I* ~National Library
of Canada

Bibliothéque nationale
du Canada

Canadian Theses Service

Ottawa, Cangda
K1A ON4

CANADIAN THESES

NOTICE

The quality of this microfiche is heavily dependent upon the
quality of the original thesis submitted for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion possible.

- If pages are missing, contact the university which granted the
degree. '

-~ .

Some pages may have indistinct print especially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials (journal articles, published
tests, etc.) are not fiimed.

Reproduction in full or inpart of this film is governed by the
- Canadian Copyright Act, R.S.C. 1970, c. C-30.

" THIS DISSERTATION
HAS BEEN MICROF._.MED_
EXACTLY AS RECEIVED ™/

v

4.

(NL-BSS(r.“/OG)

Services des théses canadiennes

J THESES CANADIENNES

AVIS

La qualité de cette microfiche dépend grandement de la quﬁé
de la thése soumise au microfiimage Nous avons tout fait pour
assurer une qualité supérieure de reproduction

S'il manque des pages, veuillez communiquer avec univer-
sité qui a conféré le grade.

La qualité d'impression de cenaines'pages peut laisser a
désfrér, surtout si les pages originales ont été dactylographiées
a r'aide d'un ruban usé ou si l'université nous a fait parvenir
une photgcopie de qualité inférieure.

Les documents qui font déja I'objet d'un -roit d'auteur (articles

de revue, examens publiés, etc.) ne sont p2s microfiimés.
~ ¥ ]

La reproduction, méme partielle, de ce microfilm est soumise

a la Loi canadienne sur le droit d'auteur, SRC 1970, c. C-30.

td

LA THESE A ETE
'MICROFILMEE TELLE QUE
NOUS L'AVONS REQUE /.

- N



THE UNIVERSITY OF ALBERTA

.
J

TOPOGRAPHIG AND SOIlL VARIABLES SIGNIFICAKNT

IN THE RECLAMATION OF GRASSLAND SITES

By _

N

\\

[
Ronald J. Middleton

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE .

‘OF MASTER OF SCIENCE

DEPARTMENT OF PLANT SCIENCE

L
~

Edmonton, Alberta

Spring, 1986



Permission has been granted
to the National Library of
Canada to microfilm ¢this
thesis and to lend or sell
copies of the film.

The author (copyright owner)
has reserved ®other
publication rights, and
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without
written permission.

./

ISBN

his/her

,L'autorisation a &té& accordée
a la Biblioth2&que nationale
du Canada de microfilmer
cette th&se et de préter ou
de vendre des exemplaires du
film.

L'uteur (titulaire du droit
d'auteur) se r&serve les
autres droits de, publication;

ni la th&se ni " de longs
extraits de celle-ci ne
doivent @®8tre imprimé&s ou

autrement reprodults sans son
autorisation &crite.

-\

e—315-30148-1



, THE UNIVERSITY O0OF ALBERTA

RELEASE -FORM

Y

w
NAME OF AUTHOR: ) Ronald J. Middleton
TITLE OF THESIS: | Topographic and Soil Variables Siénificant in
’ the Reclamation of Grassland Sites
DEGREE FOR WHICH THESIS WAS PRESENTED Master of Science
YEAR TﬁIS DEGREE GRANTED - 1086
Permission is hereby granted to THE UNIVERSITY OF ALBERTA
LIBRARY‘to reproduce single copies of this thesis a;; to lend or
sell such copies for private, scholarly or scientific research
purposes only. | )
The author reserves other publication rights, and neither the

thesis nor extensive extracts from it may be printed or otherwise

reproduced without the author's writteﬁ‘;érmission.

) | o
' giiZ;;Metaégé;’/?%ZQZLZQZZZE;
PERMANENT ADDRESS: 14879 - 21 Street

Edmonton, Alberta

—- T5Y 158 ~

BATED Aot/ 2/ 1966



THE UNIVERSETY OF ALBERTA
AN
/ FACULTY OF GRADUATE STUDIES AND RESEARCH
)

The undersigned certify that they have read, and recommend to
the Faculty of Graduate Studies and Research, for }cceptancg; a thesis
entitled- "Topographic and Soil Variables Significant in theaﬁec1amation
of Grassland Sites" submitted by Ronald J. Middleton, in pértﬁa]
fulfillment of the requirements for the degree of Master of Science.

\

Date ...




ABSTRACT
oo vy

The productivity of the reclaimed landscape .compared to that of the
pre-disturbance landscape is considered to be an index of rec1amat%on
suceess in Alberta and many cther jurisdictions. Although several
methods have been developed for determining thé‘productive capability of
the undisturbed 1endscape, few'too1sqexist for predicting the productive
capability qf_a.fecfaimed site. The scientific literature gives an
ihdicetion of the gereral manner in which topographic and soil variab]eg
affect productivity but does not provide-a comprehensive picture of the-
major determinants of vegetation prqductivity in theﬂﬁyairie

- - .

'environmentt ) e . »

Qgtud{es‘were carried out in two grassland sites in southern
A]berta. Sahp]es of native ;egetation were taken, field p]oes were
estab11shed topographic var1ab1es were measured, soils were. ana1yzed
and greenhouse tr1als using so11s from the sites were carr1ed out.
Ana]ys1s of the resu]ts ound high corre]at1on between initial
vegetation cover and re-growth in the field plots, but Jow correlation
begween field and greenhouse results. .Topographfc ;ariab1es, notably
slope shape, eed soif orgaﬁic mqftek contentf;ere\fqynd to be the most |
significant dé;erm%ffifiiof prbductivity. Re]ationseips between aspect
" and $lope and producgiv y were not detected. Methods of incorporating
the results of this study into reclamation planning are examined. The
productivity 1ndex that is generated is found to be a potent1a]1y usefuﬁ/h’.g

_ way of comparlﬁg”the pre- d1sturbance landscape to the rec1a1med

landscape and in examining rec]amat1on opt1ons

o~
& -
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PREFACE
This study is an outgrow{b from practical work 'in which the auther
nas been involved, attempting to reclaim disturbed qixed prairie sites
in southern A]bert;‘je The objective of ghe recTamation planner in this

‘péovﬁnce, as defined by the 1egis]atio£¥(60&%rnment of the Provipce of
Alberta, 19;3; Land Conservation and Rec?éﬁ;tion Council, 1977), is to
}e;urn fand to a state of equel capability with that of the /
pre-disturbance landscape. ‘

The 1égis1ation permits land use change between the pre-disturbance
and post—disturbance landscape, assu%ing, for example, that land
rec]a;med for wildlife habitat may have ecological Ya]ue equal to the
same land reclaimed for agriculture, regardless of what the land was
uSed'for previous1y. This allows the reclamation planner and the
regqulating agency a great deal of flexibi]jty 1n'agbrbach'to reclamation
strategies.

The Alberta legislation is much less rigid than that used in hany A
other jh}isdictiong, aTthdugh the concept\af post-re£1aﬁ;tion productive
capabilify‘is a comﬁon théme. Moore, et al. (1977), and Harthill and
M;Ke]] (1979) review much of the reclamation 1e§islation used th;oughout
fhe United States. In many instapces the legislation is concerned with
establishing a permanent, stab]evvegetatio; cover equivalent to the _
‘pre-disturbance landscape. For examp]e,'Moore; et al. (1977) quote
United States Federal Legislation (Tft]e 30, CFS 211.40, Operating and

Reclamation Standards): .

’

vi. -



"(a)(13)(i) The operatcr shall . . . establisk cn
regraded area arc all other affected lands a diverse
vegetative cover, native to the area and capable of
regeneration and plant successiorn, at least equal

in density and permanence to the natural vegetation."

While the basic principles of this and any similar legisiation are
clear and laudable, théy ignore many practical considerations. . The
Emphasis on native vegetation cover may preclude-a legitimate change in
land use. It also makes certain ass@mptiong,about native vegetation
that may or may not be valid.

[t assumes that native vegetation is the more productive and better
adapted to tﬁe site than introduced épec%es. Smreciu and Currah (1981}
adhere to this view pointing to the obvious adaptation of the natives tol
the site conditions and the longer term climatic variations in the area.,

The adaptation of native species to the site, however, does not
5rec1ude'the adaptability of non-nativesU£€’£;é:::%e conaitions.

"Several tfiais have found that exot}c agrdhomic species have
outperformed their native colUnterparts in viF%ua]]y any measure of

A

reclamation success (Ries, et al., 1978; Konrad, 1984).
Moore, et‘al, (1977), and Harthill and McKell (1979) alsé argue
kagaiqst'defining reéTamation success in terms of stable, diverse
vegetative cover. They maintain that this view violates basic
,ecologica1 princip]és of succession, and argue that a di§turbed site
should be reclaimed to an early successional stage and that successfona]’
processes then be allowed to occur.
This view may be countered by the work of Jonescu (1979) énd
Sindelar (1979). Both of these studies examined.hatdfaﬂ revegetation

\\\and successional development on surface-mined lands. Both studies

demonstégied that even in landscapes that had been abandoned for 40 or

vii ) !
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S0 years, many sites were stiil dominated by pioneer weed species and

that succession was occurring extremely stowly, 1f af all.
The work of Ceupland (1961) gives dramatic evidence cf the inhefent

variability of supposedly stable climax mixed prairie communities -over

time. A change in productivity from year to year of over 100 percent

due to weather is not uncommon, and even a change in species cemposition
: (
over a large area can occur in response to longer term climatic

fluctuations.

e [f reclamation success is defined in terms of vegetation

establishment, proving the success of a reclamation effort in face of

such inherent variability and difficult theoretical arguments, can be an

’

onerous task. Requiring the proponent to demonstrate ecological

stability and production equal td the pre-disturbance situafioﬁ would
bind him to the site for*decades after the operation had moved on.
Regardless of the philosophical questions involved, it is not
administratively practica] to require such commitment from a proponent.
Beyond the establishment of sufficient cover to stabilize the soil to.
prevent wind and water'grosion, anﬁ to exclude an unacceptable level pf

Y .
invasion by weed species, it is- impractical to define reclamation
o C s
success in terms of the vegetation cover without reference to the
~ A o N

- e

. pre-disturbance landscape.

The Guidelines for the Reclamation of Land in Alberta (Land

l

Conservagion and Reclamation Council, 1977) define the success of

reclamation in several ways, based in part on land use and in part on

practical considerations. Specifically, they state: :

&
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are addressed. In the. discussion of contouring, for all uses, the

p;oductivity of the post-reclamation landscape.

"(1) Where the prescribed post-disturbance lend use i3
agricultural prcduction, the operator shall remain
responsible for the maintenance of the reclaimed iand
during the pericd of *ime thct is required to demonstrate
that the agricultural productivity of any soil placed ty
the operator on the reclaimed lands is comparable
(a) to the agricultural productivity that existed
prior to the surface disturbance, or =
(b} where the pre-disturpance use of the lanq)was nét
agricultural production, such other preductivity
stgndard as the Approving A ority may prescribe.
(2) Whére the prescribed post-disturbance land use is a
use other than agricultural production, the operator shall
remain responsible for the maintenance of the reclaimed
Tands until .
(a) the,soil surface has been stabilized and the
compositi®n, density, growth and vigor of vegetation
established by the operator is ccmparable to the
composition, density, growth and vigor of revegetation
that existed before the surface disturbance, or
(b) the condition of the land is compareble to the -
conditien of other similar lands that have been
reclaimed in a manner satisfactory to the Approving
Authority

(c) 320 established seedling trees per acre are growing

on the site without assistance when the prescribed

post-disturbance land use is commercial timber production.’
It is obvious that the Approving Authority has left itself a greét
dea1 of flexibility in determining when a site has been adequately
reclaimed. This is iike]y a ref]ection_Pf a lack of sufficient

knowledge of many of the important factors that determine the

guidelines appear to put great onus .on a project propoqen; to
demonstrate successful ?ec]amation, they élso provide the means for

terminating the project when he has done all that can reasonably be |
expected as far as the Approving Aﬁthority is concerned.
A lack of knowledge regarding the determinants of productivity is

also evident in the guidelines where contcuring and soil reconstruction

proponent is advised to return the land to contours as near as pdgsible

[

ix
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to those of *he pre-disturbance landscape. The underlyinc assumption
appears to be that "what is, is best.”

The guidelines regarding soil recorstruction are more vague

davising simply that: )

“"(1) Where the prescribed post-disturbance land use is
agricultural production, the operator shall place root
Zone so0il, having a depth that is sufficient to sugpecrt
agricultural plant growth, in proper sequence, on the surface
of the reclaimed lands. '
(2) Where the prescribed post-disturbance land use is a use
other than agricultural production, the ogperator shall place
soil or other plant-supporting materials on the surface of the
reclaimed lands so that. a restructured soil, having a depth,
and chemfcal and physical characteristics suitable and
sufficient for supporting plant life, is available to achieve
the prescribed post-disturbanrce land use."

Needless to say, the terms "suitable" and “"sufficient" are left
undefined and form the basis for debate between project developers and
the regulating agency. |

Until it can be demonstrated that other approaches can result in an

N
equa]]yl;roductive landscape, the natural teﬁdeqcy, on the part of
regulating agencies responsible for land reclamation, will tend td be

that things should be put back the way they were. In order to

demonstréte'that other approaches may be successful, a better
v ¢ , .

. 7 .
\uan:ftand1ng dﬁ the factors that control prdductivity in the Tandscape
is needed. < .

- g‘\ﬂ ot N
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INTRODUCT ION | _ *

This study is an examination of scme of the <ite factors that are
important in determining.the productivity of the reclaimed Tandscape in
the mixed prairie region of southern Alberta. The kind of surface
disturbances that are being dealt with are of a.relatively minor nature
Such as would be experienced in shallow clay or gravel borrow areas, or
in regrading ‘resulting from road or similar construction. The study
does not address problems related to groundwater or to phytotoxic
materials that occur as a result of deeper disturvances such as coal
.mining.

This project is aimed at the development of useful tools for the
reclamation ptanner to assist in the formulation of reclamation plans
and the evaluation of a]ternati?es to arrive at practices that are
ecologically and economically sound. Thus, it is felt that an
evaluation of tﬁe’practical applications of the findings %f this study-
are as important as an assessment of their sciengifjc va]%@?ty.
Consequently, the first part of this study dea]s'with an assessrent of .
some-of the factors-éontrolling productivity; and the concluding .
sections are an examination of how such findings might be incorporated
into the reclamation planning process.

“ In a site fhat is disturbed in the course of developing ¢ gravel
pit, constructing a road, or any similar conétruction activity, the main
elements of the natural landscape are dismeﬁbered; Vegetation is
destroyed, soil is removed, and topography reshaped. It falls'to thé

reclamation planner to determine what the arrangement of these landscape

elements will be, orice the project is complete. He may provide



directions for the reshaping of the land, sténdards for topsoil
replacement and amendrent,gand specifications for replanting. Often he
has little more than his own experience and intuition to rely on in
formulating his recommendations. Ziemkiewicz (1985) reveafs that the
focus of most- rec]amat1on research in Alberta is on specific reclamation
probléms, in areas where there has been little reclamation success to
date,/ These in¢lude problems such as the revegetation of tar sand mjne
tailings and thermal power plant ash. In the p]aihs regioncf the ‘'
province, reclamation research has largely centered on coal mining.
‘The focus of this study is directed toward reclamation of
relatively minor surf;ce disturbances such as gravel or cla;\borrow

pits, or roadway construction. Rather than attempting to address a

particular reclamation problem, it was intended to begin to develop r~

guidelines for dete;mining an acceptable approach to reclaiming a

disturbance with.particu1ar emphasis on landform. The area of

investigation Was the prairie grassland of sogthern Alberta.
The specific objectives of this study were:

1. To determ{;E which topographic and soil variab]es were the‘mﬁst
significant determinants of prcductivity in the native prairie
grasslands of,southern Alberta.

2;‘ To determine if these same vériab]és were significant in
controlling -the productivity of reclamation vegetipjon in the
region.

3. To examine how knowledge of these.reIationships could Qe

effectivaly incorporated into the reclamation’planning process.



REVIEW OF U ITERATURE

TOPOGRAPHY -VEGETATION RELATIONSHIPS
4§‘ The relationships between tcpograpﬁ} a;d vggetat?gn in the ﬁixod
prairie have beer mentigped by many researchers, but have been the N
subjecf of re1ative]y few studies. . . |
Most studies of ;egetation in the mixed prairjg reqion have been
aimed at improving methods q/ range management. The woerk has gererally %
fccused on the classification of sites according.to-floristic
characteyistics and relating these to graz%ng pressure*;nd herbage
production. Some of the earliest descriptions of the mixed prairie of
Alberta and sduthern Saskatchewan were in the reports of range
investigations {Clark, 1930; Clark and Tisdale, 19365 Clark, et al., .
1942,‘1943). Further gereral descriptions can be found in the works of
Moss (1944, 1955). |
‘Coup]and (1950, 1961),conductéd extensivé'fie]d studies of prairie
sites in A]befté and Saskatchewan and deve]oped a classification of
’ vegetation that has been followed in various range management
publications, including Smoliak,, et al«, 19765; Wrce, et al., £979;
- Wroe, et al., 1981. Looman (1963, 1980, 1981) has alsc dcne extensive
studies of the vegetation of the Prairie Provinces. He hasAgenera11y |
adhered to fhe Zurich—Montpe11ierVsyséem to develop a classification for
the mixed prairie of Alberta and Saskatchewan. Currah, et al. (1982)
utilized a fofﬁ of cluster analysis to assess similarities among prairie
sites in southern Alberta based on species composition of forbs in study

plots but did nof derive a formal classification. Singh, et al. (1983)

utilized indices of floristic sim{larity and diversity as well as



stand}ng crop data to examine some structural and functiona: attributes
of the vegétation of the northern mixed prairie.

