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ABSTRACT - . i

- A Gleyed Eluviated Black Chernozemlc pedon in the Lake Edmonton
plain of central Alberta was 1nvest1gated to‘EEterm1ne if its sa11ent
properties ref]ected the character of the pedogenic processes operating
in the present environment Unlike for other parts of the B;ack soil
zone, historical po]]en and phytolith evidence suggest a domlnantly
forest vegetation at the site dur1ng the late Ho]ocene with the present

\,
Populus balsamifera forest being typice] of\the Boreal. Transition“zone.

The pedogenic influence of the present ecosystem is expressed in
several aspects which seem compatible w1th the ex1stence of a'well-struc-
ﬂ tured, base sﬂturated Chernozem1c A horizon F1rst the Titterfall
returns a considerable quant1ty~of bases to the soil, w1fh the dom1nant
understorey shrub Cornus stolonifera, bE1ng important in ca1c1um cycllng

Q
Second, soil faunal activity appears s1gh1f1cant in fabr1c deve]opment

.w1th1n the organic and Ah horizons. Howéver, soluble organic substances
| .derived from 1eaching'of the forest canop} and litter materia]s; as well
'as the effects of” phys1ca1 processes, may b]ay a ro]e Third, the
large transp1rat10n demands of. the forest vegetat1on rap1d]y deplete
soil moisture reserves dur1ng the grou1ng %eason, thereby reducing ’
the potential for leaching. ; !

A high degree of clay-organic matter cu¥p1exation in the Ah horizons
and a lack of major c]ay mineral alteration ire significant pedon char- -
acteristics shared w1th other Black Chernozemmc soils.

The present groundwater reg1me at the Sltf is characterized by dis-ﬁ
charge which does not appear to affect the contro] section. However, a

temporary perched water table can occur duringf;he spring snowmelt, but

. i
v \




it may not be suff1c1ent to produce the weak hydromorph1c features” in
the pedon Drainage coant1ons have Tikely improved s1nce settlement,.

- 50 these features may be relict. |
Classification of this pedon as a Chernozem is not consistent with
the original usage of the term to designate grass]and soils lacking B .
horizons or incipient eluviation. A more suitable grouping drawn .
from European pedology is with the Gray Forest soils. These pre
treated as a distinct eco]og1ca] soil type of the steppe- Borea] Forest
tran51tion, possessing both’ a prom1nent Ah horizon and some degree of
e1uvia;ion. It ‘may also be fru1tfu1 to recognzze thé/hydromorph1c

genetic pathway, that of the Meadow Chernozems,ias being applicable

to some of the Black soils in western Canada.
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"in the region.

', CHAPTER 1
‘ \

w - INTRODUCTION -

An earlier study of Orthic Black Chernozemic soils (Dudas, 19€3)

~ found that regional varidtions in Ah horizon structure, apparentTy

related to'c]éy~organ1c compLei properties, existed within the Black

soil _zone in Alberta. Furthermore, some pedo]ogist§ have observed

»

that the sof]s developed on clay-rich'glacio]acustrine parent materials .
in the forthern part of that zone possess certa1n d1st1nct1ve ‘Ah hcrizon
properties: a more grayish co]our, perhaps assoc1ated with. 1mpa1red

drainage, and a. stronger granular structure (F.W. Peters Agr1cu1ture

. Canada, personal communication). Since the region of B1ack‘Cherno;em1c

soils encompasses more than one vegetation zone in Alberta, the relation- -
ship between the genesis of these soils and environmental factors is
'ev1dent1/ complex, yet has received insufficient attentlon

<

In view of these observat1ons this study was-initiated to ment

" the fo]]ow1ng central ‘objective: to determine 1f the Black Ghernozemic

so1ls of the Edmonton area could have formed by proé@sses operat1ng in
the same fashlon as in the, present env1ronment In order to accomp11sh
this purpose, two subs1d1ary objectxves were identified: (1) .to relate

‘the properties of the pedon to beth observed and inferred proeesses in

_the s0i1 system, «fid (&)~ reconstruct the environmental changes

l:‘ .
during the Ho]ocen;‘that may have_controlled the direction of pedocenesis

N

~ . .o “ -~

The organization and content of this thesis can be outlined as - ,
follows. Chapfer Two presents the baCkgrpnnd to the central objectire

by reviewing the literature on three related issues: concepts of
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Chernozem genesis and classification, soil genesis in relat1on 'to the

forest-grassland transit1on and the formatwonrof mull A horizons in

'diverse environments Chapter Three briefly discusses the rationale
‘for this study s dual emphasis on both 1nferred processes and observed
'fbsoil dynamics and presents an account of the methods used Cha ter

Four reviews the aspects of Holocene env1ronmenta1 change relevant to

the study: g]ac1a1 history, c11mat1c fluctuations, and changes in
vegetation zonat1on. The main body of data and its interpretation are

c0nta1nedn1n“Chapter Five which ?kam1nes the results of both f1e1d and

'labohaxory"stud1es of pedon properties and genetic processes The

conc]uding chapte{/br1ngs together the pr1nc1pa1 findings of th1s study

In order~to assess the degree to which the central objective was-met and
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CHAPTER 2

BACKGROUND' TO THE PROBLEM

As was pointed out in the previous;chapter, regfonal variations
in properties of;Chérnozemic A horizons- have been observed within the
B]ack soil zone in A]berta Such d1fferences suggest that there may
be a correspondang vjr1at1on in pedogenic factors and processes W1th1n
the zone. S1nce the p]ac1ng of so1l zone boundaries depends 1n part
on the taxonom1c system used and its under]ylng genet1c concepﬁs, it

-1s important to appreciate the background of such systems and toncepts
“Hence, this chapter will review the vary1ng concepts of Chernozem1c
soils and their genesis, both in Canada and abroad.. Because of the
“1mportant role attributed to vegetation in Chernozem géhes1s and trans-
format1on, the quest1on of forest-grassland trans1t1ons in relatlon to

soiIS‘W11] be examined. = Finaliy, the more general issue of mull Ah

horizon formation in diverse environments will be considered.

2.2 Chernozemic Soils: Classification and Genesis

N Ty

<

The Chernozem occup1es 2 Spec1a] place in the history of- pedo]ogy,
'Ls1nce it was’ the subJect of Dokuchaev 5 p1oneer1ng Jdnvestigations of
soil geography (Joffe, 1949; Buo] Ho]e and McCracken, 1973). ,,yer
| the expanse of the Russian steppes, Dokuchaev observed +the céf/espondEnce
" of c??matgc gradlents and vegetat1on Zones with the pattEFﬂ’of 501] ‘types
and formulated h1s factorial model of soil genesis. Fronfthls beg1nn1ng, '
c]ass1f1cat1on and mapp1ng of Chernozemlc so11s has extended to other J

| continents, often with d1fferences appear1ng in the taxonom1c-and genetic



concepts of'various workers.

As discussed in pedology texts, the Chernozem fé a soil of.the m$ﬁ-
‘iq;itude gréss]énds, developed in a continental c1iméte‘of 16w rainfall
and humidity with hot summers, cold winters, and limited supplies of

moisture available for leaching. The original concept of the Chernozem,

- literally "Black Earth", invo]véd an accumulation of humus in a prominent

Ah horizon possessing a definite granular structure. Other character-
. ' ‘
istics include the lack of significant mineral weathering or redistribu-

tion of clay and a neutral to weakly alkaline reaction caused by CarbonaFe

" accumulation in the profile (Gerasimov and Glazovskaya, 1965; Joffe,

—

1949). | . . | -
In Russian pedq]ogy, the Typical Chernozem has an A-C prof{ie as
its central concept. There may be a tragsitiOnaI horizon between the A
and C horizons but it is calcareous. Further subtypes.of the Chernozems
are designated according to the depth of carbonate leaching, A horizon1
thickness, and organic matter content (Gerasimov and»Gfazoyskaya, 1965).
The Ordinary and Southern Chernozem subtypes have.lower hhmus contents,
less leached profiles and a secondary carbonate horizon closer to the
surface; thq latter éhbtype may have gypsum af gepth. Calcareous and
‘Residually Ca]gareous Chernozems.cdntain carbonates to the surface,
reflecting the high lime content of theif parent materials.  Solonetzic
Chernozems occur on sa]ing:parent materials and share some prqPérties

of Solonetzic soils. The Leached Chernozem subtype occurs in the forest-

steppe zone and is identified by its non-calcareous B horizon which may

"be slightly enriched-in clay. The Podzolizéd Chernozems differ in degree

" —from the previous subtype, having a stronger clay accumulation in ghe B

///

horizon and signs of eluviation at the base pf the A horizon (ivanova

<

-
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and Rozov, 1958). .Ihe‘Méadow Chernozems ar recognized as a diétincf\\
type and occur in poo}ly dfained sftesvcharacterized by gleying and )
salinization. ) o |

European pedo]pgists have main(‘d\the A-C profile as the centra}
concept of the, Chernozem. - For example, kubiena (1953) defined the
Typicai Cherﬁozem in terms similar to those of the Russian pedologists.
In hie classification, the A-B-C profiles of the steppe were referred
to as Degraded Chernozems. Duchaufour (1977) d1st1ngu1shed the leached
Chernozem from the typical ghernozem on a similar bas1s the latter has
only an-incipient blocky B horizon. . '

In North America, the term Chernozem has beenladopted, but with a
somewhat differnt asage. Reeent Canadian systems of soil classification
have defined a Chernozemic Order which includes lighter coloured Steppe
soils (Brown and Dark Brown) as well as Black Chernozems. In‘Russian
and European classifications, the Brawn and Dark’Brown (Chestnut) safTs
are separated from the Cﬁerﬁezems as distinct fypes.a A second major |
departure in the ganadian classification is in the centralbconcepfs of
“the various Chernozemic Great Groups. The Orthic subgroup has an A-B-C
horizon sequence, whereas the nearest equivalent of the Russian Typical

Chernozem is merely another subgroup, the Rego B]ack (Canada Soil Sarvey |

Committee, 1978). The current U.S. Soil Taxonomy (Soil Survey Staff,

1975) resembles the Canadian system in ?hat Chernozemic soils (in the

Russian sense) are grouped with other soils having a dark; organic

matter-enriched surface horizon, the Mollisols. This order also includes

the group formerly known as the Prafrie soils, simi]af in morphology
/

to the Russian Leached Chernozems but lacking a horizon of secondatikz”

carbonate accumulation.

{ .
l AR -



The Chernozemic order of the Canadian soil taxonomlc system ingludes
other 50115 which in Ruselani;nd European pedology are designated as
distinct genetic types. In particular, the Eluviated Black and many of
the Dark Gray Chernozens may correspond to those referred to as Eluviated.
Danubian Chernozems,and.Gray Forest Soils, respectively, by Duchaufour
(1978), or as Dani*ﬁray and Gray Forest Soils in Russian terminology
(Gerasimov and Glazovsk®ya, 1965). | . |

A description provided by Parfenova et al. (1964) of a Gray Forest
Soil in therdeciduous forest zone of the U.S. §;R. sﬁagests many similar-
ities with the Dark Gray Chernozemwc soils: a thick Ah (and po§sib1y '
Ahe) horizon (0 35 cm), a much thinner and bleached eluvial hor1zon (35-
45 cm) and a b]ocky 111uvna] B horizon. Thus, desplte the s1m11ar name,
the'Gray Forest Soils are not the same as the Gray.Luv1so]s (formerly
Gray Wooded soils) of Canada. -In the latter, the Ah horizon is thin or
absent (Moss and Sf. Arnaud, 1935). ‘Fridland ‘and Erokhina (1976) appeared
neluctant to consider the black soils of the‘Aspen Park]and.as Chernozems.
Instead only tgi thinner. black soils of 1ower humus content and the dark
brown so1ls were cozre]ated with the Chernozems of the U.S.S. R Apparently,
the thicker northern black soils were viewed by these Russian pedo]qgisté
as being of meadow or hydromorphic origin. In the qp;ence from the Ruseian.
1iteret0reﬁof explicitly stated taxonomic criteria based on soil properties, -
any of these correlations are necessar11y tentative.

To conclude this dlSCUSS]Oﬂ of c]ass1f1cat10n it is emphas1zed
that the focus of this thes1s is on the Black Chernozem1c soils as
def1ned in the Canadian so11 taxonomic system. The A-B-C horizon

sequence whwch constitutes the central concept of these so11s, has.

its equ1va1ents in the Degraded or Leached Chernozems rzh North Amer1ca,
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these soi]s-occur principally in the eastern Great Plains region in a

b .’ Q
broad belt extending from Texas northwards through the Dakotas, contin-
,uﬁng through'southeastern Manitoba, central Saskatchewan and. Alberta

and narrowing to a band along the edge of the Rocky ountain Foothills

(Soil Survey Staff, 1975; Clayton et a]., 19%7).
The sa]iént properties of thé Chernoie , as itsfas been defined in
North America, can beulisted as follows (Dudas and Pawluk, 1969b;
McClelland g&ngl.,,1959; Nygard et al., 1959; Redmond and Omodt, 1967;
St. Arnaud and Whiteside, 1963):
(1) absence of L-H horizons,
(2) ;a black Ah of gkanu]ar structure, rich “in organic matter
} of the humic acid‘type which tends to be intimaté1j assoc-
~jated with mineral material,

k(;’i) approximately neutfa] pH va]ues and a high degree of base
.saturation, especially by calcium, which is thought to
maintain the soil Eo]]oids in an immobile, flocculated con-
‘dition, |

(4). B horizoqs, which may appear i]]dviated in the field, but’
rot-always in thin section, characterized by oxidation,
carbonate removal, and weak or moderate prismatic macro-
structure, \\ ' - | S )

(5). secondary carbonate éhcumulation at depth, often as a distinct
Cca horizon, and h' : . | R

(6) generally mild weathering of primary minerals, wﬁth no major

- transformations of clay minerals.
To acceunt'for these properties;vgenetic concepts of Chernozemic:

soils have emphasized the role of vegetation and biological activity.
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in contributing and distributing organic matterfb of equa1‘import@ncé
is the effect of climate in _governing rates of orgaoic matter decompoT
‘sition and transformation, and through the soil motsture regi@e, in |
controlling the transport of soluble oonstitUents.

Both past and contemporary Russian pedologists. have emphasized the
cruciai role of grassland vegetation in Chernozem formation (Joffe,

1949; -Gerasimov and G]azovskaya,v1965) A thick oovek of grass and

- forbs, together w1th a dense network of roots, prov1des a large -annual
add1t1on of nutr1ent richs read1]y decomposed organ1c matter. The Toot
‘systems also act to take up available nutrients and prevent their re-
moval from the soium, while helping to aggregete the soil through their
growth pattern and decomposition.products.

Since calcium is present as carbonates in the Chernozem parent
material and is cyc]ed(through the vegetation at a considerable rate,
base saturation is‘high. .Kononova‘(1975) and other”writers attripﬁéed
‘the gréoular structure and stability of Chernozem humus to the floccu-
1at1ng effect of this abundant calcium. A major role in structure forQ

mation is also played by so11 fauna, part1cu1ar1y earthworms (Geras1mov

A

-and G1azovskaya 1965).
| . The climatic influence on Chernozem format1on is twofo]d A general-
Ty non-f1u5h1ng moisture regime 1jm1ts the degree of Ieacﬁong, while the
occurrence of wetting and drying cyc]ee is ﬁpought to assist.in pge

- polymerization Of humic substances {Kononova, 1975).

It is noteworthyvthat the Russian pedologists have;recoghized
“another soil type, the Meadow\ChernoZem,,ﬁhich_has a disfjnct genetic
pathway. _Occorring in sites with impaired drainage; these}soiTs have

A horizons simi]afoto those in other Chernozems,obut“show gley features,

’



as wel] as some degree of sa]inity (Gerasimov and G]azovskaya 1965)
Th1s second genetic pathway does not seem to have received much at: ent1on
from North American pedo]ogjsts, even though some Chernpzemistoi1s may .

have evolved from Humic Gleysols.

2.3 Soils and the Forest-Grassland Transition

» As the previous section has shown, Chernozems - are regarded as be1ng'
grassland so%%s, so when their genesis is contrasted t that of the
luvisols, the differgnces are attributed to the role of vegetation.

- Under grossland, organic matter iS added both at the. surface and. by
eriit death, while forest vegetat1on contr1butes most]y Teaf N tqs ‘fn
’ latter case, more rapid decompos1t1on is thought to produce wobile,

low molecular weight organic acids wh1ch can assist coliotd trans] cation

through the profile, giving rise to tuviso]icﬂsoi1s (Pettapieoo, 196

The coincidence of the grassland-forest ecotone with the trahsition | \

from Chernozemic tovluviSOTic soils in western Canada is cited as‘evidencé"\\

for such a vegetation control of soil genesis. A ' )
A. This example from western Canada 511ustrates_what Jenny (1941)

called a biosequence, a series of soils formed along a gradient of

veggtation change. Numerous studies in the U.S. midwest have examinpd -
such sequences along the tramsition from tall-grass prairie to'degi
forest (Bailey et al., 1964; Geis et al., 1970; Severson and Arneman,
1973 Sm1th et al., 1950; White an- R1ecken, 1955). The correspond1ng
5011 trans1t1on is from Brunizems /Prairie so115) to Gray-Brown Podzollcs
w1th the pr1nc1pa1 var1at10ns 1n sei] ovopert1es being:

(1) thinning of Ah horizons and less organic matter accumu]at:oh\

" at depth 1n the prof11e, A S
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(2) lowering of pH and base~sat&ratiop, especially in the B horizon,
(3) greater depth of carbonate removal,

(4) ~development of an eluvial horizon, ‘ - PR
(5); clay illuviation in the B horizon, and

(6) increased mineré1,we%fhering.

", When vegetation change occurs;'fér \xample, forest fﬁvquon of
grass1ahd,'suéh sequences are used as models of the transformations'
assumed to occuf in 5611 properties. what are hot clearly established,
however, aré the rates and controls ofesuch'changes.' In western Canada,
Pettapiece (1969) cited anecdotal evidence of§Yi§ible_e1uviation of a

3

Chernozem occurring in about 50 yeargbafter planting of poplars. On a

- similar time scale, Dormaar (1967) found evidence for changes in .Chernozem

humic acid infrared spectra which were attributed” to less than 60 yeaks |

of occupancy by Pinus sylvestris. Similarly, Dormaar and Lutwick (1966)

examined Ghernozemic soils in a region of Southwesterh Alberta in which

“poplar encroachment on grassland was inferred from historical records.

After approximate]y 80 years, changes were détetted in profile morpho}ogy,
chemical properfies (?eduction in pH and base saturafion), and part&cuf
1ar1y 1eﬂhum1c acid infrared spectra '

However, other evidence suggesns tnat tne rate and d1rect1on of
soil transformat1nn after forest invasion of gras§1and may be more -i
variab]e. At.an I1linois site forested for an estimated 400 to 600

years, Geis et a1 (1970) fthd~Marked differences in the rate of trans-

-format1on of - Pra1r1e soils toward Gray Brown Podzolics. <Vegeta£ion

Ao

A‘and parent materﬁa] were fa1r1y homogeneous SO the only var1ab1e appeared
 to be#ﬂra1nage, as controlled by topography, Part1a11y t?ansformed

" soils occurred on sites-having higher,relief and with wWater tables .
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below the solun~throughout~the year. However, Prairie soils pefsisted.
at lower sites at which water tables remained in the upper so]umrunttl‘
late spring. The authors concluded-that the better ‘internal drainage.
at up]and’sites assisted the leaching processes responsible. for trans-
forming Praifie soils. They also suggested that thevuna1tered Prairie.

" s0ils formed a continuum with the Hutlri c G]ey soils occupying the lowest
topographic positions.~°}n}view of these findings, it is significaht :
thaththe other studies in the midwest region cited previously all ex-
amined biosequences on well-drained sites. S

A similar situatton in the Canadian Prairies was descrihed\by
Pettapiece (1969). He noted that in some areasuof Black and Dar Gra{
GhernoiemiC'soils drainage conditions have: Tikely %mproved since settle-
ment These 50115 probab]y developed under meadow or balsam pop1ar- .
| w1110w vegetat1on assoc1ated w1th mo1ster cond1t1ons, so ‘their re]at1on-
- ship to-the we]] drained 5011 sequence of the forest-grass1and ‘transition
was not clear This and the previous reference appear to be the on]y
“d1scuss1ons in the North Amer1can 11terature wh1ch Suggest a genet1c
pathway at all s1m11ar to that of the Russian’ Meadow Chernozems

A flnal example, wh1ch a]so comp11cates the p1cture of Chernoiem
'genes1s in relation to vegetat1on the. comes from Russia. (Afanas yeva, |

1966) : 1sturbed prof11es of Chernozems w1th th1ck Ah horizons were

studied under both ste -’nd oak forest “Apart from a more pronounced .

granu1a structure nd a greater depth to the peak secondary carbonate -
agcumulat1on under the 1atter vegetat1on type, the propert1es and mor-

pho]ogy of the two prof11es were s1m11ar Compar1ng water reg1mes,

A

~ the” author found a greater f]uctuat1on in soil water content under

forest, with higher-snow acCumu]at1on§: but-greater_sox] mo1sture with-
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drawal. for evapotranspiration, resulting in only occasional wetting of

"the entire profile. ATthough the potential for leaching of carbonates

was greater in’the,forest soil, this was apparently,cdmpensated by a
fivéfofd greater return of calcium through 1itterfat1; Afanas'yeva's
conclusion was that where moisture conditions pennitte¢/f9r t to 6ccur'
in‘the'steppe.region,»it did not seem impossible for this vzzgtation\to .

coexist with Chernozemic soils.
| Voo

2.4 MuT1 A Horizons in Diverse Environments

j.As discussed by Duchaufour (1976), mu11 is character1zed by high
b1o]og1ca1 activity, rapid 1itter decompOS}t1o and good crumb structure '
resulting from 1nt1mate combination of m1nera1Q:nq hum1c conponentst |
Despite these propert1es in common, many types of mull ex1st character-
jzed by different propert1es and modes of evo1ut1on It seems c]ear

from a read1ng of the. ]1terature from western Canada that there is often'

o

. an 1mp11c1t assumption that the mull Ah hgrizon is a feature incompatible

with genesis in a forest. énvirbnment. -Studies already citea have shown‘f

‘ that the.evidence support1ng this be11ef is gt best equ1voca1 A1though
‘the entire subJect 6? mu]] Ah hor1zons is a 1arge one, this review has ‘

the Timited obJectlve of showing that this hor1zon type is a poqygenet1c

: feature with several agents and pnocesses active in its format1on

2
]

wh11e the Ah hor1zon as defined 1n Canada (Canada So11 Survey

Comm1ttee, 1978) has very m1n1ma1 requ1rements*, the Chernozem1c A r -

ohor1zon has severaT very spec1f1t criteria (Appendix). Desp1te this

'i spec1f1c1ty, the authors of the current Canad1an so11 class1f1catlon

ral T - Cﬂ\"‘*

_* The Ah horizon co]our va1ue is> 1 unit lower than that’ of the under= e

lying horizon and/or it has 0. 5% more organic: carbon than the IC \£:>
hor1zon._ 0rgan1c carbon content is 17%.
. - 9 : .
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system were obliged to introduce a climatic requirement (mean annual
soil temperature >O°C, soil moi sture c]asswdrier than humid) into the
definition of a Chernozemic A horizon. This climatic restriction is
apparent]} all that prevent; the Ah horizons present in the Gray-Brown
Luv1501s and Melanic Brunisols from be1ng de51gnated as Chernozem1c
Even w1th this restr1ct1on, some uncerta1nty still exists regard1ng
the status of some Me]an1c\Brun1solsu particularly in subatRipe and
- alpine areas. T (¢(/ . ’
| Referente was made earlier to the Gray Forest Soids of .European
and Russian soil classifications, wh?ch appeared to share‘certain charac-
‘ teristics withqsome of the soils designated as Chernozemic in Canada.
Judging from the descriptions prorided the Ah horizons in the fermer
‘could a]so be character1zed as being of the mull Aype and seem to re-
semb]e those of the Gray-Brown Podzo11c (Luv1so]1c) soils (G11]esp1e
and Elrick, 1968 Rutherford, 1967; Stobbe, 1952).
Much’ attent}on has been given to the role of fauna] activity in
fghe'formatien of the'mu1] humus'fonm Russe]] (1973) emphas1zed the
phy51ca] and structUra1 effects of so11 macrofaﬁna -- those animals
large enough to enlarge pore s1zes by their movements. Apart from
‘the tmproved éoi1Iaeratiog_resu1ting fromvfaunel channels, the major
- :effects of these oréanishs are throughlthéirhingestiOn and excretion’
. ofzﬂttter meterfal and its incorporatidﬁ in the mineral soil. These
© faunal excret1ons can compr1se the mull humus form, part1cu1ar1y 1n
the case of earthworms which ingest 'soil along w1th“£gant debris. The
stability of earthworm casts seems related to factors such as length
» of fungal hyphae and content ofdpo1ysacchar1de>gums. In addition, the

. secretion of mucoproteins as an external film on earthworm bodies may




~
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.able'to incorporate virtually all of the annual litterfall andswere

help to preserye the pore spaces created by their movements through
. : .

the soil.

The Gray-Brown Luvisols, along with some Melanic Brunisols (form-

erly called Brown #qrest Soils) are typita]“of a temperate -forest envi-

ronment and show a marked influence by 'soil macrofauna.

As shnwn by

Neilson and Hole (1964), earthworms in a-Gray-Brown Podzolic soil were

estimated to be caqéb]e of ;forming a mull Ah horizon in 30 to 40 years.

1t seems widely accepted that such activity is characteristic of only

base- r1ch near -neutral pH soils, yet Langmaid (1964) found that where

artificially 1ntroduced,\earthworms thrived in strongly acidic Podzo]s

under coniferous forest in New Brunsw1ck
very short period of time, three years or 1ess, such 1nvas1ons could

produce an "Ap" hor1zon from comp]ete 1n‘b(porat1on of tne

horizons in the mineral soil.

kd

nmuﬂ.

-

is of equal importance in the genesis of all mu]l Nh/hon1zons, recent

facto S 1nvo]ved. Field and laboratory stud1es by Duchaufour and his

st eﬁés have pointed out the roles played by 1ron, clay, manganese,

and ca1c1um in mull- formation.

that the influence of these agents 1n reorgan1z1ng soil mater1a] can

. j

- types of vegetation°1itter.

