 me Na+/100 g and ap - ate 8 toi 5 me Na+/L.
Although soluble Na* may increase, solub 1:Na ratios generally

increase upon deep plowing. Alzubaidi and Webster (1982) and Harker

et al. (1977) report increased Ca:Na ratios upon deep plowing. In the
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reported. (Sandoval et al., 1972).
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former study a substantial increase in this ratio from 0.05 to 3.24 is
reported while the latter reports a slight increase from 0.08 to 0.18.
Incorporation of C horizon material high in Ca2+ followed by at least

moderate leaching should favour an increase in this ratio because of the

%
+

ease with which Na™ is exchanged and leached relative to Ca? .
" Little emphasis is placed on soluble Mg2+ and K* changes upon

deepk' plowing, except as they may influence crop nutrition (Carter et

al., 1979). However, Harker et al. (1977) report an increase in soluble

M92+, Bowser and Cairns (1967) report a decrease and Ballantyne

(1983) reports no change. Studies of Harker et al. (1977) and Bowser
and Cairns (1967) indicate no change is observed in soluble K™ levels.

- The SAR in all repoi‘ted instances has decreased in the Ap horizon

i
’

upon deep plowing. Reported' reductions range from 13 (Alzubaidi and

Webster, 1982) to 3 (Sandoval, 1978) with intérm'ediatefvalues also

a

5.2.1.2 Exchangeable/Extractable Analysis

To a large extent changes ‘ob.served in extractable ér exchangeable
cations fE)lIow t-hose c;wanges observed ‘in. ~ the 'rei'spect.ive~ soluble- B
constituents. A summary is given in Table 41, |

Bowser and Cairns (1967), Cairns (i962) and Lav"ado and Cairhs

(1980) all' report .significant increases in, extractabie or exchangéable
2+ V

Ca” . ' Respective increases are 9.3 me/100 g (exchangeable),
4.7 me/100 g (extractable) and 7.76 to 14.16 me/100 g (extractable).

Those increases reported by Bowser and Cairns (1967) and Cairns

°

(1962) parallel increases observed in soluble'Ca2+.

In two reported instances exchangeable/extfactable Na® has

-
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decreased upon deep plowing. Bowser and Cairns (1967) report a
significant reduction in exchangeable Na* from 5.2 to 1.2 mé/]OO g
while Cairns (1962) reports a moderate reduction from 5.0 to
3.3 me/100 g extr‘actéble Na®. Contrary to these results, Lavado and
Cairns (1980) four;d significant increases in extractable-'NaJ" as highv as
3.68 me/100 g. | |

Exchangeable sodium pefcentage (ESP) has in all instances
.decreased in Ap horizons upon deep plowing (Table 41). A significant
decrease from 11.7 to 2.4 is reported by Alzubaidi and Webster (1982).
Reductions in ESP from ~21‘to‘1 (Pair and Lewis, 1960) énd 12 to 5
V(Rasmués»en et al., 1972) have also occurred.. | |

Ex-tract‘ablle" Ca:Na ratios have also been examined: in Solonetzic
soils. This ratio has not been founci to éhange unidirectionally ’upon
deep plowing. Bowser and Cairns (1967)v report a signifiéant increase
in this ratio from 2.0 to 16..3, while other studies report‘é variety of
changes with varying di?gctions (Cairns, 1976a; Lavado and Cé‘\irns,
1980}). PIoWing of low Ca2+, C horizon material ‘appear‘*s‘ to have \eittle
effect on this ratio (Lavado a'nd. Cairns, 1980j. This ra’_(io i\é_of
iﬁterest in that a pos't deep plowing ratio of 4 or more 'appeérs
necessary-“to maintain .5‘ sufficiently stable seedbed with adequate tilth\
(Cairns, 1976a). ~ | - " \

Extraétable or exchangéable Mg2+ and K" have reéeived less _‘
emphasis that Na® or Ca2+. -Only in oneAinstf‘ance havz these values
changed upon deep plowing; an increase in extractable Mgz+.is reported
by Lavado and Cairns (1980]).

‘Cation exchange capacity was found to increase from 23 to

27 me/100 g upon deep plowing (Bowser and Cairns,{ 1967). No



138

explenatioh is given ft)r this increase, although it is probably‘ the result
of an increase in clay content observed in the same study.

It is interestin‘“’g to note conflicting chemical results are reported
by various authors who have deep plowed the same soil se%ies.\
‘Changes in the Duagh soil series (BL.SZ) wupon deep plowung are‘
reported by several authors, Results of Bowser and Canrns (1967)
generally agree with those of Cairns (1962) except for soluble Mger
Of paerticular note is the deviation in cettain data of Harker et a_l.
(1977) relative to the other two studies. Significant increases in YEC
and soluble Na+ are reported hy Harker et al. whereas either hbo change
or siénificant decreases are .repo‘rte.d in the other two studies. Seve'ral

factors were relatively uniform throughout the three studies, including

- . the period ‘between observations (6 or 7 years) and the methods of

- analysis. - Differences do exist between the method of profile
.disruption but thlS is not consls’tent between the opposmg results
The discrepancy may result from dxfferences due to the period and time
of sampling, as influenced by seasonal or -shortlterm climatic trends, or
the inherent varnablllty of Solonetzic souls Totall salt content and
ebluble'Na tend to increase over the summer months in the .'Duagh
Solonetz (Landsburg, 1981) .such that the increase in these two

properties reported by Harker et al. may reflect a July sampling date.

5.2.1.3 Organic Matter Related Properties

Deep plowing, whether performed. with or without a plow with
tdpsoil saving features, has a detrimental effect on soil organic matter .
content within Ap horizons (Table 41). - Bowser - and Cairns (1967)

report sighificant reductions in carbon ‘and nitrogen contents;
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respective changes were 3.43 to 1.89% and 0.29 t0;0'17%' Similar, yet
smaller l‘ductions, are reported by Ballantyne: (1983) who found
érganic C to decrease from 1.25 to 0.96% and N ‘to‘_decrease from 0.13
to 0.11% five years after deep plowing. Slightly larger reductioﬁs in C
and N are reported in‘ the year immediately followitng deep plowing
(Bal_lan;yne, 1983). | ‘
: Organic matter (OM) content itself is reduced upcn deep plowing.
‘Cairns (196‘\2‘) indicates a slight dro 4.»83‘ to 4.28% occurs in
_the Ap hori;on.’ More .prondunced decreases are reported by Lavado
and. Cairns (1980) where CM content was reduced from 36 to 52% of
.‘Qrig‘inal levels., Dat\a of Lavado and Cairns (1980) furtH.er suggest the
':A"r%'agnit»AQde of this decrease is éimilaf whether a topsoil saving.plow‘or a

single bottom plow is used.

5.2.2 Effect of Deep ‘Plo'w.ing on Physical Properties
Table 42 summariizes literature avéilable relating to..:changes in soil
physical ‘pro'p:erties upon deep plowing‘Solonetzic soils. ' Resulbtsb tend to
be more »con‘sistent than those reported fér soil chemical properties.
Both ioéal clay and fine clay increase in the Ab horizon upon deep
pléwing (_Baliantyne, 1983; Bowse_r and C'airA'ns,_ 1967: Cairns, i962;
Lavado and Cairns, 1980: Rasmussen gia_l., 1972). ThveA mean reported
‘<v:hange in .total clay‘is- 4.1%, iwith a range of ;O.‘l%'(l_avado and Cairns,
1980) to '8.0% (Ballantyne, 1983). In bofﬁ studies where fine clay ié
fexamined the -reported increase is 7.0% (Ballantyne, 1983:. Bowbsér‘ and -
Cairns, 1967).
» Water sfable aggregates have been found to increase in content

upon deep plowing. Bowser and Cairns (1967) attribute a significant
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increase ' in water stable aggregates from 47 to 66% to upward
redistribution of clay and downward redistribution of salts.

Some variability is reported in changes in soil strength in the Ap
horizon upon deep plowing.’ Sandoval et al, f1972) report a slight
feduct‘ion in breaking strength from 1.1 to 08 kg/cm2 five years after
deep plowing. Contrary fo this are increasés in breaking strength
reported by Bowser anq Cairns (1967)’ and Lavado and Cairns (1980).

In the former study breaking strength increased from 4 to 9 kg/cm2

while in the latter study significant increases as high as 8.23 kg/cm2
are reported. Slightly larger increases in breaking strength appear to
occur with the use of a single moldboard plow as compared to the use
of a topsoil®saving plow (Lavad‘o ana Céirns, 1980).

