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I this infer,
that many things, having full reiference
to one consent, may work contrariously:
as many arrows, loosed several ways,
come to one mark; as many ways meet in one town;
_..as many fresh streams meel in one salt sea;
" as many lines close in the dial's centre;
so may a thousand actions, once set a fool,
end in one purpose, and be all well borne
without defeat.

William Shakespeare
} .



THE UNI VERSITKOF ALBERTA
. FACULTY OF GRADUATE STUDIES AND RESE + R\ 'H
5

! The undermgned cemfy that they ha\«’ read, and recommen . ‘*e Faculty of
Graduate Studies and Resea;ch for acceptance a thesis émntled ECCBYS'I’EA |
RECONSTRUCTION: AND STABI LIZATI ON FOLLOWI NG PIPELIN ONQTRUCTI ON
THROUGH SOLONETZIC NATIVE RANGELAND IN SQUTHERN ALBERT#4  nmitted
by MARY ANN}E NAETH in partial fulf: ?lment of thc requirement§ for the degree ' ASTER

. OF SCIENCE in RECLAMATION.

Date..zéw....lg.,...liag .......




T
. .
“
R4
4 . W
s
*»
1 \ -
. - N d
N . K
: [
. b . N
.
i . .
N v o o

e - This thesis is dedicated
' to the memory of
my beloved father

. ~+ .- Raymond Carl Naeth
: " October 7, 1930 - October 1, 1984



ABSTRACT .

A study was conducted in” solonetzic mrxed prame of southern Alberta to evaluate

4

selected ecosystem responses to prpehne mstallatron and to estimate the longevrty of these

" ‘.

responses The study area Was located 50 km northeast of Brooks Four sites were selected ina
corridor contammg prpelmes that had been mstalled in 1957 1963, 1968 1972 and 1981. Two

sites were in an early season: grazed section of thé range and two were i a late season grazed

section. ) o . . ‘

Sty

1

Each study site was 100 m by 135 m, encompassing 17 transects on dif_ferent aged
pipelines and areas of construction activity. Moisture and temperature regimes'"were monitored

year round Sorls were analyzed to determine organic mat.ter content particle size distribution,

f

soil moisture retention, pH electrical co,nductrvrty, 1on composmon and -bulk density. Plant

'specres composition, frequency, basal area and ground cover charactenstrcs were determmed in- -

1982 and 1983. ‘

<

Trenchmg caused the most extensrve drsruptron of the ecosystem whereas gradtng and

compactron by heavy equipment were less drsruptrve. fn the trench clay content total waterg,
Prie S
-surface temperature in the summgr, wmter temperature wrth depth, surface bulk densrty and l

total soluble s‘alts particularly fiear the soil surface lncreased. Water retention became more , ,

uniform with depth and bulk dens'ity with depth; winter surface temperature and surface

s

' orgamc carbon decreased with trenchmg Bulk densrty mcreased in the ‘)elay, work and

stackpile transects. Changes in bulk* denslty were altered\relatrvely lrttle by trme followmg

z

: disturbance-‘there was,a distinct tr'end towards predrsturbéd conditions for ls_orl maisture and

-

chemrcal changes,, especrally in the trench

- : 'w

Botamcal composmon &f the right-of-way (r o- w) was severely altered 'by ptpelme

construction. Following g Ance, proneer and- mtroduced species "dominated the 1- o w,

-~

particularly over the tre A te‘r.\26 years there was evidence of succession towards ‘the -

e

undisturbed prairie vegetation.

.
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: N
Changes in vegetative factors due to pxpelrne construction were compounded by the

-

grazing regime imposed on the system. Late season gtazmg appeared to result in a slower return
to predisturbed condmons by favourmg the-_establlshment and dominance of introduced species'

such,as Agropyron° pectszorme and pioneer species such as Descurainia sophia, Early season

N

. grazing reduced the dominance of pioneer and introduced $pecies but resulted in more bare

.

ground over the r-o-w for a longer period of ume Selagmqlla densa, which ogcupied over 50%

of the ground area in the undisturbed: prame was elnmmated by the disturbance and had not

remvaded even the oldest r-o-w,

Although the ecosystem Wwas severely altered by plpelme disturbance the chgnges '
' brought about were not often-detrimental to plant growth. Prom this study rt is. evrdent that
- successful revegetatlon after prpéllne constructron in solonetzrc mxxed prairie requrres an

effectrve Tange management program to expedite a stable, erosron reducmg ground cover

compauble wrth the functioning of a native mixed prairie ecosystem

-
>
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I. INTRODUCTION

~ -

¢

. a (
Activities associated with transport of Alberta's ‘petroleum resources necessitate

A

bipelin’e construction. Installation of a pipeline disrupts the soil and the hydrology of an area as

Y. o
well as the assotiated fldsa and fauna. Each ecosysterh reacts differently, thereby varying

. .

environmental impacts of pipeline installation and complicating quantification (}f cause and
) - v

effect links between pipeline disturbances and such impacts.