This worm-worked-horizon was

Indeed,

Th1s study showed that in a

|
{
{

2

as havfng'the strong granular structure which is usnéliy typical of :

&
" work has 1ncre§ied our understanding of the chemical and b1ochem1ca1

organ1c ’

descr1ben '

i

/

Although it is umcertain wheiher or not the r&]e of the soil faunff

some of the1r,f1nd1ngs 1nd1cate

<

P

4

" sometimes outwe1gh_ the effects convent1ona11y attr1buteg to particular

14
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”q Duchaufour "and Souchier (1978) found an inverse re1ationship between
parent material Fe content and the degree of podzolization in acidic
soils. Mull was associated with the parent materia]s'of highest_Fe .

content. In subsequent laboratory incubation experfiments, iron hydroxide

_ . ‘ . | ;
added-to decomposing litter increased the Vield of insoluble humin. This ;
’ . » ) »

" | result was attributed to direct acce1eration~of litter decomposition

and/or an 1nd1rect'effect through convers on of organic substances to R j

less so1ub1e forms % s \ i
In addition to'fe, Mn also appears”to have ah important indirect

ro]e‘in the humification process Duchaufour and Jaéquin (1974) and o !

Duchaufour (1973) noted that a]though Mn is not abundant in most parent

materf‘1s, it. is concentrated in mull humus by b1ocyc11ng, much more so'y

than in other humus forms Unlike 1n the case of Fe, the inherited B

parent material content of Mn is of less lmportance in contro]11ng its

abundance 1n the b1o]og1ca11y act1ve part of the soil; however both

e]ements seem to have similar roles in humification. The auth spec-
‘ ulated that Mn is contalnedx{nﬁajzﬁtactor of po]ypheno]ox1dase which

is 1nvo]ved in the po]ymer1za\\on of stab]e hum1c substances

A certa1n m1n1mum s111cate clay content was found to be necessary

for, mu]l to be produced in exper1menta1 so11 parent mater1a1 columns -
»1ncubated<w1th 11tter materials (Vedy and Jagqu1n, 1972). wh11e muIlv_
did not form under a slowly decomposable’, Tow nitrogen‘litter, regard-
less of clay content, an easi]& bioéegfadab]e, nitrogé\i:ifh litter
oroduced mull only when 5 to 6% silicate clay was oresent. The same
st%dy aTso'supported'the"importance of Fe.in-the~humification process

andbsuggested that sta»]e clay-iron-humus complexes areva distinctive

i {

feature of mull in acidic soils. In the somewhat differént ehvironment'
) 7 . .- - : o .

* ~ l’ .' . -- ~
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of the ChernoZems, Duchaufour (1376) attr1buted the stability of the1r
. organic matter'to the effect of swelling c1ays in catalyzing the po]r;

_ merizat1onnof.hum1c ec1ds, although the mechanism respons1b1e was not -
elaborated on. - Lo . | . -

Much of the trad1t1ona1 th1nk1ng about Chernozemic-soils has v1ewed

their h1gh base status eSpéﬁTn\ly the 1eve1 of exchangeable ca1c1um,
as somehow causq]]y related to th tability .of the1r organic-mineral
complexes. Only recently has the function“of ca1c1um in the formation
of these comp]exes been §tud1ed in deta11(b/Luchaufour (1973) cited
ev1dence which demonstrated that calcium in mull tends to concentrate
. in the'nonfextractab1e humin fract1on. Unlike Fe-humus conp1exes which
can oe broken down byrdecomplexing adents, these éssociations of'cpl—‘
cium-rich humin and p]a} are‘much more stable. Calcium originating
in the 1it;er layers is initia]]y so]ub]e and can be transported through
~ the soil, but becomes bound up in these stab]e comg]exes whose rion-
' extractab111ty seems re]ated to their ca1c1um content (Duchaufour and
Jacquin, 1974). | " o -

' A]though many of the foregoing ‘observations concern acidic soils
of more temperate c11mates, 1t ~does seem worth cdhs1der1ng that Cher-
nozems may - share some of the same stab11lz1ng mechan1sms 1nvo1ved in

“

mull formation in other environments.

- 2.5 Summary .

- The key'points fromfthis.review of the backgroundvissues in this

study are as follows. . tt , ¢
\

(1) Imnortant d1fferences ex1st ‘between the central concepts‘of

‘Chernozemlc soils as def1nedéyy&European agﬂ Russian pedolo-
. . . N . + } ) .
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(3)

(4)

(5)

17

gists as against those developed by their North American

- counterparts. - -

(2)

More than one genetic pathway for Chernozems is recognized’

by Russian pedologists, while one of fhése, the~hygrdmorphiC"
sequence.involved in the formation of Meadow Chernozems,

seems only to ha&? been hinted at in the North American iit--
grature, !
Some of the soils incTuded in the Chernozemic Order in Canada
are recognized as. a separate genetit type. (Gray and Dark Gray
Forest Soils) by Russian pedo]Ogists;" l

A regular tﬁénsitioﬁ bet@een Chernozemic and Luvisb]ic-soi1s,
corr?1ated with thét between grassland and forest.vegetation,

ha;cbeen observed in western Canada. As in the analogous

biosequence in the U.S. midwest between the Prairie and Gray-

kBrown Podzollc so11s attent1on has %i::;jfncentratéd on we]f

drained sites. However, anoma11es relatéd to drainage con-

ditions, as well as uncertaxnt1gs in the postulated rates of
&S '

s0i1 transformation after vegetation change, suggest that this

sequence should be examined more critically.” |

Mu]f Ah’hoéizons ére not.uniqué to the Chernozéms ’ This'is -
not a new observat1on but it appears that only recent]y has
attention been pa1d to the variety of factors involved 1n ‘mull

format1on. Wh11e mesofayna] activity ‘is recogn1zed as a factor

'iq mull formation, at ]east1n'sume sq1ls, certain other ehem1ca1
and»mineré1 agents also play-é.rdle Uncertainties as to the

-genesis of mull are illustrated by the fact that it can occur.

- under conditions (acidic soil react1on,,forest vegetat1on)_wh1ch

&
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are often asswmed to be responsible for Chernozem degradation.
Eerhiés %ﬂe emphasis on high base saturation as a requirement of
the Chernqzemic'type of mull has directed attention away from
more genetically significant propertieé. Therefore,_if seems
reasonable to suggest that our understanding of the mechani sms
of alleged Chernozgm "degradation" under forest vegetation is

somewhat deficient.
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CHAPTER 3

'METHODS AND MATERIALS

3.1 Introduction

"Most of this ehapter is devoted to an account of the fiefd and
1aboratory techniques used in this study. First, however, it is nec-
essary to exp1a1n the rationale for the genera1 approach of this study,
which is to complement the normal techniques of pedon characterization
by studies of -processes occurrjng in the soil system and by exam1nat1on
of relevant aspects of environmenta1 history

| Trad1t1ona11y, pedo]og1sts have carried out their studies of 5011
genes1s in two main ways. The most common is to observe,and sample a
pedon or pedons in the field and conduct a variety oflanelyses in the
]aboratory. From these data, generalizations are made about ‘pedon
properties and their inter-re]ationships. TheSe~obsefv§tiOns can then-
be used(to test or suggest hypotheses abont'how such properties came
to be. Another approach is slightly different and.begins with the
selection of a sequence oflpedons that_apcompan{es:some systematic
”,,V§n€;¥ion jn a property of the envirdnhent or simply the time e]apsed
‘sfnCe pedogenesis began. Th1s is the\fam111ar sequence method bio-
sequences, c11mosequences, and chronosequences (Jenny, 1941) - Corre-
1ations are then sought between variations in the properties of the
soils and yariations in the other factors: orgenisms, climate, time,

-

and so:on.

From both of these approaches have come the core of the discii
p11ne of soil genesis and classification. These nesuits have included

1arge amounts of data, severa] usefu] genera11zatlons and a certa1n

at

-7, q ARE
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amount of dogma.

Both of,these‘methods'ahe subject to the problem of equifinality,
that is,.si:h1ar results arising from diffehent;causesror processes.
As pointed out by ChorTey and Kennedy (1971), equifinality poses
serious difficulties for attempts at expianatjon in the earth sciences.
A given condition of a system can result froh processes that may he
simulated by any number of plausible models., Hence, inferences made.
about genesis from the properties of a system as observed at one moment
in its history are only a prelude to explanation.

" In other parts of soil'science, for example, those related to

soil management in agriculture and forestry, two other approaches,

‘which are often combined have become 1mportant if not ddhunant These

involve (1) controlled manipulations of field cond1t1ons or laboratory
m1crocosms and (2) fine- scale observat1ons of var1ations over time in
a restr1cted set of related soil properties. These exper1menta1 methods

have been finding a more 1mportant ‘place in soiT genesis’ studles (e.q.

‘Ha11sworth and Crawford 1965) for a very 1mportant reason. Taking

this study as an example, if.we want to understand how a barren de-

glac1ated surface became the Black Chernozemic soil that we obserVe _

10,000 years later, it is essential to know what is happen1ng in the

soil system and why.

The emphasis 1n soil genesis stud1es is therefore becom1ng two-

-~

fold: processes as inferred from propert1es and as observed~in fie]d

.or laboratory systems. Since the term “process" is used rather freely '

by pedo1og1sts, it requires definition. For the purposes of this

"study, the definition is a pragmat1c one; a process is someth1ng that

2
is observed to happen in a given system No part1cu1ar scale or level

20
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of abstraction is implied, since identification of a process for study

depends both -on what is a]ready known and the objectives of the inves-
- tigation.

-Finally, since a subsidiary objective of this study is to examine
the aspects. of Ho]ocene ehvifenmental history‘pertinent to the central
purpose, it is important to realize that ‘the soil has a memory. In
other words, some processes leave evidence that persists long after the
conditions that prhduced it hahe chahged or ceased to exist. Hence,
the hi;torica1 dimension inzpedology must a]hays be apprecia;ed S0 as
to compiement or correct genetic‘explenations based:on current proper-

ties‘and processes.

3.2 Site'Selection . T .

The s1te chosen for this study is Tocated at the E]]ers]1e Research
Stat1on of the Un1wers1ty of Alberta (N.E. %, Sec. 24, Tp. 51, R. 25
| W.4), about 12.5 km. south of the main campus and at an e]evat1on of
686 m. The pedon chosen for characterization and _process monitoring

occurred under a 50 m wide str1p of Ba]sam Poplar (Populus balsam1fera)

forest. a]ong the western boundary of the Stat1on Although the soils
associated with this stand appeared to be moderate]y hel] to imperfectly
drained,.Which is not paht of‘the central»concept of the ddminant soil
§eries mapped in the area (Malmo SiCL), several factors favoured selec-
~tion of this site: (1) the soil profile showed no ev1dence of distur-

bance by p10ugh1ng, (2) the vegetation appeared to be typical ‘of that

described in the:Edmonton area prior to settlement, and (3) its location

on supehvised University property reduced the risk of vandalism to the

proposed installations.
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3.3 Ana[yses Performed on Whole Soil Samples

Routine phys1ca1 and chem1ca1 analyses to characterize the pedon

were performed on a1r dr1ed samples (passed through a 2 mm sieve)

according to the methods outlined by the Canada Soil Survey Committee

(McKeague, 1978),'un1ess indicated otherwise.

~Ten gram samp]es for particle.- s1ze analysis were pretreated w1th

H,0,, for organic matter removal and buffered Na- acetate (pH 5) for

272

" carbonate removal.

| The’samp1es were then dispersed by ultrasonification

(3 minutes at 400 watts ouipUt, Braunsonic 1510 Ultrasonic Probe) and

'add1t1on of sod1um hexametaphosphate, fo110wed by wet sieving (50,um)

" The sand was we1ghed and stored and the rema1n1ng silt and c]ay susoen—

s1on analysed by the p1pette method.

by centr1fugat1on

F1ne c]ay (< 0. 2,um) was. determ1ned

So11 reaction was measured in a saturated soil d1st111ed water

paste using a §orning Model 12 Research pH Meter equipped with Corn1ng

pH and reference electrodes.

Exchangeabie'Eations were displaced by 1 N buffered ammonium

‘acetate (pH,7),‘With total cation exchange capacity determined by

steah distillation. of NH3 from ammohiumésaturated sahples. C.E.C.

_was.a1so_estimated by summing the quantities of exchangeab1p cations.

Contents of Ca'

, Mgt

, K*, and Na*

in the extracts were determ1ned by

~atomic absorption spectrophotometry (A.A.S.). The 1nstrument used for

this and all subsequent A.A.S. procedures was the Perkin-Elmer 503 model.

To suppress-interferences' all A.A.S. de'terminat'iorlws‘-01"'Ca*'+ and Mg

“in this study were performed on d11ut1ons and standards conta1n1ng

_ ’zooo mg 171 a***

/
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Q‘The walk]ey-B1aek method for organic carbon ana]ysis was used and.
'total nitrogen was measured by the semiemicroijeldahl methdd.
I Calcium carbenate\equivaleanwas determined by the method of
Bundy and Bremner (1972).v ‘ | |
Extraction of irdn and alumfnum oxides was carried out by three

C>\L‘_techmques, with determ1nation of Fe and A] concentration in ‘the ex-

tracts performed by A.A.S. The sod1um pyrophosphate extraction re-
) mores organic- comp]exed Fe and Al (McKeague, 1967). The acﬁd ammonium
oxalate method extracts both organ1c comp1exed and amorphous Fe ox1des
l(McKeague and Day,_1966), wh11e the dithionite-citrate-bicarbonate
technique (Mehra and‘Jackson,,IQBO)‘is taken as a measure of the total
pedogenic Fe'oxides. The interpretatjon df the latter th methods in
terms of differentiafion of forms of Al is ]éss clear (Mckeague et al.,
97, '

Hum1c ac1ds from the L-F, H, Ahl, Aegj and Bng horizons were

4

_extracted by the Na- pyrophosphate and NaOH procedure emp]oyed by

uDormaar (1967). Extracted humlc acids’ were d1a1ysed aga1nst W -res1n

in de1onﬁzed water wh1ch was changed once or tw1ee daily over. a one

week period.  The humic ac1ds were pressed into KBr pe11ets for which o
'.infraredbspecarafwere obtained_(BecKjan IR-20 infrared spectrophotemefer).

)'TMicromdrphologicaT sfudies'were carried out on'7a5 i 5’cmithin ‘

~sections cut from intact samp1e'blocks imbregnated with Scoachcast"

epoxy resin.

3.4 Analyses Performed on Soil Particle Siie Separates -

Particle size §Eparafion5'were~performed’on}50 to 100 g~/ mples"

which were diépersed ulfrasonica11y, as described in the prerious
. . R \" . . - /// . /
4 /




24 1

L4

'section, prior to wet s1eV1ng (50 pm). " The 50-250,~m fractions were
sieved from HZOZ - "treated and carbonate-free samples and separated |

~ into density fract1ons by centrifugat1on in bromoform (sp gr 2.92) .
following procedures descr1bed by Carver . (1971) The < 2.92 sp gr

'fﬂseparate should contain all of the feldspars, while exc]ud1ng other

Na- and Ca-bearing m1nera1s Sub samp]es of this dens1ty fract1on

o .

‘were dissolved by HC1 HF treatment (Pawluk 1969) and ca™ and Na'

were determ1ned by A A. S The soda- ca1c1c feldspar content was est1—

a

D'mated by assign1ng all Na and Ca to this m1nera1 group

«

For the study of 0pa1 phyto11ths, HZOZ - treated Ah horizon

5‘

samples from four sites. 1n Alberta were fractionated by sed1mentat1on v
after wet-sieving for sand remova] C\ay was removed and the rema1n1ng

silts were fract1onated into fine (2-5m), medium (5 20 am), and coarse

¢ (20-50 um) fract1ons- The 0pa1 phyt011th content of the med1um and
! S

~ coarse silts wg etery -ed by a method similar to that used by Norgren

L4

(1973)._ Approgima :0 gra1ns weye counted in each sample under a

petrographi -microsco- and the pro--rt1on of opal present was mu1t1- .

. -

1ied b e percentage content of the size fract1on in the total soil,

1v1ng an estimate of the opal content of the 5011 ‘horizon. Al three ..
. fract1ons from the El]ersl1e Ahl samp]e were subJected to a dens1ty
‘?/ separation using centr1fugat1on in a tetrabromoethane and- bromobenzene

.}; mixture (sp gr 2. 30) The < 2. 30 sp gr. fract1on was exam1ned for phyto-

11th morpho]ogy under a Cambr1dge Stereoscan S4 scann1ng e]ectron micro-

scope. Samp]esqwer' coated w1th LSO R of Au. in an Edwards Sputter

‘Coater | ,
| Cax saturated c]ay\f actions were separated 1nto fine (<c0 2/*m)

and coarse (0.2—2 0 pam) fract1ons by centr1fugat1on, freeze-dried and )

4
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subjeeted to the following analyses. | . \(;\§¥
(1) X—ray diffraction analysis was performed with a'PhiITips
ﬂ d1ffractometer and Cu K- ' radiation, with seven ;aﬁETZY'
pre;reatments o 'f
(a) Ca-saturated, 54% relative hymidity, ’(:
. (b) . Ca-saturated, g]ycero] so]vated -;&ﬂ
:§\<\,_" (c) ca- saturated ethy]ene=g1yco] so]vated - ’.,f*

\

e (d) K-saturated 105 C 0% re1at1ve humid1ty

(e) AK-saturated 54% relative hum1d1ty,

(f) K-saturated, 300°, and | i
(9) K-saturated 550°C o : : . '
C]ay samples were mounted on glass s11des by the paste

method (The1sen and Harward 1962)

(2) C.E. C was determ1ned on Ca- saturated H U - treated sample

by extract10n with 2 N NaCl and measurement of the displaced

’ C by A.A.S..

. .

(3) Surface area was measured by the ethylene g1yco] monoethy] _

- ether method (Carter et al.y 1965), w1th the mod1f1cat1on
that samp1es were not treated with Tiquid EGME but were f‘

equ111brated with 1ts vapour

(4) M1ca content was estimated from the KZO content of an HC] HF

d1sso]ution ana]ys1s assum1ng a 107 KZO content in the =

- mineral , R
N \/ﬂ_ . .
(5) C]ay-organ1c comp]exat1on in Ahl Ahz and Ah3 hor1zon clay

fract1ons was stud1ed through compar1son of total and pH- -
dependent cation exchangettapac1t1es determ1ned on samp]es

A

with and w1thout HZO treatment (Dudas and Pawluk 1969a)

e
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(6) Total carbon conteht of ‘the untreated clay fractions used in

"

(5) was determined using the LE;O 1nduct1on furnace.

3.5 Field Studies I

~In sprind, 1976, the fo]]owing‘eQUipment was, installed within or-
bes1de a fenced enc]osure at the s1:e)chosen for the study: -
(1) a nest of three p1ezometers with depths of 4.2, 7. 3, and 10.4 m
-~ and a water table well (3.6 m), | _
" (2) ' Soil Test Fiberglass so11 mq1sture ce]]s (MCBIDA) in the H, Ah
. Bng, Cngl and Ck932 hor1zons, ‘and ,
(3) a Soil Test Therm1stor Tempeﬁature Probe (6160) . //,/’//

Mon1tor1ng of this. equ1pment was carried out week]y durwng Apr1]-

K

November, 1978 May October, 1979, and Apr}] -May, 1980. Dur1ng the inter-

vening winter per1ods, temperature readings were recorded at three or four

. 1]

week 1’nterv‘a\Ls
"Three lysimeters were installed adJacent to the enclosure 1n May,.

"1978 Us1ng hydrau11c pressure from a corlng truck the p]ast1c cy11nders,

eqU1pped with a screw—mounted cutt1ng edge were forced 1nto the soil un-

~ til their tops were at the same 1eve1 as the surface The cylinders and

the1r enclosed 5011 co]umns were then removed and” an appropnaate thickness -

'of so11 was taken from the bottom of the column Ihe remaining s011 in

‘thevcolumns compr1sed_the horizon 'sequences (1) L-F, (2 )‘»L'F H and

" (3) 'L F' H ‘Ahl, Ah2. In the space rema1n1ng in the cy11nders below N

the so11 columns, the co11ect10n apparatus was 1nsta11ed cons1st1ng of . .

LN

a 125 m] p]ast1c beaker fastened beJow a funne1 f111ed with washed p1ast1c

) ~_beads The 1eachate samp11ng tube extended from the beaker, passed ’~5

-through a hole in the side of the cy11nder and was attached to the’ en-

-/
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closure fence.v A hand pump was used to co])ect'the 1eaohates and ‘the
1ysfpeters were§§hecked with the same freqoenoy as the other equipment
durihg the growing_season.'

Precipitation was sampled in an open field 150 m east of the enclo-
sure, us1ng two collectors each cohsjst1ng of a 20 cm d1ameter plastic
funnel, with a 2 mm wire screen at its base, emptying into & § 1 plastic
jug, Simi]ar collectors were used to. samp]e throughfa]] under the forest °
canopy near the enc]osure Co]]ector 1ocat1ons for the latter were se]ec-
ted to 1nc1ude three typlcal vegetatton cover Lypes: (1) a high Pogu1§§
.balsamifera canopy w1th a 5-10 m Tayer of P. tremu1o1des, (2) a”high

(15-20 m) P. pgl§gm1£era canopy, andw(3) aP. balsam1fera canopy with a

dense 1—27m layer‘of-Cornus stolonifera shrubs. Stemflow was 6011ecogda

from two P. balsamifera trees w1th the collection apparatus cons1st1ng of
an 1nc11ned rubber gutter. secured to the trunk by epoxy and nails, empty-
ing via. a funnel sand tub1ng into a 51 plastic jug. Samp]e collectors for
prec1p1tat1on throughfaIl, and stemflow were changed weekly dur1ng the
grow1ng seasons of‘&978 and '1979. ) . u '
Waterqgampies from these four sources (precip1tat1on thr0ughfa]1
stemflow \and 1ys1meter 1eachate) were dnalyzed for a variety of inorganic
~ Soluble constltuents Samples were often of 1nsuff1c1ent volume to perm1t
- the full su1te of tests to be performed Th1s was part1cu1ar1y the case
for the 1ys1meter leachates, so some of the ana]ytica1 methods were modi- .
jf1ed to reduce the samplerolumes requ1red S ;," S
After co]1ect1on, all samp]es were filtered with Whatman #41 ashless
f11ter paper a]though d1screte part1cu1ate debr1s was usua]]y not observed

Cine the 1ys1meter leachates: After f11trat1on pH and bicarbonate were

‘dete¥m1ned as sooﬁ’as poss1b1e, after wh1ch ,ampIes were frozen unt11
s o P
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other analyses cou1d'be performed. Upon thaw1ng, these f11tered samples -
d1d not show ev dence of prec1p1tat1on of ﬁﬁe¥40 sly soluble constituents.
S Inorganlcs measured consisted of: Q\\\
(1) pH. determined w1th a Beckman. Electromate PH meter equipped
‘with a Fisher M1croProbe combination pH e]ectrodejﬁ
(2) - b1carbonate, measured by titration to pH 4 with standardized
- 601NH2504, o | R
(3) sulphate, by a turb1d1metr1c procedure using Su]faVer IV pre-
'measured reagent p111ows (Hach Chemical “Co. » Ames, Iowa) and a
con ¥t1on1ng reagent w1th turbidity measured by a- Bausch and
| Lomb Spectron1c 20 spectrophotometer, i ﬂ
"(4) cat1ons (Ca ', Mg. * Nat » and Kkt ), by A. K§; as described earlier .
- and I \ | .
- M‘(S) 's111con by theé mo]ybdate blue method (Weaver et al., 1968). ‘
. Four $oluble organ1c constituents were medsured. . )
.(1)‘ So]ub]e carbon was determ1ned by the Mebius method (Mebius, vy
1950), with reagent quant1t1es adJusted for analszng a 2 m] | o
v&}’_f : a]1quot The detect1on 11m1t with these modifications was 7.5 v
mg 1 -1 of C. ' o ‘ .,

(2) Soluble: carbohydrates were measured by the aﬁthrone method as
) mod1fied by Oades (1967), with absorbance determined for this -
and- the following two procedures on a ‘Bausch and Lomb Spec- |

. tron1c 20 spectrophotometer . . .o . ' ~

b
as

“(3) Total phenols were determined by tse method of Swain and H1111s
(1959), w1th the’ F011n Den1s reagent prepared accord1ng to the
* . A.0. A C. (1@55) ‘D~ (+)-catech1n was used as .the’ standard.

(4) The carbazole method (Lynch et al., 1957) was employed for'the ‘




determination of uronic acids

Freeze dried samples of the August 4, 1979 co]]ect1on of through-
fall, stemf]ow, L- F ﬁ and Ah 1eachates were prepared and 1nfrared spectra
were produced by Spectral Services, Department of Chem1stry, Un1vers1ty of
Alberta. \ |
o wLitter traps 10 cm high, 55 cm square and with 2 mm mesh on ‘the
bottom, S1m11ar to those described by Cragg et al. (1978), were p]aced\at
ground 1eve1 on 1.5 m2 p1astic sheets at 6 1ocat1ons w1th1n an apparently\
und1sturbed portion of the forest stand near the enc]dsure Co]lect1ons
‘were made at 1ntervals rang1ng from 1 to 6 weeks, depending on the son,
from mid- May to late October, 1979. Litter materials were oven dr1::2at
80 C sorted aqcord1ng to species and 11tter type, and stored for ana1;s1s

Subsamples from the Populus ba]sam1fera P. tremu]o1des and Cornus

fwt stolon1fera leaf litter- ‘were. taken on a welghted bas1s, allowing for the
- xproport1on»of the year's total 11tterfa1] col1ected in each sampling
per1od These subsamples were comb1ned for each species, ground in a Wiley
mi]] and d1gested forzelemental anatysis -by the method of Park]nson and
Anen (1975). ca™, Mg™*
" by A.A.S. SN
L1tter bags (20 x 20 cm) were prepared in October, 1978, us1ng freshly -
fai]en 1eaves of the, three spec1es mentioned above. A mesk size of 3mm .
was used in order to perm1t entry and feed1ng by soil mesofauna, as sugges- ;
“ted by Gosz et al. (1973) Ten sets cons1st1ng of one,bag. of each of )
the three species (5 g per bag) were placed at the base of the 1978 litter
» 1ayer at the beg1nn1ng of November. From the beg;hn1ng of May, 1979 one
 set of bags was recovered each month untii November of that year a flnal”’

_collection wasnmade-1n mid-March, 1980- The initial 1itter/materia1s'and '

3 .. - f
. K < ~ v . H . R - r
Mo ) : ) R . . ..
. ' ) - ) T, . )
. . ; ® . . . .
, . R
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.. Mg, and K contents of these digests were determined”

:
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the month]y bag samplés were dr1ed we1gh d, ground, and digested in the

|

. same fash1on as the litter trap samples? |
For' comparison of the types. and numers of micro-organisms inhabiting )
the litter bag contents, one set was removed during mid-October, 1979.