Co‘nflicting resulté are also reported with respect to changes in
water infiltration rate upon deep plowing. On disturbed soil samples
Bowser and Cairns (1967) repért a significant increase in i'hfil_tratjon
from 1.6 -to 3.4 mL/cn;z/S min, Coﬁtr_arv to this are results of Lavado
and Cairns (.1980). who report Signfiﬁcant 5 to 8 fold reductions in
infiltration.

Soil . shrinkage has been examined only in one study (Lavado and
vCai.rns, 1980). In all\ soils - examined éhrihkag’e ‘was si.gni‘ficantly
increased by deep ;;Ioning, in some instances by és mucfh as 8.24%:

Bulk density of deep plowed Ap bhorizonsA has also b_éen examined.
Séndova| gg‘i.l_. (1972) repor';c a slight increase.'iinl bulk density from
1.45 to 1,60 g/cm3 due to deep ploQing wﬁile another study (Rasmussen-'
gt_a_l.., 1972) reports no changes.

Sligh'i alterations of wate;:r:étention properties in Ap horizons due

to deep plowihg are reported by Rasmussen et al. (1972). Water
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retention at -1/3 bar tension increased slightly while that of 15 bars
tension dacreased slightly. The overall result was an Increase in the
“available water of 3% (by weight).

From the foregoing it is apparent that deep plowing results in
some rather pronounced chanées in chemical and physical properties of
Ap horizons,. Whether these changes are beneficial or detrimental,
however, depends upon the study. Certain studies indicate some

aspects of tilth are ‘improve‘d, whileiothers indicate the opposite.

5.3 Materials .andeethods

In the fall of 1930, atv the tfme of morphological and
micromorphological sampling, Ap samples were p_rocured"for laboratory
.analysis. Four samples were obtainéd for each of the tillage treatments
{conventional and deepv plowe'd.) at each of the five sites (refer to’
Figure 9, Chapter 3 for sample locations). Depth of sampling in the
deep plowed soils was equivalent to Ap depths obsefved in. the
conventionally tilled soils. . All samples were air dried and ground to .
pass a 2 mm sieve. Unless othermiseys’pecified, the following analyses

were conducted in duplicate on the fine earth ( 2 mm) samples.

- 5.3.1 Chemical Properties

/ .
Soluble metallic cations (Ca’, Mg?*, Na*, k¥), pH, EC and

saturation pércent’ were determined‘ by the saturatioﬁ paste method
(U.S. Soil Salinity Staff, 1954).  Soluble Ca’' and Mg?" were
dete-rrnined on satu-ra'tion exfracts 'by atomic abscrption s_bectroscopy
(AAS) while soluble, Na* and. K™ were determined by flame photometry.

Extractable metallic .cations were determined from a 1:40 NHuAc extract
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W | oflowing it
“dispersion (Genrich and Bremner, 1974). X-ray diffractograms, for
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(1 M, pH 7) by AAS,

Total"exchange capacity {TEC) was determined on samples
saturated with NHuAc and removed of excesé electrolyte by leaching
with n-propanol. The NHuAc was displaced with NaAc and the former
was measured with thg use of an ammonium electrode (Anonymous,

+

1980)}. Exchangeable Na* was determined by correcting extraétable Na

+
tgoluble Na' from a

' v+ . ! .
for soluble Na', using saturation percent to co

S , -
Na® and TEC 'values. Exchange acidity -

_with 1.0 M Ba(Ac), and back titrating w

phenolphthalein indicator (Russel. and ~yStanford, 195,,&%);. Sojl" reaction in

0.01 M CaCl, was determined by the method of Peech (1965). Total C

* was ~.determined by dry combustion with a Leco induction furn =

(McKeague, 1978). Semi-micro -Kjeldahl, excluding\bJO; and NOE, was

used to determine total N (McKeague, 1978).

v

5.3.2 Mineralogical Properties
The clay separates ( 2 um} were separated for mineralogical

anaiysis by gravity sedimentation (Jacksoh, 1979) following ultrasonic

qualitative de<§“ermination of clay mineralogy were ‘obtained.using a
Phillips diffractometer equipped with ',‘Cu K . x-radiation. = Oriented
sampleé, prepared by the paste method (Theisen and Harward, 1962);
wére subjected to ‘the follbwing seve.n'. relative - humidity

’(YRH«)/temperature/solvate treatments on Ca2+ or K™ saturated samples

' (McKeague, 1978):

-
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Ca saturated, 54% RH -

Ca saturated, ethylene _glyéol solvated

Ca saturated, gliycerol solvated

K satﬁrated, 105°C,L0% RH
‘ K saturated, 105°C, 54% RH ‘

K saturated, 3002C, 0% RH

K saturét’ed, 550°C, 0% RH

Quanti.tative esti'mationﬁ of the‘ phvllosilicates present‘\\ were
conducted !by a wvariety of methods. ~ Percent, smectite was es%imated
from clay CEC, assuming smectite has an ave‘rage CEC of 110 mej/100‘g
(Borchardt, '1977)”. Smectite estimates were checked Qsing surface area
rminations (Cartér et i'. 1965). The assumed _surface area of

smectite was 820 m2/g. Mica content is based on the K content of a
0.1% Cazf saturated clay suspension, as determined by ICP-AES with
suspensié‘n. asp“iration (Spiers e_fil_., 1983). The mica was assumed . to
contain 102 KZO (Jackson, 1979). Kaolir{ité plus chlorite was obtained
by difference\. These two minerals were separated on the basis of
3.59 /(\) and 3.54 X peak intensities, respectively, iusing equétions of
Griffin (1971) and di_ffractogram peaks from the Ca saturated, ethylene
glycol solvated treatment.

" The following assumptions are> inﬁerent in the above approach to\
'duantify the clay mineralogy (Griffin, 1971): (1) the reported‘
bhyllosilicates, namely s'mectite, mica, kaoliv‘nite aknd chlorite are the only
‘mi_nerals' present; (2) the refracting ability of ‘the minerals s
consistent; and (3)."'there is @ 1:1 linear relationship between the ratio
‘of Jthe second 6rder peak o}lk'_aolinite (3‘.59 Ao) and the/;gc_)urth order

peak of chlorite (3.54 A). This approach ignores the presence of

g
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minerals such as quartz and feldspars and also excludes amorphous.clay
materials, It, therefore, represents an'an'alysis of the phylilosilicate
composition rather than an.  analysis lof the total clay fraction
com?osition. With  the except}on of fi;/e samples, phyllosilicate

mineralogy was not periormed in duplicate. »

5. 3[3\§hy.sical Pl;ope rties

Par:icle size distribution.-was performed using thé pipette method
(Toogood and Peters, 1953). All samples were pretreated with H202 to
remove colloidal orgénic matter. Where total salt content was
sufficiently high to cauéé flocculation, repeated ~ washings and
centrifugations wére perfor.med until a suspension r;enﬁained after
standing for 24 hours. Where necesséry, carbonates were removed with
the éddition of 1 M NaAc buffered to bH 5 with acetic acid (McKeague,
1978). I o 9

Sand fractionation was performed by the procedure of Day (1965)
using sand separated 1;or ‘particle size distribution analysis. An
Allen-Bradley sonic sifter equipped with sténdard‘ sievés was used to
separate: the various sand fractions. |

Soil moisture retent(i‘,ﬁon characteristics were c}ietermined .with' thé use
of a pressure pi'ate apparatu‘s (Richards, 1965) on disturbed samples.
Mass watler‘ content was determined at tensions of 1/3, 1, 3 and 15
bars.

"Mean weight diameters of aggregates were measured according to

the wet sieving procedure (Kemper and Chepi‘l-y, 1965) with the following

reviously air dried and

exceptions. ~Sieving was performed on samplesi
’ e

‘ground to pass a 2 mm,a\sieve; Sieve sizes of 1.0, 0.5, 0.25 and
: ‘ ‘ ' .
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0.12 mm were used. Triplicate 60 g samples were immersed in a dry

state and sieving was performed for 30 minutes in distilled water.

Aggregate stability was determined from data thamed throuqh the

sand fractionation and wet sxevmg procedures prevuously de5cr|bed

This involved correction-of aggregates for sand >60 mesh (0.25 mm),

since sand >60 mesh is notljc_o'nsidered as aggregates (Kemper,. 1965).