«

Suitablé pipeline installation techniqugs ‘and -reclamation ptoced—ures for a git'en
ecosystem can be determined only if both’the short and long ‘term effects of pipeline

construction are understood. Data demonstrating the mechanisms causing these effe,cts have
. . . .

not been adequately documented. Most investigations df taipeline" disturbanees in agricultural
areas have concentrated on effects on arable crop production They provxde madequate
information on ecosystem reconstruction and stabilization in natural uncultlvated grasslands

For the 1972 to 1981 period, cattle: provnded 36% of the farm income in" Alberta .
. (Alberta Agnculture 1983). The importance of the livestotk industry 1n ~Alberta .necesmtates

* optimum production on rangeland. A decline in productivity due to anthropogenic disturbances

such as pipeline construction should therefore be minimized. ' . R
. ; : | : Ly
Optimum, rangeland " productivity can be attained if pipeline installation and

revegetation procedures for mixed prairie range- on Solonetzic soil (solonetzic mixed prairie) .
N

* 1ange are based on firm knovi/ledge of and are compatible with that ecosystem's functioningl '
‘The need to document and assess the 1mpact of pipeline disturbances on solonetzxc mlxed prame
ecosystems formed the ba51s fot this study. It had two overall Ob]eCUVCS

1. To document and assess selected ecosys’tem responses to pip‘eline installation in solonetzic

3
'

mixed prame rangeland in southern Alberta
2. To study the longev1ty of these selected ecosystem Iesponses. ' '

L4

~ . 4 . \
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N .
»

Specific objectives were: b

1.. To examine the effects of pipeline installation on selected soil physicalﬁand.dheihical
properties.
2.. To examine the ef"f ects of pipeline installation on vegetation.

3. TFo examine the effects of early and late season grazing on revegetation of pipeline
. ‘ - v ‘ ’
. disturbances. . ' : : R Lo~

4. "To examine the foregoing within different zones of construction activity and on different
aged pipeline rights-of -way.

5. ‘To compare these disturbed areas to the undisturbed native préirie.

e



II. LITERATURE REVIEW
A. GRASSLAND ECOSYSTEMS

In grassland ecosystems the dominating vegetative component is herbaceous; trees are
nsually lacking due to moisture deficiency (Coupland ‘1‘979).. Grasslands icover' 30% of the
world's land area (Stoddart et al. 1975) and occur under a variety of climatic regimes at
~ mid-latitudes on every continent and many larger islands thr::ghout the world (Collinson
1977). Such grasslands mclude the North American temperate grassland, the African veld and
the South American pgmpas

Temperate zone grasslands are classed as natural or semi- natural (Coupland 1979)
Nstural grasslands are those in which climate is the main controlhng factor under light to
nmoderate grazing pressure by ungulates. They occur in areas too arid for the deveIOpr_nentJof
forest but with sufficient moisture for the development of a permanent: herbaceous layer.
| Semi-natural grasslands are deforested areas fn regions of forest elirnate. held relatively stable
: by various natural' and arithropogenic means.

AGrasslands of North America extend from southern Canada to central Mexico. In
Canada grasslands include the mixed p\rairie associatron, the fescue grasslands, the true prairie
association, the aspen parkland and the Pa‘louse prairie (Coupland 1961).

The climate of North American grass'lands is characterized by warm to hot, dry -
summers and cold winters with little snowfall. Annuaf~‘ precipitation ranges from 250 to _750"'
mm, with marked periodicity within and between seasons.’ Annual droughts of .several weeks to
months are cornmon Precipitation determmes the nature and extent of n‘atlrral grasslands by

affecting the supply of spil morsture Sorls wrth hrgher mmsture contents support tallet grasses
" with wdeeply penetratlng and hrghly ramrfred T00tS. With. decreasrng soi} moisture, vegetatron
-gradual]y changes from sub- arrd regrons of taI] grasses to mrxed prairie of tall and short grasses

-~

and fmaIIy to the short graSs f ormatron



Canadian grassland soils develobed from glacial drift deposited during the last ice age
10,000 to 15,000 years B.P. (Legget 1961). Grassland soils tend to be high in organic matter.
Natural grassland soils may 'contain ovér 12 Mg/ha of roots compared with 2 to 5 Mg/ha of

above ground materral (Russell 1973) With growth these roots release exudates which

. contrrbute to the burldup of ‘organic matter in the soil. Soil pH is somewhat acidic if. there is

sufficient pr'ecipitation to cause leachin'g but it is usually basic under more arid conditions
where precrprtatron is msuff icient and there is an accumulatron of salts. Grassland soils and

landscapes reflect the ecosystems through whrch they evolved and are generally at a steady state

‘in their development.