/ * o
Subsamples were taken and dilution suspensions were prepared and plated out

on plate count,égar in Petri dishes which |were incubated for & days at

room temperature. . ' ! ' o o ;

For comparison with the litter. bag exper1ment 2 g dup]wcate samp]es f
of the orwg1na1 leaf materials were ground to\pass a 2 mm s1eve and incu- ?
bated accordﬁng—to,the method described by I. A E.A.-F.A.0.(1976). Evolved %

| CO was col]écted in NaOH and.measured by t1trat1on w1th standard1zed HC1. _;
The carbon content of the initial 1eaf materials prior to 1ncubat1on was ,g
measured using the LECO induction furnace. | ‘ ?

Intact aggregates from the CngZ horizon were collected and oven L ;%

.drled Features on the aggregate éurfaces were exam1ned with.a Caror1dge | {ﬁf f%

Stereoscan 150 scann1ng e1ectron m1croscope and qua11tat1wgye1ementa]
-ana1y51s was performed w1th an assoc1ated Kevex 7000 Energy D1spers1ve
VX -ray Ana]ys1s Unit. N@ conductive coat1ng was app11ed to these sanples

A flnal experiment was carried out at the site in order to observe
the deve]opment of 5011 fabrlc character1st1cs in parent material sampTes
subJected to cond1t1on§ near the surface - Cylindrical cores (7 5 &n diam- -
eter x 8 cm Tong) were taken from the Ckgj2 hor1zon w1th a Uhland corer |
and 1nserted 1n the upper horizons at marked locations 1n51de the fenced |
enc]osure. Some of the cores were p]aced immed1ate1y be]ow the L-F hor1zon,
- while the rest were completely enc]osed w1th1n the Ahl hor1zon Tbe cores
were 1nsta11ed in September, 1977 and two were retr1eved in October, 1979

_ one from each of the 1eve1s The co]]ected eores were oven dried and thin-

=}

-
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sections were prepared in the same ‘fashion as described earlier.

v
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CHAPTER 4

HOLOCENE ENVIRONMENTAL HISTORY' OF
-~ CENTRAL ALBERTA

4.1 Introduction

In keeping with fhe prin;ipa]\objective of this study, that is,

 determin5hg if-the.pedon at_the study site could have fdrmedyin its
present envirqhment, this chapter wi]i review the egjdence for Ho]bcene
environmenta]ichange in cenfral A]berta. Beginning with the origin of

the surficial deposits durfng:fhe Wisconsinan glaciation, the discussion
'w1]1 consider ev1dence for Holocene c11mat1c ‘changes and their effects

on vegetatlon zonation. The latter will’ be examined through a review

of palynological studies, disCussion of data on opal phyto]iths in Alberta.

soils, and examination of historical records of pre-settlement vegetation.
® : : o . : C . '
. / g .

4.2 Deglaciation and Surficial Geology |

/fhe present physiog(ahhy of the Edmonton area contains elements
.atfributab]e to .both the pregfacia] Iandscapé and its modification by
g]ac1at1on and postg]ac1a1 geomorph1c processes (Westgate, 1969) The
under]ytng bedrock throughout most of the Edmonton area belongs to the
Upper Cretaceous Edmonton Format1on cons1st1ng of bentpn1t1c shales and
sandstones. For the townsh1p of interest to this study (25 - 51 - W4),
Car1son (1964) indicated that the bedrock ‘topography cons1sts of a gent]e -
"northward‘slope towqrd the North Saskatchewan River. The landform that .

. §o§ers huch>of the ﬁdmonton area, inc]udiné.the E]iersfigcReSearchYS;ation,
was referréd io as the Lake Edmonton Plain by Westgéte (1969). |

’ B . ) /
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Lake Edmonton is the most‘common name for one of the proglacial Take
- phases that occurred as theuLaurentide ice sheet retreated .to the north-
" east at the end of the wisconsinan glaciation. ‘As discussed by St. Onge
(1972), the deglaciation of north-central Alberta occurred rapidly, with
ice-free conditions spreading from southwest of the Swan Hills c. 13,500
BP to Lofty Lake by c. 11 400 BP, a distance of about 300 km

A comp]ex series of short-lived.proglac1a1 Takes was continually
changing[as new outlets were exposed at prbgressively lower elevations.
st Onge (1972) identified two. ]ake phases which occupied the Edmonton .
area, Lakes Leduc and St. A1bert; corresponding to different “levels con- .
vtroiied by the deepening of the: Gwynne out]et The southéastern extenSion
of this out]et forms part of the present course’ of the Batt]e River. " The
duration of these phases controlled by the Gwynne out]et was quite-brief;
Bayrock and Hughes (1962) cited varve evidence for a period of about 40
. years. Additional radiocanpon~controi for the time ot degVaciation in
the Ednonton area was given by Emerson (1977), who dated freShwater'moiiusc
Ashe]]skfrom‘supraglaciai glaciolatustrine sediments in the Cooking'Lake |
noraine an area of ice stapnation . Ages ranged from 9050 + 150 BP—
_(1-4552) to 10, 900 + 190 BP (GSC - 2404).

_ The surf1c1a] dep051ts of the Lake Edmonton Piain.vary greatly in

both thickness (0-30 ‘m) and texture (sand to clay) (Bayrock and Hughes,
‘1962) The prog]acral nature of these dep051ts is indicated by the wide-

spread occurrence of ice-rafted till and pebbles. Normally, the thinner "

"deposits consist of yaryed'sijts~and clays, with an-upper clayey layer.
In the vicinity of the study site, dri]]']ogs'generaily indicate this
upward fining of the Lake Edmonton dep051ts with thicknesses varying

from approx1mate1y 20 m near the North Saskatchewan River, to about 5 m
. . . 4
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//ﬁf\\?énmdiately east of Blackmud Creek (McPherson and Kathol, 1972). In most

cases, these 1ogs showed the glaciolacustrine sediments . to over]ie till

or occasionally bedrock. Lo T
‘ O

From the evidence presented, it is likely that conditions were suit-

\able for pedogenes1s to beg1n on the Lake Edmonton Plain by about 10,000 BP.

4.3 Paleoclimates of the Holocené

" The c}1mat1c conditions that would haved1nf1uenced ear]y Ho]ocene ,
and subsequ;nt pedogenes1s are 1ncomp1ete1y undenstood For North Amer1cah
as a who]e, Bryson et a1 (1970) surveyed radlocarbon dates re]ated to ~
ep1sodes df climatic change and found a c1uster1ng correspond1ng to d1v1-
sion po1nts in the European»B]ytt—Sernander postglacial chronology. The1r
conclusion Was that this agreement justified adoption of the scheme in
_North Amer1ca. The middle part‘of this'SeqUenoe; the Atlantic episode,
| was p]aced between 4680 and 8450 BP and essent1a11y corresponds to the |,
Altithermal, a period owaarmer‘and-dr1er cond1t1ons (Reeves, 1973). -
Other paleoenyironmental_studies,both in Alberta and other parts of
North America have produced a range of dates for theiAltithermal Such.
.>d1screpanc1es are probab]y inevitable, given the variety and 1nprec1s1on
of the techn1ques employed, and the fact that climatic changes are not
1necessar11y s1mu1taneous or the-same throughout a cont1nent As an .
examp]e of this 1mprec1s1on, Fritz and Krause (1973) found that oxygen
1sotope'determ1natrons on mollusc and ostracod shells indicated a period
of - acce]erated evaporat1on from Lake Wabamun during the Holocene. No
‘rad1ocarbon control was present, but since th1s episode occurred. ro\gh]y

’

in the m1dd1é of the sed1mentary sequence, it was corre]ated w1th the

8

Altithermal.. For centraI Alberta in general, ev1dence for lowered water




1eve1s or comp]ete'drying up of 1akes suggest a dr%er and warmer c]imate X
~during the approx1mate period 8700 6000 BP The fol]ow1ng 1000 years saw
' rap1d change towards cooler and m01ster cond1t1ons as 1nferred from
pollen evidence, with 11m1ted additional change up to the present (Prof.
C. Scheweger, Un1vers1ty of A]berta persona] communication). A final
examp]e from southwestern A]berta illustrates another app]1cat1on of

| mollusc she]ls as a pa]eoenv1ronmenta1 1nd1cator and provides slightly

. LR e PR

different dates for the A]t]thermal Harrls and P1p (1973) used the

habitat preferences of molluscs féund»in dated glaciolacustrine and fluvial . §
:

deposits as evidence for warmer and drier cond1t1ons from 9000 to 7000 BP,

foi]owed by coo11ng

~rn,

‘.,4.4: Vegetatidn»Change C

Regardless of the imprecision of our undersfand1ng of Ho]ocene c11mat- f
lc change 1n A]berta, 1t is clear that major f]uctuat1ons occurred and
" that- these were ref]ected to some degree in vegetat1on patterns From
the standpolnt of th1s study, it is important to know what the h1story
of vegetation chdnge has been in the Edmonton region so. that its 1nf1uence
-on soil genes1s can be assessed | | |
Before d1scuss1ng paJynolog1ca1 ev1dence for vegetat1on fluctuat1ons
| 1n centra] Alberta, it 1s 1mportant for comparative purposes to establlsh
JUSt where the present vegetation zone boundarles are located Severa]
authors have presented c]ass1f1cat1ons and maps of vegetat1on types in
the province (B1rd 1961; Moss, 1932, 1955 Rowe 1972), but the most
‘recent and systemat1c study was: conducted by Zoltai (1975) Based on a
detalled reconnaissance of ‘the southern 11m1ts of four con1fer spec1es,]

Zo]tal 1dent1f1ed a Parkland Borea] Forest Trans1t1on zone wh1ch occupies




much of Centra] Alberta, including.the Edmonton area (Figure 1). He

N

. cons1dered th;tezyds zone has a greater aff1n1ty w1th the Borea] Forest
than the Aspe

zone. Zoltai's Transition zone appears to correspond,to Moss' (1932)

Poplar Area, a zone\dominated by Populus tremuloides and P. balsamifera

forest, with the Iatter species increasing in abundance northw:r~u. and
on moister sites. Moss (1932 1955) also noted the tendency of white

spruce (Picea glaucd) to rep]ace poplar in older unburned stands.

Pa]yno]ogfca] studies in the western interior of Canada have been
rev1ewed and syntheSIZed by Ritchie (1976) During deglaciation, the -
period 13000 to 9500 BP saw d1rect ~occupation of new surfaces. by the
- early Borea] spruce forest. S1mu1taneous1y, grassland moved northwards

and during the per1od 9500 to 6500 BP, a 50 to 100-km wide be]t of birch-

.dom1nated dec1duous forest ex1sted between the Boreal forest and grassland

zones. From 6500 to 2500 BP the forest boundary extended southward,

'rep1acing grass]and and occupylng essent1a11y 1ts present position. by
2800 BP.. | B |
In-R1tch1e 3 (1976) rev1ew paper,. on]y two stud1es were c1ted from :
A]berta both by L1cht1 Federov1ch (1970, 1972) Taken from two s1tes
'approximate]y 100 km northeast of Edmonton the Lofty Lake and Alpen ° <
1A ,S1d1ng Lake cores pres’ht a s1m11ar sequence of po]]en zones which gener-
.:ally fo]]ows ‘the pattern out11ned by R1tch1e One departure from the typ-
1ca1 sequence is an early (c. 11, 400 BP) ‘and short11ved pop]ar max1mum
_followed by a spruce-dominated assemblage uﬁt11 c. 9, 200 BP . The succeed-
1ng zones, characterlzed by a dec11ne in spruce po11en and an increase in

b1rch termlnated at c 7,500 BP Fo]10w1ng this is a per1od/1ast1ng

‘”unt11 about 3 500 BP in wh1ch bTrch f]uctuated in abundance,,spruce in-

Bl
-

kland and could be considered to be a part of the former
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Figure 1. Vegetation zones of southern Alberta

11975). Phytolith sampiing locations: 1 - Hay lakes, 2 - Olds, .

3 - Calgary, and 4~ Edmonton.
: ! Y
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creased after 5200 BP, and grass pollen peaked before 5200 BP. The t?nal
zone suggested that Tittle change in'vegetation has occurred between 3530
"BP'andithetpresent; arhoréaT'pol]en‘types'doﬁinatéd (spruce, birch, and
,.a1der) | |
Lichti- Federov1ch S (1970) pa]eoco]og1ca1 1nterpretat1on supports the
idea of an A1t1therma1 1nterva1 dur1ng which warm1ng and decreased pre-
c1p1tat1on reached the1r maximum development c. 6000 to’ 5500 BP, fo]]owed
by a deter1orat10n in c11mate favour1ng Borea] species at the expense of
grass]and However, the evidence does not suggest that grassland occupied
the Lofty Lake area s1nce the proport1on of non- arborea] po]len was con-
S1derab1y less than s found in modern grass]and pollen Spectra Two
1nterpretat1ons are suggested 1nvo1v1ng dominantly b1rch-pop1ar forests
~ with local grasslands on dr1er 51tes or simply ‘a northward exten51on of
grass]and so that its closer prox1m1ty 1ncreased the. cqgtr1but1on of non-
arboreal po]]ens w B o |
} The fore901ng, then, casts ‘doubt on the idea that a maJor northward
extension of. grass]and occurred dur1ng the A]tlthermal More recent 3
.'unpub11shed work in- central A]berta based on both pollen studies and

ev1dence of lake 1eve1 f]uctuat1ons, has suggested that Ho]ocene vegetat1on

‘u'f]uctuatlons have been less dramat1c in A]berta than in. the other Prairie

. ,
: prov1nces (Prof C. Schweger, Un1vers1ty of Alberta, persona] commun1cat1on);

-;Indlcat1on5'of fal?lng.water ]eve]s brack1sh cond1t10ns or even comp]ete-
drying up of Iakes point out a trend to drier and warmer cond1tlons 1n the

| 8700 to 6000 BP perlod However, pol]en data from these studles do not
suggest great’ changes in up]and vegetat1on dur1ng that t1me a]though some
northward movement of the grass]and zone is assumed - .

- Two recent pol]en stud1es from the Cook1ng_Lake moraine, approximately
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30.km east of Edmonton, tend to confirm the suggestion that vegetatjon
patterns have undergone little change during much of the late Holoce' | 4
A sediment'core’from Hastings Lake with'a‘basal radiocarbon date of 4505' o é
“,+ 190 BP showed an early peak abundance of grass, chenopod, and Artemisia
polteh/;hlch dec11ned in importance upward through the core (D. Emerson
~and Prof. C. Schweger, Un1versity of Alberta, personal commun1cat1on)

Cores from a pond and a bog with basa] dates of 3970 + 170 BP and 4180

+70 BP respect1veTy,n1n E]k Island. Nat1ona1 Park showed s1m11ar po]]en

sequences (Vance 1979) Both cores conta1ned an initial zone 1n which

-

grass and herb po11en equal or almost equa1 the1r abyndance in contemporary

I T T PR { S S L RPNy

~grassland spectra in Man1toba However, th]S zone was short Tived and

| "tree and shrub po]]en rapidly became dom1nant a]though a major e]ement
of Gramlneae pers1sted for about 1000 years. At about 2800 BP, Betula
po]]en 1ncreased sharply in abundance in both sﬂres, para]]e]]ing a s1m11ar
“increase .c. 3700 BP found by an unpubllshed pollen study carried out in |
:Smaﬂlboys Lake, 90 km west of E]k Island Park. Th1svchange_y1e1ded,a
spectrum‘s1m1lar to thatdof the present<Vegetat1on and its regional ocour=
rence suggests‘that’a c1imatic factor; such as an increase'in’orecioitation;

' was responsib]e; Vance s: conc]us1on was, therefore that vegetat1on s1m11ar

_ to that of the pr,séht was’ estab11shed in the Elk Is]and Park area by c. |

- 2800 BP. | |

'Nhi]e'existing palynological data have’given a tentative'regional‘

' plcture of Ho]ocene vegetatlon change in central Alberta site-specific
.lnformat1on is desirable for this study Numerous 1nvest1gators in other?
parts of North Amer1ca have examined opa] phyto]1ths in the so1] 1tse1f to r
prov1de that type of evidence (e g.. Norgren 11973; w11d1ng and Drees, 1968 |

Witty and Knox, 1964) These structures‘are amorphous s111ca infillings.

i
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of plant ce]]s,'usui]]y silt-sized‘ that bersist in the soil after decompo- -

sition of the surround1ng tissue. A]though recent work haé examined the

' forms of opal present in tree species (Ge1s 1973 K1e1n and Ge1s, 1978),

most empha51s has been given to opal. phytol1ths produced by grasses, simply
_because these p]ants have a higher 5111ca content between 10 and 20 times
that found in legumes and other dICOtS (Jones and .Handreck, 1967) As a
~result, where vegetatio:htone boundaries have remained stable, much higher

contents of plant opal occur in graés]and soils than in forest soils (Bea-
. vers and Stephen, 1958; witty and Knox, 1964) ' |

0f course, factors other than s1mp1e durat1on of grassland vegetatlon

can affect the content of plant opa] in-a part1cu1ar soil. 'Apart from |
obv1ous_factors such as erosion and eo]lanLJnf1ux, Jones and'Beavers (1964}
found that .plant productivity, as re]ated'to drainage conditjons,‘affected
opa]tcontentS'oT surface soils. 'P--ent .iaterial characteristics,.notably
the content of readily weathered silic:te ninera]s, also govern the plant
opal content in soils (e.g. Norgren, 1973). “ ) _ ‘/

. For these reasons, a regional base of comparative, data is needed before
phyto]1th studies can be effect1ve]y used in reconstruct1ng thimvegetat1on

h1story of a s1te Unfortunate]y, Tittle such background information

exists for Alberta or the other Pra1r1e prov1nces Ex1st1ng studles in
this region have used phyto]1ths as a too] on]y 1n special s1tuat1ons to
1dent1fy possible paleoso]s (Dormaar and Lutw1ck '1969) or to 1nd1cate the
or1g1n of sTope depos1ts (LutW1ck and Johnston, 1969). :

To. prov1de comparat1ve data to that obtained for phyto11ths from th\\kj
‘E1]ersl1e§§1te, three Ah hor1zon samp]es were obtalned from Orthlc Black

Chernozems 1n other parts of the prov1nce (1) the Hay Lakes area

(Cook1ng Lake mora1ne), (2) the Olds area, and (3) a site approx1mate1y
, -

£
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“the 01ds’ samp]e 11es in the m1dd1e of theN fnge (Plates 1 and 2). The
differences according to morpho]ogy_are less consistent and are obscured '1', f

‘by the~1arge errors nesulting from the Tow opal conten s of séme samples. g

At all sites, at least half‘of the 5-20 )Am fractfon op;is are of the - ‘

Elongate type which is found in.all grasses (Table 2). ChTorvdo1d types

are present in only the Calgary and Ellerslie 5- Zolﬁkm fract1ons, but - 'w

_ because of the very small opal content at the 1atter s1te the 14% f1gure | =
is ]1ke1y a fortu1tous result of a very low count; note the 1argé*error

term. S1nee Ch]or1d01d types are characteristic of short grass spec1es'

(Twwss et a]., 1969), they would be expected to be more abundant at the

souther]y site. - Festucoid and Panicoid types characterize humid region

gﬁesses'andfspecies of the tall grass prair%e, respectively, and were. _ ;

. found only in tﬁk two souther1y sites (Twiss et al., 1969). Hookbases

i
AR AR
R AL,

were found -in the 20-50 pm fractions at all- sites and are not specific
. to any group of grasses (Norgren, 1973).

Distinctive plant opa] forms der1ved from deciduous trees tend to be
, concentrated in the fine silt (2 5 /uno fraction {Wilding and Drees, 1974)v.
. Scann1ng electron microscope exam1nat1on of a < 2.30°sp gr separate of
-this fract1on from the E]]ers]1e Ahl hor1zon revea]ed a vartety of forms

typ1ca1 of dec1duous tree leaves Such forms were f1rst 1dent1f“ed in

*.(1) is from site 4, Edmonton area, and {2) is from site 1, Olds area,
as designated by Dudas (1968). - o : ‘ :
, ' PR




Table 1 =~ OPAL PHYTOLITH CONTENT OF
) SELECTED BLACK CHERNOZEMEC Ah HORIZONS

Site # » Location  5-20 am* = 20-50 m Total*
1 Hay Lakes = 0.78 . 0.95 .
2. - ol 2.80 £ 0.40
3 Calgary 5.36 - 0.64
4 _Ellersiie - 0.32 1 0.16

*- Expressed as percentage of total soil.

"
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. Plate 1. \Calgary site, 5-20 .am €41t (80 x). . Phytolith
types: A - smooth elongate, B - spiny elongate, C - rough
elongate, D - panicoid. ‘ . TN

g

4

N B : ; .

Plate 2. Calgary site,,5?20 )Lm silt (2007x). Phytolitﬁ
types: A - spiny elongate, B - rough elongate, C - hookbase,
- D - chloridoid, E - chloridoid or panicoid (uncertain because

of orientation). - p
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- contrrbution of grasses: to the vegetation coyer during the h1story of

V“Suggest some stability in the 1atter

| same area and drsputed this conc]us1on N e

“h
o

‘several ‘hardwood species from the eastern U.S. (Wilding and Drees, 1974),

50 the morpholog1ca1 types i]]ustrated in P1ates 3! and 4 are not assoc1ated

with any part1cu]ar specles _

‘ Any interpretation of vegetation history.- based on these data must
necessarily be tentative in-view of the sma]] samp]e and lack of background
1nformat1on on the reg1ona] and between-species vav{atlons in opal content

of Albérta grasses However, g1ven the observed domlnance ofdgrass der1ved

types, 1t does appear that total phytolith content could be re]ated to the /("

!

vthese.sozls.’ This ‘would suggest a much smalier grass]and 1nf]uence at the

-

- two Edmonton area s1tes than at the two ‘more souther]y sites. ThlS re]at1on- -

ush1p is even more s1gnif1cant when the s1te ]ocat1ons are compared to the

contemporary vegetatlon zones de]1mited by Zoltai (1975) (ngure 1). Notf

;‘that thqﬁCa1gary area site 1s on the boundary between grassland and an
~ extens1on of the Trans1tion forest wh11e the Oldsos1te lies between the
Tran51t1on zone and the Aspen Parkland. Th1s contrasts with the two

jEdmonton area 51tes which are both within the Trans1t10n forest zone.

7
Such a correspondence between the apparent degree of grass1and 1nf1uence

. as ind1cated by phytol1ths and the present vegetation zonatlon tends to

A w1de1y he]d view has been that the boundar1es of the Boreal ForeSt

- apd the grass]and zone in the’ Pra1r1e prov1nces have changed considerab]y ‘
~ since European settTement Bird (1961) compared a vegetat1on map of

y Man1toba produced by Seton in 1905. wzth the present distribution of Aspen

Park]and and concluded that there had been maJor southwestward expanSIOn

of the zone during this century However, Zo]ta1 (1975) re-exam1ned the j ””13;3

< / »'0-'

\»-.
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. '. . i <
‘Plate 3. Scanning electron micrograph of deciduous: tree-

derived phytolith, Ellerslie site, Ahl horizon. Structure ;
is composed of opal encrustations,on the wa]]s of adJacent X , o
cells (probaﬂ]y ep1derma1) : o . 2




Plate 4. Scanning electron micrograph of deciduous tree-
derived phytolith, Ellerslie site, Ahl horizon. Note the
layered structure. ; g o

—
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Many white and b]ack spruce trees now grow1ng in the area mapped
as deciduous by Seton in 1905 were found to be over 100 years
~ old and were alive at the time of his investigation. Similarly,

" many black spruce bogs occur within the "Deciduous Forest"; these ™
bogs must have existed 70 years ago. It seems that early accounts
must be examined critically before accepting them at face value.
‘Vegetation changes are occurr1ng cont1nuous1y, but at a much slower
rate than suggested by Seton's map.

“

wht1e Zb]tai‘s caution about,early records is reasonable, it is stt]]
surprising that the original accounts by the Dominion Land _Surveyors have
not been more widely used in reconstructing pre -settlement vegetat1on.
‘E]sewhere, such records have been a useful tool in. stud1es of vegetat1on
history (e g Rodgers and Anderson, 1979). “For A]berta, such 1nformat1on

: tebooks and.as town-

is avallable both 1n_the original surveyors' field

ii&p descriptions compi]eg from thos es (Dept. of he'Interior, 1886).

The on]y pub11shed app11catlon i@ data is by Johnston

and Smo]1ak (1972), who compared an 883 surveyor s notes w1th the present

vegetation of a Parklandtarea north of the Porcupine Hills. .Although a 4 .
substantial recent expansion of aspen cover was indicated, it would be-

" unwise to extrapolate this finding‘tocthe'Edmonton area‘ih}view of the . §

different vegetation zone 1nvolved

From the 1886 comp11at1on of townshlp descript1ons, 1t seems clear
that most of the Lake Edmonton Plain was wooded dom1nant}y with poplar
and-1esSer amounts of spruce. The other vegetat1on type w1de1y reported
| ‘was a scrubby w11low-pop1ar mlxture The. on1y maJor open areas descr1bed -
"were usua]]y marshy. For Tp. 51, R. 25 W4, wh1ch includes the E1ﬁers]1e t
Research Stat1on 1n secthn 24, the 1883 surveyor gave the fo]10w1ng de- L
| scriptaon "Nel] t1mbered with pop1ar, except a narrou str1p about half
- a m11e w1de, north and southwards which is covered w1t scrub and w1110w.