The equation used for "calculating aggregate stability (AS) .was  as

follows (Kempe'r,

where

g AS = 100 [LAG

1965):

o

G+S) - S, -
l ]

AGG+S refers to the total welght of soul materlal retained on all

SAMP

sieves durmg wet snevmg
o .
is .the proport|onal Welght of sand > 60 mesh, contamed'

within the orlqlnal\GQg \vsy/'et srevmg sample as
calculated from sand fractlonatlorQr/énd partlcle suze',
dlstrlbutlon data.

is the mmal oven dry weight (approxmately 60 g) of

the sample used for Wet S|evmg
B .‘ °

Modulus of rupture ‘was determmed on five rephcate samples by

the method of Richards (1953) as descrlbed by Reeve (1965)

Sonl

consnstence as measured‘by' hé Atterberq limits, was .

determined accordmg to the method descrlbed by Sowers (1965). The

one point method was used for determmmg the liquid limit. Duplicate

determinations

(Skempton,

percent clay.

were conducted on 50% of the samples.  Activities

1953) were calculated by dividing the'plasticlty index; by

ﬁ)
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| ~
* 5.3.4 Statistical Analysis Techniques i

-

Statistical analyses were performed on -most p‘roperties measured in
the Ap samples. The analyses '. conducted were designed to:
(1) determine the overall effect of deep plowing on proper_,t{i:es of the Ap
,Iayer,' in‘cl‘usiyv'e of all sites; (2>) determwine the effect of deep plowing on
Ap properties within a_ given\. slte; 1(3) deter'mfl,ne differences in Ap
propertie‘s between sites; (Ll)‘determine the linear rela.tio,nship between
various a_nalyti'calﬂ Ao properties; and (5)> assess the’ variability of
anal‘yt?i.cal properties.on a»'p_er‘ s,j\tle per treatment basis. In most
i.nstances APL .statistical.-pauckage / accessed through the Univer: *v of
Alberta \compUter were used. The PSS package was used to compiete
c'ertain‘:“saimple cor‘relatlons. | . ‘ |

The overall effect. of deep plowing was assedsed using a standard

_ two-way A“‘rén‘alyses of .vz-iance (ANOVA)' with application of the

Pl

',F—stati‘_sticv (Steel and Torrie, 1980). These ANOVA mvolved sources of

"Lvariation of tillaqe treatment, site, tlllaqe treatment X site and errdr.

> ln aIl mstances the F- statlstrc was. computed usmg mean square error

(MS ) as the valld error mean square, regardless of whether the tlllagec‘

H s

/
X site lnteractlon was’ s:qnlflcant 'l:‘hls decision was based on using

s,&UQBLl) toffldetermine the>error mean square

the gundelmes~“-~ i
T

7 siek

[EMS)
A

S :
a one- way ANOVA “a'rrrd the resultmg F ~statistic, using observations

i !

specnflc to that glven site . only, that is, witr'n site tillage effects ‘were

‘assessed on the‘ basis of the elght observations . (four conventional

1.) -e

"*‘test Js= the same as. would have occurred had t- tests been performed to
B »:}‘ . 7’ - ) B4 . ‘ L.

“' 4 cxle e . . s
. CRUN PN . . - DRV ANEE
- LT,

. - 37 Cen
Je g I e sy Rt

‘{ X

a‘tillage four deep plowed) and ensumg varlablhty The odtcome of this
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\
compare tillage treatments (Hardin, 1982)]. The advantage of using
this approach is ‘that the effe\ct of deep plowing within a given site is
assessed on’ the basis’ of soil variability within that site only. Sinre

plots w1th|n y sate }/vtvr'/e focated to enc:ompase maximum ant|c1pated soil
.'-~-- Sa L ﬁ‘

variabiht{/ "tt" was ’deeme.d undesirable to u‘ndt‘#.res,timate or overestimate AN

,.\/J . I
treatment efﬁer‘ts at given site becau\,e greater. or lesser varlablhty was
A\:(IJ 7 N - . "l'(" y ) A

presertt at ano‘ther site. T .

- Lo v’.-...L".
- A oo

i,
Statlstucal dlfferences betwéeh sntes “Wlthln a given tillage treatment

A

.were determmed only if warranted by 3 SIgmﬂcant F- statlstlc for site,

as determmed by the two- way ANOVA  The Student Newman Keuls

&

f‘f(SNK*) rroceduc?e was used on means which were ”IoglcaHy qrouped”

’

{Winer, 1971) to provide for comparlsons of» all site mean_s within ‘a
given tillage treatment.”z“ 'The“tstandar‘d error of means (SEM) used for
‘computation of required differences is de_te'rmined as follows (\‘Jtner,
- 1971): | |
SEM = MS_/n ‘, ‘ By B

w‘here MS .

E "mean square error for all cells in the experlment

the number of wnthm cell observatlons :

.

The above "approach assumes homogenlety of v\arlanc',e between ‘.M‘Soth

7y

tillage treatments. i D'e'grees 'ofA"-..f'r\eedom“_ (DF) of ~ the SEM, for

determination of SNK values are found as’ follow‘,z

E]

DF = pq(n- 1 )
- where p = number of tillage treatments (=2) I
Ct =_number§o‘t.sites (=5)
number of'witpin cell observalt_ions‘%ztzll‘)

5
i

N - vy i . ER VRN

T %

Q? @ N

1Hard|nv RT Professor, Department of Anlmal Scuence Universit'y'of. '

“ Alberta, Edmonton.
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Thus, the DF for the SEM was 30,

Simple correlations between various Ap properties 1uing e entire
da‘ta set, We_re completed as w'ere determination of standar+d deviations
(Steel and Torrie; 1980). |

ANOVA table‘s. and corjrelation matricies are containe/d in
Appendices B and C, respectively. Means ahd standard deviations of
the varidus Ap properties, determined on individual_cells;?v'afe contained
within Appendix D.

5.4 Results and Discussion

5.4.1 Chemical Properties | n\ ’ \ \
“1

A compari on of soil solution propertnes in the Ap horizons, as

affected by tillage, is given in Table 4#3. The overall effect of deep
plowin‘g wa's to.‘ significantly increase pH, EC, soluble 'Cazf, ’M.ng, Na™

and SAR in the 'Ap horizons. Soluble_K+ also- increased slightly,

though not significantly. -atistically, the saturation -percent wa%”

slgnificantly decreased.

v

Although  the conventionally tilled values ~ for soul éolution.
properties’ vary somewhat from site to snte, for the most part the .
various si‘ss responded to deep plowing in approxmately the same

manner, A notable exception is at S|te 2, where EC soluble Ca ~and

SOIUBle Na* were_ not ,markedl_y changed ‘by deep plowing. A shallow

ploWl—ng depth (38 to 48 cm) and the predomlnance of Chernozemic sonls
/
-at this site (see Chapter 4) undoubtedly mfluenced redlstrlbutlon of

-

‘these constltuents Since site 1 is 'sumlar to site 2 m that Che‘r_nozemlc

soilg occupy at Ieast 50% of the sampled areas, non-—significant changes
E [ . . ’
were ant:cupated ‘here - as wellﬁ_ .H,owever, since plowing depth was
/ o v . » ‘ PN . . ’
’/

LA
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deeper and salts were generally found at shallower depths in the C -
horizon underlying the deep plowed =zone at site 1 (Table 62,
Appendix A), significant changes were observed in some properties.

Although rather substantial increases in soluble Na® were observed

at sites 3 and 4, the inherent vari‘ability of Ap properties, partictjlarly

in the conventionally tilled soils (Table 98, Appendix D), resulted in

non-significant changes at these two sites. Souls are falrJy uR{form in

so far as classification Wlthln the Solonetznc order is concerned (Tables -

' 26 and 27, Chapter 14), such that morphologlcal similarity does not

_necessarily imply chemical snmllarity

Extractable and exchangeable cations for the Ap horlzons are given

cin Table u4. Results here’ generaily correspond to those for soil

solution properties, in that pH, CaZ+, Mng, Na+ and ESP are

significantly increased, on an o;.;.erali basis, by deep plowing. of

~additional significance is the reduction in exchange acidity. ‘Total

,ex(ghange capacity, extractable K* and extractable Ca:Na remained

unchanged by deep plowing.
| On the basns of data contained in Tabie 44 grouping of the sites
appears- practical.” Sites 1- and 2 have, in the conventionally tilled

soils, high extractable Ca2+ and,Mgz+, low extractable Na+,’ low ESP

arid high Ca:Na ratios relative to sites 3, 4 and 5. Upon deep plowing,

extracta-ble Ca2+,' Mg?* and i‘?&’t were, fofr-'the mos‘t part, significantly

lncreased at S|tes 3, 4 and Sr but not at srés i and 2 In addltion,

e,

'

ey
increases in - ESP and extraétabie Ca Na are more’pronounced at sites 3,

4 and 5. Differences in these Inltlal values and re;g,tive changes upon
deep plowing further:coincide with SOI| class:flcation at these sites. At

Ieast 50% of the soils samples at sites 1 and ,2 are Chernozemic while
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those at' sites 3,'_‘4 and 5 are all Solonetzic. As well, horizons of salt
accumulation are found at greater depth at sites 1 and " relative to
sites 3,~ l!vand 5 (Appendix A).