Despite the limitation of vegetative structyre to a single major stratum, pldnt species

diversity is high. Grasslands are made up of 'plant communities with a vegetative mixture of

. herbaceous spermatophytes dominated by the family Gramineae (grass), This family comprises

20% of the species present and 90% of ‘the" canopy biomass. Other nrominent plant groups

include:- Carex species (sedges), forbs (non-Rrass-like herbs) and occasionally dwarf shrubs

_ (Coupland 1979). | . o

Dix’ (1964) stated that the umversal characterrstrc of. grassland vegetatron was .

changeabrlrty attributable to mherent factors such as susCeptrbrlrty to frre or to external f orces" ‘

»

such as climatic ﬂuctuatrons There have. been extensrve studres of the responses of mrxed -

prame vegetatron to fluctuatrons in weather Weaver and Albertson (1956) reported srgnrfrcant

decreases i ‘basal cover correspondmg to ‘water streSS assocrated with drought condrtrons '

“Ungrazed Bouteloua-Buchloe communrtres declined from 89% basal cover to 8s, 66 58 25, 31 :

and 22% betWeen 1934 and 1939. Specres compdsition- changes generally 1ncluded a reductron in

- shallow rooted specres the drsappearance of many natrve forbs an mcrease in deeply rooted '

specres and a substantral mcrease 1n ruderals These changes occurred asa Tesult ‘of below'

‘ norrnal precrpltatron dunﬁg each of the seven successrve years Weaver and Albertson (1956) .

: studred the ef fect of drought on 88 representatrve ered prarrre Ianges in Kansas and Nebraska

during 1939 Vegetatron had been reduced to a short grass communrty of sparse cover from )



" for ungrazed areas.

- . ‘
-

overgrazing, grasshoppers, dessication and dust deposits. In son'te areas ‘wlfere graiirtg had not

been a factor, the mrdgrass layer had aIso completely drsappeared and .only remnants of the .

most persrstent forbs remamed ' Annual specres had occupred _some.. bare soil from the
destruction of grass cover, but by 1939 most areas were-dominated by cacti. After the drought,
succession proceeded through weedy "and short-lkived grass stages towards the short grass

community. Similar disturbances of vegetation development were reported for the droughts of

- ) . v 1

1952 to 1954. i . - - -

’
¥

Mixed prairie specres that increased durmg drought periods mcluded Bouteloua -gracilis -
and Agropyron smithii (Weaver 1954) Sarvrs (1941) studred drought effects .on-mixed " prairie
and found Sztpa comata decreased and- Agropyron smtthu mcreased Whrtman et .al. (1943)
reported decreases in Bouteloua gractlls Supawomata Agropyron smztlxu Koelerza macrantha |

Andropogon scoparius and Calamovtlfa 'Iongrfolta ‘and increases in Carex and Poa species in

!

N'orth Dakota mixed prairie due to the ‘comb'ined -effects of drought and grazing. With the

cessation of drought and reduced grazing pressures rapid' improvement in ground cover
occurred ) i - B : ;

- Ellison and Woolfolk (1937) studred the effect of drought on moderately graZed mrxed

~

"+ prairie. Decreases in cover rangmg from 62 to 79% ,were reported for Bouteloua gracrlzs
Agrbpyron smithii,’ Buchloe dactylordes and Stzpa comata from 1933 to 1935. Poa sdndbergii
mcreased by 179%. Hurtt (1951) reported reductions of 88 to 98% for these specres and

increases of 75% for Poa sandbergii in grazed mixed prairie. Sharp declines were also measured .

)

-

.

Southem Alberta mrxed prarrre was studred by Clarke et al. (1943) durmg 1928 to-1939.

4

In ungrazed Bouteloua—Stzpa commumtres ‘basal cover for grasses decreased from 26 to 14%.

v

' Boutelaua gracrlzs and Snpa comata - decreased contmuously and Koelerza macrantha Poa N i

sandbergu and Agropyron smzthu decreased more sporadrcally Speaes responded srmrIarly m

both grazed and ungrazed areas leadmg the authors to. conclude that chmate as opposed to -

moderate grazrng was the principal fac‘tor aff ecting the vegetatrve cover. o

~

-
-

’
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The effects of su!!amed perrods of favourable weather on mixed prarxie cbmmumtxes _

- has not been documented Coupland ( 1950) Studred mrxed pralne in the Brpwn soil zone of -

SaskatcheWan and Alberta and concluded that smce 1944 the ‘weather had -not interfered wrth»

continued mcreases of species formerly occupying orrly more sheltered loeatrons.'Grass‘tover of ""

JERN

ungrazed to moderately grazed. rariges responded favourably to t'ehhaneed. environmental

conditio’ns with graSS cover doubling since 1944. Stipa comata and Bouteloua gracikis deelined.
from- 62 to 44% and Stipd curtiseta and Agrppyron dasystachyum mcreased f rom 15 to 31% in

percentage composmon Coupland (1959) concluded that fluctuations in~species composrtron_

within vegetation in equilibrium with the clrmate are much greater in grassland than in forest

Smolrak (1956) found that May and June ‘precipitation was closely assoctated thh

forage y1eld in Alberta mixed prame Seasonal méan temperature hourg: of brrght sunshme and

' ‘wind mxleage had sxgmf icantly negatwe correlauons with f orage yield.