The eastern edge of thIS townshrp wh1ch forms the bound ry of the Sthtaon, ‘
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was surveyed in 1883 and was described as "prairie~ with a first class -
v5011, covered w1th dense poplar and w111ow, 1nterm1ng1ed w1th spruce"
(F1gure 2) The 1nter1or of that township was "Timbered with pop1ar

and a few scattered sprute, among Whlch there are openings covered with
SCrub and high willow and poplar scrub. There fs no open prairie and”the
Aso1] is generally good " Apparently the term "prairie" did not apply to

a vegetation type, but mere]y denoted f]at ]and
* .

Earlier travellers 1n'the,19th Century descrlbed-the Fort Edmonton
area in simi]ar‘terns. Approaching from the east in 1859, the Earl of
Southesk‘"Cahped,for the night on a,kno]]’a‘few_hours from Edmonton, from
: which’there was a beautifui view over a circle of wooded p]ain, perfectly
“level except ‘where the steep north bank of the river was d1scern1b1e“
1(Southesk 1969) The year before,_James Hector of the Palliser expedition:
had observed that : A

| llmmnton must be cons1dered as be1ng in the wooded country, but

-in the immediate neighbourhood of the fort there is not much

~valuable timber....Once back from the river banks, which are .

everywhere high and. precipitous, the country is rather flat, and

. covered with thickets of willow and poplar,.and with a much larger

proportion of swampy . ground than I have seen e]sewhere in the

Saskatchewan. (Spry, 1968) : :

As descr1bed by Zo]ta1 (1975) and the Dom1n1on Land Surveyors the
nat1ve vegetation of the Lake Edmonton P1a1n corresponds we]l to the
’remnant forest stand occupy1ng the study site (Tab]e 3). ‘The stand of

Populus balsamlfera does not have a comp]ete canopy, bt apparent]y because

~of its age (80- §5 years) 1t is open1ng up . as older trees fall over (P]ate
- 5). There is. 11tt1e regeneration of the spec1es with most of the younger
N trees be1ng P tremulo1des, part1cu1ar1y at the edge of the stand.’ The

" stand is. descrlbed -as belng at an 1ntermed1ate success1ona1 stage, W1th

.the next dom1nant that wou]d establish xtself be1ng Picea g]auca pro—
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Table 3 VEGETATION'DESCRIPTION, ELLERSLIE SfUDY'SITE

Plot Size: 20 x 20 m
~ Location: 5 m southeast of site encldsure
' Date: August 17, 1978 ’

~ General Physiognomy: Balsam Poplar Forest

Stratum , Height ) Coverage - Total o
Tree: Al 16-20 " . 15%
A2 - 5-16m -10%
Shrub: B1 '2-5 m o 12%
. ¥ S o 100% o
B2 <2m % o
Herb: " Ch. s L gy
E Mosses ’ ./ » | - <>1% . ’ . .< 1% | “ | )
" Lichens o . = < 1%'T o <1y

eiRegeneration Populus tremu1Q1des - moderate .
| P ba1sam1fera - weak

: _Success1onal Stage.- Intermed1ate, probab1y succeed1ng to R e
. Picea glauca if seed source, ava11ab1e .

.

Stand Age. Approx1mate1y 80-85’years (P ba]sam1fera)
"Sgec1es List*

) "Layer o ; ,. %.COVerage' )f -.: ‘SpeCies

Popu]us ba1sam1fera L
P. tremuloxdes M1chx.‘

om

_ T R 6
,P tremu101des Michx. - o |

M ——
P ba]sam1fera Lo

P, tremu]oxdes M1chx
. P. balsamifera L.
- Prunus virginiana L.
alix sp.
eFEET—hch1erf%]n1fol1a Nutt

BL

~

ttewN e =R
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_(fab]e.B,continuéd)u- o2 S | ’ LN

_layer % Coverage ~  Species

Cornus stolonifera Michx.

Rosa acicularis Lindl,

Symphoricarpos albus (L.) Blake

Rubus strigosus Michx. -
. Viburnum edule (Michx.) Raf.

[onicera involucrata (Richards.) Banks
- Ribes triste Pall. o

Lonicera dioica L. var. glaucescens

(Rydb.Y Butters ' ‘
A. alnifolia Nutt.

P. baTsamifera L. | ;
Rubus pubescens Raf. . ﬁ
Mitella nuda L. U

~ Mertensia paniculata (Ait.) G. Don
Cornus canadensis L.
Heracleum lanatum Michx,.
GaTium boreale L. '
G. triflorunr Michx.
Aster conspicuus Lindl.

- Lathyrus ochroleucus Hook.
Epilobium angustifolium L.
Urtica gracilis Ait.
Cichorium intybus L.
Geranium sp.

Fragaria virginiana Duchesne

Vioia renifolia A. Gray L
Calamogrostis canadensis (Michx.) Beauv.
Vicia americana (Muhl.).

Aster ciliolatus Lindl.

Smilacwma stellata (L.) Desf.

 Agropyron repens (L.) Beauv. t
iTﬂachtrum“venulosum Trel. S
Solidago multiradiata Ait..
Geum macrophyllum Willd. .
Taraxacum officinale Weber
Pyrola asarifolia Michx.
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"Plate 5. Balsam Poplar forest adjacent to ‘study si’te enclosure. o
Shrub 1ayer i; dominantly Cornus stolornifera.
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/
vided that a seed source is available (Dr . Corns, Canadian Forestry
Service, persona] commun1catlon) However no spruce seedlings were
observed which is not surprising, since the nearest mature individuals
. are, 800 m away across cultivated fields. ‘
A maJor feature of the site vegetation is the prominent shrub stratum

(< 2 m) in the understorey A]though dominated by Cornus sto]on1fera,

~ there is- great diversity, with 10 species in this Tayer. The herb layer
- is a]so dlverse, w1th 25 species represented and has a coverage of about
25%. | |

This discussionuhas emphasized the interpretation of vegetation
changes and‘patterns-in re]ation“to climatic inf]uences yet at‘the more
,locai 1eve1 edaphic factors are 1mportant For example the Dominion
Land Survey records indicated that the’ on1y extensive open, non- forested
vegetat1on in ‘the Edmonton area occurred as poorly dralned meadows | Moss

}(193g) noted that such sites are common]y occup1ed by an association of

Salix spp* and Ca]amogrost1s canadens1s and that with dr1er cond1t10ns,

pop]ars are able. to invade. As noted ear11er, P balsamifera is. generally .

i.found on moister s1tes, S0 its dominance at the study s1te 1s consistent
 with the emphas1s in the h1stor1ca1 accounts on the 1arge amount of
-poor]y—dra1ned 1and and the abundance of w1110w in the Edmonton area
B Solonetz1c so1]s .are’ found w1thin dominantly Chernozem1c landscapes in
centra1 A]berta, yet as noted by Moss (1955), the1r nat1ve vegetatwon ‘has
received 11tt1e study. Judg1ng from persona] observat1ons of the areas of
So]onetzic soq]s east of the Cookxng Lake mora1ne, growth of p0p1ar is
,poor on such s1tes ‘Any past 1nf1uence of sa11n1ty, resu1t1ng from

f.groundwater discharge at the study 51te may have promoted a more open

svegetat1on cover For examp]e, Moss (1955) d1d not con51der the poss1b111ty . f‘
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that the existence of parkland vegetation in the Peace River region may be

related to the widespread occurrence of Solodic soils.

]

4 4.5 Summary and Conclusions | \\_ \

‘This review of Holocene environmental history in central Alberta

leads to three pr1nc1pa1/c-q-.:_;ons relevant to this study.

—

(1) Pedogenesif pr? .‘_;at the study site c..11000-10000 BP
ffoITowihé?f'} : ?%E? brief inundation By proglacial
Lake Edmont &

-

(2) cPaleochmatic evfdendhAInd1cates warmwng during the early
Ho]ocene cu1m1nat1ng in the Altithermal ep1sode at around
6000 BP, fol]owed by progressive coo11ng and'm01ster cond1t1ons

m

up to the. present time. | )
(3) These c11mat1c f]ucfuat1ons have ‘been accompan1ed by both
m1grat10n of vegetat1on zones and changes in their compos1t1on.
However, it is still 3hc1ear whether there was a prolonged
-.northward invasion of grass]and into centra] Alberta during
i the A]tlthermal 0pa1 phytolith ev1dence suggests that -the
v_duratlon of any such 1nvas1on was much br1efer in the Ednonton
varea than in the Aspen Park]and ‘to the south In any event
pollen stud1es demonstrate that there has been 11tt1e change .
in vegetat1on compos1tion dur1ng the _past 3900 years. H1stor1ca1
. evidence confirms that the Lake Edmonton Plain was forested at
the t1me of European settIement and 1nd1cates that the forest
compos1t1on f1tted the concept of Zoltai's (1975) Tran51t1ona1
' -'zone between the Borea] Forest and the Aspen Parkland.
. DR 1..'e;g:a . o
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CHAPTER S
PEDON CHARACTERIST{CS‘AND GENETIC PROCESSES

5.1 Introduction .
J

This chapter will present«andudiscuss the main body of data from this

study. Chapter Two has out]1ned the centra] genetic concepts of Cherno-
zem1c soﬂﬂ and, as.was po1nted out these ideas have developed Iarge]y
from_jnferences made from their propert1es and environmental re]at1on~
ships. In keeping with this traditional approach the f1rst part of this, &
' chapter will treat the study site pedon in terms of its propertxes |
.(morpholog1ca1, phys1ca1,rchem1oa1, and mineralogical) and the genetic
'inferences ‘that can be drawn from them. ‘ |
The second ‘part of the chapter w111 take a comp]ementary approach

present1ng the results of process stud1es carr1ed out at the site:
“mon1tor1ng of. the phys1ca1 env1ronment nutr1ent cycling, 11tter decompo-
sition, so]ute dynamics in water entering and mov1ng through the so11
ystem, and fabric changes occurr1ng near the soil surface in parent

<

,nater1a1 samp1es

5.2 Pedon Characteristics . S
5,2.1' Macro- and Micromorphology

Based on morphoTogxcal and ana1yt1ca1 propert1es, the pedon under

. invest1gat10n is c1a551f1ed as a G]eyed E]uv1ated Black Chernozem (Canada -
5011 Survey - Comm1ttee, 1978) The:eommon hor1zon sequence 1nd1cated for
this subgroup (Ah Aej, _;;gg_ Cng) essentially fits, a]though there did

not appear to be suff1c1ent textura] aﬁi structuraT deve]opment to warrant

e , . L T i
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designation of a Btjgj'horizon-(Table:4).

Unlike the common horizon sequence, however, this pedon is disting:-

uished by a prom1nent 18 cm thick set of 0rgan1c horizons (L-F, F-H, and -~~~ "}

v

H) (Plate 6) According to the traditional nomenclature for humus forms, . -

. R
this grouplng characterlzes the moder type (B rnier, 1975). A_hi h
/in the field

content of fecal pe]]ets was ev1dent inthese orizons, bo

and 1n thln sect10n, in the latter, hese pellet mpr1sed the humfgranic"
units (Tab]e 5, Plate Z). Two dom1nant s1ze c]as$es of fecal pe11ets N
were noted in the thin section of the L'F horizon} 0.25-0.75 mh in- "//_/;/

d1ameter, wh1ch were randomly d1str1buted and ap rox1mate1y 50 am }R»

s

' diameter, which were cancentrated within or besudF 1eaf res1dues These

fecal materials became most abundant toward. the base of the H hor1zon,

¢ Ay

; while there was a correspond1ng decrease in the ontent of recogn1qab1e
plant res1dues (fo]1oh1sts and’ brancoh1sts) In add¢t1on, -more mlneraT
material was present. in the H horlzon, produc1ng a mull- hum1grano1d1c

fabr1c

The Chernozemwd A horizon of the pedon const1tutes a second humus
_form, mu]l character1zed'by 1nt1mate mf&1ng and aggregat1on of humic

‘ 'and nﬁhera1 materwals (Bern1er, 1975) Based on ce]our (1nd1cﬁ%1ve of

ongan1c matter content), structure (granular, becom1ng f1ner w1th depcg),‘
"and root abundanice (decreasing with depth), three Ah hor1zons were .

'.dlst1ngu1shed Fabr1c typesqare dom1nant1y mu11grano1d1c w1th areas of
mu11gran1c fabr1c assoc1ated with root or faunal channe]s (Plate 8).

. K ,
~ The structura1 unlts range - petween 0 1 and 1.0 'm in d1ameter and vary in
. HERN :z,cy-s

the1r degree of,coa1escence The\Ah horlzons we e under1a1n by an AhéJ

| h0r1zon dis§1ngu1shed by co]ours 1nd1cat1ve of l wer. orginlc matter
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. _ Tabled L. f PEDON DESCRIPTION - -
Horizon §‘Depth (ém) | L DEScription

[

o L-F 18-13 Dark brown (7.5 YR 3/2 m) partially decomposed .

o ‘ : o~ Populus balsamifera leaves, with few partidlly
L - decomposed roots; abundant.medium fine and very
- fine random and horizontal roots; 2 to 6-cm

/?, thick; abrupt, 'smooth boundary; pH 7.2.

~F-H 77 13-5  park reddish brown (5 YR 33 m) humified and
: ' T partially humified organic matter; loose and

.- - fluffy; abundant coarse and medium horizontal, *

- fine and very fine random roots; clear, smooth o

- " boundary; 5 to 9 cm thick; pH 6.9.
o o : A _ - L
Dark red brown (5 YR 2/2 rifhhumified organic -
s - matter; loose; abundant coarse and:medium horizon-
- 4 « -+ - tal, fine and very fine random roots; abrupt, '
‘L . smooth boundary; 4 to 6 cm thick; pH 6.6. )

- Ahl* o 0-100 - Black (10 YR 2/1 m) silty clay; strong granular;
o . ~« - Slightly firm; common fine-and very fine and
. SRR ‘ few medium and coarse oblique inped and exped
' ;o -+ roots; ‘gradual, wavy boundary; 8-11 cm thick;
,pPH 6.1. .. , R '

Very-'dark gray (10 YR 3/1 m) silfy clay; strong .
mediyn and fine granular; slightly firm; common
fine ‘and.very fine oblique inped.and exped
‘roots; clear wavy boundary; 7 to 9 cm thick;
pH6.4. =~ ¢ & T

~ Dark gray {10 YR'4/1 m) to-very dark gray (10 YR
- 3/1 m) silty clay; strong fine granular; slightly
o. . Firm; few very fine random inped and exped roots;
‘clear wavy boundary; 7 to 9-cm thick; pH 6.8.

_ "Vghy,dark;grayish broﬁn;(zis Y,3/2'm).si1§y c1ay§“_
.. . Strong granular ‘to fine subangular blocky; firm;
very few. fine and very fine random - inped:.and

.+ - exped:roots; abrupt, wavy boundary; 4 to°7 ém’ B
RO thfgk;\:'pH_ 6.7. : S
_35-42 :'gv;%;Grg;ﬁsxabrdﬁﬁ,(Z.S'Yf5/2 m) silty c]éy; mahj;_ffﬁgg

. .5 prominent™ (2.5 Y?5/6)‘mott1es;-very,wggk fine - - .
~ :' platy to weak fine granular; firm; very few fine - . vy
s . . +and medium random inpgd»and_gxged roots; abrupt, . = |
. ;. broken boundary; 0 to 8 cm thick; pH 6.9.- .

Ee
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Table 4 continued
Horizon  Depth (cm)

Bmgj 42-57

[
oy
 Bmkg§  57-67
" BCkgj . 67-103
L a

 Ckgil 103128

-

Ckgj2 7 128 +

Iz :
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Do v- “
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. Lo P
- . ? ; L -
L S - w - o
S P Y . .
. N Y
. L e . .
cangh L
4 ; I
e . . . .
s, ",y ~
5 - i

 ;qngu1ar blocky; very firm; very few large ob-

very Tew, medium; ‘fing,, and very fine random/and;ﬁt
"/ wavy boundary; 29 to 3@ cm thick; pH 7.8.

* "Dark grayish brow% (2.5 Y 4/2 m) heavy clay;fﬁany;
. fine, prominent (2.5 Y 5/4-5/6) mottles;,massive,

59
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e
» o - . ) ‘s }
Description X
¢! . . |
Dark grayish brown (2.5 Y 4/2 m) silty clay;
common finel' distipct (2.5'Y 4/4) mottles; . - .

moderate fine subargular blocky; very firm;-

- very few fine and medium random inped and exped

rogts; gradual wavy boundary; 15 to 20 cm thick; =

- pHY7.3. -

Dark_grayish brown (2.5 Y 4/2 m) é]ay§ common,
fine, distinct (2.5 Y ﬁ/d);mottles; weak sub-.
Tique inped and exped- ots; weakly,effervescent;“";'
gradual, wavy boundary; 8 to 12 cm thick; pH 7.3. ™

Dark grayish brown (2.5 Y 4/2 m) heavy clay;
many, fine, distinct (2.5 Y 4/3-4/4) mottles; -
.massive to weak fine subangular blocky; ry

firm; very few, medium, fine, and very - fi
. Tapdom ‘and oblique roots; roderately effervescent;

gradual, wavy boundary; 25 to 30 cm thick; pH 7.8.

Dark. grayish brown (2.5 Y 4/2 m) heawy clay; .
many, fine, prominent (2.5 Y 5/4-5/6) mottles;
massive. to weak $ubangular blocky; very firmi

oblique-roots; myderately effervescent; graduak7

§

fragmental; moderately effervescent; pHi7.4.

@ 5 S
P 5%




.
.
o : ..‘
»
’ ’
L
s .
,
.
Ty s
E
1
4
3
3
R
.
t
k]
N
A v

S FEEE o
. Plates. ic profile,’
stdd; s1te(.;]eyéd Eluv1ated B]ack Chernozemic proﬁ.]._e, Ellerslie

. &
I . "," 2 rg N
-]
N 0 %
-
3
- - )

¥ o l ’
T . “

. / ‘f » € A ‘ . ‘

. b . = ¥ $ ?

' V—"“hﬂ'
] ~ -
, o 5 ;
Ie
, 3 - ‘ -
o Yo o
~ * . .
’ R B
Py 4
Y ’ i
N
| & ) R
il
y . Lo % :



61

" Table 5. -~ MICROMORPHOLOGICAL DESCRIPTION* -
Slide No.tﬂorizon Zone Depth (cm) Fabric Compositional Remarks 3@
1. L-F I 13-10 Granic Mixed complex fabric; hdm—gyw_

phytogranic; radicohists
0.5-3.0 mm diameter; two

. size groups .of granic units:
0.25-0.75 mm and = 50 _am,.
with the smaller units with-
in or beside phytogranic _ ,
units (foliohists); abundant *
‘fungal hyphae; rare sclerotia; -

~ undulic plasma fabr1<;

10-9 Granic . Mixed comp]ex fabr1c phyto-
Y Y humigranic; dominance of = %
: ”@& : 50 am humigranic units; T
o e e phytogranic units (folio- -
hlsts? thinner and smaller ,
than in I; undu11c plasma
”_fabt1c ' N

F-H - IIT - 9-8%4 Granic. L1keI but with lower con-
, , o -+ tent of hum1gran1c un1ts

F-H IV 8%-7 Granic// ™ M1x§u§tnd separated complex
: ‘ - granoidic fabrics; phyto-humigranic, .
R . coa]esc1ng _to grageidic at =
o _ - ‘base of zome; phytogf&nic
SN : L ; units decPeasing in abund-
. I T i ahce to base of zone; radico-
- - co | ~ hists and brancohists 0.5-
S - 2.0 mm diameter; undu11c
plasma fabric.

.

2 F-H T - 7-2 -Granoidic Hum1grano1d1c (50- 100 m
e - o o d1ameter), some humigranic
= T . in vo1ds few phytogranic
SR e : ' umits ( ol1ohlsts) radico-
hists and brancohists 0.5-.
2.0 mm diameter; undu11c
“plasma fabrtc.

S U W' o117 2% - _Banded = Mixed complex fabric; ll-
: A U . granoidic~ humigranoidic- fragmo1d1c,-
I R AR S fragmoidic separated by subparallel
S T AT S : S . joint planes; more mineral.
T e ifje:v_ S - ' grains than in above zones; .
P, o S ,argi]lasep1c lasma -fabric.

- *Tennino]ogy after 351111973), Brewer (1964), and Brewer i,pl.fw1uk.(1975)L.e. |
g ':c‘,“"’.'_ ’ . . o e
"~<3"° SN ER N e ,5.
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_ Table 5 contimued

Siide No.

-

Horizon

Ah

Ah

Ah

Ah-

Ah

Zone Depth (cm)

I %0

11, 7> O+8%
I P64
613
ol
{
Io13-19%
11 145185

4

19&—26% .forphyr1c Separated compqu 1ntergrade 1
.'granoidic//fabric; domipantly mullgran- - -
granoidic- eidic w1th areas of vughy

- porphyric mullgranoidic; -

ol

Fabric

Banded '

- granoidic-
fragmoidic

Granoidic-
porphyric

’

, trans1tional boundary

~ Fragmoidic

granoidic/
granic.

=

e

" than in zon

Granoidic

“but mostly vughs, little
: ‘plasma fabr1c.
f:Grandidic
o M'fskelmosgp1c plasma fapr1c.xv

‘Grénrc-
_,-grano1d1c

'zones of granic gr

- mdidic mulligranoidic/
.mullgranic ?

Comp'sitional Remarks

Mixed complex fabric;fmull-
humigranoidic-fragmofdic,
separated by subparallel -~
3oint pllanes; more mineral
gratns than in above zones; ..
argiliasepic - p1asma fabrlc

Mixed complex fabr1C‘ mull‘ Ty
granoidic (0.5-1. O_gm dﬁa , /,J},
a " B

meter) - vughy por
skelmosepic plasma fabr¥ \1

»~

Separated complex inter-
grade fabric; metafrag-

units 100- 1000

AR} ; more gen structure
e*above; skelmo-

sep1c plasma ic.
W -
Mu]]grano1d1c fabr1c‘(un1ts

100-1000 _wm diameter)
fabric; some p]anar v01ds,
accommodation; skg]mosep1c

Mu11grano1d1c fabrlc (unlts
100-1000. «m diameter);

s

Mlxed comp]qx 7 br1c, mull-
granic-mu11gzﬂﬁg1dic, located
5in veetical fhannel; skelmo-
sepfc p]asma fabric.

skelmosebic p]asma fabr1c.

3
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- . . ‘ " -a‘ .. (
- Table 5 continued 7 e~
Siide No. Horizon Zone Depth (cm) Eabric ;Compositidna1-Remarksa
7 Ahej I 26%-30% Granoid1c- Mixed complex fabric; mul]-

porphyric granoidic- vughy porphyrlc,
‘random scattering of circu-
lar groups (0.5-1.0 mm
: _diameter) of coalesced mull-
| Mdy e granoidic units, possibly -
"+ pedotubules;. faint reddish-

-brown Fe nodules; skelmo- ‘

sepic plasma fabric, trans-
itwna'l bot.mdary

4

11 30%-33 Porphyric Vughy porphyr1c, otherw1se L
_ : . like zone I. .
8 - Regy .,ﬁ33-40 - Granoidic 'Separated complex 1ntérgfade ' g

porphyric/ fabric; vughy porphyric,
. porphyric- zones of granoidic pdrphyric;
‘ 1ike II of slide 7, except
B B ‘  that more of voids are skew
ol . - - © Y planes; vertical root chan-’

' ‘nels (< 1 mm wide) with ,_H
melanotic radicohists; dis--
tinct 100-250 m Fe nodudes;
masepic to ske]moseplc With _:f
zones of omn1sep1c p]asma -

‘ , l fabr1cs
9. . . Bmgj - - 40-47 - Granoidic- Separated and mlxed comp]ex ,
AT fragmoidic intergrade fabric; granoidic-
Tt g .. .. . porphyric/ fragmoidic vughy porphyric/
L T ~ porphyric_. vughy porphyric; vertical
e “ ... .- root channels (< 1 mm w1de), g
R " some with melanotic radic
. hists; distinct 100-250‘/u
s T A, Fe noduIes, masepic to mosep1c,
‘ ,5 PR - some- ske]sep1c plasma fabric.

N

i'*-ff} ¢ fragﬁbldxc sepic, some-masepic plasma
“§5;;¢,' yric/ fabflc trans1t1ona1 boundary -
4 *‘ 4gr;hyri c to: . .- o .

Py

5™ 1 T50-840 . Fragmoidic- Separated complex. intergrade

B . Y _porphyric//fabric; closely packed meta-y.

; SRR pqrphyr1c fridmoidic units grading to.’
‘ o -';' " vughy porphyric, otherw1se
"Asxg*f . T R " tike - I . _ ’

2%3 O-Ef @rano1d1c— Like" s] ide 9 but w1th arg1]1a- »
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Y

Cpmpositional Remarks

Intergrade: fabric; frag-

-moidic vughy porphyric;

otherwise ]like slide 9;
trans1t1ona1 ‘boundary.

,Separated complex inter-

fragmoidic//grade fabric; granoidic

fragmoidic// vughy porph-
yric; some granic-gran-
oidic in pedotubules; faint
to distinct Fe nodules
(100-250 mm dianeter); .
argillasepic, ‘some masepic
plasma fabr1c

_ Ditto, with well developed
-fragmoidic//aggrotubule containing

‘melanons and mu1lgrano1d1c -

~fabric.

Separated complex inter-
grade fabric; fragmoigjc
vughy porphyr1c// vughy

porphyric;. otherwxse Tike

’c_,sllde 11 zone II

Separated comp]ex intergrade

fabric; vughy porphyric//

fragm01d1c vughy porphyric; -

vertical root channels, -

- some with.melanotic radi-

& Tab]e 5 contlnued ,
Siide No. Horizon ane\WPEpth»(cm) Fabric
1, Bmgj I 54-56 Fragmoidiq-
) porphyric
~ Bmkgj II _ 56-60% Granoidic
€ ’ :
) . porphxrlqv
12 Bmkgj 60%-67% Granoidic
porphyr1c
: o o . égg;
13 - BCkgj . -6lg-74 Fragmo1
» o Lo n;:porphyrﬁéyl
"porphyr1c
. ‘ .. 4.‘” ‘-. . | . ! .o :.. . . ‘ |
- 14 ~ BCkdj 74-80% Porphyric//
. B - - fragmoidic
) . parphyric
J- - .
15 Bekgj " . 80w " Ditto
e | :‘ . | *(ﬁfi_aﬁ?i e
16 - . BCkgj 87-93% - Fragmoidic
- T - . porphyric// .
N ”;porphyr1c

cohists (0.5-1.0 mm wide);

'Fe nodules (100 im dia-
‘meter) both within and at
margins of units; maseplc,r

unistrial arg11]asep1c

~p1asma fabric.
-L1ke s]1de 14, but w1th '

black (Mn) nodu]es (100~,

.200,-nidiaméter)

Separated complex inter- -
grade fabric; fragmoidic

“vughy porphyric// porphyric;

small zone (2 x 0.5-1.0 cm)

fabricy otherwise similar to-

115, masep1c p]asma fabrtc.