Organic matter rélai 4 properties of total carbon (C) and total
nitrogen (N) are given in Table 45. Deep plowing significantly
decreased both probertiés at all ‘sites, which agrees with fiﬁdings
reported elséwhere (Bowser and Cairns, 1967).  Relative reductions in
total C range from 55% (s-ite 1) to 33% (site 5) with- an overall mean
reductioﬁ of 433. Decreases in total N range from 56% (site 3) to 35%
(site 2) with .an overall megn reduction of u6%. Geljerally. speaking,
great»er‘ relative reductions in total C and N occ'u-r_‘ ‘ét those sites initially

higher in value for these two prﬁbebﬁies; that is, the perdent ‘rhequc;t.i‘on

follo;ving dé.e‘p' plowing is higher at sites 1, 2 and 3 re’éltive to sntes 4.
v oo g ! , ¢
and 5. '
- No apparent differencg exists betWeen 't.he topsoil saving featu.:‘résv‘
of the single bottom plow d(site S) and the topsoil saving plo"wv (sites 1
'to. 4). In fact, relative losses of totalv C and N were‘slvightl'y lower .at
site 5 relative to Sit§ 4, - Lavadq\.‘ a‘nd Cairns (1980) ‘Ipr;vide data
‘comparinggb‘oth plow types af these two sites. They found Iit/tle
difference between the two plow types and, a.t"tri‘bu‘te this to ma‘l,funcfion
of the fopsoil saving plow. .l.r’npr'c.>pér setting of the topsoil saving plow
may céuse.significa_nt Iosses of‘ Ap"mater‘ial (Botov,\19__59)._
Reductions in total C and N re.flect both -dilution of Ap matérial
© with subsurfaée material, as wéil as an‘actu'gl_l_ loss of Ap material from
the surface. Dilution IS apparent both in->mjé_romorphol‘c.)gical

observations (Chaptér 4) and ‘the chemical analysis previously

discussed. Actual loss was also apparent 'micrdmorphqlogicélly but was



Table 45ﬁ”OFganic matter properties of the Ap horizons
as affected by tillage treatment.

Conventional Tillage

Deep Plowed Tillage

154

Total . Total o

Total

Total
Carbon N1tro?e C:N Carbon N1tro?en C:N
Site (%) (%)
¢\ Ya 3.30 20288 11.5 | b 1.49%% b 0.129%x 11.6
2 a 3.38 a 0.287 11.8 a 2.17** a3 0.187** 11.6
3 . a2.99 a 0.254 1.7 b-1.46*%*% b 0.111xx 13.4
4 b 2.13 b 0.185 11.5 | b 1.30%% b 0.107**. 12.1
5 b-2.27 b 0.207 10.9 b 1.52*x*x b 0.126*%* 12.1
Overall. . |
Mean 2.81 0.244- 11.5 1.59%* 12.2

0.132%=

*, ** Significantly different,

within similar levels
respectively.

from normal tillage at P=.05 and P= .01,

Values within columns and within tillage not preceeded
by the same ‘letter are significantly different at P=.05.,
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additionally noted morphologically, as in many instances depth of deep

/

plowing was located by observation ‘of a thin band (1 to 2 ¢m) of Ap

\{naternal at the bottom of the dead furrow.

/ Carbon to nltrogen’l ratios remained unaltered by deep plowmq}
(Ta 185)\ Ratios at sites 3 and 5, however, are slightly higher in
the deep plowed soils relative to the conventionally tilled soils.
Reaction with dilute HCI confirmed the presenee of traces of carbonates
in the deep pidwed soils at these two sites. Although inorganic C was
present at.sites 3 and 5, the amounts probably have a negligible effect
on total C wvalues reported for these sites, as the linear correletion

1

between total C and total N is 0.98* (Table 97, Appendix C).

5.4.2 Phyllosilicate Mineralogy

Table 46 gives results of phyllosilicate ‘mineralogy of the Ap

horizons. Deep plowing has an overall effect of increasing the smectite
-Gy

content and de‘creasi‘%@g the- amount of kaolinite and chlorite present.

Mica‘ content remains unchanged by deep plowing.
.// o
Smectite, which is comprised of'both montmorillonite and biedellite

- (results determmed from* XRD patterns but not shown) is the domlnant

phyllosnhcate group in all deep plowed soils and in all conventlonally

tilled- soils ’except site 4. Dominance of smectite minerals in the clay

_fraction”of Alberta Solonetzie soils is repq"t“ted elsewhere (Brunelle et

- al., 1976). Increased smectite in the deep plowed Ap horizons is

undoubtedjy due to incorporation of subsurface material within this

'1H'ere, and. in subsequent statéments, the asterisk (*) s'i'gnifies the

,correr&uon coefficient is sugmfucant at the 5% level. Using the 40

sample data set, a correlation ¥ 0.33 with 38 degrees of freedom (error) '
is SIgmflcant at the 5% level (Steel and Torrie, 1980) -
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Table 46. Phyllosilicates in the Ap horizons,
expressed as a percent of the <2um fraction.

jigp; Phyllosilicate Group (%)

Ch]orife

Site Mica Smectite - Kaolinite
A
Conventional Tillage
1 a 29 44 b 18 b 9
2 b 27 a 44 b 19 b 11
3 b 26 a 40 b 22 b 13
4 d é1 b 29 a 32 a 18
5 c 24 a 45 b 20 b 12
~ Overall :
Mean 25 40 22 13
Deep Plowed Tillage
: a 27 * 57 w1 xx 5
2 b 25 53 *x* 14 *x 8 *x
3 b 25 . 55 *x* 12w 8 =
4 b 24 = 54 xx . 14 *x 9 x
5% b 24 53 14 9
Overél] ‘ '> |
Mean. 25 54 xx* 13 *x* 8 *x

— .
within simTfar levels,

*, *x Significantly different,
respectively.

from normal tillage at P=.05 and P=.01,

Values within columns and within tillage not
~ preceeded by the same letter are s1gn1f1cantly

d1fferent at P' 05 N g:;ﬁ\

Ve

P _ . )

b
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zone, particularly that derived from the lower B horizon. - The nature
of smectite minerals, with their smaller size and high charge density
(Borchardt, 1977) make them particulérly susceptit;le to dispersion and .
migration"undler the influence of Na®. Upon deep ploWing, smectite is
reintroduced to the soil surface. |

Kaolinite and chlorite are both lower in content in the deep blowed
- soils relative to the conventionally tilled soils. Higher values in the
co‘nventionally t'lled soils likely reflects negative enrichment through
smectite eluviation during the course of genesis (Bruﬁelle et al., 1976).

Site 4 exhibits trends diséimilar to those of other' sites. Kaolinite
‘is the dominant phyllosili;gte in the conventionally tilled soils at this
-site,\\lrathe_r than smectite.  Chlorite is also signi‘ficantly highé‘ a-d
mica’ significantly lower. These.‘@i&actors, particuvlarly ‘the relative
balance of smectite versus kaolinite plus chlorite, suggest intense
eluviation at site 4, Obseryatiqn. of a mullgrancidic iunctic fabricl at’
this site (Chapter 4) Isuppo‘rtsv thls conclusion. Since the phyllosilicate
composition is consistent. p'etweeln sites in thel deeﬁ plowt‘ed soils it is
~unlikely parent matéri.al phyllosilicate composition is':"'resporvi'sible for the

observed differences.

5.4.3 Physical Properties

S .