Several of these studies acknowledge the importance of topography
to vegetative composition of @ site. 'Coupland (1950, 1961) observed
that slope position can result in the formation of vegetaticn

communities that are "azonal."

"Within the area as a whole, variations in water
content of soil caused by differences in climate are
revealed in the mature of the vegetation. Each
climax grassland type is associated with certain
conditions of soil moisture as affected by soil and
topography.  The influence of soil texture and
topography on the moisture supply within any one
locality is reflected in the composition of the
vegétation."

.

He found that plant communities on lower slope positicns tended to
resemble those from moister climatic zones and conversely that the
crests of hills tended to have plant communities resembling those of
drier areas.

He did not do more than comment on these uariaticns, however. In
fact, his studies avoided the variability that topography introduced in
species composition and productivity. -
"Where the topography was rough enouéh to cause
appreciable differences in drainage thrqughout the
site, only the well-drained habitats of termediate &
slope were sampled.” ) '

Looman (1980) observed that

"within the zones, habitat-types . . . support
deviating vegetation types. For example, in th
Stipion sparteae zone, slopes with southern-expbsure
on which run-off reduces the effective precipitation

e to less than 450 mm, a Stipion curtisetae variant can .
occur. If the effectvve precipitation is reduced to "
less than 370 mm®the variant can be of the Bbutelouion
gracilis type. On the other hand, low areas and
northeasterly exposed slopes in the Boutelouion
gracilis zone can have moisture conditions equivalent
to those of 450 mm or more precipitation. In these
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areas, associates or variants of the Stipicn
curtisetae . . . may occur. However, in most instances
edaphic or topographic compensation for climatic factors
1s only partial, and usualiy only the more tolerart
species occur in "azonal" vegetation."
Looman does not, however, assess or quantify the slogpe and aspect

chargcteristics that resulted in the different levels of "effective

- &

precipitation.” . ) 3 .k : -
Currah, et al. (1982) C]agzified vegetaticn dctordiné to %jtg-av
preference related to moisture conditions. Although severel tdpogréQpi(
~. . .
factors were measured in their studies,,in’the enJ no quantitative
re]ationships were established between slope, aspect, and vegetaticn.

Singh, et al {1983) observed that the topographic situation affects
the balance between cool season (C3) and warm season (C4) species in
mixed prairie with the lowland moist habitats favouring C3 specfes and
upland dry habitats promoting C4 species.

One of the few studies thet attempted to assess the effect of
topographic variables on vegetation ina systematic fashion was that of
Ayyad and Dix (1964). In-this study, the fdoristic composition 5%
stands near Saskatoon, Saskatchewan with different slope aspects'and
positions were compared and the site "preference" o% several specdies was
determined. While some of the Species we}e ubiquitous, opﬁers tended to
be largely restricted to certain aspects and/or slope positions. The
authors maintained that, in agreement with Gieger ?Y§57), the maximgm
aspect contrast could be found between southwést.facing and northeast
facing slopes. No assessment was made, in the Ayygd'and Dix (1964).

study, of total cover, or productivity, related to aspect and position.

In a study of natural revegetaticn of strip-mined land, Jones

"(1979) found north facing aspects to have significantly more cover than



south facing aspects, and even more marked differences between east and

west aspects, with east slopes having much higher cover.

SOIL-VEGETATION RELATIONSHIPS , >
e
//'\Regard1ng the relationships between seil characteristics and !

~

/// veget8£1on Coupland (1950, 1961) relates his fac1at1ors both to broad
3011 zones, and to soils of varying texture and phys1ca1 chg?acter1st1cs
within the zones, statirg that the moisture supply within the soils is
the significant determinant. For example, in that part of the prairie
where he ident{fieg the Stipa-Bouteloua faciatior as the characteristic
climax type on medium textured soils, soils of coarser texture tend to

favour an increased relative abundance of Bouteloua gracilis, while on

finer textured soils the Stipa-Agropyron faciation tends to dominate.
He also identifies spécific commumdties that are associated with eroded
sites, clay soils and solonetzic soils. v

Looman (1980) goes somewhat further, relating vegetation within h1s
Boute10u1onAgrac111s alliance to the specific 5011 characteristics
namely, soil texture, pH, available moisture, and nutrient status. He
dpes not claim to have complete data but provides examples of how
specifié vegetation types can be related togthese charactéristics
through a series of equations. One of the examples %s as follows:

Oﬁ soils of loam texture: S

f (pH 6.5-7.5; C < 1; Ml) = Astraga]eznm pectinati

f (pH > 7.5; C > 1; M) = Ast. pect. Distichlis var.s -

5)
. f (pH 6.5-8.0; C <1; MO) = Ast. pect. eriogonetosum



where, :T\

C = total nutrient content expressed as conductivity in mmhes/cry
Mg = 1C-15- availapﬁe mojsture during trief periods eniy; -fﬁf
M1 = 10-15% availeble moisture during prolaonced periouds; <
M, = 15-207 available moisture during prolonged periodéif

Sauer and Wilson (1677) attempted to identify plant specje; that
could be utilized as indicators cof soil and groundwater condit{ons for
use in terrain evaluation in a pra:rie énvironmentt Their work, was
carried out in the aspen parkland, hougger and only their driect sites
contain grassland vegetation. They 4@d f1nd that there was a direct
correlation between specie§ diversity and soil moisture conditions with
larger numbers of sp§;i§s beihg found in communiti?s on moister sites.

The'réc]amationv1i£erature regarding the relationships between soil
and vegeQat1on in the prairies tends to deal with the importance of
topsg;i‘1n reclamation and the response of var1ous spec1es to extrene
chemical characteristics of soils.

Several studies have examined the effects of the presence or
absence of tepsoil and topsoil thickﬁess on reclamation success in the
‘grasslands (Redente, et al., 1982; Ries, et al., 1977, 1978; Schuman and
Power, 1981). These were intended to establish optimum topsoil ~— -
thickness for reclamation and to provide guideliqps‘that could be used
Hn deve)oﬁing materials hand]ing plans for reclamation. The results of
these studies were broadly\simi]ar indicating the importancé of topsoil
in successful reclamation. Redente, et al. (1982) examined the effects
of soil thickness over retorted shale on reclamation vegetation

-

composition and production. The shale was found to be an unsuitable

plant growth medium and both ccver and production tended to increase?
. R P Y

~
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with increased soil depth to the meximum 90 cm studied. [t was also
found that production was significantiy 1nc}eased by epplicetion of
nitrogen énd phOSphorus férti1izer, Eut that the grasses terded to
1increase at the expense of the forbs. N

Ries, et al. (1978) found that plots with as little as S cm of
topscil spread over sodic mine spoil had significantly greater density
and dry matter<production of grasses than plots with no topsoil. An
increase in topsoil depth up to 30 cm did not result in an increase in
cover but did i;crease production. Fertilizer application was found to
increase productivity but did not affect stand density.

Schuman and Power (1981) found that yield increased as total soil
thickness {topsoil and subsoil) over sodic spoil increased to between 75
and 100 cm with little difference found between treatments with 20 cm
and 60 cm of topsoil.

Looman (1980) maintained that soil fertility has little influence
on productivity, but could have a noticeable effect on bofanica]

-

composition. Looman's view that fertility has 1ittle influence on °
grassland productivity is not fully supported by range ferti]izatio%
trials. Stogdart,'et al 1975), Taylor (1967), and Mitchell (1977) in
their reviews of range fertilization studies reported great variation in
results but found many instances in which the addition of nutrients has
resulted in increased yhield.

Other studies have attempted to assess the effects of certatﬁ soil
characteristics, such as pH and salinity, on tqe success of revegetqtion
(Sieg, et al., 1983; Kent, 1980, 1981). In exahining old mine sites,

they were able to identify many instances where reclamation failures or

the lack of natural colonization by native plant species could be
. ' ¥ .



attribtuted to aaverse soil chemigtry. Cthers have atterpted tc \\
determine the tclerance ¢f various prairie species 10 such scil
charécteristics’to detérmine their suitability for use ir specific
reclamation situations (Plummer, 1975; Safaya, 1979; Nicholas and
McGuirnies, 1982). These studies identify some of the adverse <¢i)
characteristics on reclaimed sites ané assess the tolerance of
rec]amation-species to these characteristics.

Schuman and Power (1981) maintain that quality of topsoil,
referring to its physical and ceemical characteristics, can influence N
reclamation success. The Alberta Soils Advisory Committee (1981) has:
developed a table indicating acceptable ranges of several soil
characteristics for rellamation purposes (7able 1). \

\

Parkinson (1979) discussed the importance of soil biological
processes in the ecosystem and how they become disrupted in surface
disturbance and re&]amation. He suaggested that the re-establishment of

soil microflora and fauna are important components in successful

reclamation.

TOPOGRAPHY-SOIL RELATIONSHIPS

Due to the paucity of literature relating grassiand productivity to
topography, literature regarding soil-topography }elatfonships was
examined iﬁ‘the hose‘taat the same variéb]es'might be controlling both.
The cPténa.or toposequence is a cqmmon cancept in soil sciences (Buol,
et §]., 1980). It refers to a group of soils whose properties vary in
acéprdance vwith their posit}on on a slope. Buol, et al., ackpow]edge

ihat such relationships between soil properties and topographic

positions do occur but state that "the reasons for these ;elationships;

-
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however, may not easily be seen. Tbey.ray be because of micro-ciirmat e
rel;éionships, water teble relaticrships, vegetative relationships,
erosion-deposition, or a cowbination.of these.”

Ruhe ard Walker in their two papers (Ruhe arc walker, 1G6f; Walker
and Ruhe, 1968) examired hif] slopes 1n both cicsed and open geomorphic
systems (i.e. systems in which the drainage flowed tc a central basin in
the first 1nst§nce and systems in which the drainage 1s comprisec of
gullies that open onto a larger drainageAsystem thus allowing sediment
transport away from the slope in the second). They were able to‘
gererate equations to predict certain soil properties (coarse/fine silt

"

ratio, depth to maximum clay, soil thickness, depth to base saturaticn,

depth to > 1% CaCO,, depth to > 1’ organic carbon) from slope gradient

3>
and distance from hill Zrest for the slopes examined.

Acton (1965) examirec :.0ils on three different glacial landforms
and determined that "there appeared to be a relationship between the
gradient o? the slope segments and the soils occurringvthereon, as well
as a relationship between the proportion of the different slope segments
and the type of landform." He found that different soil types, as
indicated by hdrizon deve1opmgnt, corresponded to different slope
classes (1-3%, 3-5%, 5-8%, 6-8%, > 8%).

King, et al. (1983) carried out a study similar to Acton's (1965)
Work and found that the relationship petween topography and soils could
be explained by the concavif} or convexity of the slopes. It was
found that s1opes'cou1d readily be subdivided into convex units, concave

units, usually with short rectdlinear units connecting them, and

depressional units; and that these generally coincided with observable



P
&

gh
§'

Ty

LI

L

5071 divisions,_shau1ow soils on convex segrients, deep soils on concave

ones, and gleyed sSpils in depressional areas.

Hanna!,et al. (198%) carried out a study on %he effect of slcope
pos{tion-a;é'qspect qn.soilnwater recharge and found significant
differences in soii water and soil water recharge related to both;aspec;
and position. Sbils on the ;gn}h Jaéing siope studied were found to be

‘ N . . . .
Tess.efficient in recharge of available watgrbghan weﬁe sot]s.on the

south and east slopes examined. Sotis on foots]opés (the Towest

o

position) were found to be more efficient than those in other positions.

'

A1l of these slope studies are quite location-specifié and although

relationships were determined for the slopes under study, nc attempts
were made to generalize the results.

s“{'

12

OTHER FACTORS AFFECTING PRODUCTIVITY | T : o

~

There is little doubt that the mos% significanf factor in?luencing
general range productivity in any given year is weather, and more
particularly the quantity ;nd timing of’h@cipitation (Smoliak, et al.,
1986). This can result in changes in prod&ction o{xsgcg;gﬁ hundred
percent frd; year to yéar. There is no indication \@ét response to
weather 1si1ﬁke1y to severe]y\a1ter the pattern o% productivity within

an area,'that is the most productive parts of a site are likely to

.-rema1n the most product1ve even if total product1on varies,

’GFa21ng is. 11ke]y the second most significant factor affect1ng

gressland productivity (E111son, 1960;- Naeth, 1985), both on nat1ve and

*rét1a1ned_§ites. The degree to which grazing alters the pattern of

o

productivity within a site is not clear. Grazers are selective in their

_diet and exert unequal .influence on plant species and communities within

>
;7

\

4



-

a site. Similarly increased grazing and trampling tends to cccur near

water Supplies and salt Ticks, while on the other hand comparatively

iﬁaccess?ble ereas, such as steep slopes may be left relatively

untouched.

SOIL=TOPCGRAPHY ANALYSIS FOR RECLAMATIOM PLANNiNG

Hills (1961) and McHarg (19€9) provide éethods thet can be used to
ihcorporate soil and topographic variables iAto an gssessment o% the
capability of the undisturbed landscape. Eco]ogi;a{ Land

Classification, as these methods have come te be called, has been used

in many large (Canada Land Inventory, 1965) and smaller scale (Kamar,
’

1976) Studies to identify the relative capability, for a stated use, of

different land units. . *

The McHarg [1969) approach involves either graphically, or
mathematically over]aying map§ ‘of the environmental variabies that are
significant in determining the capability of a land unit for the
intended use. Ef.the determining variables and their relationship to
the intendad use are known, it provides a practical method of data.
handlfng that is suited to computerized ana1y§1s (MacDougell, 1983).

o

Kent (1980, 1981) developed a method of classifying site units for
the assessment of plant growth probfems for co]liery‘spoi] reclamation.
Scme 162 site units were identified on 34 abandoned coai spoil siges on
the basis o; topography, vegetation, and substrate. .Ordination and
cluster analysis were then used to categorize the site units on the

basis of soil and vegetation variables. His intent was to assess plant

growth problems associated with colliery spoils across a region.

13



’ . TRE STUDY SITES

Two areas of lend adjacent to reservoirs in southern Alberta,

A

«Jensen Reservoir and Little Bow Reservoir, (Figure 1) were selected for
study. They were chosen tor several reasons: ’
‘ 1. Both contained areas of relatively undisturbed prairie
gréssland.
2. Both offered a variety of slopes, aspects and positions that
could be studied.
3. They were secure;from cattle aq?éés,\but were still quite

\

accessible for study.

4, Although broadly similar in vegetation, the sites offerec
sﬁfficiént'contrast in seve;é] characteristics to permit the
testing of the generality of all relationships that were
observed.

Although both sites are located in the Mixed Prairie Region, eas
defined by Coupland (1950), Strong and Legatt (1981) subdivide this
region into several ecoregions, placing Jensen Reservoir in the Fescue
Grass ecoregion near its border with the Mixed Grass ecoregion. Little
Bow Reservoir, on the other hand, is located within the Short Grass
ecoregion_near the boundary wigh the Mixed Grass ecoregion.

Jeﬁsen Reservoir is located on the edge of a landform known as the
’M11k River Ridge. The ridge is marked by a steep escarpment that rises
abruptly from the surrounding plain. The rise generally is

~approximately 150 to 200 metres over a distance of 3 to 6 kilometres.

» & o ,
Jensen Reservoir, at l,QOO m above sea level is well below the summit of

14
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o

the ridge which is approximetely 1,40C m above sea level, and 1060 m
higher than the nearby town of Magrath. |

The Jensen Keservoir area is underlain by sandstones and shales of
the St. Mary Kiver and Bearpaw formations (Geo]ogfca1 Survey of Canada,
1951) that outcrop in the valley. These are covered by a thick layer of
morainal material containing a large number of stones. There has been
localized water ercsion in the ‘area but no significant post-glacial
sorting of material.

The zonal soil is a Black Chernozem (Wyatt, et al., 1939; Carada
Soil Survey Committee, 1978) with a well developed Ah horizon and a 8
horizon with blocky structure.

In the area there is wide variation in the profile develcpnent
throughcut the site due to topographic variatién. The soils in the
study area generally have a clay loam texture.