-containing granic-granoidic



Tab]e 5 continued Y
Slide No. Horizon Zone Depth'(ém) Fabric - Compositional Remarks
1. BCkgJj ' 93%5-100% ’Fragmo1d1c Like 16, with some granoidic
porphyric// fragm01d1c fabric along
porphyric major joint planes; elon-
' . gated zones of sand and
. silt between ‘some Pnlts
18 BCkg 100%-107%  Ditto Ditto |
19 Ckgjl 107%-118%  Fragmoidic/ Separated complex inter-

20 Ckgil
\’ . )
‘21 - Ckgjl
23 fckgiz
23 Ckgi2
24 % Ckgjz -
25 Cckgiz

fragmoidic grade fabric;: dom1nantly

porphyric/ vughy porphyric with minor

porphyric * areas of intergrade (frag- -
moidic vughy porphyric) and
“fragmaidic fabrics inter-

«  mixed; vughy porphyric zones

e ,?ﬂm“"jt .. tend to have higher sand

22457 77 0 content; unistrial argilla-

‘ - sepic, omn1sep1c plasma
fabric. . IR

) 7114%—121%' Fragmoidic Separated'compiek inter- .

porphyric// grade fabric; fragmoidic

‘porphyr1c ~ vughy porphyric// vughy -
.porphyric; mangans along .
joint planes; omnisepic,
unistrial argx]1asep1c
plasma fabr1c.

121%—128' Ditto Ditto, w1th granic fabr1c ‘
oo : , rﬁ¥maaor channe]s.
1284135  Ditto o D1tto, y1th rare void
- » argﬂlans .
B 73\ -

135-142 - Porphyric- M1xed comp]ex fabrlc, vughy
. fragmoidic porphyric-fragmoidic; dis-

tinct void neomangans; - « ~

omnisepic, unistrial arg1]1a— ‘

sepic plasma fabric. .

”'_142q§ﬁ9;? Ditto o Ditto, with rare void
o | argillans.
149-156%  Ditto * - .Ditto.
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Plate 7. Th1n section view of L F homzon _with dominance
of 50 aum d1ameter ‘fecal pellets.

66



\ 67
'“‘(J ' \
" Plate 8. Thin section view of mullgranoidic fabric, Ahl
horizon. Units range from 0.2 to 1.0 mm diametejr. ,
- platad. .Thin section view of iron (reddish-brown) and
manganese (black) nodules, BCkgj horizon. Lower manganese
nodule is approximately 0.2 mm in_diameter. : . T o
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structure. Micromorphologieal1y, this“horizon_had a,denser fabric showing
: greater'coa1escence of'unttsp(mu]lgranoidi%—Vughy porphyric). Although = -
mottles were not observed.in the field, faint Fe. nodules were vdsibje in
fhtn section. Plasma fabrics were she1mosepic in both the.Ah and Ahej
horizens. | | | |

}The_AEEE'horieon was discontinuous and weakly developed with no tex-
tural difference between it and the Bmgj horizon being ev{dent in the
’,fie1d; The horizon was distinguished by itsdsomewhat’b1eached appearancef
which contrastedqowith thg.darker over]ying horizons of higher organic,‘
matter.content.' Structur§1 velopment was very”weak and.a timesﬁduring
,. itheayear, this'horiéon‘wase/‘ryfdifficult:to discern.i ﬂd{é:;hg was’ob~
served both in the field and inAthin seetion o o \\ .

- The B horizon was d1v1ded into. upper (Bng) and 1ower (Bmng) . - e":
'port1ons because of a weaker subangular blocky struczure and the presence:'}
~of weak effervescence in the latter. Mottles were less numerous than in
the AE;T hordzon; althouoh of simi]ar size“and co]our Fabrics d1ffered ,
_from those in’ the Ah horlzons, w1§h a greater coalescence of structura]
.-unlts wh1ch were more angular, ré§L1£1ng 1n a dom1nant1y vughy porphyr1c '
and fragmo1d1c character ‘Root channels and aggrotubu]es,were ev1dent
.‘Plasma fabr1cs var1ed between arg111aseplc and 1nsep1c |

- The tran51t1ona1 BCng and the under1y1ng Cng horizons were character~
Aized by a hlgher degree of effervesceng; a d1sappearance of pedogenlc
"structure, and a heavy c]ay texture. Mott]es became more d1st1nct w1th
ffdepth and th1n sect1ons showed them to be both adJacent to vo1ds and w1th1n |

-the structural unnt B]ack sta1ns were noted: on Jo1nt p]ane surfaces,
' .part1cu1ar1y 1n the SEQJ hor1zbns, both 1n ‘the f1e1d and 1n th1n sections.

An X-ray energy d1spers1ve ana1y51s of one such bTack zgg; on the surface



«

o base of the pedon While the coarse fragment content was virtually n11 in -

o N S

of a'fragmenta1 unit from the Ckgjz.horizon indicated a high content of

- Mn'compared to the matrix; hepce, these features were considered to be

mangans (Pgure 3, Plate 9). Fabrics varied between fragmoidic and vughy
ponphyric and'1oca1 elongated zones contained higher contents of sand and
coarse si]t The high clay content was expressed in plasma fabr1cs that

-
P

werefﬁom1nant1y arg111asep1c and omnlsep1c

5.2.2 Particle Size Characteristics

A]though the ‘textures in this’ pedon are all clay-rich (s11ty clay to

heavy c15§} textural c1ass des1gnat1ons tend to obscure a considerable

degree of var1ab111ty (Tab]e 6). Sand content ranged from 1.6% to

-while clay content v 1ed between 41 5% and 63.7%. Textural variat1:;.
Q{ : gras

“showed no systematic re]at1onsh1p to- genet1c horizon -type, with the h1ghest"

. fine clay/total clay ratios occurr1ng in the supposed]y eluvial horizons

(Ahéj and Ang)», The on1y general trend was towards f1ner textures at the

th1s pedon, s1m11ar~so1ls elsewhere at the E]]ers11e Research Stat1on

: occas1ona1ly conta1ned d1scont1nuous Yensés of fine grave] and sand. = Such

a 1ayer was encountered at 4.5-m dur1ng 1nsta1]at1on of the p1ezometers

at the s1te.

‘.

' 5.2.3_ Organic Carbon andvTotal Nitrogen‘

_ Both of these Gomponents genera]]y decreased in.abundance thh depth
(Table 6), The max1mum values oéturred in the organ1c hor1zons with the
h1ghest organ1c carbon content ih the L F hor1zon and the h1ghest total N,

— .

i the H hor1zon.‘/In each succeed1ng horlzon, organ1c carbon content

decreased by about ha]f between the Ahtba#ﬂ”iega hor1zons C/N ;atlos

Y hE ) . . e

N
4
L]
.
7
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"

_¢§t2.4 Carbonates. pH,'and'Cation Exchange

‘narrowed:abruptly between the organic(and Ahvhorizons and reachedﬂgheir

| '”IoweSt'vaiUes”in;the’Ahej“tOTBmgj’horizons.

X
-l

. I .
Y ‘? . SR Lo . N \
: : RN : . \

~

‘wf‘ .‘ . e o . | AQ
Carbonates were present N amounts of approxtmately TE or less, with .
the highest content in: the Ckgj horizon (Tab'le 6) ? b ;, 0

Soil reaction values were in a narrow range/ from siightly ac1d to

miidiy alka]ine (pH 6.1 to 7 8) (Iabie 6). The lowest va]ue was, obtained

r

v -
3',»

for'the Ahi horizon, fnom which the PH rose both toward the surface and

the base of the ‘pedon. |
. Cation exchange capac1ty va]ues showed good agreement - between the two
methods used determination directiy and by summation of the exchangeabie

,»Mg++/r j} and K (Tabie 7) This 1nd1cated essentiaiiy compiete
base saturation. The highest C E. C. va]ues were found in the organic
horizons, increaSing from the L F to H. " In the'ﬂhnera] horizons C.E. C
peaked in the Anl, ref]ecting its high organic matter content .and in the .
C horizons, probably as a resuit of their high ciay content

The dominant exchangeab]e cation was Ca , with lesser amounts of

i'ﬂg K s nd Na . in that order. Exchangeab]e Ca ‘was most abundant in

_the H layer;*with 3 secondary maximum in the C horizons whi]e Mg+{ peaked
in the Ahej horiZon. Hithin the organic horizons, K decreased in abundance

il -F to thé H horizon (3 2 to 1. 2%),,whiie N dispiayed - similar

”’trend (0 4 to 0 1%) Hnwever, within the minerai horizons exchangeabie K

peaked at the uppermost horizon (2 4%) andideciined to,a minimum of fzb%
the ﬂkng‘horizon, whiie exchangeab}e Na increased from 0. 1 to 1 0%

!

.Z.
8/‘
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. For F& each of the three extraction methods gave a different pattern

of variat‘iqg wi't‘mn w adon (Tab'le 8) Whﬂe d'lth‘iomte extractab'le Fe
_rrow range from the Ahe.] to the Ckgj2 hor1zon,,

o

' '(Fea) fluctgated »wft
0 87 t““l.,wz* ’Its concerﬁration was approximate]y ha]f of those va]ues

in the Ah horlgon' By contrast, oxa]ate-extractab?e Fe (Fe ) was 1ess

ahundant " througho he pr/ofﬂe and showed muah ‘le,ss of a range oﬁf concen-

trat‘ions (0 21 to 0 32%) Pyrqphosphaté&xtracta 'le Fe (Fe ) was somewhat
- more’ abundqnt ;han Fe f« the Ah] hor1zon but 1t§'cofgentr;gﬁ’mn dechned 5%:

7 SR Tl iy
greatiy%n th depth %ugﬁ]y paraﬁelhng the trendﬂn rgap'nc "%Ete"# 5
- ; 7*_; .

64‘.",_' Content. ' ) ;‘ e . . . . 4‘.' , (’.‘,- . ,‘_, ,:.' e kR wwdz. :
. S o
RS Ex’tractable Al contents var1 ed 1n a df fferent fasti o‘n ?@m‘f_e 6. A A] .

. '.A'aﬁj 41 were hjghest in ‘the Ahl to Bmgj homzons % Mp aTso peak‘sg;m the

.

ot Ah] but its Tower: concentratwns in the C hor‘rzonSfd'ld not represent as

. CT e _ , ‘ N _— .
. 1arg! 2 decnease as for Fep L ) 3 s .,;5’ R
. 5. 2.6 Fme%and Compos1t1on e UL e

- i < ’ Coet T T .

| Asswgmng alr of the Na and Ca m the < 2 90 sp gr fractlon of the
| f50 to 250¢; ;um sand to fe]dspars, 1t appeared that the sod1c forms were ®
, '-overwhe'lmng'ly more abundant (Tab'[e 9). The proportions of sod1c vs o " -
b ca1c1c fe‘.IdSpars, as, mferretl from the Nas Ca ratms, showed no system- |
atic vanation that had any obvmus re'lat1onsh1p to depth or genet1c
| : 'horlzon Likemse, the content of heavy minerals (> 2 90 sp gr) showed ’

' an. 1rregu1ar pattern of var1ation w1th wgd;e ﬂuctuatmns occurrmg

o .between adjacent horizons S '7:"-‘5'?5'7 '

...5 2 7 Clay Mmera'logn »‘ .
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(< 0.2 um and 0.2-2.0 pam)- than between soil homzons (Tab]e 10). a

. preliminary generahzatmn, the fine c]ays were dommated by smectl te and

“mica, whiJe the coarse cTays had’ in add1t1on kaohmte ch]omte, and

LA

N

smaH amounts of quartz (Fjﬂure 4, TabTe 10)

~

In the ‘&oarse clay fraction, d’nechte accoupted for about 35- 40%

. with the C V. method usuaHy providmg a hidher estimate M1ca content

showed a simﬂar]y narrow range 30t 33 5% ‘while kaohmte as estimated.

#from X-ray d1ffract1on peak 1nten51ty, probabTy accounted for about- 10 to

' 'xﬁ"“ ous components was 11}x1ted -as ev1denced b}&harpﬁhffract‘mﬂ peaks uesmt

|
|
,,

-

e

|
|
T
I

. LAPE

q.

+15%. The -balance of the c‘tysta]hne components con51sted of chlorite and ;

77

Lo

i

Y

qugrtz,; w1th no fe]dspar diffraction paks detected There was remarkab]y < a
&% .

A vﬁfarlation between horlzor}s,( m.th the. drfferences observed probab]y.

the flack of ~pretreatments for orgamc matter or .ses wx‘ide removaT
There were onTy two features wh1ch comphcatg':'hw sqmple coarse .
clay mmera]ogy A smaTT amount of a p@ab]e ll hydroxy mtergrade m1n~ _

'

era] appare<‘(1y occurred in the Ah2 hor1zon as shown b' a poor]y defined

péak n the 2 13 .ﬁ regwn fdr ‘the: K-saturated '0% reTatlve hum1dity treat-

ment~'this peak coT]apsed mth heq;mg to 300°C and 550 C (F1gure 4)
Secondly, s1nce Abder-Ruhman (1980) detected appr'émab]e quant1t1es of

a ' ‘mcu]ite 1n §oﬂs of- the ad.]acent.east-central regwn of AT berta, it
b, T

hy
f interest that sumlar cr1teria suggested the presence of th1s mmeraT

W% s%gn For the pre"tr‘eaﬁii:’nts’m,yed vermu:uhte does not

“ _ give unique’ly dlstinctive X-ray d1ffract1on peaks, “but it co1nc1des w1th

N ,n;.

mthm the range of error of@h’e metﬂs 3.mp10yed The eont"ent of amorph-l

those of smect“ite and 'chTorite., However, for K-saturated samples, venmc-

e

R uﬁte'does"?not rehydrate after the O% relatwe humidlty treatment There-s -
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A

\" - -
E§§rse clays was much greater at this site than for the Orthic Black

Cparse clay separate. The difference in C content between the fine and

87

in Ca- and K-saturated samples at 54% relative hum1d1ty, with ngher ratios
for the K- saturated clay 1nd1cat1ng that a non- rehydrat1ng mineral, likely
verm1cu]1te, is present. .For‘the coarse clays in this pedon, these ratioa
were virtually the same in the Bmkgj horizon and below, but were_usually |

higher at 54% re]at1ve humidity for the K- satﬁrated than Ca saturated

. samp]es in the upper horizons. Thus some portion of the high C.E.C. and

(4

surface area va]ues was likely attrlbutab]e to vermiculite, albeit a sma}]

&

amount, in the upper horizons. ‘
Fine clay mineralogy was much simpler, with abdut 75% smectite, ‘
20-25% mica, and the balance apparently consisting of kaolinite. Using
the same criteria as before, it was diffitu]t td determine if vermiculite
wairpresent, since the prominent peak ;rom hydrated smectite for tﬁe Ca-
Satdrated 54% relative humidity treatment almost completely overwhelmed
the 10 A pe k, Tentatively, though, the effect seemed to have occurred,
suggest;;\ihe presence of small amounts of vermiculite in the fine clay

-

fraction.
5.2.8 Clay-Organic Complexation

Carbon contents of the untreated Ah horizon c]ay’t%actlons decreased
with depth parallelling the trend observed for the organic matter content
of the whole soil. From 7.29% and 3.41” in the coarse and fine cﬂays of

the Ahl, C content decreased to 3.05% anc 1.19% in the Ah3 (Table 13). In

A 5

the fine clay fractions, C content was Yess than.half that of the coarse

clay. This difference was expressed in the much darker colour of the

Chernozems studied by Dudas (1968). Significantly, the northernmost pedons *

Vi

a




(Edmonton area) examined in that study had the relative fine vs. coarse
clay C content ratios closest to those from the Ellerslie site.

Fof the Ah2 and Ah3 horizons, thz tétq] C.E.C. values for the un-
treated fine t]ays were higher than for the untreated coarse clays: 97.3
vs. 86.8 m.e./100 g (Ah2) and 87.2 vs. 76.3 m.e./100 g Ah3 Tabic il.
'This difference ref]ects the dominance of smectite in the fine c'ay frac-
tion. However, in the Ahl, the untreated coarse clay had a higher tbtal
C.E.C. than the fine clay (112.2 vs. 98.9 m.e./100 g),~probab1y as a
result of the high organic matter content of the former.

Jhe pHiinependent C.E.C. of the untreated clays was higher for the
fi-- -lay fraction than the coarse c]éys, presumably reflecting their
! iﬁer"mectite content. Values ranged from 66.3 to 69.6 m.e./100 g for
thL‘f4}c clays and from 48.6 to 66.3 m.e./100 g for the coarse clays.
Removal of organic matter usually decreased the pH- 1ndependent C E.C.

a phenomenon attr1buted by Dudas and Paw]uk (1969a) to the high concen- |
tration of KC1 possibly exchanging with H* from organic functional groups.
In addition, these authors also sqggested that organic matter could be
responsible for physical chemical aqsorption of K+.

The pH;dependent C.E.C. of the untreated clays decreased—with depth.
and particle size, a trend parallel to that of carbon content. Hydrogen
peroxide-treatea samples showed‘higﬁer pH-dependent C.E.C. values in the
fine c]ays than in the coarse clays an effect-attributed to a greater
number of exposeé“t]ay hydroxyl groups (Dudas and Paw]uk 1969a).

The three types of C.E;C._for the six samples showed a decrease in
the majority of cases after HZOZ treatment (Table 12). For the.total

C.E.C., the magnitude of the decrease between untreated and treated

samples was reducéd és'partic]e size decreased. While totalicarbon content

N
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Table 12 EFFECT OF H,0

272

TREATMENT ON C.E.C. OF

Ah HORIZON CLAY FRACTIONS*

0

.

pH-dep. C.E.C.

Horizon ‘Fraction Total C.E.C. 'pH-indépu C.E.C.
Ahl 0.2-2.0 um ~16.9 -30.9 +14.0
- <0.2 um +14.9 -2.4 +17.3
Ah2 0.2-2.0 pm -14,0 -25.2 +11.2
<0.2 am  -9.6 -0.8 -8.8
Ah3  0.2-2.0 am  -15.2 9.9 °© -5.3
<0.2 mm +0.7 +5.3 -4)6

2
* m.e./100 g clay

Nor—
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Table 13 CARBON CONTENT OF Ah HORIZON CLAY FRACTIONS

kY

Horizon Fraction % C
Ah1 0.2-2.0 am 7.29 .
<0.2'/um 3.41
Ah2 0.2-2.0 wm 5.09
<0.2 m 1.75
A | ) ;’
Ah3 0.2-2.0 pum 3.05 N
‘ <0.2 pm 119 /
——'\ i
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also decreased with particle size, it is signifjcant that the decrease in
total C.E.C. after peroxide treatments, particularly for the fine clays,
was less than would be expected as a result of organic_matter rémoVa?. Ih
fact, total C.E.C. ofvthe Ahl and Ah3 horizon fine clays actua]]} increased

) after peroxide treatment.
5.2.9 Humic Acid Infrared Spectra

There were on]& subtle differences in the infrared spectra of er-
tracted humic acids for the L-F, H, Ahl, AhEJ, and Bmgj horizons. Spectral
characteristics are on]y Tisted here; their significance will be discussed
later. ‘ |

For the 2500-1800 cm™ > spectral region, a slight upward sTope was
noted for the three upper horizons, while for the Ahej and Bmgj humic
acids the same region was essentially flat (Figure 5). Three other
absorption bands identified in humic acids by Dormaar (1967)-and‘Dormaar
and Lutwick (1966) appeared”in these samples as fol]ows.‘ The 2920 and
2850 cm'1 bands 1nd1cate a11phat1c CH groups; the former was strongest
in the L-F humic .acid spectrum and absent or extremelvaeak in the others
Carbonyl stretch of carboxy11c acids or of ester 11nkages is indicated by
-1

absorption at 1725 cm This band was strongest in the L-F and H horizon

spectra and was absent lower in the solum. Finally, the 1525’cm°1 band,

which is assigned to aromatic C=C, was not observed in any of the spectra.

5.2.10 Discussion

-

\ i
While the Ah horizons of this pedon meet the requirements of the

-Chernozemic A horizon (Appendix) and the colour criteria. of the B1ack

Chernozemlc Great Group, the presence of prominent organic hor1zons 1s

»



93

(6
[ayy

Ly

Y

v ﬁ;_;

, (Su0zidoy p3da|as wouy spLIe dwny mo B4303ds paxesjul g aunbyy
: (,.wd) Jsaqunuaaepm

. 0091 0002, 0052 . 0Q0€E |

A A A

O@v—

T M A e . o . -

t

bl Sl e Sl I P VO R

«—— ao'ue;;gwsueu_

<



94

more characteristic of the Dark Gray Great Group (Canada Soil Survey
Commlttee, 1978). As noted in the ear11er d1scuss1on of m1cromorphology,
the organic horizons showed considerable evidence of faunal activity,
with the H horizon consisting almost entirely of fecal oel]ets. The
great thickresssof the F;H and H horizons compared to that of thg L-F
may indicate that the rate of litter breakdown is comparatively rapid§
otherwise, Titter would dccumulate to a greater thickness (cf. Bal, 1970).
Although there was an abrupt boundary between the H and Ahl horizons, thin
sections revealed that some mineral material had become incorporated in ™
the H horizon structural units. Ih1s suggests th;t some of the fauna |
present may ingest both mineral soil and organ1c detr1tus However, the
existence of a d1screte H horizon 1mp]1es that the rate of mixing of
humified material with m1nera1 soil is slower than the rate of organic
matter add1t1on at the surface. v

Compared to those in the F H ano/H horizons, the aggregates in the
Ah horizons were both ]arger and much richer in mineral materaa], suggest-
1ng that other facto s or other organ1Sms may be responsible for their
formation. Traditiona\ly, mull formation has been attributed in large

part to the activity of darthworms in ingesting and mixing both orgahic

and mineral matter and le ing behind fecal pellwts that comprise the

dominant structural units ZBabei, 1975; "kubiena, 1953). The tendency \
toward uniformity of shape and size 1h such mullgranic units has been h
«ctted as evidence of'their‘faunal origtn (Breher and PaW]uk, 1975). whi]e{

. Other mesofauna’may‘berform>simi]ar structure-promoting'fonctton§,~the
questlon of whether earthworms are 1nd1genous to the Black Chernozemic
soils of North America seems to be a matter of controversy. = . o

For example, Buntley and Papendick (1960) found that earthwoqms ’

v
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appaared to be recent invaders of Chernozems in the easfern'U.S. Great
Plains, as shown by almost complete desfrudtion of the'nonnally abrupt.
horizon bodndaries. The implication would seem to be that the Black
‘Chernozemic soils of this cont1nent do not owe thevr morphology to earth- _///f
worm act1v1ty,_un11ke their European counterparts (cf. Kubiena, 1953).
The pOSS]b]e role of other mesofauna. has been given little attention by
.researchers with Ah formation in these soils usually attributed to in
Situ decomposition and hum1f1cat1on of root residues. . However, the
11terature is usually vague as to how. this would produce the typical
granula?/gtructure of such hor1zons

The thlckness and organic %arbon and nitrogen contents of the Cherno-
zemic A horizon in this pedon were comparable to the values reported for
‘other pedons 1n the Black soil zoné‘of western Canada (Dudas and Paw]uk
. 1969b; St. Arnaud and wh1tes1de 1963) and were close to those deemed
typical of the Ma]mo series (Bowser et al., 1962). .

The cation exchange caﬁél1ty determ1nat10ns for the Ah hor1zon clay
fract1ons demonstrated the c]ose~gssoc1at1on of organic and m1nera] mat-
erials in the fine clay fraction. The fact that«total C.E.C. 1ncreased
_or decreased on]y s]1ght1y after organic matter was removed from the fine
clay fract1ons indicated that functional groups b]ocked by or 1nvo1ved
in c]ay—organlc complexation had been’ freed Dudas and Pawluk (1969a%
suggested thatkh1m11ar results from other Black Cherrozemic so11s in
A]berta 11ke]y reflected two factors: (1) 1n ‘untreated clays, somé of
- the organ1c functional groups were not available for exchange reactions,
and (2) clay hydroxyl groups were 1nv01r53“<n comp]exat1on with organic =~

- matter and could only contribute to the C.E.C. after peroxide treatment

As 1n that previous study, the resu]ts for the Ellerslie pedon Suggest

A

ey
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that the degree of c]ay organ1c complexation 15 greatest in the fine c]ay

fract1on, desp1te the lower carbon content. : ;;fxth
\\
Interpretatﬁon of the humic acid 1nfrared Spectra 1§ of 1nterest

to this study because the work of Dormaar (1967) sugge§ted a”‘f-” i

_between certain spectra] characteristics and,thervegetatkdnﬁhistOry of a

- site. In part1cu1ar, the slope of the spectra1 lgne in the5§5EB 1800 cm -1
reg1on was found to vary accord1ng to whether the‘dOm1nant vegetat1on had -
been grassland or.forest. Chernozem1c humic ac1ds deve]oped under grass-
land showed an"upward slope in that re51on,rwh31e humlc acids from Podzolic
and Luvisoifc soils developed under forest had a downward slope.. Dormaar .
(1967) claimed that this effect was based on the average molecular weight
of humic acids being sma]]er in the 1atter soil groups., By way‘of demon-
strat1on when humic acid from a grassland soil was separated into fract1ons
of progress1vely Tower molecular we1ght the spectra gradua]ly changed to a
.more "Podzolic" character. Thls«relat1onsh1p was compared to the s1tuat1on
in fof@ﬁt«invaded Chernozemic 30115 in wh1ch mobile, lower molecular we?%ht
humic substance;, characterf;t%c of Luvisols, would begin to accumulate in/
the>B horizon.} However, this interpretation must be tempered by conf]ict-
ing evidence, as shown by Dawson et ;1 (‘1978) In that - sady, spectra for
low molecu]ar we1ght (837-845) mob11e fu]v{t acids from a Podzol. lysimeter
1eachate d1sp1ayed essent1a1]y no s]ope in the 2500-1800 cm -1 region.