Successron on miixed prame abandonecl from cultivation had: been', documented by
JCoupland (1950, 1961}. During the first two years, after abandonment, the lands were °

dominated by annial weeds; notably Salsola kali, Syst“r'ribfftzm altissimum, Lépidium densiflorum

~and Thlaspi 'j_h'rvehs'e. ‘In ‘_t'he' third o eighth years, perennial forbs domina.ted',":urith‘ the half
shrub Artemisid frigida asthe final- vdominant Early grasses:‘i‘ncluded Hordeum jzbatum and
Agrostts fzzemalts These were' both short lrved species and were readlly replaced by rhrzomatous
species such as 'Agropyrwr smzthu The length of trme for the commumty to approach that of

" the climax ‘was 15 to 50 years Plemersel (1938 1940 and 1951) reported on similar studies

-followmg land abandonment in sagebrush ‘grassland in Idaho Durmg the first two years the
: area was dommated by Salsola kall followed by. Descurazma sophta in the next two years.and
* Bromus zectorum n the f ollong f ive years Ptemersel (1940) commented on the early stages of

secondary successibn where annuals 4were donmiinant and had an exceedingly rapld turnover of
. One, generationf per year. If gxcessive removal of vegetation (such as overgrazing) was
prevented the development of the early stages of secondary successxon proceeded from initial

s -

., Weed stages to an annual grass stage By-inducing excessive. vegetatron removal the process was



.

~

- r¢versed from this annual grass stage to the initial weed stage which would be maintained as

"~ long as the disturbance persisted.

Coupland (1961) documented the invasion of the grassland climax where ground cover

had been disturbed. {The principal ruderals in order of abundance were: Sysimbrium altissimum,
) .

2 Salsolau pestifer, Solanum’ triflorum, Grindelia perennis, Bilderdykia convolvulus, Lappula

tsquarrosa, Chenopodium album, Amaranthus graecizans, Cheirinia inconspicua, Monolepis

. =

T nuiialliann', Allionia hirsuta and Chamaerhodes nuttallii.

‘Vegetation communities are also closely associated with soil and topographic
characterrstrcs Coupland (1950, 1961) classified the mixed prame of Alberta and Saskatchewan

and found drstmct associations between these factors andu the démrnatrng vegetation

-communities. Thus the distribution of individual species is a f unctroﬂ'ﬁ@l;\-elirnate and substrate

The large area of grassland occurnng east of the Rocky Mo@)ﬂtams in Canada consists

with variations as marked as the, heterogeneity of these factors.

of four grassland associations, docu,mented by Coupland (1950, 1952 1961) (Frgure 2. 1) The

mixed prairie assocratron extends for approxrmately 1000 km froﬂPthe base of the foothills,

along the Canada USA border to near the Saskatchewan Mamtoba jorder. This line forms the

base of a large (378,000 square km) triangle whose apgt®is located along - the

\‘1".\{’63‘\ .
. oA gL B
Saskatchewan-Alberta border for approximately 500 km north of (}f, ;#arrada-.USA border. The
n i ‘)

true prarrre association lies to the east of this triangle with the fescue grassland association

along its west and north sides i in association w1th the aspen parkland

‘Coupland (1961) classified the vegetation of the rrnxed prairi»e into five different
faciations. The Stipa-Agropjrorl faciation occurs on well develooed soils ofmedrum texture
throughout the Dark Brown soil zone and adjacent parts of the Brown soil zone. A more xeric
community,-the Szipa-Bouteloua-Agropyr'on'faciation is found on -soils of loam texture in the -

drier part-of the Brown soil zone, whrle the Stipa- Bouteloua facratron is hmlted to sandy loams

in this area The ,Bouteloua -Agropyron faciation dominates Solonetzic soils, except in Alberta

- where the coarser textured Solonetzrc sorls support vegetatron of the St:pa-BouteIoua facratron
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The Agropyron-Koeleria faciation occupies areas of lacustrine, clays®which are presently mpstly

4
S

under cultivation.
. 4 ' \ -

A

-

' /
B. GRAZING \ - os ‘

-

The first cattle and sheep were brought into western Canada around 1700 through fur~
v - : o
trading posts on the Hudson Bay (Johnston et al. 1981). Ranching began in Alberta around

1877 whenl cattle bronght in from Montana were overwintered near Fort Macleod.’By 1880 large
4 . -

herds were becoming more common. In" 1979 there were 7.6 million hectares of rangeland in

Alberta comprising 12% of the total land area (Smoliak et al. 1979). ’ . J

Range has been defined by Stoddart et al. (1975) as those areas of the world which by

Jeason of physrcal limitations (low and erratic precipitation, rough t0pography poor dramage )

..l
~ s

er cold temperatures) are unsurted 10 “cultivatibn. It “provides -a source of forage for

-

free-ranging native and domestic animals as well as a source of wood products w* and
wildlife. Rangeland has been descnbed as a "dynamic entity " because of its potential for change

- and the interdependence of its component parts (Donald 1946). . . - : a
) .