Particle size distribution of the Ap horiz:ons is_gi\}en. in Tablé 47,
There .wés an overall significani increase in finé cla‘yrand total clay at
the expense of sand and silt in ‘the deep .pl'gjwed. 50i‘l>s... lncre-ases in
‘c'lay and fine. clay in the deép plowed' soil'slﬁré'sqlt from 'incbrporation of
subsurface material within the Ab',, while thé reduction in sand and silt

is due to dilution. The increase in clay was also clearly evident in the
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Table 47. Particle size .distribution in the Ap horizons
of conventionally tilled and deep plowed soils.

i
\ Particle Size Class (%)

Fine Fine Clay:

Site  Sand Silt v, Clay  Clay  Total Clay
lConventiohaliTillage ,
1 b 42.8 a 39.9 a 17.2 a 8.4 a 0.50
2 b 44.1  ab 34.5 a 21.4 a 9.3  ab 0734
3 b 44.7 a 35.9 a19.4 ab 6.3 b 0.3
4 a 62.1 b 26.9 b 11.0 b 3.5 b 0.31
5 ba4s.4 b 33.9  al17.6 a 9.5  a 0.55
- Overall | o . : s
Nean  48.4 34.2 . 17.3 7.4 0.42
Deep Plowed Tillage %
{ ba46.8 . 28.8  a28.4x  12.5x  0.51
2 b 431 29.9 x w27.0  13.1%  0.49
3 ' 5”39.5 33.3 @ 27.1 1.3 % 0.42
4 .a54.4 “27.8 b 17.8 9.0 *  0.51 =
5 b 420 =x  34.0 a 24.0 **  _ 1.7 0.49
Overall . ' L ‘ ' '
Mean  45.2 *  30.8 x . 24.1 #x 1.5 xx  0.48 =

x, ** Significantly different, within similar levels,
from normal tillage at P=.05 and P=.01, respectively.

Values within columns and Withinﬁtillage not preceeded
‘by the same letter are significantly different at P=.05.

Lv
Y,
by
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micromorphological observations (Chap~ter\‘u).

The Qvérall fine cla.y:toggll‘ clay ratic; was significantly increased by
-déep plowing, although on an. individual site basis the change was
sdmewhat inconsistent. 'Changes. in this ratio suggest t‘he fine clay
fraction is preferentially eluyiéted during the geneéis of Solonetzic
soils. A higher simple corrr'velation,between smectite and fine ;Iay
(r = 0.80*) relative to the other phyllosilicates (Table 92, Appendix C)
indicates that smectite, which iS‘genke'r'avlly high in charge density and
small in size (Bortchar_dt, '1977') relatLve to ~‘ the other nrep'o'r—ted
phyl;losilicates,. is the prir‘n‘a':r'.'y?»'phyllosilicate suscept‘ibile to disperé"ijén
and‘ eluvation. This is further supported in that those sites in which a
significant increase indfin'e';day upon deep plowing was found also show
a significaht'increasg;,;ﬁq‘ s_méctitle gontenf (Table 46)7 In sui)port of the
inte.nse’hel'uviation d‘@g}\/ed at site 4 s t‘hev significantly different
composftion in sand‘,‘ clay and fir;e clay r}léil‘atiye to thé other sites
(Table 47). o | {

Size distribution of the saﬁd fraction is given in Tz'able; u8 rTihe,
major fractjon of the sand is fine 'sand with subdominant amounts of
medium sand and 'ver'y fine sand. Very I_it»tleic'o‘arse and very: coarse
sand is present. The only notable difference befween the various sites
is ;hé higher proportiovn\ of r;nedium sand at site 4 rglat-fvé 'to the other
site's. Fine_'sand.'and" very finé sand at site 4 are proportionately
.qduced‘. . | S |

The -overall effecfcvof deep plowing on.' soil'_mois;ture retention

aracferist_ics- (Table 49) wav.s to inc’:F'ease moistrg:!_rx:fe Vret.en,tio'n at all
tensions examined.i For the most "part. retentior.l’r"at all tens,ionvs-vwas

increased '5.?.’-‘/ the same amount,’ resulting in-an- upward shift in the soil

»
%



Table 48.
the Ap horizons.

J

Sand Size Class* (% of total sand)
! .

Distribution of the sand fractibns in

o

r

e
oL

T

Jite VCS o+ CS MS S VFS

Conventional Tillage
1, 3.0 9.1. 22.6  39.9  25.4
2 - 2.4 8.6 21.1  40.5 © 27.5
3 2.6 9.1 24.3  40.7  23.3
4 1.3 10.5.- 34.8 35. 1 18.3
5 2.4 7.1 18.8  44.2  27.6

~ Deep Plowed Tillage

1 2.9 9.5  23.1  40.3 24.3
2 2.5, 8.3 .21.7  41.00  26.5
3 2.1 7.1 22.7 . 42.7  25.5
4. 1.8 10,0 . 33.3 36,0 19.0

5 . 2.6 7.7 19.3 43,5  27.0

Commi ttee (1978),
VCS-very coarse sand
CS-coarse sand
MS- med1um sand
FS-fine sand
VFS-very fine sand

2.

1
0.

0.
0.

0

.0

5

.25
10

35333

OO0 =
oO=NUIO

4333§§~

”A,* Classes are accord1ng "to the Canada So1l Survey
as follows:

160



' -Table-4¢:-Soil moistuﬁe,retention,characteriéticé in Ap
horizons at the various sitgs'as affected by tillage.
P ‘ ) ;)l g - B .
‘ , So1l Mo1sture at Spec1f1éd Ten51on (bars)
o L o (A by we1ght) e :
: - - - "L = . Available -
S Site. -1/3 .7 -1~ -3 7 =15 . Water
o . ) ﬂ\“ . ‘ - 3 g .
conventional Tiflage = N
. v 3@ 23.9 . a 1994 a 15.3 a 13.9 & 10.0
W ™3 036 2195  a 15.8 @ 13.5  10.0
# 3y a 230 a 174 a135 a1t 10.8 .
4 bi16.3  b125 b 9.6° b 8.1 . | 8.2
5 a21.6 _‘"‘* b 16.7 -3 a 13.8 @ 12.2 9.3 .
T quan 21.5 s 1751f ¢;13.7: A I R - Y A B
‘Peep E]pWed T11lage o o o '%%}%7‘7_ s
L : ' f e ~ y ‘ ' i o)
1 7. 21.3 b 17.5 -~ b 14.3 b 1288 8.5
. - . . T, N W
© 2 0 22.4 - ab 8.4 \ b 16.4 b 14,1 8.3 -
R . , g ®
"3 -23:3- - ab 19.5 b 17.1 =~ b 14.4 * 8.8
4. 185 _ b 15.9 b 14.1 =~ b 12.0 7.5
5 . 272 % a 22.8 *x a 21.1 *+ a 17.9 *=x 9.3
Coverall” - S
: Mean 22.7 *x 19.0 %% 18.6 ** - 14,3 *x% 8,§’**i
‘ C—*,f*’Sjgnificantly”different, withfn.similar levels, fbéh
“"_normal'tilTage-at P= 05 and P=. 01; respective]y ot
Values within columns and within’ tillage not pretéeded by~ -

the same letter are- s1gn1f1cantly different at P- 05

2 - ) . . e G ¢

B
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=t
Eriey

fmoistur'.eu charactéristic curve with’ little change‘?ﬁféln‘ the shape of the
‘,ig curve. Retention at —15 bars howeveﬁr, ,'@'creased more than that at.

«
- .

-1/3 bar, resulting m ‘a sllght, ,but@ﬁtant decrgase in overall -

7 available water.” . S& o 0o @
. L ) i

~ The onl‘e‘;“: significant  difference between sites, within the
convent’ionally tilled soils, ‘is lower.‘%ture retention at site 4. - Within
"

W

the deep plowed Ap horlzons sugmflcantly hlgher mousture retentlon .

occurs at most ten5|ons at Site 5 relatlve ~‘to the other S|tes

ta N
(24 X

though v'm0|s_ture retentlon in.‘ the @onventlonally titled -sonls

\..

,vwa's :

;vapproximately. -equal ThlS may be the result of the use of a smgle,

- bottom plow at snte 5 thch theoretlcall.y, should re’sult in: azgeeater ; T

i
o« -

etion of B hom}joﬁ-_ materlel at the sonl surface o S j

Y : ot - “ i
-“tHose factors ._affe_cting \_}soi_l moisture .retention,. particle ‘size =

dist,ributlon and : org'anic matter content ' are;, in  the

-
<1,

g S
structure generally con5|dered~to be” the most lmportaht,o}

DS » - & Vﬁ\ »n <

c’orrelaticms ‘between these  two propertles. (Tab.lei 96 3

Appendlx C\) reveal the f@ljlowmg . Moisture reténtionf isneg‘atively'
> . -

)1

correlated wnth sand, wnth correlatlons tendlng to be more s:gmflcant at « .,

lower tensions ( ~0.69* versus -0.77%* for tens:ons of -15 and -1/»3 bar

« ’ !