A later study by Dormaar (1973) po1nted out another comp]ica\;on, in
that a f1atten1ng of the same spectra] reg1on occurred in spectra of hum1c
ac1d5 from Bg horizons of Hum1c G]eyso1s This pattern was attr1buted to
the 1ack of removal of low mo]ecular we1ght condensation byproducts of -
humic ac1d formatlon under poor]y drained condltlons '

The three other bands discussed by Dormaar (1967) were expected to

SRR 5 A AR o L a2 i AL L e




1ntens1fy w1th an 1ncreas1ng]y "Podzollc" character of the hum1c ac1ds
These bands are taken to 1nd1cate a lower degree of condensat1on (2920,

2850 cm” ), greater acidity (1725 cm 1); and a higher content of aromatic

structures (1525 cm 1). ‘ - X _“t . ~

Given these cr1ter1a the humic acid infrared spectral- characterlst1cs

-

noted ear11er for this pedon do not lend themselves to an unambiguous

1nterpretat10n. For example,’ the slopes of the 2500-1800° cm -1 region in

ra
the mineral so11 humic acids could indicate either hydromorph1c 1€f1uences

—

or the early stages of transformation to a Luvisolic. soil. Since ‘other-

evidence has suggested that the pedon is at best only moderately well

drained, the first interpretation cannot be dismissed. Furthermore, the’

- ¢hrée other‘spectral bands, whose intensi?ication’is thought to indicate ab

-~

"Podzolic" character, are either absent or weakly expressed in the mineral’
. . ’ f » ‘ \

.-

soil humic acid spectra’

t
hd )

The low carbonate content of the g]ac101acustr1ne parent mater1a1 is
similar to values reported from elsewhere in the Lake Edmonton Plain’
-(Arshad and Pawluk, 1966; Bowser gt_gl,, 1962) and is 10&&F~than that
typical of glacial/tills in the same regionﬁ(Dudas, 1968, Abder-Ruhman,

1980). Despite this tower ]ime‘content in the parent material, the near;

neutral pH values and the high base saturation are typical of Black"Cberno-g

:zemlc so1]s eTsewhere 1n the Prairie reg1bn The dominance of exchangeable
Ca/ » that reaches its maximum 1eve1 in the upper horﬁzons probao1y re-
f]ects a h1gh rate of return in. the 11tterfa11 "The fact that exchangeable
K ach1eved peak abundance in the upper hor1zons as well, also suggests
the 1nf1uence of .nutrient cyc11ng, d1th ugh its re]ease through the weather-

» ‘\

ing of m1caceous m1nerals is al

possib11ty.\ TheJincrease in exchange- .
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element and the fact that parent mater1als ‘of the Malmo series may some-
time be sa11ne (Bowser et al., 1962);- ‘ |
» The stratified, texturally variable nature of the s0il parent material

is typical of the Lake Edmonton sediments and presents difficulties in
1nterpret1ng certain aspects of pedogene51s first, one of the criteria
for determ1n1ng if 1ess1vage has occurred is an enrichment of clay, partic-
ularly fine clay, in the B horizon compared to the A-horizon. In fact as .
shown.by the fine clay: tota] clay ratios, the opp051te.was the case :,v
Nhl]e this could s1mp1y be an 1nher1ted property overshadow1ng the effects
of 111uv1at10n,'there was also no ev1dence for illuvial arg1]1ans in the

B horizons, Rare void argillans were,found~jn the Gkgj? horizon, *but

these were likely stress éeatures re]ated to‘shrink-sweT] phdcesses Thus,
“the evidence does not indicate that clay trans]ocat1on has been an import-
ant pedogenic process at this site. It is noteworthy, though, that the

common hor1zon sequence for the G]eyed Eluviated Blatf'Chernozem1c sub—

group 1nc1udes a’BthJ hor1zon.'kIn fact, e];ewhere at the Ellerslie

Research Station, analyses of pedons of both the Orthic and Gleyed Eluviated

Black subgroups. indicated the presence of Bt and'%%g‘horizons with rare to
occasional arg111ans (€rown and Greenlee, 1978; McKeague et al. -1978)
-Textural B horizons are - typical -of the Malmo .soil series to wh1ch these
pedons belong. (Bowser et al., 1962) and may occur in pedons of the Orthlc g
ubgroup tha ck.eluvial herizons (Dudas and Paw]uk 1969b) Thus, the
\study sité pedon shows ‘tess deve]opment of textural d1fferent1at1on than
. 1s’usua11y found in both the map unit and the subgroup to which it belongs

Whether Sn. fact, textura] B hor1zons in Chernozem1c so1ls are exc]us1ve1y

a2 product of translocation or part1a11y the result of phys1ca] breakdown

-of silt-sized micaceous minerals is a question deserving of further research.

- -
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'%he panent material strat%fication 31so poses p:EBIems inueva1uating
the degreejdfninera1rweatherfng. For the fine sand fraction in a homo-

' geneous parent material, the sod1c to calcic feldspar ratio should narrow
with depth as a- resu]t of weather1ng s1nce the latter mineral is 1ess
res1§tant‘z “ ' . i .
"”"Such a'frend was not evident,for this pedon, likely because of in-

herfted variability 4in the stratified parent material. Although companison

of a single particTe s1ze fraction should reduce the variab1]1ty,,1t is,

img has occurred in this pedon, it should be

' mos vev1dent 1n the clay fraction, by virtue of its larger surface{area
::Q and re ct1v1ty + As noted ear11er though betwee‘khor1zon yaglatnons were
subt]e and'showed fegapatterns of mineral abjndance that could be attributéd

to weath gﬂ' The except1ons were the indications of an undetermined but

‘?
minor amb ¢ of verm1cu11te that appeared to increase 1n abundance toward
—~the surface as wel]*as the presence of a sma]] quant1ty of an Al-hydroxy

_ intergrade m1nera1 1h the Ah2 hor1zon These results agree w1th those of

othéﬁ studfes wh1ch have generaely found a low degree of weather1ng in the -

clay fract1ons of Chernozem1c soils (e g Kodama ,’ 1979 Dudas and Pawluk,
»

99

196§b Redmond and Omodt 1967) The suggest1on has been made by some . ‘

workers that "111Yt1zat10n" of smect1te occurs in the upper horlzons of
) Chernozem1c so115,ias evidenced by higher K20 contencifipudas and Pawluk,
511969b; St. Arna"ud and Morﬂand 1963). While such. a prow
‘ operat1ng in.this’ pedon, it is possible. that any evidence for it would:ge
obscured by the- Tack of parent material homogene1ty.

R
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fhe'e1ay-rich texture of the pafent material, which results in a 10Q
hydraulic conductivity,‘is 1ike1y responsible for the hydromo%phic featdres
present in the pedon. Mottling from the AEEE'downwards into the Ckgj
horizons, together with the extractable Fe data, indicate redistribution
of that element. The pattern of Fed cdncentration in fhe pedon shows a
greater"sjmijarity to that existing in.Gleysolic than Chernozemic soils
(Stonehouse and St;“Arnaud, 1971), that {s, a greater degree of Fe removal
from the A horizon. B]aek Chernozemie seils usually show some Fe elueiation
from the Ah horizon, even in well drained Orthic pedone (e.q. Dormaégj 1978;

St. Arnaud and Whiteside, 1964), but the extent of.its occurrence at this

site, plus the degree of mottling, suggests some hydromorphic influence.

‘Stonehouse and St. Arnaud (1971) found a high, correlation (R=0.84) between

Féd and clay content in Chernozemic so1]s and 1nterpreted this to mean that
-Fe had mwgrated w1th clay. However, for th1s pedon tthe relationship be-
tween the same two variables was weaker (R—0.70), suggesting that anothen '
mechanism was responsible, such as periodic reduction and mobilization of
?e.' As in the Chernozemic pedcias aralyzed by Stonehouse and St. Arnaud
(1971), the ahount gf aéorphous Fe ox:des (Feo) was small and varied little
ﬁiih depth, pkoviding further ev:.dence of the‘%jmitedrdegree of weathering.

2

Since Fe_ indicates the amount .of organic-complexed Fe, its peak® abundance

..Vis, as expected, in the Ah horizon which has the,highest orgénic matter

content. Chernozem humus is not susceptib]e to e]uviation, so the Fep ¢

. va]ues ref]ect this 1mmob111ty by decreasing rapidly with depth

The three Al extract1ons showed a higher degree of s1m11ar1ty'than
" did those for Fe, bear1ng out the contention of Blume &nd Schwertmann
(1969) ‘that oneig}tract1on method is usually sufficient. to 1ndicate the

distribution and ablindance of free Al oxides in soils. The amounts present
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are low, in agreemeﬁf with those reported in the literature for Chernozemic
‘sgj1s (e.g. Stonehouse and St. Arnaud, 1971; Peters et al., 1978) and point
dut again the lack of weathering in these soils. |

Although Mn was not studied quantitatively, its occurrence as mangans
in the C horizons suégests that it hés migrated further than Fe. Such
behaviour is to be expected, since the degree of reduction in the environ-
%ent needed to golubilize Mn (IV) cémpounds is much less than that required

273
Eh of approximately +0.4lvo1ts, while reduction of MnO2 to Mn2+ occurs at

A

for Fe (III). For example, at pH4, Fe, 0, will be reduced to Fe2+ at an

an Eh of approximately +0.9 volts (Krauskopf, 1979).

5.3 Process Studies

5.3.1 The Physical Environment

The Q]imate of the Edmonton area shares its continentallcharactér—
istics with the rest of the Prairie region. " The main.features of this
climatic reéion are a large temperature range between summer and winter
and unevenly distributed.precipitation, with little falling during the
winter (Hare and Tﬁgmas,.1974). Bowser et al. (1962) provided the follow-
ing climatic: 5ummary for the Edmonton area. July is the warmest month,
averaging 16.4°c, wh11e the mean summer temperature (May through September)
is 13.3°CJ' January is the co]dest month, averaging -14.4° (2,r while the
mean Qinter temperature (November through March) is -8.9°c. The average
ffost—free period is about 100 days and the growing season lasts an average
of about 175 days. Mean énnual precipité%ion is 44.5 cm, with recorded
extremes of 22.9 and 76.2 cm. During 75% of the years of record, the ‘

range was between 35.6 énd 53.3 cm. On average, half of the annual prec1p1—“

tation falls during the Junevthrough August period. About 70” of the annual
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‘ : ' b]
precipitation is in~the{form of rain, with the rest coming as snow, averag-

ing 127 cm.

According to the map, Soil Climates of Canada,(Clayton et al., 1977)
Edmbntén lies on the border between two subdivisions of the Cryoboreal
témperature class: cold and hoderate]y cold. The temperature: requirements
for the Cryoborea] class are a mean annual so11 temperature (MAST) of 2-8° C
and a mean summer soil temperature (MSST) of 8-15%C.« For the 50 cm temp-
erature readlngs from ‘the study site, MAST and MSST are ca]cu]ated to be
4.7° C and 9.8° C, respectlve]y, for 1978 and 2.5°C and 7. 4% C respect1ve]y,
for 1979 Thus, these two years of data fit the Cryoborea] temperature
class, except for the 1979 MSST which was slightly below the permitted
minimum.

Similar rates of fall freeziﬁé'of the soil oécurred in both 1978 and
1979 (Figure 6). The last frost remained until the final w of April in
1978 and one month later in the spring df11979. The cooler-spring conditions
in 1979 were ref]ected in the persistence of snow cover; as late as Aprj]l
16, 10 cm q{nsnow remained at the E]]ers]iefmeteoro1ogica1 stationf Spring

| warming of the ;oi] occurred Qoth from the bottom up and theAtop down,
Teaving the final frozen zone at 45-70 cm in 1978 and-50-90'cm in 1979,
respectively. Thus, the per1od during which so1] temperatures exceeded
\p C at all depths lasted 171 days in 1978 and 162 days/m 1979.
The greatest temperature gradients with depth occurred during the
Vperiods ofjéar]y fall cooling and ear]y?spring warming. In both years,
the mid—SéptembeFQto mid-October period.showed almost iso;herma] conditjons

throughout the 183 cm depth monitored. During the 1-1% months prior to

*MAST =_average of four. readings at 50 cm equally spaced throughout the
year. MSST = average of-June 15, July 15, and August 15 read1ngs
at 50 cm (Soil Survey Staff, 1975)

o

/
/

’
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complete thawing of the soil, temperatures stabilized at closeyto 0°c

throughout the profile. _
h The yearly cycle of temperature variations decreased in amplitude as
depth increased (Flgure 6) Peak summer temperatures occdrred in late

July and eatly August for the 20 and 50 cm depths, with the 100 cm read-
ings showing a gentler plateau extending through August and September.
Winter temperatures displayed a similar lag effect, with minimum values
at20 cm occurring about 1% months before the minimum at 100 cm. Similar
lag effects were noted by Toogood (1979) dur1ng an 8 year study of soil
temperatures elsewhere at the E]]ers]1e Research Station.

The changes observed in soil moisture status during the April- November
periods of 1978 and 1979 reflected a number of factors: 'depth of winter
snonack, precipitation amounts and frequency, interception by vegetation
and 1itter, and moisture consumption for evapotranspiration. The first
two factors differed considerably between the two years of records and-.
~wresulted in contrasting patterns of soil moisfure status. |

Precipitation was higher in 1978 than in 1979 for six of the eight
mohths during which soil moisture was monitored {Table 14). Total pre-
cipitation was 47% higher during April-November, 1978, as compared to the
simi]ar.1979 pe;iod. _However, snow cover at the saudy site persisted
until mid-April in 1979, but'had disappegted by late March at the{meteoro-
Iogical station. At the foregﬁed study site, complete snowmelt required
an add1t1onL1 2-3 weeks. \

During both years, the H horizon always had both the highest moisture
content and the widest moisture status fluctuations, reflecting the high

"water-holding capacity of organic matter and the greater demands of

"evapotranspiration in the rooting zone (Figures 7 and 8). The Ah horizon
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Table }4

»

STUDY PERIOD PRECIPITATION,

of Geography,,

University of Alberta.

/

1978-1979,
ELLERSLIE RESEARCH STATION*
' (mm)

Month 1978 1979

April 19.2 32.7

May 59.8 31.4

June 38.4 78.0
July 113.8 - 97.2

August 93.7 29.0

September ‘ 102.7 33.6

October 14.0 11.6

November 26.7 -5.0

Total 468.3 - 318.5

*Data pro@ided by Division of Meteorology, Dept.
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'
usually sdowed the next highest moisture contents and amptHtude of vari-
ation. The B and C horizons showed lower mo{sture contents, offen too |
low to be measured by the moisture cells, and very subdued fluctuations.
2 In April add May, 1978, moisture levels,were high in the H horizon,
" and wé}e Maintained by both rainfall and a lack of plant demands until
late May. Raio%a11 was lower “in June and evapotranspiration likely m%gg
greater, resu]tinghin a sharp decrease in H horizon moisture content.
Ddring July and August, evapotranspiration wou]d“havetpeen at its peak
and only two rainstorms were large enough to restofe the H horizon mois-
ture content to its spring level: July 11-12 (9 cm) and August 16-17 ’
(5.5 cm). September precipitation was a}qost as great d;-£baf ip July
- and the H horizon moisture content was restored to 160% by the middle of -
the month. Nith‘the cessation of p]ant grow;h dnd_reduction in transpir- ’
ation in Seetember, moisture content redeined high until the end of the;
fd]] season. ?or the Ah“hofizon, the trend was one of gradual drying g
during the same per%od,'interrupted on]y by'the heav&’rainfall of the
Juiy 11-12 storm. Th1s event had no effect on the BorC horlzons with
only sporad1c read1ngs “obtained from the two deepest mo1sture ce]]s
A heav1er snowpack and higher April prec1p1tat1qn resu]ted in higher

spring moisture contents for all horizons in 1979. However, summer rain-

f as 1ower than in 1978 and the 1nd1v1dua1 events were sma11er (F1gure

). Even after p]ant growth ceased the great]y reduced fa]] prec1p1tat10n

was 1nsuff1c1eﬁf‘to raise mo1sture 1eve1s Thus, all hor1zons showed a

[~

progressive drying trend during the summer} with the H horizon'again
having the widest fluctuations in moisture content. . Since the lower

summer precipitation of 1979 was-c]oserﬂto the aVerage-patfern for the

Edmonton area, the soil mdistura(ﬁehaviouf for that:year was prdbab]y p

1
J
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more reoresentative of the normal conditions‘at the site.

Interception. of precipitation by litter and the tree canopy tends to
reduce-the supply of mater entering.the soil. For examp]e, several days
of 11ght rainfall 1n June, 1978, had’liftle effect on the moisture deple-
tion trend in the H\and Ah hor1zons, o) 1nterception losses were ]ike]y
considerable. Parker (19?8) found that such 1ossesJac§9unted for -8-9% of

i
total rainfall for Egpulus tremuloides stands 1n northeastern A]berta,

with the net ralnfall being’ greater for larder events. Zinke (1967)
reported that hardwood forest canopJes can store as much as 2 mm of
precipitation.- _

The pattern of progre551ve m01$ture depletion dur1ng the growing
: season is typical of forest soils (Zahner}\i§67) and has 1mportant impli- -
cations for.soi] genesis, Because of interc pt1on and transp1rat1ona] =y
'demands; there were on]y one or two rainfall events per season that were
]arge enough to change the mo1sture content of the mineral soil hor1zons
Therefore, the frequency. of Ieach1ng events is quite restricted, perhaps
limited to the early sprlng per10d dur1ng snowme]t and thaw1ng of the
soil, in add1t10n to 1nfrequent major rainstorms. |

P1ezometr1c head values showed gradua] seasona] changes dur1ng the :e;‘
study (F1gure 9) At all t1me$, the head was highest in the 10.4 m _t
, piezometer, wh1]e the 4, 5 m p1ezometer was dry throughout the period of
record. This indicated upward movement of groundwater, which 11ke1y S

‘moved into a more permeab]e sand and gravel layer at approx1mate]y 4 5 m
~

/

from the surface, to d1scharge elsewhere in the landscape.. Dur1ng 1978

head va]ues fe]] between mld June and late September and then rose more

rap1d1y unt1] the cessation of measurements in late November. In the

spr1ng of 1979, head va]ues wéfi hlgher than at any time dur1ng\t4§> ‘ o
o

o

-0
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TOTAL LITTERFALL, MAY-OCTOBER, 1979

- 112

Table 15
ﬁ .
Species Litter type kg ha~! % of total
N . -~ | .
P. balsamifera. Leaves and 2483.0 70.2".
reproductive
structures
- Bark and twigs 194.0 5.1
. P. tremuloides Leaves ' 250.0 7.1
. . } . A7
C. stolonifera Leaves and 575.0 16.3
reproductive : ‘
structures
Twigs - 9.3 - 0.2 .
Rosa -sp. Leaves 7.3 0.2 (
Twigs 3.0 0.1 :
Prunus sp. ~  Leaves . 8.3 0.2 \ .
_— . : ’ 4 q ;
Rubus sp. Leaves TN\ 2.3 0.1 - Nen
Corylus cornuta Leaves /f 8 5.6 0.2 . Ce
Ty Ny ‘ ‘
TOTAL 3537.8
| ' ¢
%
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prev1ous year and th1s rising trend cont1nued unt1] late June. The rising

p1ezometrid’head from late 1978 until mid-1979 probab]y was a de]ayed re-

su]t of the h1gher than norma1 late summer and fall prec1p1tat1on in 1§78

The water table well (3.6 m deep) remained dry throughout the study.

k)

" period exeept for May; 1979, when' the,water table was within 1-1.5 m of the

surface for 2-3 weeks. This cqndition was likely a perched water table
L

because the 4.5 il piezometer remained “ry during the same period. Thus,
except for this short episode, grdundwater was not close enough to.the

surface to affect the soil profile, even though discharge was occurring.
™,
he j ‘ , N

-5.3.2 Littezfall: Biomass and Nutrient Content

25

Tota] ]1tterfa1] durlng the May 17 to October 31,1979, per1od tota]]ed
3537 8 kg ha » With most occurr1ng between mid- September and m1d~0ctober
(Tab]e 15, Figure 10) A sma11 spring peak of litterfall consisted mostiy

‘of bud sca1es, seeds and other reproduct1ve structures of Populus balsam-

ifera. Dur]ng the summer, from mid- June until early September, Titter
'conSISted most]y of green 1eaves and Sma11‘¢w1gs released §6r1ng hlgh winds,
Of the year's total, P. balsam1fera litter accounfedrfor about 75%, most

of which fell from mid-September’thrdugh mid:October.

P. themu]oides ]eaves were a minor component comprising only 7.1%
:lof the tdtai‘ The - peak 1nput from th1s spec1es occurred one week after
that of P ba]samlfera Since no 1arge specimens of_g. tremulo1des grew
above the traps, most of these' leaves blew into the site from the edge of

the wooded .area.

Cornu@‘sto]onifera-was the dominant shrub at the site and accounted\j

-

for 16 3% of the litter ﬁtﬁﬁp with v1rtua11y all of that cons1st1ng of

leaves and reproduct1ve structures, pr1nc1pa11y fru1ts/' Th1s'spec1es had ,
'1 g . . T
- '~‘ i
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its maximum rate of ieaf Titterfall in late September, with most of its
‘ contributiog occuring»before the peak fall of P. balsamifera leaves. In
fact, more than half of the C. stolonifera leaves had fallen by‘mid—Septem-
ber. A]though no litter collections were maoerduring 1978, it was also
observed during that year that leaves frém this species began to turn
colour and fall we]] before those of Pogulus spp., suggesting that such
timing may be typ1ca]. ,
Three importent components of the annual addition of organic matter

| to the soil were neglected by these litter trap‘data. Although herbaceous
plants had a coverage of about 20% in the area in which Titterfall was
‘samp1ed no. attempt was made to estimate the1r contr1but1on to the total.
Root death is another unestimated component of the organic matter budget,
but becau;elof practical problems of measurement,;;ew studies exist of
root turnover in deé¢iduous forest soils. Cox e _3. al. (1978) found that

in a Tennessee dec1duous forest, root death and decay (< 0.5 cm d1ameter)
accounted for about 2/3 of the annual b1omass returned to the soil. In
“cth deciduous forests and pine o}antat1ons, Harris et al. (1977) foond
that annual root turnover (most]}i< 0.5 cm diameter) amounted to about

25% of thehbelow-ground organic'metter.‘ Thus, it is probably a reasonable
estimate that in deciduous forests, the root contribution to_soil organic
matter is at least equa]vto that of above-ground 1itterfal1._ A final
- point 1is that Since 1itter collection was not continued during the winter
Land.ear1y‘spring, the amounts of branch and twig 1itte} were considerab1y

underestimated. For example, Cragg et al. (1977) found that st of the

P. tremuloides twig and branch 1itter fell during the winter af a site in
the Kananaskis valley, Alberta.

The Titterfall estimates from this_sﬁte are within the range reported

QD
4
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for other aspen forests in the cno] temperate zone. In southwestern
'Quebec, Co]dwe]] and Delong (1950) reported annual rates of 1123 to 2291
kg ha'1 of 1eafiﬁitter Cragg et al. (1977) reported a biomass of 1734 kg
ha~ yr-1 in the form of ]eaf litter from a 69 year old aspen stand in the
Kananaskis valley. 1In the U.S.S.R., Rodin and Bazilevich (1967) measured
Teaf Titterfall rateS'ranging from'3620 to 4470 kg ha~l yr L in aspen

stands ranging from 10 to 50 years old.

Since leaves and reproductive structures of P. tremuloides, P. balsam-

ifera, and C. stolonifera accounted for most of the litterfall, only these
materials were selected for study of nutrient return. Ca, Mg, and K con-
tents Were examined because these elements accounted for virtually all of
the exchangeable cations in the soil. Seasonal changes in leaf nutrient
~content are averaged out in these data- since the subsamples for chemical
analysis were composftes weighted according to the litterfall in eech
samp]ingvperiod for that particu]ar species Such enanges can be signifi-
cant; James and Smith (1978) found that for P. tremuloides leaves, the Mg .
content in- reased twofold and the K content fluctuated by a similar factor
during the growing season )
Table 16 1nd1cates that both Populus species were similar in Ca anc
Mg contents, but that the K content of P. tremuloides was c]oser to that
of C. stolonifera. The latter had the lowest K and Mg contents but was
about 30% higher'fn Ca cortent than,the.average of the tno Populus species.
In terms of total nutrients.returned;-f, balsamifera was dominant because
of its Targe biomass. However, between-species’differences in. nutrient
content can obv1ous]y alter the total amount returned by a spec1es For
examp]e while C. sto]on1fera leaves comprised only 17.4% of the leaf

11tter contributed by the three dom1nant species, this source returned

-
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21.2% of the Ca

The 1mportant contr1but1on of C. sto]on1fera to Ca cycling at this
- &
site appears similar to the and1ngs of Thomas (1969). A related eastern

U.S. species, C. florida, comprised only 0.2% of the aboveground biomass

in the pine plantation studied, yet contained 1.8% of the total aboveground

. C4 in the stand.
Tha nutrient quantities returned in litterfall at the study site fit

into.the~higher range of values reported for aspen forests (Tab]e_17).
For the Alaska and Kananask1s aspen stands, site descriptions provided
by the authors indicated that the shrub stratum was much less important

than at Ellerslie; this may account. for part of the difference in nutr1ent

return. ' \ ' e

5.3.3 Litter Decomposition

C e

Decomposition rates of the three dominant_leaf litter typeé were
StudjedAby two methods:, incubationf with measurement of Cbz proeuction
©in the faboratory, and‘by the litter bag method at the study site.

The incubation experiment showed the C. stolonifera 1eaves to de-
conmnseapprox1mate1y twice as fast as the Populus spp. 1eaves (Figure 11).
The latter showed similar rates, with 25.7 and 21.4% of the carbon content
~ of P. balsamifera and P. tremuloides leaves, respectively, having been
realeased as COZ,'compared to 42.4% for C. stolonifera during the same
72 day period.. Since all leaf materials were ground to the same size
and were incubated under un1form temperature and moisture eond1t1ons in
the absence of soi1 mesofauna, these results shou]d jndicate their rela-

tive pa1atab111ty as m1crob1a1 substrates - Accordingly, C. stolonifera

1eaves seem to contain more readily. metabo]xzed substances than do the .
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401 . ‘
‘e C. stolonifera -
s P. balsamifera
% * P, tremuloides
\}

o~
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Incubation time (days)
Figure 11. Incubation experiment: rates of Co, - | -

production from leaf litter materials.
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Populus spp. leaves.