Grazing is one of the main factors affecting rangeland ecosystems. The effect of the -

~

A
3 '" grazing animal through defoliation, selective grazing, trampling, deposition of dung and urine,
» N - ST S !
and the dispersion of seeds may be both beneficial and harmful. Grazing significantly affects

both ‘herbage yield and litter.accurnulation. Data from Snroliak et al. (1979) re\;eal that
» nroderate cqntinuons grazing c)f Alberta mixed prairie and fescue rangelands'resulted in a 60% _
decrease in herbage production. Stelfox and McGrllrs (1976) reported that ungrazed mlxed
prairie range produced 63% more forage than grazed areas In southern SaskatcheWan '
‘quupland (1973) found that the total standing crop on grazed range varled f rom 39 to 44% of
) that on ung'razed. Marked decreases in yreld of mrxed prairie grasses with grazmg “were also -
reported by Lodgeé (1954) and of fescue grassland by Pzake and Johnston (1965) In western
North Dakota, standlng vegetation of)grazed mrxed prairie was 44% of thg"’ ungrazed, whrle on

),
grazed range it was_37% of the ungrazed (Whitman 1974). Preliminary studles.on range.land



' . - v "
e e oo . . _ 10
- 1 , \ f

ecosystems 1n Saskatchewan indicated that maxnmum standmg FTOpSs were reduced wrth grazing
\hy 38,'70 and 329% for green shoots, dead shoots and underground parts respectively (Coupland-

et al, l974) Observations from the same study indicated that individual shoots produced more
I

leaves under grazmg. v - - .

Lrtter accumulation on grazed grasslands was generally lower than that of ungrazed
- range in most natural grassland ecosystems (Coupland' 1979). - An exception was, in the true

- 3 4

prame where lrtter was up to 2 times higher in grazed aréas due to trampling by cattle. Peake

Al LY

| and J ohnstOn ( 1'965) reported that the annual yield 6F litter decreased markedly wrth grazmg

’

1ntens1ty from 12.4 Mg/ha in ungrazed to 9.2 Mg/ha in lightly grazed and 4.9 Mg/ha in heavily
grazed fescue prairie.-On mixed prairie Smoliak (1965) found lltter also decreased with grazing'

from 0.7 Mg/ha in ungrazed areas to 0.4 Mg/ha under moderate continuous grazing. These
( .
decreases in litter accurpulations have been attributed to the reduced amount of “plant material

as a tesult of consumption by cattle. "

\
’

* . Defoliation has been considered the most important 1nﬂuence of grazing animals on
- ¢

grasslands (Watl{m and €le{nents 1978), The effects, of defolratlon on rnd1v1dual grass plants

are depepdent on whether the léaf area and/or the stem apex has been removed When part of a
PN

young, immature leaf is removed and the basal meristems are.left mtact only the final size of

the leal‘and lts' ability fo produce photosynthates are reduced (Booysen er al. 1963 Tainton
1981) However meristem removal terminates growth of the leaf. Removal of mature,

‘non-photosynthetic leaves may -permit mor’e-light lo penétrate to the basal parts of the plant$

0

.encou“raging tillering. and thereby stimulating growth Removal of all or_ part of a. mature

- 1+
s

" .photosynthetic leaf will reduct the photosynthetrc system of the plant w1th concommrtant

reductions in carbohydrate and nitrogen reserves (Hyder 1972). Reductron in nutrient reserves

4
-

slows the growth of the entire plant, decreasmg rooting volume and depth and reducing forage

)

production. L ‘ .

-

. Partial or complete defoliation results in a mass reducuon of the underground plant

"7 'material, the reductlon bemg proportional to the severity of the treatment (Cnder 1955
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' Troughton 1957) .’At least a portion of the roots-stopped growing when 50% or.more of the top
growth of grass was‘removed; and stopped-completely when 80°to 90% of the top growth was

removed. After severe def oliation roots remained inactive for up to 17 days’ (&Jrider 1955). In
4 ‘ . )

[

N . ot : .
mixed prairie grasses Smoliak (1965)- reported reductions of underground plant parts with -

grazing, due to partial or complete defoliation. In the uppermost 54 cm of soil, the total

underground plant material in an area protected from grazing for 33 years was 40.0 Mg/ha and
.m a grazed'area 33 4 Mg/ha. Johnston (1961a), working m fescue grasslands of southwestern™
Alberta, found total underground plant parts were hlgher beneath grazed rangeland than

beneath ungrazed range: This increase was attrrbuted to the more humid condmons and the

taller, mofe productive grasses than those of the ~Supa-Bouteloua community. It is lrkely,

however, that the changes reflect the increase in shallow rooted species and the decrease in the

-

-~

more deeply rooted midgrasses wihich are fess resistant to grazing. o

A

- - When the apex of a grass plant is removed, .stem growth is;ter'minated and flowering

and seed production are prevented (Booysen et al. 1963). A'éecondarv effect’ of stem apex

N

. rem0val As an tnorease in trller densrty This has been attrrbuted to, the removal of growth

’ 3

regulators secreted b) the apex that 1nh1b1t the development of lateral tillers (Tainton 1981).
; > > (E

Even though reduced-~stem'developmént reduc!es yields, the improved quality of the new leafy

material may compensate for the yield reduction. Stem apex removal also reduces thetnumber

" -

4

of leaveés on.the plant, thereby-reduci'tg the‘photosynthetic capacity of that plant. ~
The number of tillers mav also be’ reduced by defoliation. When photosynthetrcally

actrve tissue 1s removed carbon assimilation is reduced and avallable carbohydrate supphes are

_:used for renewal of leaf growth before that of tiller initiation (Youngner "1972). The ‘leaf

g replacement potential of’; grass is dependenton time, rate of defoliation, environmental

conditions, location of apical meristems and species (Hyder 1972).