The study area has a hilly topography, with the landform conforming
to the Open System Hillslope model described by Ruhe and Walker (1968).
It is comprised of an up1anﬁ area dissected by a series of coulees that
opehvonto what was former]y the Pothole CreekvVa11ey, nevw the Jensen
Reservoir. These coulees tend to be aligned -in a more or less
southwesterly direction. This phenomenoﬁ of aligned coulees is cohmon
throughout southern Alberta (Beaty, 1975) and may be related to
prevailing winds. |

Little Bow Reservoir is located in the Eastern Alberta Plain

physiographic region at an elevation of approximately 85C masl. The

bedrock of this area is made up of sandstones and shales of the Bearpaw ‘

formation (Geological Survey of -Canada, 1951). This has been overlain

by glacial deposits. In the Little Bow Reservoir area, these consist of

16




\ oo
o .

a bianket of lacustrine and aeolian <ands over merainal depocits. The
thickness ot the sands in the study area varies from appro%imately 20 om
to in excess of 1.5 m.

The zonal soil is a Brown Chernozem (Wyatt and Newton, 1925; (enaca
S0il Survey Cormittee, 1978) with a fine sand texture. The topcgraphy
1s rolling and horizon development varies to some extent throughout the
site.

‘The hillslopes at Little Bow Reservoir tend to follow the closed
model described by Welker and Ruhe (1968) as discussed earlier. The
drainage tends to run to local depressions, thus eroded material from
“the up]énds tends to accumulate rather than being trénsported out\ot the
system.

s

Climate data for the two sites reflects the differehces expected
from the c]assificatfon o} Strong and Leggatt (1981). Jensen Reservoir
is approximately half way between the Lethbridge Airport and Whiskey Cap
weather stations. Long-term average, 1981, and 1982\precipﬁtation and
temperatures have been graphed for these stations (Figures }vandn3}f*
The same data have Seen graphed for the Vauxhall and Vulcan weather
stations (Figures 4 and 5), the two closest to the Little Bow Reservoir.

The long-term averages indicate that the Little BQZ;Reservoir éite
is somewhat drier and hotter than the Jensen Reservoir site.n In 1981,
the yéar before the field studies, both sites experienced higher thaﬁ
average May-June rainfalls. This is the’most critical period of
rai&fa11 for grass,produciion in the mixed prairie (Smoliak, et al.,
1976a; Smoliak, 1986) and should have resulted in higher than average
yields when fhe clipping took place in the-spring of 1982, “There was no

cattle grazing at either site during 1981 or 1982, although there may
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have beer <cme grazing by wildlife Curing that poriog. Feinfall at " oth
s1tes was below long-terr average in 1982 ard may bave resuited in the
relatively low germiration rate experienced in the field picts,
pér&iculariy at the Little Bow Peservoir Site. Summer temperatures at
both sites were close to average that year and it is likely these had no
undue effect on plot esteblishment or growth.

The vegetation of both sites has been described by Smreciu end
Currah (19€1) and Currah, et al. (1982). Species lists for the sites
developed from these studies have been supplemented by the authcr's
observations and comprise Tables 2 and 3. - )

As can be seen, the Jensen Reservoir site has much grea‘ter species
richness than the Little Bow Reservoir site. This is attributable to
the greater topographic variation at the Jensen Reservoir site resulting
in the creation of a much larger range of edaphic conditions, the
slightly less harsh climatic conditions of the site, possibly more
favourable soil conditions, and to differing grazing histories.
Although fenced off dur{ng thg course of this study, the Little Bow

-

Reservoir site had been heavily grazed in the past. Prior to 1981, it

was part of a large grazing reserve.

The Jensen‘}¢servoir site, on the other hand, is only a fragment of
. A
grasstand, largely surrounded by cropland. At m%st, it receives only

sporadic use by stray cattle and wildlife.
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TABLE ¢

SPECIES PRESENT, LITTLE ECW RESERYOIR

Agropyron cristatum
Alliim textile
Androsace septentrionalis
Artemisia campestris
Artemisia frigida
Artemisia ludoviciana
Astragalus pectinatus
Bouteloua gracilis
Bromus ingemis

Carex filifolia
Chrysopgis villosa
Cirsium’canadensis
Cirsium vulgare
Comandra paliida
Descurania sophia
Draba species
Erigeron caespitosus
Erysimum inconspicuum
Eurotia lanata

Gaura coccinea
Grindelia squarrosa
Gutierrezia sarothrae
Haplopappus spinulosus

N

.Hordeum Jubatum
Kceleria cristata
Lepidium densiflorum
Lesquerellad drenosa
Llatris punctata
Linum rigidun
Lithospermum 1ncisun
Lithospermum ruderale
Mamillaria vivipara
Musineon divaricatum
Parmelia chlorochroa
Penstemon albidus
Phleum pratense
Phlox hoodii
Poa species
Ratibida columniferg
Rosa arkansana
Selaginella densa

. Solidago species
Sphaeralcea coccinea
Stipa comata
Taraxacum officinale
Thermopsis rhombifolia

“

NOTE: -Nomenclature accorcing to Moss (1983).
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JENSEN RESERVOIF

Achiliea millefolium
Agoseris glauca

Allium cernuum .
Allium textile

Anemone multifida

Anemone patens. var. woifganginana
Antenraria species
Arenaria congesta var. lithophila
Artemisia absinthium
Artemisia campestris
Artemisia frigida
Artemisia ludoviciana
Aster laevis var. geyeri
Aster pansus

Aster species

Astragalus drummondii
Astragalus flexuosus
Astragalus striatus
Astragalus triphy]]us/’ﬂ\\
Besseya cinerea ~
Bouteloua gracilis

Bromus inermis

Carex filifolia

Cerastium arvense
Chrysopsis villosa
Cirsium vulgare

Comandra pallida
Cryptantha macounii
Delphinium bicolor
Dodecatheon conjugens
Draba nemorosa

Erigeron caespitosus
Eriogonum flavum

Festuca scabrella
Fritillaria pudica - >
Gaillardia aristata
Galium boreale

Gaura coccinea

Geranium viscosissimum
Geum triflorum
Glycyrrhiza lepidota
Guttierezia sarothrae
Happlopapus spinulosus

Hymencxys acaulils

Hymenoxys richardsorii
Liatris punctata

Linum tewisii

Lithospermum ruderale
Lithospermum incisum
Lomatium simpiex .
Lupinus argenteus

Mamillaria vivipara

Medicago sativa

Melilgtus alba

Melilotus officinalis
Musineon divaricatum
Oxytropis sericea var. spicata
‘Parmelia chlorochroa
Paronychia sessiliflora
Penstemon confertus
Penstemon nitidus
Petalostemon purpureum
Phleum pratense

Phlox hoodii

Poa species
Potentilla concinna
Potentilla effusa
Rabitida columnifera
Rosa arkansana

Rosa woodsii

Senecio canus

Silene noctiflcra
Sisyrinchium montanum
Solidago mollis
Solidago rigida

Stipa comata
Symphoricarpos occidentalis
Taraxacum officianle
Thermopsis rhombifolia
Townsendia sericea
Tragopogon dubius
Trifolium hybridum

Vicia sparsifolia

Viola adunca

Viola vallicola

lygadenus gramineus

s

/

NOTE:

Nomenclature according to Moss (1983).



amattor planning arvolves Separate handiing of yegetation

’

<0t and topography, a study design wes ceveloped *hatl atterpted ™

N ..

isolete the etfects of each in determining productivity. f1eld ;.
were established where topography and soil character stics were reasgred

and retive grassland productivity measured in gorder t0 examine thre
relationchips. To elifinate the effect of species compesition on
productivity and to 'simulate a recleined landscape, ftield picts were

establiished at the rative vegetation sampling locatiords. These were

planted to a single species (Agropyror cristatur). [t was hypcthesized

that the monoculture would demorstrate a greater respcnse to
environmental variables than the native grasslarc. This is due ' the
fact that in a monoculture, the species selected would be forced to
adapt to a wide range of environmental conditions, many of which would
be less than optional for its productivity; whereas ir a native
grasstand, natural selection would be expected to resuit in a species
.compositisn that was changed and adapted to varying conditions
throughout the site. |

The field plots were split in half and=15 cm of toﬁsoi] removed
from one of the subplots prior to seeding. Stripping the shbplots
permitted the examination of the effects of topography on productivity,
without tﬁe effect of topsoil. This is acknowledged to be an imperfect .
test as soil chéracteristics in the areas where the.field studies were
carried out do not vary abruptly with depth; that is, B horizon material
shares many characteristics with A horizon material, . It was felt,’,

25
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however, that if tcpsoil did rlay an importsnt role in deterninirg
productivity that an effect, due to its removal, would bte detectec.

Finally, the topsoil that was reroved from the field plots was used
ir greenhouse trials.- The same species that had been planted in the

field was planted in pots in the greenhouse. This was done in an

tattempt to assess the productivity of the soils in the absence of the

éffects of topography and species composition. By comparing this with
the field data, it Was hoped that some assessfhent could be made of the

relative contribution of soil and topography to productivity.

VARIABLES ASSESSED
The 1{?E?ature review suggested directly or indirectly several
. : o~ S\
tupographic variables that might be significant in the determiﬁa4208 of

grassland productivity. A number of these were selected for as<essment

’

in this study.

A)  Slope Angle or Steepness
’%FOSt other 3tudies examined utilized slope classes based on a range

in pe?cent slope (vertﬁca] dfstance]horitbnta] distance i'IOO) heréin

« referred to as S]ope.  McHarg (1969) used claéses of 0-5%, 5-15%,

°

15-25%, > 25%. Acton (1965) found 1-3%, 3-5%, 5-8%, >‘é! to be useful
classes for soil classification. Kent (1980, 1981) used < 4%, 4-8%,
8-15%;:15—30i3 > 30%." As no cbmmon basis for categorization could be
founﬁ%‘s]ope in this study was simply measured and recorded to tﬁe

nearest percent with _an Abney level over a 10 m slope segment..

Productivity was expected to decrease with increased slope.

. o . i

26



La 3

B)  Slope Position

Twe measurements of <lope-position were taken in this tudy . The
fFirst was simply distance of the plot from top of sTope as used by Ruhe
and Walker (1968) and Harnia, et al. (1973). While this meacyrement had
been shown to be mean‘ing“ru] in studies of characteri®tice relating te
individual slopes, the author felt thet an 1ndéx that ddjust&d‘fof t he
length of a slope might be more generally meaningful. Conseqguently,
proportional distance downslope (distance of plot from top of
slope/totel slope length) was also measuted. Distances were measured in
‘metres with a 50 m tape measure. Based on the 11£erg}ﬁ?e review, it

- »

appeared likely that the minimum productivity wouTé be at the shoulder

of the slgpe (the slope break) with productivity generally increasing

downslope.
’ .
C) “Aspect .

Aspect, or the direction a slope is facing, was also measured in
two ways. The first was with a.due south slope given a value of 0° and
a due north siope 180°. Aspect was measured as degrees c¢f deviation
from true séuth.— Thus, the east and west slcpes botﬁ had a value of
503. This is the method used by Duffie and Beckman (1974) for the
calculation of solar energy striking a plane. This was tc be & measure
of solar exposure. Since Ayyad and Dix (1264) found the maximum
contrast fn vegetation to be between southwest and northeast slopes, for
the purpose of comparison, a Second aspect, in whiQp the scale was |
rotated such that southwest was 0° and northeastil80°, was calculated

for each sampling station. It was expected that maximum productivity

would be found on northeast facing slopqs. . .



Field meacurements were takren with o haend compess correcting for

magletic declination and recorded to the/;;:>?3$ degree.

0) Slope-Aspect Comnposites

Slope and-aspect interact in their effect or microclimete. In an
attempt to deal with this interaction, three different indices combinirg
slope and aspect were calculated. These were:

» ,

1) A composite variable based on the following equation from
Duffie and Beckman (1974), intended to give the anagle of
incidence of beam radiation from the sun striking a plare.

4

cos 1 = sin d cos 1 cos s ~ sin d ¢6S 1 sin s €oS 3
> . v
+ cos d cas 4-¢cos s cos w + cos d sin 1 sin s €o0S a
€cos w + cos d sin s sin a sin w

. where, 1 = latitude

d =rdeclination

s = slope

a = the surfage azimuth ;ngle, thet 15? the deviation
of the normal to the sufface from the Tocal

~meridien (the aspect), the zerc point being due
-~ ‘soutH, east positive and west negative.

w = hour ang]e,;so1ar noon being zero, and each‘house
equalling 15° of longitude with mornings positive
and afternoans negafive.

i = the angle of incidence of beam radiation, the

angle being measured between the beam and the

L

.

normal to the piane.
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inox, the equation is further sinplitied:
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ile the selection of this dete 15 arbitrary and oot
rily the most appropriate, i¢ the pr{n(iple 1( sound,

ationshfp should be apparent.

ent latitude besed con an equation from MacDougal]

sin‘[(sin‘s cos a ¢os 1) 0'(cos s in 1))
E = eauivalent latitude

s = slope

a = aspect

1 = latitude .

itively generated slope-aspect composite based on the
at it appeaﬁz'that slope steepness amplifies the
imatic characteriﬁtics related to aspect: _That 1s,
rve to ﬁake south or southwest slopes hotter and drier
uld otherwise be the case and make north and rorthwest
cooler and moister: Using this principle, ihe

ng equation was developed.

00 [a - 90] |

c is the slope aspect composite
s is the slcpe in percent

a is the aspect measure in degrees from couth.
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These indices were calculated t¢r both the scuth normai ard
scuthwest rctated aspect date resulting in ¢ totel of six veiues for

each sempling station.

t)  Topocraphic Shape

The topographic shape variables utilized were based on Ruhe and
Wolker (1968) who distinguish between vertical anrd horizontal Sh;pe
identifying nine basic slope geometries: "(1) linear,.convex, or
concave slope width with linear slope length; (2) the same sicpe widths
with convex slope length and (3) the scme slope widths with concave
slope length."”

Stope length refers to the line described by a cross-section
through a slope taken at right angles té the contour. Vertical shape
refers to the concavity or convexity of that cross section. While Ruhe
and Walker only icentify three shapes - linear, convex and concave, a
five-point scale was used in this study with 1 being highly convex, ¢
somewhat convex, 3 linear, 4 somewhat qqpcave, and 5 highly concave.
Subjective estimates were made to the nearést 0.9,

Slope ‘width is defined by the contour line rurning through the
point in question and horizontal shape reférs to the concavity or
convexity of that contour line. As with vertical shape, in this study a
five-point scale was used tb describe horizontal shape rather thad,the_
three categories used by Ruhe and Walker.

In addition to the twc individual measurements of topographic
shape, two composite indices were calculated. These were;

i) 4A" additfve composite slope shape indé* defined by the

equation:
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the composite Trdex
h = the horizonta! shape

v = the vertical share

i1) A multiplicative composite slope shape irdex ((.) detined by
c_ = . :
. o hv ;

It was expected that productivity would jncreasp with increasing
concavity in beth vertical arnd herizontal shape as well as in the
composites. . -

Ten soil variables were utilSzed in thic stugy. These 1nclyded the
sa@e variables used by Currah, et al. {1982) in their stud; of little
Bow, Jensen and eight other southern Alberta sites. An additional
variable, sulphur, was added to those used by Curreh, et al., for tittle
Bow Reservoir. This-has at the advice of an Aiberta Agriru]tg;e S011
scientiét who had found that scme soils in the area have a sulpHur
deficiency. A1l soil analysis was performed by the A]berta Agriculture -

Soil and Feed testing laboratory in tdmonten.

The variables tested for included:

Ak Soil Texture o B
Looman (1980) and Coupland (1§50) boih observed that soil
characteristics relating to water retention and avai]ébi]ity
sign{fican§1y affected species composition in the mixed prairie. Thus,
soil texture and soit organic matter content would be expected to
influence productivity within a site. Optimum soil texture would be

associated with soils of fine loam texture (silt loam, or very fine

sandy loam) which would store the greatest amount of available water
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Letween rainfali events (Lcngwell, et al., 1963). Coarser tekﬁured
solls would not retain es mucn.water and finer textured scils would 'yse
most to runcff. Thus, prcductivity would be expected to increase as
textu;e becomes finer until ideal texture is reached then drop off.
Texture was determined subjectively by la~.oratory perscnnel or a

five-point scale rancing from very coarse tc very fine.

B) Organic Matter Content .
W

Organic matter tends to improve soil structure increasing
infiltration and noisture ;etention, and 1s also the major reservoir of
available nitrogen and phosphorus in fhe soil (Black, 1968). The
expected relationship would be an increase in productivity towards &

maximum as soil organic matter content increased, followed ty a

levelling off.

C) pH

Looman (1980) identified pH as a determinant of species composition.
but not necessarily productivity. He was dealing, however, with a
relatively narrow range of pH. More extreme pH va1ue§ are known to
interfere with nutrient Jgtake with extremely low values leading to
aluminum toxicity (Black, 1968). It is to be expected% then, that
productivity-pH.relationships would be defécted only where the values

were signiffcant]y outside the mid-range (6.5-7.5).

D} Electrical Conductivity .

Electrical conductivity is generally taken as a measure of soil

salinity with any value in excess of 2 mmhos/cm indicating a salt



content sufticient to 7nterf&rv 1o some degree with gsnosts [Alberte
So1l Advisory (errattee, 19F1). joomar {(1980) used electrical
conductivity, at icw levels, as an indication of nutrier® status.

his assessment 1S accurate, productivity would be expected to increars
as electricel cornductivity increased to <omewhere tetween 0 ard

3 mmhos/cm and then decrease au selinity effects on osrotic phernrpena

became signiticant.