""s,pectlvely).» Similar, but positive correlatlons between both clay andv

fine clay and mo:sture retentlon were observed Correlatlons rangeda T
y - .Q?
between 0.60* and +0.70%, Noteworthy lS a gradatlon in the correlatlon -
- . , ‘ ‘ N ‘ . k‘
values which show more sugmflcant correlatlons at hlgher tensnons -
Y} ~
2

(Table 96 Appendux C) -~ This suggests clay content has an mcreasmg

.

: lnfluente on soil water“retentlon as the soil drles Correlatlons between,

= any particle size fraction and a\;ailable _yvafer are ! andffg-r‘_ the most
= '; ) '- . . . - : ‘P .
_part insignificant. ' B . .
N ' . o
% N .
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Correlatronﬁ bet.veen mmsture retentnbn and total C and total N~ are'

poor (Table 97, Appendlx C) Maximum correlatlons of 0.19 and 0. 16

T s,

were found between moisture retention. at —1/3 bar and tdtal C and- total ;7

N respectlvely. Despite these poor cor:r_elatnons, avallab_le water is.

'sig\\nifica'ntly‘ corr'elated with total C and total N. - ~Respective
correlatlons are 0. 56* and 0.54*, ' SN T ) :

A
r .

sl ¢

sugnlficantly mcreased by de?p plowlng, although op an ‘in,(;ﬁegfﬁu. ite ¥
GE,‘/ A0
basig, this . mcrease wa's sugmﬁcant only at difes 3. 4 and 5 (Table 507‘

4-«. n.‘ ;\. ".v ';)\
This agc,m sugqests the 50|ls at’ sntes‘} and 2 Pdommantly Chernozemlc)
\ M

A

are respondlng d|fferen v to deep‘plowmg relatlve to the soﬁ’g at. sit
: e T C g
3, ‘is and 5 (Solonetzlc) o ’4‘\‘ T AT Qs

Modulus of rupture Jis weakly correlated \§Vfth clay (r = 0 38*) and
1\-’\}4 - . “ Gls

-ﬁ"ne.clay (r =-0. 30) Prev:ous studxes (Iban{ga et al 1280) lndlcate
modulus of rupturd} is’ dlrectly related to clayt')content val‘thou_dh the

"reported _ relatlonshlp , tendSv ‘fto be curvilinear: * No

relatlopshlp ‘exists brpngeer sift . an
although direct: relatlonshlps "(Lemos _and Lutz 1957) and -inverse

I

_—Jrelatlonshtps (lbanga et al . 1980) are reported ln the llterature

Stronger . correlatlons are found with the- varigus Na relat%d

.

o proper,ties ~and .modulus' - of rupture,. includi‘ng ESP (r = 0.51*),

RY

- exchangeable Na (r 0. 62*) SAR (r = Q.GO*); soluble Na+/(r = 0.78%)

o, )
~and ext ctable I\Pa (r = 0 69*) (Table 9u, ~Ap"pe'ndivx. C).--. All these
. ' ¥ e
correlatxons are snmllar alt\hough it is interesting to note the correlation

‘e . . ) .
propert:es , Several authors have indicated, a positive . relationship

<between ,ESP and modutus of rupture (Rlchards '1953; Reeve et al.,

l

Sonl,‘strength as measured by the deulus of * rup;u;re »wa-sﬂ{:

) ; i '\."’)

o‘f modulus of rupture: with ESP is low relative to the other Na -.
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,19553'), with high correlations (regression coefficients) reported by

Reeve et al., although these coefficients are somewhat specific to soil

w

typf}. No clear explanation exists for the higher correlation of modulus.

&
.

of ru'pture with soluble  Na® relative to ESP, unless absolute Na®
[S3 U o .

© content,’ rather than relative Na* content, has a greater influence on:
-soil strength, : , :

"The correlation between ext%ctab_le Ca?+ and modulu‘sof rdpture

(r = 0.81%) Tis partyigf‘;ii;i'l’arly ssurprising.  Although’ ca’t is aiv: important

3

agent in .stabilizing soil aggregates through its complexation with

g organic constituents’ (Harris et al., 1966; Emerson, 1959) it has not
been related to )sonl @‘trenéfh (as measured bv modulus g%rupture}‘w.
: / T *‘wm ,_) 4 e

ThlS flndlng -is opposedw th*) previous research whlci'%lndmates Caw‘ levels
are 1mportant in mamtalnlung tllt"h‘ of "deep plowed seedbeds (()Zaxrns
#76a), and in partncular_ Ca:Na ratlos"(Calrns,» 1976a; Lav,agp ,anﬂd.
i ‘C‘airns,‘ 1980), which'{are n‘egativel‘yA correla\ted (r = -0.11) in, tnis
study. fhe higher Ca2+' vafues .nave p:os.‘sibly stabili‘zed the;_sOil‘:‘
material upon drying- the‘ briquef(t"es for modulus gf) rupture
'deterrninations after}' the %61! material has initiallypslaked dtiring wetting

due to- the presence of Na™. i
Changes in mean welghty d:ameter (MWD) duee to‘\deep plowing are
= ‘also indicated ‘Jin‘ Table 50. On an overall ba%;s deep plowing

. srgnlflcantly decreased MWD ofwater stabl\ éggregates although 'on an

rzx&éxvndual snte" basxs .no. slgn(tflcgntﬁ) chanqes occurred : leferences o

Lo A -::"'"', ._.-; \.4., ~

between sltes are - not - apparent alth0ugh in the’ conventlonaHy tnlled Ap -

' hornzons Slte;S 1 and 2 have slightly hxgher values relatlve to sites 3, 4,

and 5.

Mean ‘weight' diameter ‘is not ‘strongly ,correlated‘ with any other



s

.fabrlc) present in. the com)entlonally tilled. “Ap_ horLzons

3
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. 'lf/
measured soil propert;.' Moderate negative correlations (r = —0..37*‘. to
—.9.48*.) exist ‘ with the ‘Lv\i/)arious Na‘ related properties (Tabfe 94,

Appendix C). Correlatlons of 0.41* "and 0, llS?* are present between

MWD and total C and N, respectively (Table 97 Appendlx C). Slmllar

X

relationships between organic matter and MWD are reported by Toogood

'(1978')"‘.7 Poor co‘rrelations"between MWD and particle size (Tableﬂ 96,
Appendix C) agree wuth other fmdmgs (Tooqood 1978) - T '{-_ '

Aqqreqate stablllty (AS) is sngmflrantly reduced ing *’the Ap
& u {"AJ.'-

horuzor*s by deep plowmg (Table 50) ‘*l A decrease was observed at‘.all 2o

but site -4, althouqh on ‘an mdnvndual sxte basxs thebreductmn wés not
signiticaht "~ The sllght lncrease in AS observed at site 4: poss»bly

I

5 . ,‘J'?l{ TN -\1?4[

1y Ex
,,L\

Aggregate stabnllty is not correlated “With any partucle ‘S-IZe“ class™
(Table 96, Appendlx C), ner any phyllosmcate property (Table 95,
Appendix C). Moderate negative correlatio.n's exlst betvyee%S and the
various Na® properties, ranging from -0. ll9*‘ with solLJJb"le Na" to -0.57*
with extractable Na™ (Table 94, Appendlx C). Reduced ad'g'regatlon of .
the <50 um fractnon with mcreasmq exchanoeable Na" ‘has been reported

(Martln and Rlchards 1955‘} Eychange acndlty is moderately correlated

~with AS (r = 0 50*) although preVIous research indicates Ce‘xchangeable

H* has little. mfluence on. aogregatlon of th“e <50 um frac}tlon (Martm

and Rlchards 1959) A stronq (elatnonshrp exnsts between AS and MWD

. R

(r = 0 81* Table 93), howe\ﬁertt; the former is corrected or sand>60.
mesh whlle the latter is not, so that the‘, relatlonshlp, as expected, is
not erfec.t. | | .
ot p , o >,

The effect of deep plowing on soil consistence, as measured by the
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‘Atterberg limits, is given in Table 50. Deep plowmg réd'u\ced the

0ver‘all“ pl‘as't'ic llmlt (PL) and had no effect on the l|qu1d limit (LL) |
TS _

u' Wthh resulted in an mcrease in the plast;cuty |nde>< (PI). Al'though
o i s

initial and flnal values are somewhat dlfferent -between sites, the .,

relatuve effect of deep plowing is consnstent between th% varlous sutes

e,

Moderate correlatlons emtst between the varlous Atterberg llmlts“ ) 4

‘l

and particle suze fractions. Both the LL and Pl ‘.e: positively’

2 N T p

correlated swith clay and fine clay.:j" re‘spectlve correlatlons wuth the LL T

3

R .