Grazing, through defoliation, creates greater extremes in micro-environment than were -
. P2 N . i W . ¢

’

present prior 1o severe defoliatiqn“(Smolilak et al. 1979).,lThe}reducti70n in canopy coverage.
~- N /4 ) -~ )

- alters light intensity, increasjng soil temperature and evaporation. It also affects interception

-
~ o, . . P
. ) . . .
w \
- ‘' ]
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and redistribution of precipitation by plant material and influences infiltration. Litter is

decreased and soil erosion potential is increased (Lorenz 1974). These changes subject the areas

with reduced plant cover to more extreme f reezing and thawing cycles, and subsequent damage
) ;v | :

to roots and stems through breakage.

[

Qr mixed prairie sites in .North Dakota, Whitman (1974) found summer _air, -

i

' temperatures abm;e grazed vegetatlon averaged 1.5°C higher than above the ungrazed Soil

;. . ;

temperature to 120 cm was hlgher under grazed vegetatlon averagmg 21.4°C for the season
compared to17.9°C f or the ungrazed. Wind movement ata height of 15 cm was 2.1 km/h over
grazed areas and 0.6 km/h for ungrazed. Soil morsture content was higher in ungrazed areas

unttl midsummer. Relative humidity and water vapour pressuré near the ground were more

4
t

N

and Johnston (1965) for fescue grasslands. '

-

' Grazing animals tend to be selective in their'diets.' Sheep ahd cattle tend to select leaves

in preference to stems, and -young \leaves \in preference to alder leaves (Davres 1952 Mrlton T

1953; Arnold 1960 Dudzmskr and Arnold 1973 and Stobbs 1973a, '1973b 1975) The selected E

species tend o be hrgher in crude protem P, soluble carbohydrates dlgestrbrlrty and gross-

k [

energy and lower in lrgnrn and structural carbohydrates Selecnon of a partrcular plant depends‘
on relauve palatabrlrty and accessibility (Arnold 1964 Greerlhalgh 1966). Cattle because of ’
therr larger JaWs and mode of grazing action, are less selectrve than sheep (Dudzmskl and

s

The effects of treadmg on range have been reported extensrvely by Edmond —(1958

1962 1963, 1964 1966 1970); wrth earlier studres by Bates (1935) The statrc load exerted by -

. cattle is 112 to 165 kN/m2 w1th the dynamle load twice as hlgh (Lull 1959) Cattlg tend to make

8000 to 10000 foot 1mpacts/day of 90 cm? each yreldmg a total trodden ‘area’ of 0.01

. ha/day/ammal (Farrrs 1954).

. N : ,
Treadrng can cause significant and progressn('e reductrons in. herbage yreld as stockrng

rates mcrease (Edmond 1958, 1964, 1966 1970(, Brown 1968 Bryant et al. 1972; Harrls I973)

.

extreme. on grazed areas, affecting evaporation ratés. Similar results weré reported by Peake

<
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Plant-n bers may decline 1mmedrately after treadmg due to reduced tiller densrty (Edmond‘
1958" Campbell 1966). Recovery of these damaged and burred tillers may be rapid (Edmond
1958), but new tlllers may have lower growth rates than the old trllers (Campbell 1966)

Treadmg and defoliation due to. grazmg affect botanlcal composruon (Bates 1935;
‘Davies 1938; Edmond 1958, - 1962, 1_966), and are 1mportant factors in plant cornpetltron‘
(Edmond 1958, 1962, 1966;*Brown 1968; Harrrs 1973) Graung mfluences the presence.- and e
) dommance of plapt species. Sclectlve grazmg rnrtrally favours unpalatable species. Treadmg
“associated with grazing may cause severe leal damage parucularly i soft- leaved specres, ‘

thereby f avormg strong-leaved species. Creepmg specres wrth less exposed merrstematm Tegions

s

-

are f avored ‘over the more uprrght specres (Tamton 1981)

o

In Alberta mrxed pralrre hght grazmg produced a Bouleloua Stzpa vegetatrve cover. ST

'whrle no grazmg produced a Stlpa Boute[oua cover (Peake and J ohnston 1965 Smohak 1965) o

“When. a range is’ overgrazed shallow rooted specres tend to replace the deeper rooted ones tall'

- . ~

. and mrdgrasses drsappear and Bouteloua gractlts mcr’eases As overuse contmues unpalatable' .

'

. speciés, especrally Artemzs:a Srigida, Phlox hoodu and Gut:errezra sarothrae mcrease Later‘i

. Selagznella densa and Opuntza polyacantha mtrease and the area is f urther mvaded by Grmdelza~

'. squarrom Chenopodzum specres, ,Tragopogon dubms Hordeum )ubatt(m and Salsota kalt'i':;

L , (Smohak et al. ‘1972) Peake and J ohnston (1965) noted a decrease m grasses and an mcrease in .