£) Free Lime

High levels of free lime have been shown to interfere with
phosphorus aveilabiiity (Tisdale and Nelson, 1975); thus; productiviaty
would be expected to decline with increasing levels. The laboratory
results report levels according *o an arbitrary s¢hle ranging from ril

to high levels of free lime 1n a soil semple.

F) Nitrogen, Phosphorus and Potassium

The(?hree main plant nutrients - nitrogen, phosphorus and potassium
- were tested for. As these nhtrients cannot substitwte for ore
another, a low value in any of the £hree would be expected to limit
productivity. Soil test rasults expressed elemental coacentration of
nutrients in the soil samples. An interpretatior. theet provided within
the soil test results indicated when concentrations of nutrien;s in the
soil would be considered low, medium and high. For nitrogen and
_phosphorus concentrations in excess of 25 ppm would be considered high

and for potassium a high concentration would be over 150 ppm.
[ S
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6} Sulphur
Analyeirs tor sulphate-sulphur was rade o ootl sarples trom L1l e

Bow Reservolr at the recommencetion of ar Alberta Adricu i ture sct!

sciertist as scrne scils in the areg were rnewn to have & <ulphur

deficiency. Results were expresced as put: uf elemente’ sulphur with

velues c¢f greater than 172.5 ppm beiny cersidered high,

Hj Sodium

" Sodium is ar, essential micro-nutrient for at least some grassland
plant species (4rcwne]1 and Wood, 1957): but at higher concentrations
has an adverse etfect on soil structure (Llack, 1968). The laboratory
classified scdium content on a subjective scale from nil to high. Cn
native grassland, productivity was expected to increase as sodium
increased from nil to low and decrease with ?ncreasing sodiur

concentrations.

FIELD STUDIES

Field studies involved sampling soil, vegetatior and topographic
variables at 54 stations divided between the two sites. The stations
. were comprised of sets of ghree selected from upper: mid, and lower
slope positions on a given slope. A minimum of two sets of §tations
from slopes having aspects rouchly representing N, S, E, and W were
established at each sité, thus requiring a minimum sample size of 48
stations (3 positions x 4 aspects x 2 sets ; 2 sites). Areas with woody
vegetation were avoided. At Little Bow Reservoir, stations were
established on every slobe within the area available for study. Due to

¥

the topography, two sets of stations were set up on one slope as it was



the only clope with ar easterly gopert availehlie,  There wera | hege, e

. d Al ~ . . . B N

v additiong: s oCcpey with o coutherly corelts gvatlabhle gt 1AL Wi

eoteblished un both 0t these. As 2 result 30 g%ar a0y, were eotebl1ohed
-

ct Little Bow Keservoir.

At Jensen Feservoir, slopes gr which Stetione were to Do
established were selected by start1n§ al the cccess roadt ard waikiog
north along the area availeble for study ard establishing sta* crg on
each available slcpe until the mininum sarple size hac been attained,
Thus, 24 stations were established at Jen<eén Peservolr, resulting in

*
total of 54 stations between the two sites.

Oue to the topougraphy, 1t was not pessible to select true N, <, |
and W aspects, for all slopes at either site, tut * was jposcible toy
Tocate slopes roughly corresvonding to each of these cempans rointe (-
<0 7.

Once a slope wes selected for sampling, the sanpling staticns were
established.  For upper slope positions, *his was done by welking to tne
approximate shoulder of the slope and, with eyes closed, tessing a spite
with a long survey flagging tail. The land point of the sphke became
the centre of the'gownhi1l boundary of @ 1.0 x 2.0 m plot with the lorg
aris running perpéndicu]a? to the slope. The plot was staked cut with
25 x 50 mm wocden stakes and labelled. The procedure was repeated in
the mid and lower slope positicrs with the plots being roughly in line
downslope from each other. Each plot was assigned a uniqﬁe idertifier
comprised df a,letter codé for the site (f/for Little Bow} J tor
Jensen), another for the aspect (N, S, E, or W), a third for slope

position (U for upper, M for mid-slope, and L for lower slope), ‘and a

digit to differentiate the replications. This same four character

-
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thrggehogt the faeld Stuydtes D oGree s boyne

identif1er was retglred
studies, ard <oil agnaliveis.
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Measures ©

the slope, horizontal 2iope shepe, and vertice! siope shape were taror
at each stetion. Ir additicn, tre totel slope Jenghh to the botrom of

the depression, or, where relevant, to the reservcir water levei waes
ﬁ} ,
measured and,nedgrded.
o P ”

VEGETATION SAMPLING

A1l abouve-ground vegetation {including standfng 1i1tter and Tiving
vegetation) from each of the 54 stations wes clipped at a height of
15 mm using hard shears, bagged, and laebelled. Sampling was carriec cut
oR May 15 and 16, 1982 at Little Bow Reservoir ang lawx 17 and 18, 1982
et Jensen Reservoir. As sites with woody veqetaticn were avoided, the

samples censisted almost exclusively c¢f grasses and forbs. These

samples were air-dried for a period of four weeks and weighed.

SOIL SAMPLING

The 1 x 2 metre field plots were subdivided jnto two 1 x 1 metre
sub-plogs. One of each pair of sub-plots was selected by coin toss for
soil sampling. The top 15 cm of soil was removed from each selected
sub-plot. " This is the depth of soil normally removed in stripping -
“operations associated with surface disturbances. This js also the
standard depth of sampling utilized by the laboratory that carried out
the foil analysis. It was generally comprised of A horizon materia]i
but in some cases included B horizcn as well. Twenty litres of the soil’

from each of these plots was placed in plastic buckets and subsequently
\

. \

s - \

-
\.



Ut iIed G the Groechoyce trigls. Ul -gemples 810 ol e Cgoan feoe
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each Lucket dried grd <ert te the Llberta Acricuiture To00 ane b

. . . N .

restire [aburatory T oanaiycre.  Tests for evatlabie st oaner

phesphorus erd (otessiur, i, electrical condustivity, sodiur, *ree

4

irie, terture . and organic retter were (sorvied oyt oor ool <arnlec

adcition, or the advice ¢f an Alberta Agriculture o3’ ocientanr | by

sampies from Little Pow Reservoir were analyred tor wulnbate culnbuy, o,

some soils in the ared were known to have a Suiphur de*iclency.

FIELD FLCTS !
Both the subplets trom which the topsoii had been stripped grd

-

these in which it was retained were rote-tiilled to depth - °
approximately 15 cm. Thus, they were intended to re;resent disturbed
sites on which no topsoil replacement has been carried cut ard disrurte !

sites ¢n which 15 cm of topsoil has been replaces, respectively.

Five grams cf rested wheatarass (Agropyron (ristatun, cv. Fairway)
viere scattered onleach 1 x 1 m sub-plot (a rate equivaient to 50 kc/ha!,

and raked in. The species was chosen because of its extensive use for
v A o

reclamation throughout the region and documented tclerance fur ¢ wide
range of soil and moisture conditicns (Natsbn, et al., 1960). The .
seeding rate was two and cne-half times the 20 kg/ha that is recommendva\
by Schiechtl (1980) ;or reclamation purposes but was uti]izéd in an
attempt to achieve quick establishment of grass and limit weed
.competition.

The Jenseﬁ Reservoir plots were seeded on May 29, 1982; thé Little

Eow Reservoir plots were seeded on May 30, 1982. Ninety-two days after

seeding, all abcve-ground vegetation/(includihg'vo]unteer growth) on the
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Jersen regervolr o cgbnlotc was hanc ol riped, bacned | aed laleiled  The
Cttle Bow keservetlr plots were ciipped 3 deyn efttler seeding.  The

e - o
amplies were (ven-cdried et 4270 for T4 hours gnd the content. of the

Gs welghed,
bans shed.

GREEDEGUSE TRIALS

The soil coullected from each station was used to Fill 58 et (f
#1ght stancard 15 cm diameter plastic greenhouse pots to a cepth-of
1.5 cm. Large stones, lumps, and pieces of organic matter were
excluded from the pots but no attemp?t was made to s1ft or s reen the

~
se1l es texture wes one of the variables being exarmined. An additional

£ pats were filled with the standard potting mixtur; used in the
Jriversity cf A]ber;d greenhouses. This made a total of 4403pots.
Four greenhouse benches were used in the trials. Eleven double

rows, 5 pots long, were set up on each bench (see Appendix A), creating
55 possible pot locations on each bench.‘ A <ite identifier was randonmly
assigred to each of the locations. Fifty-four cards with the site
identifiers written on them and d#?tblank were shuffled ard cne placed
cn each location. Two pots of the soil from each station thus

identified were placed at each 1ocation.(

Forty seeds of Agropyron cristatum, cv. Fairway, were planted in

each pot (this is a rate approximately equivalent to that used in the
field plots).* These were stirred in slightly with a stick and the soil

surface lightly compacted by hand. ‘ -
Q.

* Calculation. . . '
(15 em/2)2 x 5 gm/1 m2 x 1 m2/10,000 cm? x 400 seeds/gm = 35.3
15 c¢m = pot diameter N
Number of seeds per gm from Schiechtl (1980).



,wWater agairn

e FOTS Were weltered catly fur gne oweer followinn cpnding oan
whroh Chre alh showes cood gerciratign. POl Towing than b e g ey
Cuulie rCw w2t waltered Caliy (we' Crvegltmgrt . The Clher bt ever,

secord day [dry *regtmenti,

The number ¢* pots preciucded the precise meter g
water cpplied, but was approairietely 15C ml/ 0ot/ weter rg.
were done to assure that the <cil on the beottom cr-the polo wac hering
moist without undue flowthrough ¢f water. LUrder *the greerbouse

in the pots watered daily gercrally did not dry ot

J

cergitions, the soil

and was more Or leshk constantly moist. Or the other hend, the soil

the pots watered/every second day was generally dry when 1t came tire ‘o

.
the plants were oftern beginning to wilt.
The first watering was dcne on June 7, 1982. ZAny broad-leaved
piants were removed as scon as they emerged. No grasses other than the

Y
planted species-were found to be growing in any o the pots. Atter 9.

days, the grass in each pot was clipped at 15 mm, cut into approximately
5 cm lengths, baaged, and labelled. All the samples were dried at 47 (

for 24 hours and veighed.

DATA ANALYSIS
A1l statistica’ analysis was done on the Uriversity ot Alberta
computer utilizing the SPSSX scftware (SPSS'IHC. 1983). The data we}o
wfitten on coding sheets and entered into two computer files. (ne
consisted of greenhouse data and indicated thé following for each pot:
1) Replicate.

2) ~ Row on bench.



2)
4)
g
~

6)

Ve

Plot identifuer of station from which soil wes taken.

Treatment (wet or dry).

Mumber of stems at harvest (culms and tillers).

Dry weight of harvested material.

The other data file included the fcllowing for each sampling

station:

10)

11)

12)

Plot ident{fier‘(comorising site, aspect, slope position, and
replicate ﬁumber). .

Slope (in pegcent).

Compass bearing‘(in degrees).

Distance from top of slope.

Léngth of slcpe.

Horizontal slope shape.

Vertical slope shape. o

%

Dry weight of material harvested at the-beginning of the study

(representing 2 m2).

Dry weight of materiai harvested from topsoiled 1 x 1 m

[
a

sub-plot in the fall.
Dry.weight of material harvested from non-topsoiled 1 x 1 m
sub-plot in the fall.

Ory weight of the material harvest in the greenhouse trials

AY .
(dry treatment) for the four replicates using soil from the

b}

station.
The number of stems ét the tir~ of the harvest in the

greenhouse trials (dry treatment) for the four replicates

using soils from the station.

T 40



13) The sare values as described in 11 and 12 for the wet

treatment.

14) Soil test data for the so1l collected at the <tation,

including (nitrogen, phosphorus, potassium, sulphur, i,
electrical conductivity, sodizm, free lTime, te<ture, and
organic matter contert.

TheAEata analyses were intended to examine the eftects of the <oil
and topographic variables on productivity both as single independent
variables and in ;ombination. In handling the data, results from the
Little Bow and Jensen sites ;ere examined separately. Although .
splitting the results reduced the number ot degrees cf freedem for
ctatisticel analysis, it was not valid to Tump them. Data frcm the two
sites are not homogeneous. Splitting the results did, howevef, permit
independent confirmation of resylts. There was greater confidence in
relationships detected at both sites than in those observations
restricted to one location. . ,

The Pearson Product-Moment Correlation was use% to examine
relationships between pairs of variables. Significance levels were
computed for each correlation coefficient. For all cases where the
significance of the correlation coefficient waé less than 0.05,"
scattergrams of the relationships were plotted and the least squares
regression line calculated. The scattergrams were.intendéd to aid in
the detection of non-linear re]éticn§hips and possible outliers, to °
facilitate possible data transformation and thus refinement of phe }
computed relationships.

Topographic and soil variables whose correlation coefficient with

initial. harvest, non—tobsoi]ed harvest . or topsoiled harvest was

41



> \

calculated to have g probability of sygmiiicence of leso than O.UL, were
selected for use in multiple regression analysis. Multipie sterwise
regression used initial harvest, tcpsoiled piot harvest and
stripped-plot harvest as dependent veriables. Tepoaraphic and soil
factors were used as independent variagbles 1n the aralysis, both
seperately and in_combination_ A maximum probability for £ of 0.05 wes
used at each step of the regressior analysis for inclusion of variables
into the equation. Mu]tipie R and R square values were caICU1ated for
edch step of the analysis.

Due to obvicus interrelationships among many of the variables, it
was decided to carry out Principal Component§ Pnalysis (described by
Harris, 1975) utilizing thcse variables selected as independent
variables in the multiple regression analysis. Topographic and soil
factors were analyzed, both independently and in combination, uﬁi]izing
the procedures of principle component anelysis with a varimax rotation

~method. Principal components were extracted and factor loadings

. ' r )
computed for each of the variables in the .analysis. Factor scores were
computed for each case in the ddta file. The extracted principal‘ .

components were then used as independent variables in regression

analysis with initial harvest, and topsoiled and non-topsoiled harvest

N7

as dependént variables.
4 . . y /

Similar regression analyses were carried out with soil texture and

organiclmatter content as dependent variables and topographic factors as

indep;;yent>variables.
Analysis was also carried out with the greenhouse data using wet
and dry treatment productivity, separately as the dependent variable and

.50i1 characteristics as the independent variables.



MODEL [DLVELOPMENT AND APPULICATIGH ASSESSMENT

From the multiple regression analyses, an equation was deve(ped
that would predict productivity on the besis ot soil and topegraphic
variables. The selection 0° the variables was based in part on thei
predictive value as released by the data anaiysis ard i1 part on the
ease with which thev could be incorporated into the reciamation @ lenning

Process.

A case study involving the preparation of ¢ reclamation plan for q

borrow area in soutkern Alberta was conductec uvtilizing the equation
that had been deveioped as & working model. The case study was not
designed tu test the validity of the model. but to examine how such w

model might be incorporated into the reclametion planning process and

the value it might have in that process. -



RESULTS AND DISCUSSICON

PRODUCTIVITY

Table 4 presents the mean productivity cdata for the field and
greenhouse studies. A more detailed surmary of procuctivity date is
presented in Appendix B {Table B-1). As expected by the differences in
climate, the initial harvest revealed the Jensen Peservoir <ite to be
more productive than the Little Bow Reservoir site. There is a wide
range 1n productivity among the stations at both sites (700" at Jensen,
1,000% at tittle Bow). If this wi;hin-site variation is attributable to

i
local topography and scils, it giveg an indication of the potential for
increasing ¢r reducing the productivity of a site through site
disturbance and reclamation. | '

One probliem did cccur with the field plantings. No weed control
was carried out and the harvested vegetation on several plots included %
large number of weeds. This was most pronounced at Little Bow Reservoir
where the grass Qermination was very poor and some of the plots were

dominated by large, highly productive weeds such as Russian thistle

(Sa]so]a kali) ana wild tomato (Solanum triflorum). The effect of this

can be seen in the wide ranging data and high mean productivity recorded
at the Little Bow Reservoir plots (Table B-1). It should be noted that
despite the large diffe}ence in mean productivity in the field plantings
between the two sites, this difference was not found to be statistically
significant.

Althoudﬁ the stripped plots were depressed and conéequent]y Had a
somewhat more favourable micro-climate than the adjacent top§%11ed

plots, they consistently-yielded lower quantities of biomass than the.



MEAN PRODUCTIVITY OF FIE

TABLE 4

LD PLOTS AND GREENHOUSE TRIAL:

YIELD
SAMPLING JENSEN RESERVOIR  LTTTUE BOW RESERVCTR
FIELD (g/m?) |
** %

Initial Harvest of Standing 405.6 126.4
Crop anc Litter

-
Topsciled Plot Harvest 72.7 1744
Stripped-Plot Harvest 50.2 31.
GREENHOUSE (g/pot)
Wet Treatment** 2.49 _ 2.12
Dry Treatment 1.71 1.73

**  Denotes a highly significant

difference {p < 0.01) between sites.
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topsoiled plots. This supports the findings of Redente, et al. {19v2},
Reis, et al. (1977, 1978) -and Schuman and Fower (1981) recarzing the
importance of topsoil in reclamation.

in the greenhouse trials, it was found that there was a sicnificert
difference in the prcductivity of soils from the two sites in the we!
treatment but not in the dry treatment (Table 4). It is reasonable to
conclude, therefore, that differences.in soil fertility between the two
sites are only epparent under certain growing conditions. Where
environmental factors, in this case water supply, restr;ct growth the
differences in soil fertility between the two sites do not affect
produc%ivity to any measurable degree. This suggests that differences

in productivity observed in the field studies between the two sites may

be dependent rot on soil fertility but on climatic and topogrephic

I k3
~

variations.