‘~ar‘e 0. 66* and 0 60*, while those wuth the” PI ‘are.. O 75* and O 77*‘

¥
gt

respectwely (Tab' ep.d:g C). The PL. rs wqakly correlated wnth

partlcle suze
Pr

strong relatm&shr

w N

o ws =

- a lesser mﬂuence of clay on the PL T Jd.

o

e N ) < -“‘ K . ' 7
The wvarious chemical t.evaluatlons of ".soil-~ Na® are moderately -

correlated with-the Atterberg limits (Table 94, Appendix C). The LL

is positively correlated only yith  ESP. (r.= 0.53*%) _while"‘the Pl is

correlated only w:th SAR" (r = 0 53*) LAl of the soil Na properties are

i

’ negatuvely correlated vnth the PL, ranglng from r = —0.52%,_ (SAR) to
r=-0.63* (soluble Na®). of note is the strong, positive correlation of
0.91* between total exchange capacity- (TEC) and LL. A slightly lower,

AN '

-~ yet significant cor;relation,between.l these two properties is reported

elsewhere (Odell @ al., 1960) s Alsd" ef interest is the relatively ‘hig'h.

N
correlation of extractab-le Mg2+ with the Pl (r = 0.88*, Table 94). .

“.Certain phyllosillt‘:ate characteristics correlate with the Pl
(Table 95). Correlations ' between clay CGEC, clay surface area and PI
are 0.80* and 0.54?, respecti\/ely. Since smectite content iS'base}d‘ on

" clay CEC the correlation between . smectite an_d Pl ‘is also 0.80*,

.~" °

TabLe 95)3 'Odell et al,, &‘1960) also foundk

een clay content and the LL and PlJ as yvellv as )

LS YT
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S\Spe%t:e minerals, notably montmorillonite, haW much higher LL and PI
‘ X : »
va&bec.l than other're orted hyllosilicates (Cornell, 1951, as cited b
- rep pny : Y
Lam\b and Whntman 1969 Whlte 1949; Seed et al. , 1964) and therefore”

in a-s 'l\containingv even a small proportion of smectite miner‘%ﬁ‘_‘.
9] \ P . . .

consistence ts influenced primarily' by the smectite minerals present
(Seed et al., 1964; Odell et al., 1960). The relationship between Mg
content in the clay separate and Pl (:r = 0.855’5) sug‘gests the
montmorillonite cor%porfent of the smectite group ls. responsnble for the
obs_erved _c"orrelatlon between smectlte and - Pl (Mq IS the ,prlm’e
o.ctahedral' constituent in montrﬁorillonite, Borchardt, 1977)".:, This is.

further supported by the hlgh correlatlon between Mg content of the

clay separate and smectlte content (r = 0. 94* ]}:ﬁib ~;;8§)
° ) The_ plastic KRt (PL)_IS strongly related ."t"
so,:jg organic matter content : Respectlve correlatlons between total C,
_ total N and the PL are 9, 88* anév 0.87% ?Table 97). Bavér et al. (1972)
report PL values whrCh were 25% higher (absolute) in -a soil containing

7% orgamc matter compared to the same soil in whlch the organic matter

K o

was removed usmg H O . Since other‘propertles are not weII

' corre'latkéd with ‘the PL, it appears the PL is to a large '“Xtent governed

by soil organic matter. [ , ) .
J!h

(E] Act:vutles or the ratio of the. F@'to ‘total clay (Skempton, 1953) are .

ﬁen in Table, 50. Deep plowing s:gmficantly increased activity on an .»

-

e

overall basis as’ well as at four of tne(fi\re sites. Increased activities = -
are u.ndoubtedly a function of the inéreased s.mec'tite conten't _ although
actlwtles as’ hlgh as 7.0 are reported for montmomllomte dommated‘“
samples- - {Skempton, 1953). The correlatlon between activity and

smectite is (10.75* (Table 95).
.
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5.5 Summary

‘_Analytical features either directly or indirectly related to soil tilth

were examined in Ap horizons of conventional‘ly tille and deep plowed

soils. Some marked changes in most soil properties examinedﬂ@r\esulted

from - deep plowing. Different responses to deep prowi g were

v . o B \

frequently observed depending upon whether the sampled landscape was
N A

dominated by soils of the Solonetz or Chernozem order.
At those -sites comprised entirely ~of Solonetzic soils, oluble and
24 2+ + .
extractable Ca Mg and Na were generally, though not always

sngnlficantly mcre,ased by deep plowmq _ Where Chernozemlc 50|ls

.occupled 50% or more of the sampled Iandscape /é’hanges in these

o o ,
L properties wer'é generally less pro’nounced Exchangeable Na+, ESP and

o

o 'SAR generally lncreased as a result of deep plowing Solonetz domlnated

;landscapes althou.gh‘,.sngnl&flcance levels were variable. Increases in 50|l
pH.and EC and reduc‘tionfs“ii in exchange‘aci.dity'were significan,t in rnoSt
instances and ‘were independent" of sdil 'type. ‘The effect of .deep
plowmg on total‘ exchange capacity and Ca:Na ratios was varlable and
mdependent of s0|l order, while no effect was observed wsth reCpect to
"soluble and ext-ractable K™, Both total C and total N were s:gmf:cantly
lower on the deep plowed sonls at all locatlons Reductlonts in these two
properties do not appear to bg related to the typé “of plow used
'however, slightly greater redué‘tlonsﬂoccurred where total C and N were
mtttally hlgher in the COPVEﬂthl‘ldlly tlLkd Ap horlzons ‘ 7 E /

Phyllosrllcate minerzlogy ~f Ap horlzonsn was’ altered by deep

plowi‘ng in the bulk of soii examlned and was not -dependent upoq soil

order. Smectite content was - significantly mcreased by deep plowmg

while kaolinite and chlorlte were significantly reduced through dllUtlQn.



Mica content, for the nmsi,t part, remained uncha ged. ot
sl o
PartICIe size disg%ution was, also mfluenced by deep plowr‘nq

Sand and silt content on an overall baS|s, ‘were significantly reduced

Al

. .r‘

&

> v

?kin the deep plowed Ap horizons although on an individual site basis

he dlrection and sngniflcance of the change was varigble. Total clay

- ,;‘v{

¥ and fine clay lncreased upon deep plowing at all locations, however, the

significancé of the incr{;ase was variable. Significant increases in fine
clay were more apparent than ‘increases in total clay,iwhich par‘allels,
and is highly correlated ‘with (r = 0.84*), the increase in smectite

content. Size distribution of the sand fraction remained unchanged by

deep ploWing . Ce N
Moisture retention at a given tension was annificantly higher in
A
the deep plowed"soﬂs when eypressed on an overallbvi &ite: .
-:-"“4 . :d‘ A'

SpeleIC ‘basis, heweéver, changes were geénerally - .‘{.\;&lgg}lflcant ard

occasional_lg} retention was lower in the deep plowed “Soils. Mmsture

o

retention at -15 bars was increased more so tn-an retention at -1/3 bar
which resulted in an overall significant decrease in available water,
Mo'ist'ure’retention at any given tension was positively correlated with

clay content and, as the tension "increased, correlations i\ricr,,eii{:'sedeJ
3 f‘ '

This perhaps indicates that clay content bec'omes» increasingly fmportant

in retention of soil monsture as the, soil dries Availablg water is
¥ s
N -

moderately correlan with only total C and total’ N, even though

retention af a given tension is weakly correlated with these two.
. [ ) . % .
properties, - . . . : I s"* : -

. Modulus of rupture was significantly increased by deeprpl'owing at

those sites dominated by Solonet;ic soils; the'BbserVed increases were
. . 4 R
. ) . ‘\’ .
approximately an order of magnitude. No change -was observed.at those

:'u



j ' ‘ o I V4

Vo \

&

occupied a significant portion of the._

R]

sites where Chernozemﬂ. Soﬁs‘-‘

landscape Byth mean welght.“dnameter and aggregate stablhty remained
unchanged \Aby deep plowing on an individual site basis, however, on an
overall basn.s these two properties- were significantly lower on the deep
plowed soils. | | |

Certain changes Qx?ere also noted with respect to .soi1 consistence.
Althou&ghv' tne Jiquid limit, lfor the m‘.ost part, was unaffected by -‘_deep.
. plowing, tt;ze plastic limit was significantly reduced. The plastic limit is

highly. «correlated - with ‘total C and total N, such tljat'the observed

~ decrease probably reflects a loss of orgamc matter. . The drop in tne :

.(~.o‘

1)5;

*

plastic I|m|t resulted in a sngmfucant increase in the plastxcuty mdex et e
all locations.” Act|V|t1es also mcreased upon deep plowmg most sutes-‘ :

v , BN

and this appears to be mlated to- the mcreased sme&&te conient ?n

probably the montmomllonlte component contalned thereln
2 B {‘J ‘ .