’

e f orbs and shrubs wrth grazmg Smohak (1965) and Smohak et al (19’12) found that basa,l areas |

N . ~

of> Bouteloua graczlzs Koeleha macrantha and Selagmella densa mcreased under grazmg whrle_~.

| those of Stzpa comata and Agropyron specres decreased . SR

Ti 1me of grazmg “has a profound effect “on assOcrated range reactrons to grazrng _'
‘ (Edmond 1964) Some grasses and ‘most f orbs aTte hrghly suscepuble 10 def ohatron at any trme .
whrle others show lrtt]e effect (Heady 1975) Sensmvrty to defolratron appears to mcrease

" raprdly t the trme of floral mrtratron and seed formauon and decreases raprdly as plants
: f

" mature (Cook eral. 1958). - ¢ | Tl 7

Nl T
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Barley et al. (1980) studymg Festuca scabrella -Stipa curtisetq rangelands of central’
Al’oerta mdrcated that lrght Sprxng (J une) grazmg stxmulated addmonal grass and forb
productron Grass productron decreased under heavy spring and fall grazmg whrle forb :

productron 1ncreased under spring grazmg Brougham ( 1959) mdicated frequent hard grazmgs )

: durmg sprmg reduced dry matter yleld Results of hrs study mdlcated less mtensrve grazmg of

. pastures in late sprmg would f urther mcrease dry matter productron Preventron of overgrazmg ‘

< in summer and autumn ensures. persrstence of pasture specres so hrgh annual yrelds are -

. mamtamed Drf ferences between seasonal growth patterns are apparently determined by species '
tolerance to drfferent mtensmes of _grazing and modrfred actlon of envrronmental Tactors on

| growth followmg changes in herbage cover and botamcal ‘composition (Broypgham 1960) Clarke

‘ : j( 1930) found that grasses not grazed until’ they had grown considerably in the sprmg produced )
' [more forage annually than those grazed in the early spring. Plants allowed to develop .

: consnderable leafage accumulated more energy in therr roots for overwmter use. than plants

R

. closely grazed throughout the summer and fall. X .

The growth rate of paSture peaks when full canopy rs developed (Tamton 1981).

"Theoretrcally maxrmum yield can be achreved by mamtar;ung full canopy for, as much of the

:-season as possrble Lrtter. accumulatron from thls type of grazmg regime; partrcularly in hrgher

y

monsture grasslands and the 1mpractrcalrty of havmg a pasture devord of grazing for such a long

-perrod mdlcates that although such™a practrce may maxrmrze productrvrty it does not optrmrze

1

use Range management practtces mvolvmg suffi 1crent non grazmg penods to permrt pIants to

recover from one, grazmg “before bemg subJected 10 another is necessary

Ammals affect seed drssemtnatron and establrshment helpmg to marntam the ..

> t

) heterogenelty of the grazmg envrronment (Harper 1969) Seeds are drssemmated elther through"

-

; attachment to the ammal or mtestmally TLeadrng may be advantageous where it ards in
covenng seeds that would otherwrse not f md f avorable condmons f0r germmatton Hoof action

may break crusted sorl surf aces creatmg more f avorable germrnatmg condltrons 'Dung pats are

also tdeal sites f or, colomzatron by seeds
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Treadmg affects the hydrologrc regime of grasslands Compactton and puddlmg are
mdtrect effects of treadmg Compactton B the mcrease in densrty due /to apphed pressure.
Puddlmg tef ers to the reductxon in apparent spectftc volume or voxd r’mo of the soil caused by

. mechamcal work (Bodman and Rubm 1948). ’Several researchers hav{revrewed the effects of
" compactron and puddlmg on sorl physncal characterrstlcs and plant growth (Tanner and
Mamanl 1959 Rosenberg 1964; Barley and Greacen 1967, Gradwell 1968; McCarty and
'A,Mazurak 1976) Such effects mclude mechamcal resistance to root ‘penetration, reduced
aeration, altered thermal regrme and monsture avallabnhty lnflltratton and percblation rates .

. 'decrease and runo,f f and erosron potentral mcrease (Duley and: Kelly 1939; Duley and Domingo
1949; Robmson and Alderfer 1952 Lull 1959; ] ohnston 1962; Rauzr 1963; Sharp et al. 1964;

: foford and Hawkms 197_6 Blackburn 1983). Alderfer and'Robmson (1947) found that runoff

increased f rom 0 t0.2% on ungrazed range to 33 to 80% on heavrly grazed range.

i

Namral mulch is consrdered a primary f actor m determmmg total annual infiltration of

water mto rangelands (Dyksterhuns and Schmutz 1947 Tomanek 1948 Hopkms 1954 Rauzr

1960) Mulch also reduces the 1mpact of Lreadmg on plants (Lull 1959; Brown 1968 Beard