There was, however, a large va(iation in the proéuctivity of soils
from different Jocations within each site in both wet and dry
treatments (Table 5).

There was a strong correlation, at the Jensen Reservoir site
(Table 6), between initial May harvest and harvest from both tcpsoiled
and stripped-plot regrowth treatments in the field trials. This was not
found to be the casg\yith the Little Bow Reservoir dat%‘(Table‘7). The
fact that this relationship was not foynd at Little Bow Reservéir is
believed to be a result of the wee& growth masking the results, as
discugsed above. 'The strofig correlations between initial growth and
regrowth at Jensen Reservoir sugge;t that the factors controlling the

productivity of native vegetation are, by and large, the same as those

controlling the establishment and growth of reclamation plant material.



TABLE 5

BREAKDOWN OF GREENHOGUSE PRODUCTIVIJY DATA
BY WATERING TREATMENT AND SOIL SOURCE

NO. OF PRODUCLTIVITY (g/pot)
TREATMENT SOIL SOQURCE SOILS  PINIMUM MEAR FAXTHUM
e
et ' Little Bow 30 1.1 2,17 3.91
Jensen 24 1.44  2.49 3.51

Dry Little Bow 30 1.10 1.75 2.59
Jensen 24 1.06 1.71 2.57

Fey

~



MATRIXY 0OF PEARSON'S COKRELATI

TRBLE €

NOCOEFPICIENTS

4R

BETWEEN PRODUCTIVITY VALUES FOR GREENHOUSE TREATMENTY

AND FIELD TRIALS
JENSEN RESERYVOIR DATA

(

————

Initial
Harvest

Topsoiled Plot
Harvest

Stripped Plot
Harvest

Greenhouse
Wet
Treatment

GREENHOUSE GREENHOUSE STRIPPED-PLOT  TOPSOILED
DRY TREATMENT  WET TREATMENT HARVEST HARVEST
-0.27 1.0.16 0.81** 0.79%*
~0.13 0.1l 0.85%+ ‘f
~0.04 -0.01
0.89*+

* < 0.0l



At

MATRIX (OF PEARSCON'S CORRILATION JOLFs 0]
BETWEEN PRODUCTIVITY VALUES FOR GREENHOUSE

AND FIELD TRIALS
LITTLE BOW RESERVOIR LATA

GREENHOQUSE GREEMNHOUSE STRIPPLD-PLOT TP ED
DRY TREATMENT  WET TREATMINT HARVEST CHARVECT

Initial

Harvest 0.04 0.172 0.03 Ot

Topsoiled Plot

Harvest . 0.20 0.11 0.36*

Stripped Plot

Harvest 0.45** 0.51*~*

Greerhouse

Wet

Treatment 0.79*~*

* p- 0.05

*x p- 0.01

4a
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Consecuently, cbrervaticny ° the responge of rative vecehs .

.

topographic and scis veriaticor should provicde gn Tndtcation of the
respense of reclamation pienting to those same veriablec.  Iddeed, dur
to problems such as weed ¢rowth ard lTecal seeding fatlure, rative
vegetation likely provides a better 1ndication of long-terr productivity
than short-terrm field trials do.

As discussed above, the greenhouse trigls were intended to prywide
an assessment of the effects of <01l charecteristice on productivity
1solated from the eftects 0f topography. [t was also hoped that thece
trials would provide an indication of soil fertility effects that might
not be revealed by the soils ]abogé&ory anelysis resuits.,

It was anticipated that theré vweuld be a positive reladaicnship
between field anc greenhouse re§uﬁ¢s although this wes expected to be

2
modified by the topographic variables. With one exception, there was
essentially no correlation between greenhouse and field resultc. The
exgépt1on is the relationship between the two greerhouse trials and
stripped-plot harvest at Little Bow Reservoir (see Table 7). No
adequate explanation for this result was fourd.

One interpretation for the in-onsistent re]ationship(Ehown between
greenhodse—and'fier trials might be that, under ffeld conditions,
variation in soil characteristics within a site has little influence on
productivity. This does not, however, appear to be the case. Analysis
of data from the field studies indicated that some soil characteristics
were sigﬁificant in controlling productivity. The conclusion that one
can draw is that plants in the greenhouse trials responded to different

sets of variables than plants in the field trails. This will be

discussed in greater detail below.



?utytu the morphological drfferencesy Letveen the s catea 0
pecsihie 10 gdsess the effects ot g relalively wide rorge ¢f Topoor b0
variat ens on vegetetior. The gensen HRegervolr o e o ooyided o o e

of short steep slopes In countrest to the Toncer #lgtter slolec o *he
L1ttle Bow Feservoir site. Slope rranges are more ahrupt 17 Jenoen
Reservoir and thise 1s retlected 17 the slcepe shapes ascected. A wuno,
0t the topographic data fror the two sites 1s provided in Appeoas,

Table 8 provides @ summary of the <icrificant CCﬁre1aTimnf Between
topographic variables end productivity.
1. Stepe:

it was precdicted that there should be an inverse relat (re<hiyg
between siope and precuctivity and that due to the presence of
é}eeper slopes that thic should be riore pronourced at Jensen
Qeservoﬁr.

This anticipated result did not materiaiize. Slope was naot
found to be a significant determinant of productivity at either

.- site and, if anything, less so at Jensen Reservoir than Little Bow
Reservoir. The one statistically significant correlation that was
found indicated that in the topsoiled regrowth trials at Jensen.
Reservoir, productivity tended to increase rather than dec;ease
with increased steepness of sliope.

There are several possible explanations for this lachk of
apparent Fe]ationship. One is that perhaps even the moderately
steep slopes that are found at Jensen Reservoir (up to 37 percert)
are not sufficient to present a limitation to productivity.

Another possible explanation is that slope interacts with other



SIGNIFICENT FEARSCN'S CORRLLATION COEFFICIENTS
BETWEEN FIELD PROCURCTIVITY AND TOPCCRAPHIC CHARACTERISTI

INITIAL TOPSOILED STRIPPED-PLQOT
TCPOGRAPH I C HARVEST REGRCWTH ’ REGROWTH
VARIABLES JENSEN  LITTLE BCW JENSEN tTTTLE BOW JENSEN LITTLE BOW
Slope -- - .80 * -~ -- --
Distance
from top -~ .39 -~ -- -- .33
Horizontal :
Shape .54 *= .55 *» .54 *= -- .50 *~ --
Vertical
Shape LBl * 42 x> .55 *» L30 * .57 x>+ --
Downslope o
Proportion .43 * .42 .40 ~ -- .35 0~ ~-

Aspect {SW=0) .49 ** -- .52 **

* »
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Feservolr, a steeper gradiert wouid Le stadter grd thoreeso .
a sha. cwer graciert | whereas (o a scuth-tacing Siure s
s bl N - - . EEERY
steeper grgdient wou'd tend o Le holter ard deger than ooob Togen

3.

This possable 1ntergction iy digcusced el
Two direct measures ¢t SiCLe pOSItien were angiyled, fistanie

from top o slope and the propeorticral distance dnwnslcie. 11 wa'
expected that productivity weuld 1ncrecce relative to the 11t ance
cdownslope. i

Simple cdistance frum tup of siope was not a GOeG predictor é'
productivity. It was correlated cnly with 1nitial harvest AHJ
stripped-plot recrowth et L ittle Bow Feservoir. This 15 not
surprising given that this measure 1S SO stroﬁg1y related to the
individual slopes beiné assessed. Although Puhe and Walker {196
were able to develop equations predictirg soil characteristics in
relation to -distance from top of slope, these equatiorns were"of
specific locations and could not 5e applied to other situations
because 'of the fact that each slope has a different 1engthi

Proportional distance, on the other hand, is adjusted for
slope length and was a good predictor of productivity in most cases
{see Table 8).
Vertical Shape: - _ c

Productivity'was expected to increase as concavity of vertical

shape increased. This is because vertical shape is related to

position on slope. Convex slopes are generally found in upslope

-\~__~‘
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positions where erosional forces control shape, whereas concave
slopes are indicative of lower slope positions where soil 1s
accumulating and so1l moisture levels are generally higher. The

results in virtually all cases are consistent with the predictions,

and support the findili§ of King, et al. (1983) that concavity and

Convexity are valuabl dicaetors of soil conditicens

Aspect:

»

It was predicted that productivity weuld increase with
increased deviation from & southwest slope aspect. This was the »
case for all measures of productivity at Jensen Reservoir but for

only one of the productivity variables (stripped-plot harvest) at

Little Bow Reservoir. The ‘steeper <lopes at Jensen Reservoir may

explain why aspect effects would be greater there than at Little

A

Bow Reservoir since the temperature and moisture changes related.to

aspect would be more éxaggerated on steeper slopes. If this is the

case, it begins to suggest ranges within which aspect may be a

significant determinant of production.

®

'Ayyad and Dix (1964) confined their work to slopes of between

N

23 and 32 percent and found marked~differences in floristic

composition related to aspect. Unfortunately; they do not provide

- 4
.

productivity figures_with which to make compariscn. Regardless,
B / ] ‘ . :
the slopes they used were steeper than any at Little Bow Reservoir

and than most at Jensen Reservoir.

Horizontal Shape: d

This is an indication of how wéiergathering or watershedding a

* 0

| slope may be. It was found to.be a very good predictor of

(_()\ ; “'

productipn in most cases. - 4
s ‘ ‘ )
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As described earlier, some six (onpesite variables were caloulated
corbining slope and aspect, end correlation coefffr%ents were (eliculated
Letween all six indices and all measures of field productivity
(Table 9). MNone of the indices wére significént]y better than aspect
alone in predicting productivity. In fact, at (ittle Bow Reservoir,
some of tﬁe indices have correlations opposite to those anticipated.

The failure to confifm the significance of two such widely used
variables as slope and aspect in terrain analysis is ameng the more
perplexing results of this study. While the author is not prepared o
state that slope and aspect are not important variables in the
determination of productivity in the mixed prairie, it is not possible
to show a relationship with the data gained in this study. A\:tudy with
more observations includinc a broader rafige of gradients may yield nore
definitive results.

The attempts to combine the two slope shape indices into ¢ single
varigb]e proved somewhat more fruitful. A composite slope shape inder
was felt to be more-usefu1 for analytical purposes than two separate
measures. It is consistent with the general description of slope
‘ concavigy.or conve§1ty as described by Ruhe and w§1ker (196€). The
value 3f‘this index is discussed further in the secticn "Implications
and Applications". S .

As described earlier, both additive and multiplicative indices were
calculated. The corre]atian coefficients for both indices and field
productivity were calculated (Table 9). The relationship between
initial harvest and the additive slope shape index weas also examined

AN 4 ‘
'ggébhically (Figures 6 and 7).

-



TABLE 9

PEARSON'S CORRELATION COEFFICIENTS

BETWELEN FIELD PRODUCTIVITY AND COMPOSITE TOPOGRAPHIC VARIABLES

56

COMPOSITE
TOPOGRAPHIC
VARIABLES

INITIAL
HARVEST

TOPSOILED PLOT
HARVEST

STRIPPED PLOT
HARVEST

JENSEN

LITTLE BOW  JENSEN

LITTLE BOW

JENSEN

LITTLE BOW

Angle of
Incidence

fquivalent
Latitude

Slope-Aspect
Composite

SW Roggted
Angle of
Incidence -~

Sk Rotated
Equivalent
Latitude

SW Rotated
Stope-Aspect
Composite

Shape
Composite
(Additived)

Shape
Composite
(Multi-
plicative)

.43*

-.45¢*

43

.43*

.42*

L61**

62**

.32* .29

.32* -.31

.33* .30

.14 .58**

.14 -.5g**
.14 T .54**

LH2** .64~

/53%+ 66%*

.20

.19

.20

.18

.18

.19

12

.43~

.44

LG4

.49t*

47

.69**

.69**

7%
-.57**

.58 **
RYEE
~.a4%
Agxx

.11

.10




INITIAL HARVEST (gq/m?)

500

400

300

200 |-

100

COMPOSITE SHAPE INDEX

NOTE Topographic Composite Shape Index = v+h, where
vz vertical shape -~ range from | (highly convex) to 5 (highly concave)
h= horizontal shape - range from 1 (highly convex) to 5 (highly concave)

INITIAL HARVEST - COMPOSITE SHAPE INDEX
RELATIONSHIP - LITTLE BOW RESERVOIR

FIGURE 6
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COMPOSITE SHAPE INDEX

NOTE : Topographic Composite Shape Index = v+h, where:
v = vertical shape - range from | (hijhly convex) to 5 {highly concove)
h= horizontal shape —range from I (nighly convex) to 5 (highly concave)
[

INITIAL HARVEST - COMPOSITE SHAPE INDEX
RELATIONSHIP -~ JENSEN RESERVOIR

¥

FIGURE 7



Both composite indices yielded somewhat higher correlation
coefficients for the Jensen Reservoir data thar either individual <lope
shepe variable. For the Little Bow Reservoir data, the composite shape
indices yilelded correlation ccefficients comparable to those calculated
for the individual shape variables. There appeared tc te l1ttle or no
difference betweer the two indices in their correlat%on with

{roduct1vity at this site.

PRODUCTIVITY-SOIL KELATIONSHIPS

The résults ofg\ the soil analysis are summarized in Appendis [.

Some of the soil sampMs from Jensen Reservoir were quite wel when taken

diately. Some of the soil samples from this

‘

sitevshow-abnorma]]y high nitrogen values. This is probably

and could not be dried im

attributable to the delay in drying as microbial activity in moist soils
can result in a greater release of nitrogen from soil organic nafter.

Eﬂ order to maintain consistency in sampling dates and procedures, it
was not considered desirable to take additional samples from the Jensen
stations. '

The soils from Jensen Reservoir had a finer texture and a higher
organic matter content than those collected frgm Little Bow Reservoir.
Neither had any cherical characteristics thét would be expected to pose
a serious limitation to productivity. On average, both were adequately

supplied with ‘the chemical nutrients needed to support vigorous grass

cover. Of the soil chaPicteristics tested, only soil organic matter and’

#texture were found to QF relatively consistent influences on
productivity in the field trials (Table 10). This tends to support the

view that, in the grasslands, the most significant soil variables

) \

<
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contreiling productivity tend to be those reiated to muitture retention,
As rmentioned earlier, there appeared to be 1;bLle relatiornehip between
field results and greernhouse results. [t was thought that the
greenhouse "dry treatment” might rore closely approximate field
conditions than the wet treatment. This was.not the casé. Although e
wei treatment was sdbstantia11y more productive, it appea}ed te be
résponding to the same variables as the dry treatment.

Although the results aof the analysis of the relationships between
productivity and soil characteristics are far from consistent and
conclusive, they do provide some besis for evaluation of scme ot the
predictions discussed earlier. |
1. Texture: /

Soil texture can te important both to the moisture holding
chéracteristics of soiis and to nutrient evailability. Generclly,
one might have expected the re;ults from Little Bow Reservoir to
show greater sensitivity to soil texture than those from Jencen
Reservoir, due to the coarser nature of the soils, qnd since most
of the samp]és from Jensen Reservoir had close to what is
considered to be ideal te;tUre {fine loam).

Productivity was higher on soils of finer texture in the field
trials at Jensen Reservoir but not with the same soils in the
.greenhbuse trials.

In the‘case of Little Bow Reservoir, productivity on one of
the regrowth trials was.correlated with texture and in the

greenhouse trials, productivity was.higher on the finer textured

soils. ’ ' y



The muliture retenticn characteristics of the sgils fros
Jensen Recerveir are probably impcrtcnt in the field but ngt
necessarily in the greernhouse, where adeGucte water was avallable.
fven the finer textured scils at Little Bow Reservouir may not
differ sufficiently 1n moisture holding capacity to significantly
-affect productivity under natural grassland cover, thousgh this
characteristic may bé significant for the esfeblishment ot
reclamation plant mJter1a1.

It should be ncted that the soil texture data used ir this
study was determined subjectively by the laboratory, and has only
%ive categories. It is é]so highly correlated with organic matter

i
content and to a degree reflects <oil structure as @ill. A mere
quantitative approach to defining texture, such as pghgiqle size
aistribution, might.give more definitive results.
Organic Matter: ’

As noted above, percent organic matter is highly correlated
with soil texture {Little Bow Reservoir r = C.71, p < 0.01; Jensen
Reservoir r.= 0.75, p < 0.01) and is seen to have virtually the‘\
same -effect on productivity. At Jgnsen Reservoir, precductivity
increased as percent organic matter increased in the field trials
but not in the greenhouse. At Little Bow Reservoir, prcductivity
increased with increasing organic matter content in all cases
except the initial harvest.