Three noteworthy points emerged from the litter hag experiment
(Figure 12). (1) A1l three species lost a significant proportion of
their initial weights over the winter months. (2) Although the dif—
ferences were not statistfcal}y significant because of the']imited
numher of samples, C. stolonifera litter bags exhibited the highest
rate of weight loss. ‘(3) A1l three species showed similar hates of
wewght loss until mid-summer, after which C. sto]onifera leaves seemed
to break down faster _

Over-winter we1ght losses from litter bags are usually -attributed

to leaching of soluble components, since low temperatures limit faunal

and microbial actiVity Anderson (1973) found that leaching can account

for most of the weight losses from deciduous tree 1eaves durwng the f1rst

. year of decomposition. Cons1derab1e over-winter losses from dec1duous
;Ieaf'1itter were also found in New Eng]and (Gosz et al., 1973). However,

unlike the latter site, at which a thick snowpack prevented freezing of

the soil and litter, the E]]ers]ie site experienced frozen conditions in

the 1itter layer from mid—Novemher, 1978, “until mid-March 1979 There—
fore, it is likely that most leaching occurred dur1ng ‘the Iate March
through Apr1] per1od of snowmelt and spring rains. _

‘Neight ]oiijgy the two Pogu1us species was a ]iheqh\function of
time, with'Simp]e regression givinj'a'high correlation coefficient for
| both species (R = 0.93, 0.97). (Figure 12). Although-not d1ffereni at |
-a statistically significant level, the rates of weight Toss for Teaves

.of these tw° species were both slower than that observed for C. sto]on-

’1fera.. P. ba]sam1fera leaves showed the s]owest rate, probably reflect-

ing their size wh1ch is approximately four times 1arger than leaves of

>
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/ - ‘ ‘ 7

P. tremuloides. P. balsamifera. leaves were also thicker and less brittie

than those of the other two species, characteristics that woulq,slow
their rate of fraghenfationﬁ- By the end of the experiment, the Populus- -
spp. Ieavégxwere still recognizable, although the P. tremd]oides leaves
showed a greater degree.of ske]etoﬁizationf(P]ates 10 and 11).

The C. stolonifera litter sHowed the most rapid rate of weight loss,

il

- with the slope of its regression line being 65% steeper than that-of

P. balsamifera. ﬁowever, the R value is lower, indicating that the

. Tinear md&é] gave a poorer fit. This particularly seemed to be the case CS:'

after August, when there was.a sharp drop in the recovered weight and an

increase in the month-to-month variation in percentage weight remaining.

At that time, the effects of “fgunal ingestion and fragmentation became

quite pronounced. By November 1979; little remained otﬁer théh Teaf
betio]es aﬁd midribs, with fhe>rest of the tiésu;'reduced‘to sma11 fecal
pe]]ets which were eas11y lost. through the mesh, thus 1ncreas1ng the
apparent weight 1oss (P1ate 12). , L ' - .

The regress;on lines for we1ght loss indicated 37.4% and 30.0% for
P. tremuloides and.P ba]samifera:-respectivefy, after twe]?e months

These rates are higher than those found by Lousier and Park1nson (1976)

: 1n the Kananask1s va]]ey, Alberta, where the corresponding va]ues were

26.2% and 21.2%. 'The cooler climate and shorter growing season of the
* ; o ‘ ‘

:‘ﬂatterisite Tikely accounted - for. the slower raté. ‘The authors found
‘that the faster weight loss by P. tremuloides corresponded to a higher

content of leachable substances. The rates obtained-at the Ellersiie

site are closer to those found bngacLéan and Wein (197é) for.P. trem-
2 . v
o

uloides leaves in New Brunswick: '38.3% weight loss after one year.

_Comparable data could not be found for C. stolonifera, but it is of

!
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Plate 10. Populus balsamifera litterbag material, recovered '
after 13 months. ' ‘
I“ | ' | | | . - - ‘ » - ’ ‘ '
Plate 11. Populus tremuloides litterbag material, recovered . =*°
aftef 13 months. . B - . e "
- ‘ S -
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. : Plate 12. Cornus sto]onifera,]ittefbag material,”
. after 13 months.
. p
s\ }
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1nterest that for the re]ated C. florida, Jeaf 11tter was found to have \,

a half- life of dn1y 0.6 years (Ausmus and w1tkamp, 1974) which wds 1ess

than any other value cited by Lousier and Par 1nson\\1976)

S RN T e

It was-obvious that faunal activity was a major reason for the rapxd ©g

~

phys1ca1 breakdown of .C. ‘stolonifera leaves. In addition,’ cE;ta1n dif-

ferences also existed in the microbial populations colonizing these

Fe1 e PR N

i

three 11tter types (Table 18) Pigmented (orange or pink) co]onies com-

prised ha]f or more of the bacter1al colonies counted on the Populus spﬁ

N R s

plates, but only about 25% of those on the C, sto1on1fera p]ates. Such

pigmentation is characteristic. of the genus Cxtoghagas which has a spread-

ing habit of growth adapted to the exploitation of extensive, lower

e Y Y

quality fodd resources (Dr. F.D. Cook, Deptonf Soil.Science, Undversity

¥y
-,

“of Alberta, personal commUnication). This suggests that the C. stolonifera

leaf litter is a higher quality substrate for bacteria, in addition to

i

being "more pa]atab1e to mesofauna. G ) ” P f
*Compar1son of nutrient contents in the 11tterbag samp]es dur1ng the f%
first year of the exper1ment revealed d1fferent trends both accord1ng to ”?. znﬁ
the’ spec1es and the element stud]ed Ca]c1um contents of 11tterbag samp]es ‘é
" 3

_behaved differently in C stolon1fera wh1ch showed wide fluctuations con- f
.

verging on the or1g1na1 value, compared to Populus spp., which displayed L.
an 1ncreas1ng Ca contept after several months (F1gure 13). Magnesium .

contents showed less f1uctuat1on in the C. stolon1fera than gglus spp -

o “._:;. e
s G B

<
w13

samples. In the Tatter, f]uctuat1ons for both Spec1es were s1m11ar in

RGN TS

d1rect1on and magn1tude over the duration of the exper1ment Overall,
the Mg content rema1ned c]ose to the or1§}na1 va]ue for C. stolon1fera S
and about 50% lower for ogu]us spp Potassium showed botH the smallest

|difference.in its dynamigs’betmeen the three Titter types, and the most |
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Table 18. MICROBIAL POPULATIONS IN - |
’ LITTER BAG MA?ERIALS'(OCTOBER, 1979)1
: , _Bacteria .
Leaf type. A2 7 B Fungi
. S .8 ‘ 7 7
R. tremuloides - 1.1 x 10 8.3 x10 1.3 x 10
- ® ’ -2.}
P b . . 8 T, ' 6
PB. balsamifera _ 2.4 x 107 2.4 x 10 2.0 x 10
C. stolonifera 7.2 x 107 2.2 x 10 2.9 x 10

o

1

_2 A - formed coloyred colonies (orange, pink)

Il

‘3 B - formed'white colonies

populations expressed -as numbers per g, on a moisture-free basiﬁ\\

i
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rapid rates of loss, ranging from 45 to 75%. Most of this loss occurred
during the winterwand early spring.

) These results generally cornespond to patterns'of litter nutrient
re]easeldocumented by other workers. MaclLean and Wein (1978) found that
the Ca content generally increased in hardwood lTitter, inc]uding.thot of

P. tremuloides, after between eight and twelve months of decomposition in

'Titterbags. Similar results were also obtained by Lousier and Porkinson

(1978) for P. tremulpides and P. balsamifera leaf litter. Gosz et al.

- (1973), Attiwill (1968) and Thomas (1970) all found that Ca was the least

mobile element of these three, with overall losses closely related to the

~ rate of tissue weight loss Ca tends to be concentrated in the structural

components of the 1eaves and is less suscept1b1e to\ieach1ng Literature
data 1nd1cate that K is rapidly 1ost and shows sma]]er between spec1es
differences in its behaviour than do other elements (Attiwill, 1968; Gosz
et al., 1973; MacLean and wein, 1978). This Togs is attributed to leach-
ing because K 1s not a structura] component of plant tissue. 'A]though
‘Gosz et ~i_ (1973) found that Mg toss rates from deciduous 1eaf 11tter
were s1m11ar to those of K MacLean and Wein (1978) and Lous1er and -
Parkinson (1978? observed rates that were 1ntermed1ate between those of
K and Ca, a f1nd1ng s1m1]ar to that obtained in this -study”/ Therefore,
the mob111ty rank1ng, K> Mg > Ca, indicated by the present study is

/

-

typical ofﬁ}he pattern for dec1duous tree leaf litter in general

..5.314 Water Chemistry: Precipitation, Throughfall, Stemflow,

and Lysimeter Leachates

D1st1nct1ve patterns of var1at1on were displayed by the/éelected
solub]e const1tuents in water sampled at different levels at the study

s1te. prec1p1tat1on (prior to 1ntercept1on by vegetation), throughfall,
. ) A <, L,

o)




pae )

129

stemflow, and soil 1eachates. B fore discussing these results, it is
essential to rea]ize’the constraints imposed on their interpretation by
the nature of the syStem and- the samp]ing‘problems involved. ' &
Since the objective was to observe general trends, rather than to
establish accurate chemical budgets; samp]ing intensity was low. Because E
poth throughfall and stemflow have conSiderab]e}épatia] variation in both Eé
quantity and chemistry in a forest stand, very large numbers of collectors ‘E
are needed to give a valid samp]e if a budget type of study is to be con-
ducted (Parker, 1978). Chem1ca] var1ab1]1ty a]so resu]ts from the extent
of dilution effects which are governed by the amount and frequency of
rainfall involved in leaching substances from leaf surfaces; this matter
‘will be discussed 1ater. To‘a]low for all of these sources'of variability
would have made for a major study in itself. Therefore, the data presented
for throughfa]] and stemf]ow are intended only as genera] 1nd1cators of

water composition at the site.

o+

The nature of the lysimeter design and placement justifies‘a similar
degree of caution in interpretation. Large voids, such as root channels, ‘
greatly influence rates of water_moVement‘through the soj],‘but such
features are unpredictable in their distribution.r This type\of porosity
would obviously affect the EXtent-of interaction between water and soi]
components and therefore the character1st1cs of the leachate chem1stry
Secondly, the walls of the 1ys1meter co]umns exclude plant roots, . affect-
ing the so11 so]ut1on in at least three ways (1) prevention of water, :

' uptake for transp1rat1on thus increasing leachate volumes, (2) vpreven-
tion of’ nutrient uptake possibly resulting in higher solute concentrations
(cf. Feller, 1977), and (3) e]1m1natlon of .rhizosphere effects, such as

‘/root exudation and respiration. The week]y sampling schedu]e meant that

.
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after heavy rainfalls, the lysimeter collection vesse]s would Tikely

overflow, resu1t1ng 1n loss of leachate and preventing any quant1tat1ve

estimate of total nutrlent flux. o | |
For the foregoing reasons, the data are presented as simply as pos-

sib]e{-- as unweighted means for each property determined for‘samples_

from a’particular source, Despite#a11 of these qualifications, it will

be seen that several trends emerged which are consistent with‘soi1.prop:

erties and our understanding of solute dynamics‘in ecosystems.

| The mean pH was lowest in the incoming precjpitation (6.33) and

increased as water moved downward through the system (Iablg\19) The

. ]argest pH change occurred when the prec1p1tat1on interacted with the

tree canopy, with the result that pH va]ues for the ]ys1meter 1eachatesl’“\“‘

were close to those recorded for the~throughfai] and stemflow. |
The;major cations (K+, Ca++ Mg++,.Na+) were all present at Tow-

levels in the prec1pitat1on but differed in their behaviour as water

. passed through the system Substant1a1 amounts of K were added to

throughfa]] w1th 1esser amounts of Ca T Mg , and Na , in decreas1ng

order of abundance. Stemfiow, compared to throughfa]] was enr1ched in

three of these e]ements while ma1nta1n1ng s1m11ar concentrat1ons of-

Na+. The most dramatic increase occurred for K > wh1ch was approx1mate1y

ten times as concentrated in stemflow as in throughfa11. catt and Mg

'wene‘enriched by sma]]er.factors in stemflow. Stemflow cation concentra-

tions for all elements except catt nere equal to or greater than those

“found in the soil ]eachatesﬁ However, the vegetat1on cover above the -

lysimeter 1nsta11at10n was similar to that above throughfall co]]ector

#2 and no tree trunks were close enough to contribute stemflow to the B

water entering the columns. _Therefore,‘the data reported for that collector.
. . 4 ]
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are probably the best guide to the probable céncentrations of solutes

entering the lysimeters; generally, the lowest average concentrations in
throughfall were foﬁnd in #2.

Once throunga]]'enteredbthe soil, cation behaviour differed accord-

ing to the element. K+, which is more abundant in the L-F ]eéchate,

decreased by about 50% between each 1e§e1. Thfs trend was not‘here1y Jj
én‘artifact of the averaging ofqya]ues, but was the case for virtually :
all indfvidua] samp]ing.periods. Na® remained thé least abundant cation,
vincreasing slightly in the Ah Horizon leachate. Ca*' énd Mgiu+ behaved
almost identically, each with concentrations in the L-F Teachate being
much greater than in the throughfall. These two cations then decreased
in the H.horizdn 1eachate\bﬁt reached a maximum in the Ah leachate.

- Because of.éémple vo]hmé 1imitafions, only two anions were detér-

- mined: HC03' and SO4=. Other aﬁions were 1ikefy present: NO3', which
was identified by 1ﬁfrared analysis of conteﬁtrated samp]es, and C1°,
whfch_occurs’ﬁh smal}famounts,iaveraging 0.5'mg(1'}, in precipitation in
central A]berta (Summers and Hitchon, 1973). Bicarbonate was’thé dominént
anion -at a]] 1evels in the system and its behaviour fo]]owed the general
‘ trend of 1ncreas1ng cat10n concentrat1on in the order: -prec1p1tat1on,
" throughfall, and‘so1] 1eachate. Stemf]ow conta1ned bicarbonate concen-
trations equal ts of greater than those in the. 5011 leachates. Sulphate
concentrat1on was 1owest in the prec1p1tat1on samp]es, 1.7mg 1~ -1 typica{
of the reg1on, (Summers and -Hitchon, 1973), h1gher in the throughfa11 ‘and
stemflow, and 1ncreased progress1ve1y with depth in the soil Tleachates.

| S111con was determined on all Ah hor1zon 1eachate samp]es and on

a se]ect1on,of samp]es from other sources; only the former conta1ned any

- detectable amounts. ~The mean concentrat1on was 6.29 ng. 171 and. ranged
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between 0.4 and 10.35 mg 1'1." Because of the filtration procedure

used in handling the leachates, it is possible that some undetermined

NIRRT e

part of the Si was present'in‘colloidal’forms that were not removed. Ah =
horizon 1eachates were also tested for Fe and A1, but any anounts present
were below the detection limits of atomic absorpcion <n9ctrophotonetny-

The orgadtc constltuents in solution shov .d two patterns of variation.
So11 leachate concentrat1ons were’ e1the//rongh1y eyual to th-se in through-
fa]] (soluble C uronides, and saccarides) or ]ower, as in the case of
total phenols. For all components defermIned the h1ghest concentratlons
were found in stemf]ow : » /

Freeze-dried 1eachafes, throughfall, and stemflow samples collected
on August 4, 1979, were examined by infrared spectroscbpy As the other
analytical data 1nd1cated these water samples pdssessed a complex mixture
-of organic and 1norgan1c solutes.’ Consequent]y, the infrared spectra are -
difficult to 1nterpret except‘Tor assessing general trends (Dormaar, 1970)
in th1s case, the qua11tat1ve d1fferences in the organ1c and 1norgan1c
solutes. ‘The criteria used were those_set out by Dormaard(1979,ﬂ1978)
who'interpreted simi1ar~5pectra'of'artificia] canopy drip and Ah horiaonA
soil solutions. ) | |

As in the case of Dormaar s (1978) Ah horizon 5011 1eachates\}norgan1c

salts (carbonates su]phates and n1trates) dom1nated the five spectra,

a8
R
=,
e
s
A

resulting in most-absorption bands for organic components beinngbscured
(Figure 14).' The 2900 cm™} band for'a1iphaiic CH, stretch was clearly
present in throughfa11,astemflow and,L-ED1eachate samples, but was not
discernible in'the H'and Ah horizon 1eachates Carbonyl absorption (1720
lcm'l) waé not,defected:in any.spectrum " The 1380 cm’ -1 absorption band

attributed to the carboxylate anion partiaT]y coincided with the strong

r
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Fig@re 14.  Infrared‘spectra of freeze-dried through-
fall (T), stemflow (S), and lysimeter, leachates.
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" ‘bands from CO3= and'N03' and was clearly evident only in the L-F leaghate.

It is noteworthy.that this was consistent with the finding that the high-

est concentrations of uronic acids were detected in the L-F horizon
leaehates.( Bands near 1075 and 1045 cm™! were clearly evident only in
the L-F ]eachete; but may be obscured in the otherrspectraﬂby.a strong
SO4= band:' In a study of artificial leaf leachates, Dormaar (1970) .
attributed the.former bands to silicate clay struotures present'as dbst '
.on leaf surfaces Benzeno1d (900- 700 cm ) and pheno] (1330 1110 cm-l)
'bands are d1ff1cu1t to d1st1ngu1sh because of strong nearby absorpt1ons
-by_lnorgan1c,sa]ts. 'Nevertheless ’EbSO?ptTOH in these two regions appear;
ed to be ‘greater in the throughfa]l and stemf1ow spectra than in those of
the soil leachates . | ’

-Invd1scu551ng the significance of these'resu]ts for the functioning
ot the soil system, the data nill be dfscussed in re]qﬁion to several
‘general issoes (1) the ro]e of the tree canopy and ]1tter layer in-
imod}fyIng the chemistry and d1str1but10n of prec1p1tat10n, (2) the
‘sourcesvand functions of so]ub1e organics, (3) patterns of elemental i'
mobility in the soil, and (4) weathering processes in relation .to"Si,
Fe, and Al release. .

It was clear from the data presented that the" tree canopy exerted a.
s1gn1f1cant and spat1a11y/var1ab1e 1nf1uence on the chem1stry of inter- -
cepted prec1p1tat1on. A]though th1s phenomenon has been known for many | .
_years (Tukey, 1971), the quantitative aspects of th1s ‘process and 1ts | |
eco]oglcal 51gn1f1cance have only recent]y been studved V1rtua11y a]]
organic and 1norgan1c substafices found in p]ants can be 1eached from
their surfaces part1cu1ar1y follage K, Ca ‘Mg, and Mn are the major

a

1norgan1c nutrlents ]eached from plants, but organ1c substances notably
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- carbohydrates, comprise the largest proportipn of tHe leached
_For inorganic nutrients, a variety of studies have examihed i
- quantities involved. The 1each1ng 1osses of a g1ven element are more :
c]e/ely re]ated to where it occurs in the plant tissues than its simple
‘~“1n1t1a1 abundanpe, as shown by Eaton SE.El{’ 1973. The same studytfound
that ]eachability of partieu]ar'elements from a hardwoodhforest,canopy
followed the order Na>S>K>Mg>Ca$N>P. While K and Na tend to occur in
ionic fdrms and'E?e~readi]y leached, Ca and N‘are found in structural
' componentz and require ]eaf sénescence before major losses can occur.
‘At the ecosystem ]eve] these differences resu]toln contrast1ng patterns
of behaviour for d1fferent elements. For examp]e Duv1gneaud and Denayer-
De Smet (1970) found that in a Belgian oak forest throughfall and stem- o
flow accounted for 53.3% of the annual K return, compared to 5.6% of the
Ca return. | ~ The correSpondmg f1gures for a&aspen stand in northeastern \ /
Alberta were 29% (K) and 9% (Ca) (Parker, 1978). ' ‘
.Mechanisms propqéed for this leaching process invo]te cation exchange
reacttbns and ion ditfusion occurrjng at the Teaf surface For Ca
Teaching, Mecklenburg et al. (19663 suggested that (1) W in the 1each1ng
solution could exchange for cat on exchange sites in the cut1c1e -and cell
_ wai], and/or,-{éST Caf+ in theftrans1ocat1on stream could diffuse ;rom
n the leaf into the leaching solution. These authors thought that thi-
mode] would also be app11cab1e to other cat1ons (e.g. K" ). The same
study also offered_an exp]anat1on for the frequent1y aIka]xne reac.ion
of the p]ant~1eachates. Carbonic acid from dissoTvedﬁCOZVdissociates,
with_the‘released H+ djSp]acing exchangeable cations from the leaf sur-
cface,.changing the leaching water to an alkaline bicarBOnate solution.

Stemflow has reteived.SOmewhat less quantitative Study,'partly




because on]y a small proportion‘of the iucident'precipitation in involved:

3.9-6.1% for three eastern Canad1an hardwood species (Mahendruppa, 1974).

However, the concentratlons of dissolved inorganics are often higher than Ae

in throughfall, principally because the'duration of contact between the-
leaching water and the plant surface is longer (e.g. Rolfe et al., 1978)
Ep1phyt1c lichens, which occurred at vary1ng densitiés on tree trunks at
the E]]erslle 51te,vgre a forther source of leachable inorganics, partic-
ularly of catt . Mg" , and H+ (Lang et al., 1976).

The throughfall and stemflow data presented earlier from the Ellers-
lie site appear con51stent w1th the observat1ons made in other studies.
K* was the most abundant cation in thr0ughfa]] (0.18-0.46 m. e. 1;1) in
accordance with its 1eachab111ty, while Ca had somewhat lower concen-
trations. Since substantial over-winter losses of K were noted in the
litterbag exoerimentz it is 1ike1y that much'of the k* in the-soil leach-
“ates during the summer cameAfrom t = throughfall, sdnce the readi19
leached supolies of K+ had already veen lost from the previous year's
iitter layer. Except for Na s the h1gher cation concentrat1ons noted in
the stemfﬂow were to be expected as a resu]t of the surface area .and
Tichen effects The ranking of abundances 1n the order K iCa >Mg++>Na+
is a]most the same as for throughfa]1 except that 1n the . ]atter Mg X
and Na* have approx1mate1y equa] concentrat1ons These results suggested

that the ‘Same contro]s of e]ementa] mob111ty operate for both stemf]ow

and throughfa]l Similar ‘rankings were observed by Gersper and Holoway- :

chuk (1971) for eastern hardwoods. “In agreement with the ion exchan
model  discussed earlier, the pH of the water rises as the precipitation’
intenE%ts with the canopy; bicarbonate concentrations aTso rise.

As mentioned earlier, a variety of organic substances is removed by
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E forms be]leved ‘to or1g1nate from (1) reS1stant or protected undecomposed

. plant res1dues, (2) microbial synthes1s from non- carbohydrate substrates,

138
)
leaching of living plant surfaces.. In the Study b& Eaton et al., (1973)
of an gastern hardwood forest, average concentrations of organlc matter
in the throughfa]] wére of the same order of magnltude as in the Ellers-

11e data. Carbohydrates.are a maJor component of throughfa]] _organic

3
\
N

matter, compr151ng up to 78%, w1th an ‘average of about 25%, of the tota] ’

.organic matter contribution from the 1each1ng of an oak forest canopy
studied by Carlisle et al. (1966). For hardwood stemflow stLd1ed in
eastern Canada Mahendruppa'(1974) found lower soluble organic concentra- -
“tions than were the case for the Ellerslie data, with carbohydrates ‘ \
comprising up to 14.9% of the organic fract1on Although a precise
trac1ng of sources wou]d be a project in 1tse1f, it is s1gn1f1cant that
carbohydrate concentrat1ons in the throughfa]] and stemflow exceeded

those in the s0il 1eachaces,»-Therefore, this comoonentfof the soil :@
“solution may partially originate odtside the_soi],/ - O N :;i

Apart from their role as a substrate for microbia1“growth\ carbo-

" hydrates in the soil have rece1ved much’ attentlon because of the1r role

! in so11 aggregat1on “Numerous stud1es (e. g Acton et a] .» 1963) Have - ,
demonstrated corre1at1ons between the degree of 5011 aggregat1on and the |
content of polysaccharides in various soil organ1c matter fract1ons '
However, confllct1ng evidence has also been advanced (Harr1s et a] 1966).'
. For examp]e, Bloomfield (1956) found that polysacchar1des of leaf extracts»
appeared capable of-cauaing‘def]occu]atﬁoﬁ of c]ayé, permitt%ng their

: trans]ocation | " | |

Most work onsopro]ysacchar1des has 1nvo1ved the more per51stent

]
-and  (3) microbial transformation of monomers released from decomposing

»
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plant materials. Lowe Q}978) noted:that oarbohydrates constitute approx-
. imate]y one“tenth-ot soil organic matter,\a proportion eqpa] to or less
than that found.in stemf]ow and—throughfall organic matter. Sincelthese
two sources contr1bute a small but mob1]e _component. of the total organ1c

matter returned to the 5011 by forest vegetation, perhaps it is time for-

~ the role of this mater1a1 in soil aggregation to be studied more thoroughly.