@
-
BN
5

%
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6. CROP RESPONSE

6.1 MUCUOH

The effect of deep plowing 'on crop yle{ds has been stud|ed by
many’ researchers. For the most part, moderate to pronoun;ed crop
yleldz%ncreases are reéported (Bowser and Calrns 1967; _'Cairns,a 1962,
1970’;1971 Eck and Taylor 1969; Harker _eXt al. 1977- Hermans, 1981,
19820
ﬁ o

ams%), Cairns, 1980; Mech et al., 1969; Sandoval, 1978; Sandova! et al.,

Karkanis and Cairns, 1981; Kroqmal}w/ and MacKay, 1980; Lavado

19%) however, yield -depressions resulting. from deep 'pIOWing have .

"

‘béen ‘observed within‘ some of these studies. The e:mphasis in the vai‘)bdve

sfudles has been on changes in the entire sonl ‘pedon andi the effects :

[T

. . i
s #

to ‘an’ ané?‘l'ysns of crop response characterlstlcs other than tot\al yleld,
o
and even fewer to an analysis of the mfluence of seedbed propertues on
« S \
crop growth characteristics. o , - ,

Q-

- ' . - B . - . Py RCER .

these chanqes ‘have on total crOp vleld Few studles bhave been detfnted"‘ )

7.7?_1:1'."'

N »

This  chapter is devoted “to an analy‘sis of crop response’y’

&

characterlstlcs on’ deep plowed Solonetzic and assornated souls ‘\"fThe‘

relatlonshlp betweeh various' seedbed propertlesr (Chapter 5) and crop

growth characterlstlcs i's dlscussed where applicable. The relatronshlp :

‘of the geognorph:c soul sequence present (Chapter ll) to grop response lS

¢

'also, evaluated IR . . ) S .
‘l 1.‘ . % \ \ 3 / . \ o Do 7 N
- 3‘5)' - ’ S, ? ‘
62 therature Revubw ‘ - R )
* . ? \ .
/

Changes in soil propertles contmbutmg to crop response can be .

&(? ' . °
arouped into two’ general categgr&s:_ (1) mcreased sonl moisture

storage .and extraction; and (2) changes in the sonl chémlcal s'gite,
. . =

i

- A72

N

"

o

£¢

@
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particularly increased Ca2+ derived from various sources. .'The two are
not- mutually exclusive in that the relative balance‘o'f-v»'CaB' and Na' has
a marked effect on water movement (Frenkel et al., 1978; Harron,

’

1979).

Changes in‘t‘soil—'water relations upon. deep plowing wash brie‘fﬂ‘y

»

= introduced in Chapte‘f” 2.' Expansuon on the. pré'u summary is

] reqwred to fullv appr%c’;%fe the cdrﬁ‘lbutlon that these aspects ‘make to '

Tyouwee - ./—’. o
crop'growth and yleld T ' E :

“79,7.\.

. : " R, g v'.' ..
Pair and Lewis a..e)gp@o) epfort infiltration r'ata‘s for a Sebree soil -
‘% ‘} ": ' '-" .
(presumablv Solonetz) thlCh was ftho'guthy mlxed to a ‘depth’ of =N

r"122 cm' 1 Mean mﬁltratien rates mrreased ‘from  0.025 cm/hr to

1 07 cm/hr upon deep pipw aThlS chanqe r»esulted in a. total of
‘(}"‘.‘ﬂ'.

729 cm of water lnfllfratmg mto t mlxed sorl durlnq a 729 hr period

nt}p - X N
(approxnmately 30 days),, compared&}mth 'bnly 33 cm of water' in” the_ S

undisturbed soil. . A reductlon m ESP from 3u 77 to 8 24 upon mlxmq)

3

was the factor ide ‘tlfied forkthe marked “SHCGGGSQ in mflltratlon O - .

A

ic soil in the USSR Burn.atskl and Yarovenko ' &

L L d

(1961) ?orun BT B umform dlstrlbutlon{ og sonl mousture wnth depth

. ‘,,‘ -

w followmg wmter precupltatlon when depth of tlllage was mcreased from

B

7

Soe

y

.. 2t
S .vf- . . . : .
¥ il ey

25 to 35 csm More umform dlstrlbutlon was att‘rnbuted to breakmg~of a

) ¢ SR S,
; - .

plgws,ole m- addntlon. tQ |rt1proved sorl scructure and corresponqu

PR v

mcreased mflltratlon

v

- Also in the USSR Maksmyuk (1958) "eyalua%ed the effect: of deep

R X . \!PA’

'tillage,-»,\ on wate_r mftltratlon prop rtles bf a Solonchak hke Solonetz. L@

The soil was deep spaded and sub;ected to suCcessuv‘e, Ieachmgs. Only - - “*\{
. ' > . . - Y X1 e -

. P
RS R

. . y - . N,
. . . . 4 v

Pl . N Al
, £ _ sy
. . N . RS
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3

2.1 hours were required for a given amoun\\of"water to mfultrate mto

the deep Spaded soil, while 1%, u hours were requured for;)an equlvale_nt )

[

amount,, ,of water to mflltrate into the vurgm sonl After five leachings,
lnflltratl&’l time increased to 9. 15 and 33 0 hrs for the deep spaded and
vgftgin_ soil, respectively. This redUction in infiltration with time was

g

attributed to soil swellmq

)

In Texas Eck >and Taylor (1969) evaluated the effects of thorough

prolee mlxmg to depths of 90 and 150 cm on a Pullman SiCL (Reddlsh ‘

‘ Chestnut sonl) "Grain sorghum was grown under lrrlgated and stressed
’ .'b

v;(dryland) COHdYtIOﬂS ». Profile - modlflcatlo§ @as found to increase the

v

'%ount and depth of water storaqe j‘,;._ reduce evaporatlon |raJ the
stressed rtreatments_. D.epth y.of roqt pehetratlon by th e" sorghum
"increased as a result of profiletmixing. Water use eff:cnency (WUE)

v

N
1ncreased as a result of greater water storaqe and extractlon at depth

0] . [ 2

-partlcularly under stressed condxtlons Under the“stressed condltlons,_

WUE - mcreased by 41 3% for qram production and 25 2% for total dry,

‘-\

rha-tter roductlon.' " The overall result was s:gmflcantly /hlqher gram

-t

v - ‘ . ) : £-

rmodnfled treatments respect ve mCreases in graln ylelds

“and stover- yields" under stressed ,condnt:ons. For the /)0 and..150 cm .,
. .

g i
P !

30

]
“check were 66 and 81% thtle- c,hanqe was. noted m’ q’raln or s?over

«y A

'yLelds on the lrrlgated treatments R LI /~ S

RS

by alfalfa on a Freeman S|L (Mollnc Haploxeralf] a/s affected by profrle

l.. /
modlflcatlon , Slgmflcantly greater Water storage at the beglnnmg of
‘the croppmg year and greater Water extractlon at the end qf the
&

cropplng year - ‘was. observed when the pro“flle was, dlstunbed to a depth,

<‘,.- ) B
of 122 cm and replaced in a mlxed state or in the or|gmal horlzon,,
X - . . - 'v 2)’1.
- L. . i . '

£l

relative to ’the'

Cary et al "(1967) evaluated soil. water dlStr‘lbu/thl"l and oextractlon

D

.\|§.‘
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APPENDIX D

“ Means and Standard Deviations '

of the Various Ap Horizon Prdperties
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Wéekly and Cumulative Precipltation

. Dhring 1980 ard 1981 at Selected Locations
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Figure 29. Week]y and cumulative growing season precipitation at

2.a) 1980 b) 1981. .
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