The correlation between organic matter and fall harvest for
both sites brobab]y reflects the value of organic matter in

retainingymoisture and creating a suitabie soil structure for the

establishment of reclamation vegetation. The value of sodl organic



o
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matter In maintainirg soil o Stryctyre and eohanrc oo mo ST e g

nutrient availab?llty Tuoweli o documented,

Unfortunately, % was nol poesibie to ceparate The effedty of
soil terture and sc¢il organic matter content un productivity  die
to their high i1ntercerrelation. In prectise, however, there s
Tittle reason to do so. Within lTimits, the effects of TnCreas ing
grganic matter, and an increase in proporticn of fine particles n
the soil have sim;19r effects on productivity. [In the author's
opinion, the most significant effect in both case< iy the 1ncree i
in the moisture holding capacity of the soil. A second pussibly
important effect is an increase 1n‘nutrient avallebility due to
‘ncreased cation exchange capaéity.
pH:

At both sites, pH values were within the range where little or
no effect would be anticipated. Samples from Jensen Peservoir were
almost all within the range that is considered neutral (6.5 - 7.5).
Those from Little Bow Reservoir were stightly more alkaline but the -
maximum was only 7.8. Consequently, the strong negative
correlations betﬁpen pH anc f 1d productivity at Jensen Reservoir
and greenhouse productivity for the Little Bow kesgrvoir sites were

]

somewhat surprising. In both cases, productivity declined sharply

as pH increaseJF
The relationships, however, are probably rot pH effects, as
such, but are related tq - fact that the pH at both sites is e

y ,
highly correlated with other soil factors.t Little Bow

.Reservoir, pH is negatively correlated with phospherus (r = -0.4],

t

p = 0.01), potassium (r = -0.65, p < 0.01), texture (r = -0.54,



Do 0010, erd Druanod metter curtect {voe 0 84 o 00 £
Jenser Peservolr, pb 7 necetiuely correlated with it ecgen

(r = -0.4C, p = 0.0, phospJCrus {(r = -850, v - .01,
conductiviity (r = -C.46, b = C.CL), texture ‘r - _QC.70, v - 2.C1),
and orgdnic matter content (r = -G &5, p - 0.01), and prsitiveiy

with free lime (r = 0.47, p = 0.01).

Although not anticipated, this fiigh correlation between pH anc
other soil characteristics 1s readily explained. The parent
material of most prairie scils in Alberta is slightly alkeline
(Wyatt, et al., 1939). As the material weathers under soil forming
processes, calctum caﬁbonate is leached out of the topsoil, and
soil organic matter and conseguently organic acids increase
resulting in a lowering of pK. Thus, within an area that has the
same panent material, pH is an indicator of the stage in soil
formation.
Conductivity:

None of the samples tested had gg]ub]e §a1t concentrations
high enocugh to be expected to advé}sely affect production. The

”
conductivity values for Jensen Resegvoir were higher and covered a

broader range than those for Little Bow Reservoir. Thus, on these
two sites, productivity would be expected to increase with an
increase in electricgl condJctivity, and the effects should be niore
épparent at Jensen Reservoir than Little Bow Reservoir. These
results weré partially confirmed as there were significant positive
correlations between electrical conductivity aﬁd productivity for

one of the field trials from Little Bow Reservoir, and for the

greenhouse trials With the Jensen Reservoir soils. This lends some

i}

(B2l

>
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‘ v"pljprl oot

the use of electercal s rdyi ity A s aeepe]
Trdlcatar 0f rutrrent stotys ag used
fooenductivity measurerent oy
Sirultanecusly exarining se1l ph

There may be significant velue 1r the use of 0 ac 4
indiceter of organic ratter content. The rpXéf@Onablz B tween
erganic matter content ond pH 15 shewn in Figure £, At thic «ite
the calcuiated regression equation could be used to prediot,
relatively accurately, the urganic matter content trom “he oH,

The relative ease with which both these tests can be rade
holds sofe oromise for the use O‘\them in the field for
characterizine soils over ¢ large area quickly cndﬁgﬁun icelly.

5. Fgee Time: A

Free‘::;;§;EWues were generally low at both sites but were
high enough in some of the Jensen Reservoir samples that some
effects were anticipated. \These effects were not revealed in the
field studies but did appear in the greenﬁouse trials where‘some
reduction in productivity was fcund with increased levels of free
lime. The discrepancy between field and greenhouse results in this
case is probably due to moisture-not nutrients being XHmiﬁing in
the field. K ‘ ' -

— '
6. Nitrogen:
The nitrogen values for both sites were quite higﬁ, with most
values being high enough that little response to differing levels
%% - within the sites was anticipated. The results of both greenhouse

and field trials are consistent with this expectation. Nc

, corré]affgn between productivity and soil test nitrogen was found.
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¢ oy e
FCCOrcTne Lo the Teviretive netes SupplTes woth o the
teot resyits . phesrharus was the oniy nutrient f%%‘w# “hat hag
;

values Tow encugh *o be experted 1o adver<ely affe ’ [rpduct vty
[t ceuld be considered the Timiting rutrier i, There sooa Tarae

encugh rarce 'n veiues within the sites that g Drodys tivaity
Al
response to verying phasnhorus levei® was articipatp
ying ~ ;
of Little Bouw Reservoir, this relationship did

O
<
-

initial harvest results but not in ary of the cother tield

treatments rcr the greenhcuse trwci&.
4

4

In the case of Jenser RPeservolr, phosphorus concentration i

3

appear to have an effect in the greenhod§§ treatrents byt not in

i

the field {(Table 10).
%1

The difference 1n cbserved productivity responsc between the
two tites carnot be exp}ained by the levels of the nutrient since
they are not significan£]y differenp. A more likely explanation i<
that other nutrignts and soil characteristics {(such as crganic
matter content) are limiting in the Little Bow Reserveoir soils
under greenhouse conditions. In the field under established
grassland vegetation, phosphorus may be limiting at times &t Little
Bow Reservoir since the sandy soil, low in organic matter, may nct
be ablg to make phosphorus available quickly enough ‘in the
relatively short periods of growth. Most phosphorus in the soil ig

bound in the organic matter (Black, 1968) and is made available

through decomposition processes. .
. - 4
At Jensen Reservoir, the moister conditions and more
y

favourable texturé’and organic matter characteristics of the soil



a0
.

" s also high]y corrqlated with organic matter.cdntant (r =0.81,"

M 3

would likely permit a more continucus supply of phosphorus as it
becomes available through decompesition of orgarnic matter. In the

more benign growing conditions of the greenhouse, however, the

-

vegatation growth was rapid enough topoutstrip the ability cf the
soils tb supply phosphorus.
PotaSSqu: ' t - ' "

A]though much'higher in the Jensen samp]es‘t;an in the Little

; S .
Bow samples, potassium levels were: quite high in the soils from

both sites and were not expectgd“tb,have‘a significant effect on
productivity. This was the qasekfor Jensen Reservoir in both the
’ S . .-

field and greenhouse trfafs. e

~

At Little Bow Reservoiy, poWever,'potassium appea;ed.to be

significant in the stripped-plot,field trial and limiting in-the

greenhouse trials as productivity increased with fncfeasing -

pdtassiym 1evels It i 1mposs1b1e to detarmine to what'ﬂbgree

gpotasswm concehtrat1on is, in fact 1nf1uenc1ng mroduct1V1ty as it

-

p < 0.01), texture.(r = 0.59, p < 0.01) and pH (r = -0.65,
p.< 0. 01)~ 1n the Little Bow Reservo1r so11s. The pstassium o

kY

-response may s1mp1y be l spurieus corre]ation. 7 It may be, however,

' that potass1um uptake is begng timited by the coarseness of the -

_50115 despite the re1at1ve1y high soil test levels of the nutr1ent

1 S

.Su]phur' R

A few va1ues for.sulphur were Tow enough that they might be

axpected'to have an 1nf1uence on productivity, but most were in the

[y

range wnere little er no effect .would be expected.” No significant

~ o\ . - e * I i

’



69

increases in productivity attritutable to sulphur were detected 11

either the greenhouse orgfield trialec!

10, Sodium: ' )
~ \
Sodium levels were low at both sites and had very little : \\
-variation. HNo’'effects due to sodium were expected and none were Z
detected.

The most striking feature about the soil analysis is-the lack of

relationship between the greenhouse results and the field results. ([ven
5 \

though there were differences in the soils, that under greenhouse

conditions gave a great range im productivity, there was no correlation
L .
between the growth in the greenhouse and that in the f@eid. This ‘ESta

great doubt on the value of such greenhouse trials as a kind of biocassay

s suggested by Kent (198C) except when one is dealing with to;ic_levela
of certain elements The study revealed that the, p]ants in the
. greenhouse responded to a d1fferent set of soil factors than. those "in

the field.

Variations in vegetation composition could exp1ain part of the.
difference between gréenhouse and fieid resdlté. Species adaptation *
. Toa . o ) : , ’__

wouid tend to moderate differences in.productivity re1ated to soil and

topographic characteristics The re- growth field piot treatments were

“:(_ A

.1ntendep to eT1m1nate spec1es effects on product1v1ty and wou]d thus be

‘.expected to demonstrate a closer. re]at1on<h1p to Ere greenhouse trlals
.than the 1n1t1a1 p1ot harvests This was not the case. i@

A]though the 5011 test data dld provide some 1nd1cat1on of Qﬁlch

c

: so11 var1ab1es m;g ¥1uence produg¢1v1ty in the greenhouse they did ,

5 Y p]y adequate data to make -a reasonable pred1ct1on of {,

-prdductivity. + The nutrient fesiingAﬂis particularly unrewarding.
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There are severa} possible explanaticns for the lack of correlaticn
betweer the soil test resulits end productivity. The 5rob]em of
interactions among the Autrient variables and non-linear relationships
- between soil characteristics and productivity present methodological
barriers to the detection of true relationships. Because p]aﬁt
nutrienis cannct to any significant degree substitute fér one another,
it-is the nutrient that is in the lowest concentraiion relative to plant
needs that tends to control productivity. _Supply of a nutrient beyond a
certain Jevel will not significaﬁ?ly increase productivity. In an |
attempt to'deal with this problem, data transformations were carried out
‘on several variables. A value corresponding to what the soil test
interpretation’information indicatéd"to be an oﬁtimum level for each
variable was se]ect?d‘(30 ppm for N, 25 ppm for P, 300 ppm for K, and
12.5~gpm_for S). The difference between.the_pbéerved value‘and the

optimum was calculated. Any va]ue’abq?e the oSiimum was set .at zero.

ALY

Thus, only dif%erences from thimum levels were used in further

énalysis. Corre]afion coefficiths viere ihén calculated between:all

measu;es of greenhouse and field pkoduction and the new variables:

These di&(@ot yiela any .strénger corre1ation$ than the wntransformed

data. - R . . , S ;
A poss:b}e exp]anat1on for the lack of relationship between o

L4 a

chem1ca1 5011 test resu]ts and field productivity is that perhaps the

5
':»

analys1s was 1nappropr1ate. Only topsoil samples were taken and, as has
b_béén noted, the Little Bow“Reservq1r site has a complex and»var1ab]e°
sdil”prbfi]e due'to the saud veneef over the till. Some method of

' *
1ncorporat1ng subso11 tes%?%g umy have y1e1ded more def1n1t1Ve resut;S

4

As mentloned 'a more precnse test of soil téﬂfure m1ght have given more
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information as might a direct measure of moisture helding capacity.

Similarly, other soil charecteristics, such as cation exchange capacity

iy

might have been advantageous.

[t is entirely ﬁbsgib]é that no measure of soil characteristics
could)yield better results. The generel conclusion must be that
topggraphic variation is more important ther variaticon in sodl
characteristics over the range in variables analyzed in determining
patterrs of productivity witﬁin a mixed prairie’site and that the nost
significant soil characteristics tend to be those relating to soil
moisture retention. o (

SOIL-TOPOGRA?HY RELATIONéHIPS T -

In general, the ré]ationships thap/@ere detected between soil
chafacteristics and topographyaappean/%o complement the‘findings
regar?ing,the relationshfps between topdgrabhy and produkfﬁvity (Tablég_;.
11 and‘12)f As with product1v1ty, s]ope did not appear to be a

I
significant determ1nant of any of the soil character1st1cs examined. .

The re]atﬂonsh1;s are cons1stent w1th the findings of severa]
aufhors (Ruhe and Walker,’ 1968 Wa]ker and Ruhe, 1968; Y1ng, et al.
1983). Ruhe: and walkep s work would predict so1]s of f1ner texture with
'h1gher organ1c matter on 1ower slope pos1tlons accompanled by a decrease f
in free 1ime and pH A1l of. these relat1:;5h1ps viere found on at least.
ong.of.the sites. |
- The work o%_King, et al., (1983) founa several soil - ' .
charactgrié;ics, inc]udingbtéxtare, pH»and potassium_content té_bé ' ‘
.high]y‘cbrre1afad wﬁt;-slope~shape: Theis QaS,fo%?ﬁ7%o*6e‘thé'case at gfff
S N " ! ’ - S

'
IS N



TABLE 11

SIGNIFICANT PEARSOM CCRRELATION COEFFICIENTS
BETWEEN SOIL AND TOPOGRAPHIC VARIABLES

LITTLE BOW RESERVOIR

E

TOPOGRAPHIC VARIABLES

72

*e

- PROPORT IONAL
SOIL . ASPECT DISTANCE DISTANCE HORIZONTAL VERTICAL
VARIABLES - SLOPE (SW=0) FROM SUMMIT DOWNSLOPE iffr SHAPE SHAPE
Nitrogen ' . .39*
Phosphorus -.40* )
~ Pgtassium . 50% © 43 .39% 43
pH J36% Y L37% - 75%% - 44+ -.31% - .59%+
Electrical | l
Conductivity 47
Texture ° L36** .34
o Soil Organic . .
" Matter L46** L49*+ .33 H1H*
B* p<0.05 :
: 1 -

p < 0.0




TABLE 12 e
SIGNIFICANT PEARSON CORRELATIIN COEFFICIENTS
BETWEEN SOIL AND TOPOGRAPHIC VARIABLES
JENSEN RESERVOIR
TOPOGRAPHIC VARIABLES '
SOIL ASPECT HORTZONTAL VERTTCAL
VARIABLES SLOPE (SW=0) SHAPE SHAPE -
Phosphorus d - 53%* . Y
Potassium .35* .44+
oH -.49%x 2 71m _.a4e
" '
Free lime -; -.41*
}exture Le7** LB5**
Soil Organic ) ) .
Matter ’ JT2x* LH7*x
» ) :
* p <0.05
* p < (.01 .

73
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both sites with several of the soi]‘characteristits exanined being
highly correlated with vehgxca] and/cr horizontal shape.-

Soil organic matter content and texture appeared 6eheral1y tc be
“ eusitive to the same t9pographic characteristics that were found tc be
.Sbrrelated with productivity. Organic matter ccntent and soil texture
at Little Bow Reservoir were correlated with horizontal and vertical
slope shape. Horizontal shape appeared to be the most_sign1f1cant
factor in determining product1v1ty at that site.

At Jensen Reservoir, in add1t1on to being strongly related to
horizontal slope shape, soil organie mgtter content was highly
‘correlated with aspect, much more so than was uroductivity. The ]éck‘of"'
correlation between product1v1ty and the organ1c matter content of the
soil i related in part to the differing responses of p]ants and soil
‘micro-organisms to environmental factors.

" sdin organic matter accumulation is determ1ned by the relationship ‘
eetweeh the rate of product1on and the rate of decomp051tﬂbn (Richards,

, ~

: 1974)[ Plants are the primary source of organic matter in the soils of.

- i . ¢

5the mixed prairie and consequently areas of high productiuity‘would tend” 4
”‘g'to be‘high in soil orgahic‘métten.content. This_is COmplicated'by the; o fj
B féct that'gh increase in sdii‘organic matter confent tends to enhance
product1v1ty through the 1mprovement of so11 fert111ty and structure '-.
resu1t1ng in the further increase 1n productlthy, .
Qn the othe( hqhd; althcugh ? physical env1ronment;hospitab]e to
piaht growth.is.a]so;hospitable to the ghowth of soil microsorgqhisms,
the deéomposers,Athese-mfcro-organiSms are sdmewhht Tess sensittve than
plahf§ to druughtrand other environmental stresses. They respond

-

"quickly to envieonQ%§;a1 changes, consequently patterns of decomposition

. o .
- . . .. 4 . e .
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do not exactly match those of production. Tre citferences between
organic matter accumulaticn and plant productivity may reflect these
N ~»

differences in adaptation to environmental stress.

PRINCIPAL COMPONENTS ANALYSIS
I nature, phySical and biclogical characteristics tend to vary in
conce®t as a series of repeating patterns. Thus, one cannot without a

certain risk conclude a causal relationship between two variables simply

.

because they are correiated. Principal Components Analysis (described
by Harris, 1975) was carried out in order to assess the underlying

“structure" of the data before attempting regression analysis.

-~

Only variables that had been found to have a significant
corre1atioo with field productivity were used in the amalysis.