It is also uncertaIﬁ whether the soluble carbo drates in the soil system,

whatever their or1g1n are ahle to entar into the

rocess of aggregrate
41format1on orare metabo11zed before that can occur.
Phenolic substances and uronic acids both have the ability to conp1ex
meta] ions and have been 1mp11cated in the pedogenic hobilization of Fe -
and A1 (Ma]co]m and McCracken, 1968; Davies, 1971) Such behaviour has
) also been demonstrated in art1f1c3a1 leacha.es of Populus Spp. 1eaves.
'(Dormaar, 1970, 1971). Since bothmof these organic"substances were
detected in the throughfa]l and stemflow samples at the study site in
concentrations equa] to or greater than those ex1st1ng in the soil leach- :
ates, it appears that aboveground sources may have prov1ded a significant
_proport1on of the uronic acids and pheno]1cs in the soil so]ut1on Because
Fe dep]et1on wgstobserved in the upper hor1zons of the 5011 at the study
s1te, 1t is possible that these agents may have played a'ro]e.“ However,
eince no Fe was detected:in'the soil 1eaohates this may be unlikely and
. another mechan1sm, such- as 1nfrequent ep1sodes of reducing cond1t1ons may
be respons1b1e ‘ ]
Duchaufour (1977) pointed out that the pheno]iciprecursors:of hunio
- substances can have several fates, ihc]uding- (1) precipftition of in-
so]ub]e comp]exes formed by react1on w1th cations, (2) -adsorption by

1norgan1c co]lo1da1 components (3) Toss through biodegradation of side i

~>“ .- '.. - -. ’(
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"chains and'tunctiona] groups, and (4) condensation of aromatic nuclei.
These processes are thought tq'pe particularly active in mull Ah horizons
“in which the products of these reactions form the humic substances involved

in clay- hum1c complexes.
A%

Un11ke the other so]uble organic const1tuents, pheno]s were much less ~

;
abundant in the snle]eachates than in the throughfa]] and .stemflow. - It is

mpertinent that Davies (1971) suggested that in Tow rainfall cllmates, high
base status soils will experience rapid minera]izatfon of organic matter,
including phenolic substances, thereby reducing the potential for Fe

. mob1T1zat1on Perhaps this explanation applies to Chernozemic soils,
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prov1dihg a buffer1ng mechan1sm that s]ows the degrad1ng 1nf1uence of phen- .

olic substances . = L
" The question of elemental mob111ty in soils will be discussed next,
. s1nce it governs the fate of nutrients enter1ng the soil both 1n so]utwnk

from outside and as released from decompasing organ1c matter. As shown )

by numerous studies (e.g McCo]] 1972; thnson,.1975), the rate of c&tioﬁ)’

transport in the soil is 1arge1y control]ed by the anion content of the
soil solution, since the negatlve charges of the exchange complex are
immobi]e In the temperate and trop1ca1 zones, theBdommnant anion is
usua11y blcarbonate formed by the d1ssoc1at1on of dlsso1ved CO produced
- by re5p1rat1on in the 3911 The hydrogen ions s1mu1taneous]y re]easedrare
available to replace exchangeab]e cations on colloid surfaces. In other
environments, atmospher1c su]phate pollut1on or' the product1on of organ1c
an1ons as a.result of decompos1t1on processes can, redufe the 1mportance )
of bicarbonate as a leaching agent. C]ear1y, though the 5011 so1ut1on
data from the E]]erille site 1nd1cated that this 1s a b1carbonate dom1nated

.system "The other anion determ1ned su]phateV'aDparent1y 1ncreased in

-
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toncentration with depth in.thedgoi], butvthis observation should be
.treated with caution because of the limited nuiber of analyses performed.

_ Differences in behaviourfbetween_e]ements havé_already been nnted in
‘this study; this discussion attempts to relate these differences to both
the properties and dynamics of the soil system. Ae was already noted, |
K concentrations peaked in the L-F leachate, reflecting the combined
effects of leaching from both the living tree canopy and decomposing
latter. In the absence of root uptakedbecause of they]ysimeter design,
the consistent dr6p in K+ eoncentration in the soil 1eachates with depth
| requires explanation. S1nce the clay mineralogical analyses 1nd1cated~a% 3:
s1gn1f1cant content of mica and an undeterm1ned but sma]] amount of
verm1cu]1te, K-fixation may exp1a1n the drop in 1ts concentratlon in the
Neachate hetween the H and Ah horizons. Desp1te the faet that about han
of the k" in solution is lost dnring percolation. through the Ah horizon, “
this cation occupies‘on]i about 2% of. the exchange capacity, again sUggest-
ing,the.posstbility of'fixation. Howeven, the drnp‘in K+ concentration in |
the H horizon is less easy to exp]aln since the content of m1nera1 material
:1s qu1te low by compar150n w1th the Ah hor1zon
“ The other catlons ma1nta1ned more constant. concentrat]ons in the
s0i1l 1eachates suggestlng a h1gher degree of mob111ty than for K §h1s‘
accords wpth(the f1nd1ngs of Riekerk (1971) who observed Ca to be;more

ile than K in the m1nera1 hor1zons of a forest soil. It is 1nterest1ng
that Na s a]though not abundant 1n throughfa11 or stemflow, did show an Y v%:
increase in its concentrat1on in the Ah leachate. In fact, if the water
chemistry data had 1nc1uded on]y those sampling dates when ]eachates from
all three levels were 0bta1ned the trend wou]d have shown approx1mate1y .
A ‘a twofo1d 1ncrease in Na concentrat1on 1n the Ah Teachate vsédggat frgm;;.ff’:D :

. P = 8
- kN ) . ' ."4 : ‘ . i &MJ

¥



¢ o142

the L~-F. This suggests some“d1sp1acement of exchangeable Na perhaps

by K" which is higher in the lyotropic series (Gast, 1977); note that

With depth in the soil, exchangeable K' decreased relative to Na'. The
abundance of Ca*t {n the soil leachates presumably reflected its abund-

ance in the leaf litter added to the soil and part1a1]y accounts for

its abundance on the exchange complex.. Ca'’ will tend to daminate ~
because divalent cations have a higher replacing power than monovalent

‘cations. In addition, materials of high exchange capac1ty, such as the
smect1tes are abupdant in the pedon, and favour adsarption of divalent
\cAtions (Wiklander, 1955).

rAS»was~obsenved in the earlier part of this chapter, minera]ogical

~analysis sugpested that there nas on]j limited weathering occurring in

“the s0il at the study site, a.characterist%c typical of Chernozenic soils.

" Since nutrient cyc11ng processes exert such a‘decisive control over the

dynam1cs;of the b1o]og1ca11y 1mportant elements in the soil, any conclus-

- ions about weather1ng processes would have to be eased on the behaviour of
other e]ements such as Si, Al, and Fe. | . ‘

: A]though Fe was not detected in the 1ysimeter leachates, the pedon
showed morpho]og1ca1 and ana]yt1ca1 evidence of iron red1str1but1on
Hydromorph1c features in-the Tower solum suggested that per1od1c reducing
'cond1t1ons had eX1sted during the past. However, when a perched water
tab]e occurred at the site in the spring of 1979, in s1tu measurements of
Eh and pH both in the Ah and Ckgj2 horizons 1nd1cated the persistence of
ox1dlz1ng cond1t1ons These f1nd1ngs were similar to those of Dormaar
“‘(1978) who observed that the brief per1od of saturation occurrlng dur1ng

the sprwng defrost1ng process in Chernozem1c s0ils was not suff1c1ent to-

"

cause Fe reduction and mjgrat1on. Therefore, the former drainage conditions“'ggy

f
.
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ce

in thetgﬁﬁanity of the study area may have been poorer. since more pro-
longed pertods of saturat1on than occur today appear to be needed for fe
reduction and mob1112at1on |

A]uminum in the soil sp]utidn wdu]d serve as a useful indicator
of weathering,-yet.none was detected. This is(not surprising, in view
of the fact-that the soldbility of alumina at near—neutra] pH conditions
‘is almost nil (Mason, 1966). In addition, any small amounts of Al re-
leased by weathering would not necessarily be available td enter into
the formation of new mineral species»but'cou1d be tied up in non-crystal-
line complexes with organic acids, such as citric acid (Kwong ard Huang,
1977)- | .

Silicon concentrations in the Ah horizon 1eachates; a]thdugh vari-
ab]e showed an average va1ue similar to those'ebtained by.MeKeague and
Cline (1963) for 5011 ektracts (0.9-15.0 mg 1 1). This findind coincides
'w1th that of Elgawhary and L1ndsay (1972) who conc1uded that soluble Si
in soils w111 o%%ur at levels between those maintained by amorphous, silica
| (51 mg 1 1 at pH 8.0) and quartz (2.8'mg1 1). However, the S1 data in the *
present study have not been obta1ned from equilibrated so]ut1ons, SO any
detailed comparisons are p01nt1ess o

‘The forego1ng 111ustrate the fact that the 1eachates sampled in this
study represent on1y.one part of ‘the total soil solution. As demonstrated
by Boudﬁ# et al. (1978) 1ys1meter waters d1ffer in chemical properties
from waters held at higher tensions in more 1nt1mate assoc1at1on w1th the
Vm1nera1 component of the soil. Therefore,‘lt would be incorrect to re-
late the chemical data from. the former to m1nera1 stab111ty fields and
bdraw:eonc1usions about the possib]e direct*on of minera] transformations.

Tardy et al. (1973) made the same po1nt in d1scu551ng granite weather1ng,
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solutions in fine pores circulate moré slowly than those in larger pores -~
- and thérfore will have higher solute coanntrations://Consequentl;
montmorillonite may be formfng in the gma]]er voids_at the same time as
kaolinite is develdping in the more free]y drained pofes. Analyses of
./on1y solutions from the latter will not give a true pictufe of'the divers-

ity of weathering environments in the soil.
5.3.5 Micromorphplogical Change

The two parent material cores emplaced in thevsurface hori;ons for
two years'showed the beginnings of pédogenic reorganization of fabrics.
These changes were particularly marked in the core placed immédiate1y
beneath fhe 11tter~1ayer. lPrior‘to impregna%ion, the upper‘5urface of
that core had become quite irregular, with many rounded aggregates (1-3
mm diameter) being partia]]y'of comp]ete]y,aftached (Plates 13—15). In
addition, theré appeared to have‘been some.surféce staining by 6rganic

matter, resulting in a s1ight1y»bf0wner c01ourithah at the bottom. of

-~

Litter materials had become partially mixed”with ﬁhe surface

In spme'cases, leaf petioles had’béen drawn intb the ]qrger voids, 4 Jh@
pérhaps by faunal action. In thin sectidh; it was cleér thaf the sfrucfure

"of the upper half of t@e ﬁore had become more open. Planar voids seémed

to have widened and there was a larger number of smaller (< 2 mmvdiameteﬁ)

- e

P

granoidic and fragmoidic unfts (P]até 14). ﬂUnder magnification, the

changes at the suffacg were quite evident, with newiy-formed gran%c énd ' ‘g

gréhoidic/units.being intérming1ed with litfer or humified material'(Pléte

15). | | |
"The core placed in the Ah ho%izon,shbwed fewer changes, principél]y

a_more;p;onounced development of joint p]anes$and some éntby of mull-

4

]
£
A T N R



Plate 13. dppervsurfhce of parent material core placed beneath
litter Jayer for 2 years (actual size). Note numerous rounded

aggregates and partial incorporation of organic debris.
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2
-Plate 14. Granic unit (1 mm diameter) at surface of parent
material core shown in Plate 13. : oo .

s . _ .
Plate 15. Granic unit incorporating 0.1 mm wide leaf fragments,
formed at surface of parent material core shown in Plate 13. =

JT v—somenos:
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granic unitsfinto the larger voids near the upper surface.
Several processes seem 1ikely to have been responsible for these
effects. :The‘widehing of planar voids could have resulted from a combina-

t10n of frost act1on and the shr1nk1ng and swe111ng of the smectite-rich

.¢lays. The former poss1b1y could be tested by retrieval of cores dur1ng

<)
B
U
i
8
g

the winter in order te-examine them for development of segregated ice

Tk

Tenses. Biological activity was probably responsible for some of'the'

ot T2

¥

1ncorporat1on ‘of organic debr1s, part1cu1ar1y in the core placed below

e

the litter 1ayer. However, it is unclear how the emerging granic and

' grano1d1c un1ts had formed near the surface of that core. It seems un-

T el SRR

ey

11ke1y that faunal “ingestion and excret1on were responsible, 'since the
mater1a1 was essent1a11y devoid of organic mater1a1s. Since aggregates
of similar s1ze and- shape have been attr1buted to b1o1og1ca1 act1v1ty,

this observat1on is interesting: Perhaps. organ1c substances, such as -

RIS IRT PV o SR S IR

po]ysaccharides, 1eached from the tree canopy and ]1tter 1ayer, and/or
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some unknown physical process operating near the 5011 surface were respon-

]

sible for producing the rounded aggregates. . LY
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- CHAPTER 6 o

SUMMARY AND SYNTHESIS

This_fine] chapter brings together the principa]vfindingsfgf the
study in order to assess fhe degree to which the central ebjective was
met. Based on thié assesé%ent, soﬁe recommendations are made for direc; »
‘tions to be pursued in further research. ' - p
One of the inherent_]imitations of a field-based Study of sqjj/ﬁyf '
namics is that the eonditions prevailing during the investigaéiae mey be ‘
-unrepresenteifve of those which have been t&pica] during tﬂe pedon's.
evolution. However this difficu1ty shdu]d not be bermitted to discour-
age such studies Observatlons of and experxmentat1on w1th 5011 form1ng
.processes ‘are necessary adJuncts to trad1t1ona1 approaches in soil
genes1s research. ’
The most obvious examp]e'of this pfob]em with shorf-term stud{es of
"s0il dynamics' comes in the effects of year- to-year var1at1ons in c11mate.
However, such f]uctuat1ons provide an opportun1ty to observe any related
changes in the behagﬁour of the soil system. For examp]e, the June to
August prec1p1tat1on in 1979 was 20% Jower than during the brévious
'iyear? wi th - summer rafnfa11 during fhe'iwowyears falling oe both sides of
the 1ohg#term mean. - Another signfficant and reiated'd§fféreece was in
the springtime moisture seatus;.a brief period of saturation occurred at o
‘4the site in 1979, but not in 1978‘or'1980./ Despite these ve?iations in
moisture status, at no time wasLthere evidenee fok'iroh reduction and
‘mobilizafion: This f1nd1ng was 1nterpréted to 1nd1cate that the hydromor-
ph1c features in the pedon are re11ct and were fOrmed under more poor]y

. f
drained cond1t1ons_1n the past. G1ven the_LandrSurvey evidence for exten-
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sive areas of slough and marsh in the Lake Edmdnton platn prior to IQnd ﬁ;
clearance,and settlement,. it seems jike1y‘that soil drainage conditions 5§
- have changed during the-paet century. In that sense, then, it appearS'- . ;%
that some of the pedon's morpho1ogy can be attributedrto conditions IE
which no longer exist in the-preseht envirohment. | ‘i
Bio]oQica] activity plays a major role in pedogenesis at the site, 1 :E

both as inferred from the hprpho]ogica] and analytica] preperties and 1f
as observed through'the process studies. The_prihcipaT findings were E
v aé‘fo1]ow§._ H | | A | ’E
(1) vConsidering,only the Titterfall from trees and shrubs, the ' : _g
supp]y"df organic matter from those sources lies with;h‘the upper range | i%
found in simiTar deciduous forests‘in~the cool temperatevidne :§
.(2) Understorey species, part1cu1ar1y Cornus sto]onlfera made a gg
maJor contribution to the litterfall and appeared to p1ay an 1mportant 7§
ro1e in base cyc}1ng, notab]y of calcium, ThlS resu]ted from both a rap- t%
1d rate of decompos1t1on and a. high initial content of ca1c1hm in the f%
Titter from th]S spec1es Fauna] and m1crob1a1 act1v1ty indicated that 5§

~ the ]1tter of thlS spec1es was an attractive substrate
(3) Fecal materials produced a§ a result of faunal attack on leaf
residues comprised much of the organic'hdrizons " In addition, some fauna]

m1x1ng of m1nera1 and organ1c material appeared to have taken: p]ace at

the Ipwer boundary of the-H hor1zon
'—\/

(4) Desp1te the contrast’ 1n grow1ng season prec1p1tat1on tota]s.
between the two years of the study, both periods showed the same pattern
of progress1ve mo1sture deplet1on from the solum dur1ng the summer months,
principally because of the transp1rat1on demands of the, forest vegetat1on

‘The 1mp]1catnon is that leachlng events in this env1ronmeqt are restr1cted
, “



to the spring thaw period and occasional heavy rainfall episodes during
the summer and fall. Therefore, it seems incorrect to assume that a sub-
istitution of forest'for grassland vegetation necessarily enhances the
potential for leaching. hInUaddition, the .interception and moisture stor-
age effects of the soi1'or§anic horizons also tend to limit the”degree
of_]eaching. Honever, periodic forest firesrcould remove'part or all of
" the surface organic natter accumu]at1on thereby ]1m1t1ng this barrier
to leaching processes. N |

(5). Within the Ah horizons, the granu]ar soil structurre reSembled
that wh1ch 1s typ1ca1 of the mull humus form. Wh1te a faonal or1gln
is possible, it was significant that aggregates similar in size and shape
to those'in the Ah horizon; were ohserved to form after two years in
.parent mater1a1 cores placed near the soil surface. These étroctures_may
have resu1ted from phys1ca1 processes and/or the aggregat1ng effects
.of soluble organ1cs in "the soil eolut1on. .
| (6) 'Whi1e‘the'high-base'status particularly ofncalcium, seemed
related, to the cons1derab1e nutrient return in litterfall, an additional
»factor was the effect of forest canopy 1each1ng on soil solution chemistry.
Cons1derab1e amounts of K were Tikely returned to the 5011 by this path-

way. ‘Canopy ]each1ng also seemed to be ImPQrtant as a source of so]ub]e

. o P TPy - . : . -
organics for the soil solution. Uronic acids and saccharides from this. ..

soUrce may pTay a rolein aggregatefformation in the so]bm. Phenolic
substances were also re]eased in throughfall via. canopy 1each1ng and
'appeared to diminish 1n abundance in the 5011 so]ut1on with several

’ mechan1sﬁ€:poss1b1y be1ng respons1b1e, 1nc]ud1ng adsorpt1on by 1norgan1c

collo1ds and po]ymer1zat1on : o . o k

(7) So11‘organ1c_matter contents were comparable to those in

150
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‘other Black Chernozemic soils. Qualitatively, the clay fraction showed a
h1gh degree of clay- organ1c complexation, particularly in the £0. 2 pam
fract1on A1though the interpretation may be open to controversy, infra-

’ red spectra of humic ac1ds from both organic and mineral horizons dlffered

from those typical of Chernozemic soils. However, these differences may

be,attriboted to the effects of forest vegetation or hydromorphic con-

-

d1t1ons,

The high base status and near-neutral pH are indicators of a mild

" weathering environment, an 1nterpretat1on borne out by the lack of clay
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”transformat1ons Biological cyc]ing'of certain minera1-forming elements

(e.g. Ca) made it~ d1ff1cu1t to assess weatherlng processes on the

SA 1.: %n

" basis of soil solution data. Silicon concentratlons in the soil solution
were also,difficu1t to relate to weathering processes because of the
dominancebof‘dilution etfects controllied by'precipitation volume.

. The'toregoing evidence and interpretations are consistent with the
hypothesis'that'the pedon owes many of_jts'features to genetic processes
operat1ng in the present. env1ronment In'particolar, the evidence of
d1rect and 1nd1rect biological effects on such aspects as: structure |
development, organ1c matter incorporat1on and transformat1on and base
~status appear to support this hypothes1s

_ The picture of Holacene env1ronmenta1 change in centra] A]berta
that has emerged from recent studies suggests that 1t-may.notlbe

.correct to envision the soils of ‘the northern part of the B]ack soil.
zone as relics. of a pro]onged Altithermal grassland invasion. Pol]en '/
stud1es, 1nd1cat1ng apparent stabﬂ11ty in vegetation zone boundaries for
the past 2000 3000 years, in add1t1on to the pauc1ty of grass- der1ved

plant opal in so115 of that reg1on, suggest that forested cond1t1ons
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have_been established in the Edmonton area for several centuries. Be-
cause of this evidence, the persistence of Black Chernozemic soils
disp]ay%né only Timited eluviation seems to contradict conventional ideas : -
about the rapidity of so1] change resu]txng from forest invasion of .
grass]and

While these conc]usions,

t soil genesis are necessarily tentative,

and appear to COntradiEtff 8.1y accepted soil biosequence in

- . . R N A ' :
*‘:‘
St

western Canada, it i " to some &f the poifts raised in )

Chapter Two. ATtﬁBdg : | _fo11 c]as 1f1cat1on systems have. often

borrowed term1no]ogy from RuSstAﬂ and European pedo]ogy, corre]at1ons
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_\between c]ass1f1cat1ons in the two continents are often hampered by
differing def1n1t1ons and genetic concepts Man, actors may . be respon- |
sible for.such prob]emS' 1n¢omp1ete or fau]ty trans]at1on d1ffer1ng

) exper1ences and att1tudes on the part of pedo]og1sts and 1nherent

A
differences between solls orlg1na11y thought to be similar in North

Amerzca ‘and Europe. “f h | o —_

Of partmcu]ar relevance to this study is ths}fact that Canadian
pedo]oglsts have given a much broader definition to. the, Chernozem1c soils
.,than have their European counterparts As pointed out ear11er, the se-
quence of genet1c 5011 ‘types recogn1zed in the U.S.S.R. a1ong the Boreal .
Forest to steppe blosequence is Sad- Pod2011c Gray Forest and Chernozeni.

In Canada, the ana]ogous 'sequence consists on]y of the Chernozem1c and
Luv1so]1c soils, with there being no exp]1c1t1y recognized counterpart .
vof the Gray Forest so1ls Since the latter type is characterized by a
prom1nent Ah horizon and some degree of eluviation, they are a distinct

_1ntermed1ate type Wh11e Russian pedo1ogtsts cons1der these to be the

"typ1ca] forest soil occupying the. tran§{11on between the. steppes and .




153

N
Y R SRR AT s O L ST i T e
; . S -
R - o
. . - . \ o 3
. N, N
X s
. . \ 8
[ . , N
» V B .o
(s
o

the Boreal Forest, Canadian' pedologists seem to feel that the

pers1stence of any substant1a1 Ah horizon is incompatible with pedo-

genes1s in the mid-continental forest env1ronment This latter view 3

B/
. -’.'
%

ignores the existence of Melanic- Brun1so]s w1th well-developed mull Ah
horizons which have formed under deciduous forests in the Great Lakes
region. Moreover, Orthic Sombric Brunisols with‘we]1-structured‘dark '
Ah or Ahe horizons (approximately 10 to 12 cm thick) and showing evi-
denee of strong earthworm‘activity, often occur on eastern Vancouver

£y ‘ A
~Island under coniferous forests and on acidic parent materials. -0

" Since genetic concepts are expiicit or implicit in the Canadian soil
classification system,‘it would be better to adopt a more restricted
definition for the Chernozemic soils that js in keeping with the origin-
al usage of the term | o ,

It might also be fruttfu] to conSIder an’ a1t%:ﬂ§>e genet1c path—
way, that of the Meadow Chernozems, as being applicable. to certa1n of the
- Black soils df western Canada. The apparent hydromorph1c 1nf1uence on
| pedon developnent at the study site may be a product of such a pathway
e recog /ﬁ4on at a h1gh taxonom1c Tevel, of . the Gray Forest so11s or
\v”’”z:;;\ETéarly 1dent1f1ed equxva]ent would prov1de a usefu] groupJng for
the current Dark Gray Chernozemlcs as well as some of the B]ack Cherno- :
zem1cs, notab]y the E]uv1ated subgroups Th1s change wou]d a1low these
50115 to be viewed as-a d1st1nct and stab]e product of their forest
envxronment, rather than as trans1tery phases in an assumed degradat1on

. sequence. ‘As matters stand nowy Canadxan soil taxonomy has borrowed only

q

some of the concepts and terms 1nvo]ved in the cont1nenta1 soil b1ose--

qQuence or1g1na11y 1dent1f1ed in Europeﬁ The suggested mod1f1catxons

would correct these om1ss10ns and perhaps br1ng out some. usefu] contro— ;

4
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, versy as to the genes1s of the Black Chernozemic soils.

While several 11nes of future research are suggested by- the | -

‘f1nd1ngs of this study, there are three 1mmed1ate recommendations. ) 3
. b, 3
First, it would be usefu] to conduct a matching study, using similar T R

N o

‘technlques to observe the dynam1cs of a Black Chernozemlc 5011 system - ) 5;’7‘

~ at a grass]and s1te Since many of “the observat1ons made dur1ng this

t

study po1nted out the 1mportant role of the forest cover Ain, for examp]e, SRR gﬁ,
s0il moisture depletton and chemical modification of precipitation, it S
would be useful to have combarative data from a grass]and environment. -

)

Second, the exper1ment 1nvolv1ng the observation of fabric' changes—n

sample cores of parent material should be continued at th1s site and as | E BN
part of the companion study suggested above. _Additional treatments o ff*

could 1nc1ude placement of cores adJacent ‘to- tree trunks S0 as o e .d(i

Jidd
°

observe the effects of stemflow, and the exc1us1on cﬁ’Q1tter from the
core surface, so that only effects of phys1ca1 processes could be mon1~ L ?§ l
tored F1na11y, the limited opa1 phyto11th data presented in th1s “
study p01nted out the' considerable variation in soil opal content across
the Btack Chernozemlc zone. Since th1s 1nformat1on has significance for
fboth e§31ronmental h1story and 5011 genesis research thene f; an obv1ous ‘

need for systematic reg1ona1 studxes of the amounts and types of plagt

-opal in Alberta soils.

L a
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/ APPENDIX
" CANADIAN DEFINITIONS OF CHERNOZEMIC SOILS

The Chernozemic A horizon, as_definéd in The Canadian System of -

Soil Cla%ﬁification (Canada Soil Survey Committee, 1978), has the

followirig propértieS'

—

The Black Chernozem1c Great Group . has a Chernozem1c A horlzon W1th '

It is at least 10 ecm thick.
Its color value is darker than 5.5 dry and 3.5 moist, and its

" chroma is lower than 3.5 moist.

Its color value is at least one Muhsel] unit darker than that -

-of the IC horizon. _
_In soils disturbed by cultivation or other me3ns the Ap horizon

is thick and dark enough to provide 15 ¢m of surface material
that meets the color criteria stated in 2 an” 3 above.

Its organic C content is 1-17% and its C:N ratio is less than
17. -

Character1st1ca1]y it has suff1c1ent1y good structure so that it
is neither massive and hard nar single grained when dry.

Its base saturation (neutral salt) is more that 80% and Ca is

the dominant exchangeable cation.
A chernozemic A horizon is restricted go soils hav1ng a mean
annual soil temperature of 0°C or higher and a 5011 mo1sture .
reg1me ‘subclass dr1er than humid.

]

"a colour value darker than.3.5 dry ‘and a_chroma usually 1.5 or Tess,

.mstf. )
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