‘Two" sets of analyses were carried out for each site - one utilizing

»

only topographic variobles, and cne utilizing both topographic and soi]

variab]es; The results are summarized 1n Tab]es 13 and 14. The tif‘hs
R ,
applied to each-component extracted indicate the variables that, in the

;authozss opinion, best account for that component

¢

I the case of the Lwttle Bow Reservoir site, toe analysis reveals

strong interre]ationships between the two measures of slope shape as
well as proportional qistance downslope. As well,-at this site, the?é’,

éppeats to be a strondfrelationship‘betweeh slope length and aséecti

The two so11 var1ab1es utilized {organic matter and: texture) were

strong]y related to each other but not to any of the topograph1c ' N}

‘var1ab]es ut1lized j . SR SR

The resu]ts for Jensen Reservo1r 1nd1cate that vert1ca1 shape,_

o proport1ona1 d1stance downs1ope9 and to a lesser extent.,d1sggnce from .



TABLE 13 .

FACTOR LOADINGS QN PRINCIPAL COMPONENTS
- LITTLE BOW RESERVOIR
]

A. FACTOR MATRIX - TOPOGRAPHIC VARIABLES OMNLY

) PC1 PC2

(Shape-Position) _ {Length-Aspect)

Slope : . -0.1733 -0.5253.
Distance from Top. 0.6394 +- 0.6703 *-
Slope Length 0.0667 - 0.8584 -

Horizontal’ Shape 0.8766 - : -0.0176

" Vertical Shape 0.8964 - 0.2849

Proportion Downslope . _ 0.9189 - , 0.1373
spect = . -0.0215 '-0.7463 +

{ [

<B. FACTOR’MATRIX - TOPOGRAPHIC AND‘SELECT SOIL VARIABLES

. ’ o PC1 , PC2 PC3
‘ (Shape-Position)  (Length-Aspect) {So0il)

“Slope’ _ -0.1739 = - -0.5194 . -0.0532

Slope Length ' -0.0551 0.8738 + 0.2817

Distance from Top - 0.5405 0.7027 = 0.2828

Horizontal Shape. 0.8932 + 0.3‘3 - 0.0639

Vertical Shape - 0.83%6 - .0.9%6- 0.2586

Texture 0.1301 0.1069 0.9003 +

Organic Matter . 0.3450 ‘ 0.1691 0.8111 +

Proportion Downslop . 0.9063 + 0.1694 0.1574

Aspect ' : -0.1481 . -0.7302 + 0.5310

t+ - Primary:variable comprising the component. T

) A

++  Secondary variable comprising the component.

Y
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TABLE 14

: FACTOR LOADINGS IN PRINCIPAL COMPONENTS ¥
R T JENSEN RESERVOIF :

v

A.  FACTOR MATRIX - TOPOGRAPHIC VARIABLES ONLY

+

pC1
{(Horizontal PC2 PCS
Shape-Length) (Position) (Slope-Aspect)
Stope ... -0.1828 0.1968 0.9062 -
Distance from Tcp -0.6496 - 0.7055 - 0.1616
Slope Length . -0.9041 ¢ . -0.0817 0.1207
Horizontal Shape ) 0.8927 + ~ 0.1391 0.2460
Vertical Shape 0.3794 0.8719 - 0.0488
Proportion Downslope . -0.0197 0.9795 - 0.0413
Asppct ‘ © o 0.5513 . -0.1317 0.7902
B.  'AGTOR MATRIX - TOPOGRAPHIC AND SELECT SOIL VARIABLES
N : - . '
| R T P2 PC3
: . (Soil-Aspect) *(Position) (Length)
Slope =~ . \ . 0.5828 ©0.2832 « 0.5132
Slope. Length -0.2350 --0.0911 0.8729 *
Distance from Top ' -0.1160 0.6839 = 0.6773 =+
Horizontal Shape ‘ i 0.6388 +~ 0.1552 -0.6763 +=
- Vertical Shape 0.2457 0.8727 © -0.2667
~_, Texture : ~0.8157 0.1921 *0.1815
~ ' 7 Organic Matter . 0.8509 - .0.0650 -0.1432
“Proportion Downslope- - - 0.,0376 0.9744 * s 0.1123
Aspect , . 0.9285 + . -0.0941 -0.1663°
' T Primary variable comprising the component,. .

++  Secondary variable comprising the component.

.

%
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top of slcpe are Interrelagted. Unlibe the date *ro- the [ittle Sow

Reservnu)ir cite, et Jensen Reservgir *here Zees nol appear 0 te a strong:
reiaticnship between these variables and horizorital shape. *orizorte!
ghape doés appear 1o bé scrmewhat related to slgpg lTength ard so1]

orcunic matter content and texture at this site. A< well, as wiL?’%he
Little Bow.Reservoir data, Soil texture and crganic mattey content ere

highly interrelated, btut at Jensen Rese;voirAthEy are alsc strongly
/ : > A
relatged tc aspect. : v .

The results of this analysis are generally reassuring. The fact

that_éevera1 topogrephic variebles are related is not surgrising.

Indeed; several of them are largely different ways of measuring the saré
them al geiy

' thing (e:g. vertical shape and proportional distarce downslope). A ’ .

Judicious analyst need not be confused by these relationships. Indeed

one can schetimes capitalize on them by utilizing one variable to infer

-~

another.

The cQ(relatioh between‘different §oii variables has been commenteg.’
on ear1ier and, ac with the topograpﬁic variables, tﬁis_éérre]afion,_jf¢
dealt with properly,~dqe§ HotVSeriously'impéde further analysi:

The relationship between aspect and the soil variables at the
Jensen Reseripir site is of somewhat greater ccncern, hdaevéé. One -
cannot be certa}n, in ané!ysis utilizing these data, to what gegkee one
is heasurinéii direct effect of one.of_ﬁhe variables and to what degree

an indirect effect of the qther.

-
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REGRESSECN ANALYC (S
bd .
L.
tiple stepwice regressicr anaiyste wies used to afterps oo Dt

a working model to predict product vity from <1l and topegrarhy
G P ) poy >

[sY)

variables.

A11 field productivity variables were utilizecd o< cependen®

-

_ggriaglpﬁ\gid varigqus combinations of topegraphic and sor’ warigbl
. S~ . , :
were used as independent variables. Some 0f the (orpenént, cirergted
®he principal cerponents analysis were also used as independer?
variables in some of the regression calculations.
> -
Kesults of this analysis are summdarized in Appencdir (. Data fron
. b
both sites yielded similar results, but th; Jensen Reserveir data
. ‘
yielded consistently stronger relaticnships than did the Little Gow
Reservoir data.
There were some interpretation ditficulties with .some c* the
~ 4 . .
. 3 .
results. For e;amp]e, the following two equations generated from the

Jensen Reservoir site data were found to have almost equal predictive

value:

TL.B T 99M + 709p - 301 (r2 = 0.54)
" (Range - M 5.6% - 12.%,-P 0.11 - 0.75)
Log; 4B = 0.26H + 0.0094D +,11.95" (r2 = 0.58)

(Range - H2 - 4, D5 - 53 M)

5 ¢

f"‘whére, B is biomass (based on initial harvest)

M is % soil organic matter content

, P is proportional distance downslope

-

- »



Hoo1s horizontal Siope <hape

D ds %istance “rom top of s Lge.

. o

, two different sets ¢f variables were fournd te explain cuer hgit

Thus ai

the variaticn in the dependent variable. . . )
. 'y R
The praincipel component< analysis sheds sere lichkt on the acicrent

discrepancy. Organic matter content and horizodta) Sicpe shape were
found to be somewhat correlated at the site as were proportional
distance downslope and distance from top of slope. -The most corsistent

results were achieved from the Jensen Reservoir data utiiizing Principal

Components as variables.

=~ . ’

183.71 PC, + 161.59 PC, + 817.59 (r? = .5¢)

£ : “2
‘ Logle = 0.104 PC; + 0.101 PC, + 2.8721  (r? ¢ 0.51)
B, = 27.46 PC, + 23.18 PC, + 73.52  (r2 = 0.50)
B, = 26.16 PC, + 17.26 PC, + 49.77  (r2 é'§g53)
&
) where, B is biomass based on initiai harvest d
| B is biomass of topsoiled plots

N 1
‘ B, —is biomass of stripped plots

PC1 is the principal component from Table 148 which was
7

]abeﬂ]éd soil-aspect

? .

»

APC2 is'the principal component from Table 148 which was
3 . ,

labelled position ° o : N

‘ AN

The Litt1é Bow Rqservoir data demonstrated similar results, but in a

less convincing fashion.

0
<O
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‘ard analysis. This is discuésed further below.

Although o by no mears <o Tucive ) tre grgtyvsis Cutte copyigternt

demenitrated that slope shape ad/or pocitiorn are *he rogt zwﬁr:‘ cart -
topearephic determingnts of productivity ¢of rative vecesation 1 *re
sarple and the esteblishment and growth cf reclermaticn vegeta®icn.  The

s

orecise manner in which slcpe pesition is measvred does rpt appear to o te
M »

very important. Principel components eralysis deronstrated *ra*
4 - ~

vertical siope shape, proporticnal distance downslope, and 10 SO oo

distance from top of slope are highly intercorrelated. Any of *hesfs

€

measurements 1s likely to'yie]d similar results (althcugh dastarce “ram

-

:pp_of slope is probably thgﬁueast useful’

.
Similarly, the earlier analysis 0f <lope shape coriposites

demonstrdted that vertica} and horizortal stage indjces can be
'y

successfu]]y comb1ned .. _ i //

Determination of whﬁchlof these variables to select in futugd

studies should probably be based to a large degree on ease of COWEEEION

*»
Soil characteristics,.and‘%pecifica]]y soit nganic matter cortent,

were found to be s1gn1f1cant in mdr/ cf the .equations QEneraLec The
fact that organic ‘matter aCCuwulat1on appears to be re]ated to aspect

L

. N
makes it difficult to propose it as a determinant'of pYoductivity,

»
4

without_spme measure of qualification. It is, however, important.” The

precise degnep 6?*§ts ippdrtance,bdue to tpg irability to isoIateAit
totally from other variables, is all that rémains ip doupt.

| A]though the‘regression éna1ys{s uﬁ'i*;ing principal components was
va]uab]e in helping to understand the main determ1nants of product1v1ty,

it’ d1d not produce usefu] equat1ons for furtber analySLS’and

. a



experimentation. Principal cormponents are not useful verigbles in their !

owr right hecause pf their make-up.

- —

The following equation was generated f-cm the Jensen Reservoir cata
- and is proposed as a working equation for further investigation:

B = 63C + 32M - 192 - (r? = 0.52)

(Range - C 3.5 -7, M5.6% - 12.6%) ¢ ¢

-

where, B 1is above-ground biomass in gm/m?2
C 1s additive slope shape -composite

M 1s % soil organic metter—content
, R .
While this was rot the "best fit" equation, it is thought to be

reletively robust since composite shape seems strongly related to nost

significant topographic variables’, and organic matter content to several

important soil characteristics, and is used in the investigaticn of

possible applications of the study results'in the following section.

-

SUMMARY OF CONCLUSIONS

. _ : »
The following points summarize the major conclusions resulting from

analysis of study data:
1. Slope position, vertical slcpe shape, anc horizontal slope shape -

%

are reliable topographic predictors of productivity_in prairie
grassiands. ' > .
2.. Soil organic matter content and soil texture are also significant

determinants of productivity on mixed prairie sites.
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Slope aspect may have some\§i9n1f1cance in the determiration cf a
productivity end successful rec]amqtion, but is @ less significanrt
topographic influence than siope position and’shaﬁe at least cver

the ranqé of conditions assessed in this study. .
Slope, within the range analyzed in this study, is not a primaéy
determinant of productivity. ‘

The same character{siics that determire productivik;gof native
grassland vegetation of the mixed prairie are significant in the
establishment of reciamation vegetation. The estaB]ishment of
rec]amqtion vegetation may bé mcre influenced byvtopsoi1
charécteristics, notably “those associated with moisture retention,
and micro-climate than is the productivity of native grassland
vegetation. ' /;\
The use of topsoil significantly increases\zhg lTevel of success in
the estab]ighmént of reclamation vegetation.

Greenhouse trials in ;hich reclamation specie§ are grown in topsoil
samples cannot be used as reliable idndicators of productivity in
the field. ’

Standard soil test; as used in thiy study did not provide a

reliable basis for the prediction of soil productivity, either in

-~

" the greenhouse or the field.

Sorl pH and electrical conductivity may be useful indicators of
soil organic matter content and the general nutrient status of
soils, that could readily and economically be incorporated into

field studies. . - ' -
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IMPLICATICONS AND APPLICATIONS

This study has confirmed that the way topscii 1s handled and 1ird .
reshaped may significantly 1nf1uénce productivity of reclaimed mixed
prairie grassland sites and a w?rking model of the relationship has been (
devé10ped;-but how can the re€ults of this anc similar sfudies be used -
to impréve the manner in which Tand ?urface_éisturbangeﬁ'aré reclaimed”

[f the results of this work cannoi be incorpora{ed ingo'{he‘p1anning and
design p}dgess, they are of little more than acadenic interest. .
7 Essentially, this stuéy was an attempt to determine 1f it was
possible to predict productivity on both disturbed and undisturbed
-grassland on the basis of topographic and soil characteristics. While
{%e results are far from definitive, it has been demonstrated that, to a

large extent, this can be done. |

As discussed ear]ier, productivity is the main indicator pf
reclamation success. Being able torpredicﬁ prcdugiiv3ty on the basis of
indirect measurement rather than the_measufement of actual production
would be he]pfulf It would allow the compariscn of the proddctivity of
both disturbfd and undisturbed sites that are-under different levels of
management or different land u;ZE. It would allow the comdarison.of
different opfions in tne se]ect{on of borrow sifes, the manner Sf
excavation, land reshaping, and topsoil handling. The option with tﬁe
lowest net loss or cbnceiyab]y great€st net increase in brqductivity
2wou1d be given prefergnce. If it were found tQ?t grading and topsoif-
redistribution could, in fact, increase product{vity it might then be
possible to use these methods to replace hébitat that is lost due to

project development.
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Through analysis of tepography anc soils of the 1andscape\to be
reclaimed, it may become possible to identify locations witkin sites
that may présent diffrculties for reclamation, areas where-1£ would be
ditficult to establish vegetation. There are sigrificant theoretical
benefitg to the determination of the relationships between topégraphy,
soils, and productivity, but can this knowledge te easily ard

economically integrated into the planning and design process?

SELECTION OF VARIAB%ES

This study ‘examined several topographic aria@les, some of which
were measured quantitatively, and some df which were determined
subjectively. For a variable to be truly useful for scientific
investigation and as aidesign tool, it must be possible to measure it
aécurate]y and consistently in the field and on the drawing board. Some
of "the variables analyzed adapt themselves better to these purposes than

others. To determine the value of ﬁopographic variables, it is useful

IS
v,

to examine the manner in which topography is dealt with in the design
process. | | )

The tqz%ftopography refers to the three-dimensional shape of the
ground surface. This shape can be represented-two-dimensﬁonally usirg a
variety of pictorial, descrtptive, and quanff:;tive'methods, but the
most common répresentation used by camtographers and designers is
thréﬁgh th; uée éf contour lines. This provides a very flexible
representation of a three-dimensional surface. It allows the

. 3
experienced reader to visualize the land's surface and make useful

‘calculations, such as cut'and fill estimates for giadgng. The accuracy '
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“of the method ca; be adjusted to the requirements of the task by(\
changing the contour ingerva1.

For re]at?vely smaTu;meas, contour maps are generally procuced by
examining a series of spgt elevations on a grid. Contour Yines'are then
interpolated as lines connecting points cf equal elevation witﬁkn the
grid. With the increased use ofdcomputersgin design and Eartography,
digital data, such as the point elevations within the grid, are often
fed directly intc comp&tegs vwhere they can be ufed to ge%éfate
traditional contcur maps .as well as other land surface represehtaridn
such as perspective views and cross-sections. vhesé‘qata, through the
use of appropriate software can also be used toanalyze topographic
characteristiéé, such as slope and aspect (MacDougall, 19839y. While {he

computer does not perform any task that canﬁot be done manué]]y, the

/ - b

speed and accuracy with which it performs such tasks allows such thingsﬁ.

to be uéed in design and p]aqning to an extent nof‘formerlj possible.

It is desirable that one should be able to read any topographit
variable to be used jn reclamation planning from contou} plans and alse
from their computerized countErpartsz digital teP?afn models.

Slope is ve;y easy to determine from a'c0n£6ur p]ah. Sinée
édjoining contours are at a constant.veniica1 jnterval; one‘me%éﬁ}
divides thé ¢ontour inferva] by the.distance between'two‘adjacent
contour ]ines'and multipties by 100 to determ%ne percent slope ([change

in elevation/distance] x 100).

The mathematics for determining slope from a digital terrain model

is somewhat more complex but is a common feature of programs designed to
determine runoff and is by no means a difficult comduting task.

v

Examples are fgund in MacDougall (1983). .

N
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3 Similarly, aspect is readily determined frorm contour reps as the
. ' ’ ’

compass bearing of lines perpendicular to contour lines, and agein is
readily determined in digitel terrain models (MacDougall, 1683).
One of the features that makes the determination of slope enrd
Fs

aspect simple is that it can be determined for virtually each point on a

! .. ] A
contour plan and each.pixel in a digital terrain model by referring, at

.

most; to adjacent contours or pixels. Some of the other topographic
variables are not 'as easy to deal with. Length of slope, distance from

top of sTope, and proportional distance downs}ope are all depéndéq¢ on

being able to determine the top and bottom of siope re?évant to each

point or pixel'on a map. This is a complex and time con5umingltask and
requires $ubstantial interpretatién both in the field and or the drawi%g
board. Where topography is simple, it may be pcssible to accurately

determine the top and bottom of a slope; but even in this study, several

subjective” decisicns “had to be made to determine’whgréato begin and end

. " v
megsurements. For example, when workind across the coul®es at ‘Jensen

Reservofr;‘the thalweg of the coulees was taken as the bottom of. the -—
side slopes. The ground that was taken as the bottom was not flat
because the coulee slopes into the valley and is thus not comparable to

the bottdn}of a.slope 2: a closed drainage. AtlLitt1e Bew Reservoir,

oné of.the slopes is compkex in thét there i% a short length that levels

L

off and, in fact, rises slightly in part of a much longer slope. A

. subjective decisicn had to be made ds to whether to break the slope into

. o
two or to consider the level area a small aberration in a general

landform. =
: _ : __~ -
nglhesg problems may be further complicated by the fact that in a

plan, one may have a representation of only a portion of the landscape
- L4
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- in question that may nct even include the top ard bottom o si.pes.

King, et al., (19835'discuss some%of these probleins. o theim o® diec,
slope positioh wasjdefined with respgect.to ¢ “ferencec “n >iope betwesr
slope sagments. Whileyless sensitive tc some of the probleWxIWer~fver
dbove, this appﬂpach was Useful only in clessityina slope inte uiie
rather than providing a continupus variatie repreEenL1ng positicn and
requ{red severat subjective decisibns 1h daealing v'th Interwo( tang
]andforms.’ Consequeﬁt1y, a1fhough slope lergth, distance ‘ror tor ard
prbportiona] distance downs1ope were found to be significantly
corre]ated with productivity in several instances in this study, twe{
were not cons1dered to be particularly useful variables in vec]amatxo)
planning. | )

Vertical s]bpe shape, &s has been pointed out previously, is also a

measure of slopg position and within a given cite, ‘tends to be ’

'correlated w1th d1stance from top of slope and proport1ona7 distance

“downs]ope It has been demonstrated to be & re]at1ve1y good predictor

of productivity in this study and comp1ements the firdings .of Ving,;
etgal. (1983). Horizontal shape has also been shown in this study ta be

a s1gn1f1Cant determinant of productiyity anc would- be valuable Aas a

.

.variable 1f it could be 1ncorporated read11y into the des1gn process.

N

The subJect1ve determ1nat1on of slope shape as. was dqne in thic
study is of little value inthe reclamat1on p]annlng process. It wou ld
be t1me consuming 1in carrynng out a grading problem -and subJett to error
in 1nd1v1dua1 Judgement but it 1s a s1mple matter to deve1op‘an inder.
of curvature for both vertical and horizonta1 slope shape that could be
objectively measured on,a topographic plan.

. . .
v {

’
<
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¢rizort: thape couid, fcr example, be expréssed as degree of
curvature, over some defined distance. Curvature could be expressed as
a negative.value when the curQe is toward the uphitl side and as a ‘-
positive vaiue when towards the downhi]f side (see Figure 9).

Vertical sgape car easily be i1ndexed throug; ﬁeasurement of contour
4iQ§s cn a mép. A point on a contour line can te‘compared with points
gn contour lines directly up and downslope from it. [f the point 1n
-question is equitgstant between the two other points, the slope, as
measured at that point, is flat. [f the point is closer to the cownhill
point, @%e slope is convex; if closer fo }he uphill point, the slope is
congave. The ratio of the distances between the points at which slope
is being measured and points on fhe adjoining cohtours provide an index
of slope shape. These relaticn;hips are shown in Figure 9.

Computation of similar indices would also be a simple matter when

utilizing a diéita1 terrain model. Let us assume that the following

represents five points indicating elevation on a digital terrain model:

where x is the point at which we wish to deférmine horizontal (H) and
vertica1'(V) slope shape. If the slope aspect is parallel to line a

d then an index of vertical shape could be described by:

.

V=——2——-x.
and one for horizontal shape by: .
" y S ’
b + ¢ !
H=——2—-x
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w s STANDARD DISTANCE
x,y* ENCLOSED ANGLES
HORIZONTAL SHAPE AT POINT Acx

HORIZONTAL SHAPE AT POINT Ba-y

DETERMINATION OF VERTICAL SHAPE FROM A CONTOUR PLAN
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‘ IF d,<dy SHAPE IS CONCAVE'
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DETERMINATION OF SLOPE
: SHAPE FROM A CONTOUR PLAN
FlGLD:(E 9



7

A composite incex of shape (S, could e defire equaily by:

N
i

o a +t b+ d H o+
S = Z - x . or S = 5

—

‘0 all cases, a value of C would represent a flat slope, @ Docitive
value a councave slope, and a negative value a conve{’s]ope_ 'This 1s ‘
illustrated in Fjgure 10. Many other composite shape indices, such as
the multiplicative one discucsed earlier, are possiblie but this ore will
serve for illustrative purpcses. )

0f course, in moét cases, aspece will not be paraliel to the grid
of the *errain model and a correction for aspect would have to be

calculated. MacDougall (1983) provides us an equation for determiping

aspect (A) measured at point x on the digital terrain model‘ée]qw.
[ ]

a
b x ¢
- d’
‘ hdl ~
A = Arcten (E2/E1) )
where, E1 = ¢ - a ’
. ' ¢ £E2 = bv- o

This yields an aspect that has a value between O and 90° with due
) < K
north or due south slopes having ap aspect of 0° and calculated aspect

values expressing deviation Mom thdse compass points. Aspects in the
northwest afd southeast quadrants would be negaiive and those in the

»

northeast and southwest would be positive,

Pl

Al
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’ ) ',‘f
Cnce this s cemputed, ac uled values mav be corputed by:
if A -0 a, = Bt - ¢) + a /£
i

b, = R(d - b} + b

A
R = { !
Whe'e, 'go

Figure 11 demcmstrates this adjustment. From the adiusted values, one

may calculgte the horizountal and vertical slope shape indices. Thic

calculatior] only gives an approximate adjustment. A more ac-urate value

would be ¢alculated by utilizing four points, as shown in Figure 11, but

~

requires (a more complex calculation. The derivation of this equatiop is

shown in (Appendix D.

If fhe simple additive composite slore shape irdex is found to be

adeguate to predict productivity, adjusting the values for aspect is

§ + )
cessary, as the equation C = a+b Z crd . x will yield the.same

un
result with adjusted or unadjusted values.

To show how these and other var1ab1es cou]d be' incorporated into
the reclamat}pn p]ann1ng and design process The somewhat simplified
\\\\bqptour plan 3f a borrow area employed in the reco;struct1on of a syphon

for the St. Mary River ?inlgatlon Dlstrict in southern Alberta

(Figure 12) is used as an example., The site is called Forty Mile Coﬁlee

and is located in the Mixed Prairie Region. The general topography of

L)

NS
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APPROXIMATE CORRECTION

eoh- oc
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-

MORE PRECISE CORRECTION

L X~

A= gspect

d|= adjusted elevation of d

d|= ‘QA—O(C‘(’) +d

,

d=x 0colA(d-x)ﬂlnA?c-x)#smAconA(cu—c-d)_‘

NOTE SEE APPENDIX ¢ FOR PROOF

\

CORRECTIONS FOR ASPECT FOf SLOPE ANALYSIS

FIGURE 11
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the area is similar to that of the Jensen Reservoir le, hut the
climate 1s somewhat hotter and crierg@®

The.site was in native grass cover prior ‘o distyglence. Ay (ar by
seen in the contour plan, the site cemprises 4 point of land Porec i
into the vallev that is dissected by a deep, sharp ccules. The <hgpe of
the parcel and the steep slopes had limited the usefulress o7 *he percel.
to the owner, but the diversity of vegetation in the coulee (riated nood
wildfe habitat. ' |

A grid was laid over the contour plan and spot elevations
interpotated for each point to produce-a digital terrain rodel fuy the
site (Figure 13). The numbers rep}esent ghe elevation of the points ot
the centres of the squares. Utilizing the equation for the. composite
's]ope shape index, slope shape was calculated for each pojnt in the
mcdel. These values wére then adjusted so that the tbtallrargc in shape
values was comparable to the range of composite slope shape values
derived for Jengen Reservoir. These have been p{cttcd as an overley
(Figure 14).

So1l testing for the site detearmined that there were no significant
nutrient déficiencies, nor any advefse Ehemical or phygica1 soil
properties that would be expectéd to limit prodq;tion.' The soil organic ¢
matter gbntent was‘found-tb have a maximum of approiimately 10 percent
on the site.

The fo]fowing'équaﬁion was derived from the Jensen Feservoir data.

M = 0.00282A + 0.444

where, M = so0il organic matter _index

N (5_s0il organic matter content
. - ‘local maximum % soil organic matter contenf/

A = aspect measured as degrees from SW
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[t must be noted that this relationship is untested for sites other
than Jensen Reservoir and is used simply as a.convenieni method of
generating the data required for this investigation of reclamation
planning technigues.

- The asbect at each point on the digital terrain model was taken as
the aspect of a tangent go a point on the nearést contour ]19& on thé
plan. A contou; on a south«facing.s]opé that ran exactly east-west had
a value of zero. Deviations frpm this were measured both east and west
to a maximum of 180° for a contour on a north-facing slope that ran
exactly east-west. It was easier to measure from the contour lines than
calculate from the Qigita] terrain model for this gxample. These
aspects have also been mapped as an cverlay (Figure 15). Utilizing the
equation listed above.wjth a local organic matter content maximum of
10 percent, values were calculated and mapped for each poiq} | ©
(Figure 16). This method of determining soil organic matter
distributiop is not being proposed, as the correlation is not strong.
It is usgd here largely to generate the values needed for demonspratipw
purposes. The following equation was also derived from the Jensen
Reservoir data: ¢

P = 0.0761S + 0.0381M - 0.23 .

where, P = productivity index (1 = local maximum)

]

S = shape composite {horizontal shape + vertical shape)

H

y M = soil organic matter content.

Y

As with the equation for organnaic matter index presented above, it
.must be noted that this equation has riot been tested for sites other
than Jensen Reservoir and, apart from the general topographic similarity

¥ )
between the Jensen Reservoir and Forty Mile Coulee site, there is no
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basis for assuming that this particular model would produce valid
results for the Forty Mile Coulee site. It is, however, assumed that 2
valid mode! could be generated far this site.' The equation derived from
the Jensen Reserovir data is only used as a convenient exariple for the
investigation of how such models cen be used in the reclametion planning

process.

The equation was used to calculate a prrductivity index for each

pgint on the digital terrain model. Descriptive statistics were ther

§a1cu]ated faor the new variable (Figure 17). o

According to standard construction Eractice, the topéof] was{a
stripped‘from the entire site, stockpiled unt11>excavation wa;);bmpaeté,
then spread uniformly over the site. Sufficient_mfxiné occurﬁéd inh%h1§
brocedure that replaced material was assumed to be relatively
homogeneous in physical and chemical properties. Thus, the soil organic
matter content for each point in the rec{aimed landscapg is expected to
be élose to the mean value for tgat'of the'undisturbed site. The mean
soil organic matter content‘for the undisturbed §ite Was 6.?84 pEfEent;
This value was used for each pixel in the reclqimed site.

Since the landowner wished to use the reclaimed area for seeded
pasture or tame hay, it was agreed that the side slopes of the reclaimed
site would be gradual and that the land wg:ld be ﬁmoothed bo£h
horizontally and vertically to facilitate harvesting and seeding.

Figure 18 is an approximate contour plan of the reclaimed site. "This,
too, was gridded and spot g1e9qtions interpolated (Figure 19).
Composité slope shape was calculated in the same manner as far the U
undisturbed site (Figure 20). Utilizing these values and the meanussoil

organic matter content, the productivity index was calculated for each
. 0
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point on the digite!l terrain modél and CGscribtive statistics computed
(Figure 21).

Comparing the produo;ivity index totals, it can be seen tha* the
model predicts an increase in productivity in the reclaimed site of
approximately 4.5 percent otver that of the undisturbed site.

The Productivity Index overlay can be inspected for points with Tow

values that indicate areas that might be difficult to reclaim. In this.

case, there are few low values and perhaps those thét do pxist could b
modified with moderate regrading.
—

Inspection of the descriptive statistics for the pre-disturbance
and reclaimed sites also reveals some dnteresting facts. The range of
productivity values and their standard deviation is significantly
reduced in the reclaimed landscape. T;;; to be expected by the
general smoothing of the ]andscape/i;at occurked; however, .as noted
above, the pre-disturbance landscape has a high wildlife value, while
the reclaimed landscape was intended for pasture or hay. The large
range and standard deviation for the undisturbed site provide an
indication of the site diversity, which created the wildlife value. The
greater homogeneity of the reclaimed site is, of course, preferable for
croppfng. i

The productivizy indexihas the advantage of being -independent of
the level of management and land use of both the pre-disturbance and
post-disturbance landscape and thus potential]y provides a common
currency fof comparing the value of land reclaimed for wildlife habitat,

grazing, or cropland. It appears that through the use of descriptive

statistics, it may also be possible to eva]uazg'thg suitability of a
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< ; ; - . ™
Eﬁi ~given reclamation strategy for the intended u§e (e.g. & large standard
%éab deviation required for wildlife habitat). - -

s
g’
[

i Ofecourse, no index frees the planner from the need for the use of
E;gcbnmon sense, and it should also be noted that glthough.the topographic
 and soil relationships dealt with here appear to hold constant for
native a?g reclafimed graSSIand they may not ho]d true for cropland.
Desp1te the necessarlly tentat1ve nature of these conclusions, the
product1v1ty index based en soil and topographic variables does appear

to be a potent1a?1y usefu] tool in rec]amat1on planning.
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TABLE B-4

REGRESSION ANALYSIS RESULTS
PRODUCTION WITH TOPOGRAPHY AMD SOIL VARIABLES

’

: r¢ VALUE
DEPENDENT VARIABLE SITE REGRESSION EQUATION OFf EQUATION
TOPOGRAPHIC
VARTJABLES ONLY
“Initial Harvest Little Bow 125H - 85 0.31
Jensen 303H - 42 0.29
415H + 14D - 658 0.53
Logyy Initial Harvest  Little Bow 0.2H + 1.8 0.33
. : Jensen 0.19H + 2.3 0.30
. 0.26H + 0.0094D + 1.95 0.58
SOIL AND TOPOGRAPHIC
VARTABLES ! ¢
Initial Harvest Little Bow 125H - 85 0:31
Jensen 97M + 24 . o+ . 0.34
99M + 709P - 301 " 0.54
LdglO Initial Harvest Little Bow 0.2H + 1.8 0.33
— 0.24H - 0.8M + 1.93 0.34
~ Jensen 0.19H + 2.3 0.30
0.26H + 0.0094D + 1.95 _ s5  0.58
& )
Topsoiled Harvest Little Bow 96M - 136 ‘ B 0.25
- : Jensen 37v -.22 0.30
33V + 0.55A - 48 0.50
’
Stripped-Plot Harvest Littlg'Bow 0.41A + 0.077 0.15
’ 0.625A + 0.36D - 41 0.40
Jensen 13M - 53 0.36
10M + 25v - 97 0.54
A= Agect .
D = Distance from Top of Slope - #
H = Hor'zonta] Shape ©
M= i
P = .
V = L
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CORRELATION MATRIX

LITTLE BOW RESERVOIR DATA
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Slope
SWBear
Dist
Length
Hor
Vert
Biomas
Logbio
Tpsi
Notpsi

Mwet

Mdry

pH
Cond

Na

Text
OM

KEY

Percent Slope

Aspect SW rotated
Distance from summit
Length of slope
Horizontal slope shape
Yertical slope shape
Biomass of intial harvest
LoglO Biomass

Topsoiled plot harvest
Stripped-piot harvest

Mean of biomass values for four replicates from wet
treatment from greenhouse trials

Mean of biomass values for four replicates from dry
treatment from greenhouse trials

Nitrogen concentration in soil
Phosphorus concentration in soil
Potassium concentration in soil
Sulphur concentration in soil

pH of soil

Electrical conductivity of soil
Sodium concentration in soil
Free ]fme-in soil

Soil texture

Soil organic'matter content

—
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APPENDIX C

PROOF FOR CORRECTION FOR ASPECT FOR SLOPE ANALYSIS
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A

_ D1 ., Do D1 D>
_X+M(d_x)+M(C—x)*_M; (e + x - ¢ - d)

' -
=x+cos A(d-x)+sinA(c-x)+sinAcosA(e+x-c-d)

-

CORRECTION FOR ASPECT = -

FIGURE C-I
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