1972). | o T

At present evaluatmg the hydrologic 1mpact of grazing is difficult. Most of the
N _hterature relates grazing 1mpacts to infiltration rates, but only a few studies provide reasonable

stlmates of constant infiltration rates for a given site. Data are not sufflcrent, to evaluate the

‘ effect of i range condition on hydrologic impacts of grazmg Gif ford and Hawkms (1978) have
'ndrcated that the greatest need in this area of research is for a detalled deftmtren of the long
. term effects -of grazmg oIt mfrltratron as a functron of site, range condmon and grazmg

. 1ntensxty Inf iltration rates must be coupled with apprdprrate methods for determmmg funoff

i

- volumes storm hydrographs and long term water yields.
Treadmg has been associated with decreased stability of sorl structure (Chappell et al.
. 1971) and slowmg of soil formmg processes (Liacos 1962) Changes in soil chemical and

blologlcal propertres have also been assocrated with treading.

s

[

7

e

’
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Johnsron e al ( 1971) reported that very heavy grazmg compared to hght grazing of
fescue grassland at Stavely, Alberta changed the Ah horizon . from black to dark brown
: _' mcreased pHf rom 5 7. to 6.2 and reduced percent orgamc matter and soil temperature Thus a
'heavrly grazed range developed a drrer mrcrochmate over a seventeen year penod After~

-contmuous heavy slrmmer grazmg of a Strpa—Bouteloua prame soxl m southern Alberta sprmg

morsture was reduced and pH was lowered (Smohak et al 1972) There was httle ef fect on bulk

| denslty or texture Smolrak et a1 (1972) attrtbuted these effects to changes m amqunts and

.

-kinds of roots due to Specres changes caused by oyergrazmg J ohnston et al. (1971) atmbuted

“-‘changes to mcreased use of vegetatron and loss of organic matter due to mcreased grazmg

pressure and subsequent mcreased erosron oL - ‘

-

In grazed ecosystems_ nutrients are.cycled from the soil, through the plants and then )

A

returned to the sorl either dlrectly or through ammals Domestrc animals, through excretion,

’

1ntroduce two recyclrng pathways for redtstrrbutron and mineralization of nutrients ?)\uthln the

l

ecosystem: contribution of inorganic avarlable nutrrents and COIltI'lbU[lOl’l of residual organic
v

nutrrents in soil (Rychnovska 1979; Til} 1979) As stockmg rates increase, turnover-rates of
nutrients have been reported to rncrease resultmg in a greater retentron of nutrients in the
sys‘tem if that system%‘ fertilized (Mott 1974). Although there was a greater removal of
nutrients per, hectare. in anlmal product, it was compensated for by add?t‘ional “nutrients
_rem,aining in an available form and in the recycling pool. As the rate of transport increased, the
efficiency of nutrient utllization also_increased and the quantity of fertilizer required for a
given production ‘level decreased. Thus the increase in the cycling pool represents the
mobili‘.zation of nitrogen formerly unavailable in' organic reserves in the soil. Other researchers"[ _
have reported data to the contrary, 1nd1cat1ng that grazing-iay reduce the turnover rates of
nutnents (Floate 1981). | '

Excreta tend to affect small areas of the range system. Hildet (1964) f ound that 33% of
the faeces from cattle were -found in 5% of the grazed area, concentrating around night beddrng

places. ‘Each defecation has been’ reported to affect 0.09 m? and each urination .0.28-rn’ but
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. grass growth may be affected over an area of 1 m? for each urmatton (thkrns%\and Lowrey
1973) Srgmfrcant responses to excreta were found 60 days later from an area more than 100 cm
in drameter surroundmg cattle dung patches .30 ‘cm in drameter (MacDrarmrd and Watkin |
1971) Work in New Zealand has demonstrated that faeces and unne in the soil system can
contribute to herbage yreld increases , of up tor40% even though most elements m faeces are
bound 1n relatlvely resrstant orgamc f ractlons and unless removed by dung- feedmg insects, the
bulk of these bound elements remain at the sorl surface: for many years (Angel ‘and Wtcklow

1975 Grllard 1967)

.o

r Excretron can 'lead'to strikinglv detrimental effects-due to high salt concentrations. .

Urtne can sttmulate areas of grass growth whtch m turn depress legume growth (Drysdale

- 1965) Faeces are often responsrble for the death of covered plants and for uneven grazmg

-,

(Weeda 1967) Marten and Donker (1964) reported that 93% of the ungrazed areas contained

1}

dung pats

Several researchers have studred mtrogen cyclmg in range ecosystems The total N
avarlable for mgestron by grazers varies directly wrth herbage producttvrty and phenologrcal
stage of plant development and ranges from 100 to 600 kg/m’/yr of bromass (Lauenroth 1979

Woodmansee et.al. 1981) With moderate grazmg of perenmal natrve grassland 65 to 85% of the

- - herbage produced is returned to the soil system by wastage and trampltng (Coleman et al. 1977;

Woodmansee 1978) Cattle mgest 0.2 to 2 kg/m’/yr of N from range plant btomass but retain
only 15 to 20% of it (Woodmansee et al. 1981) Similar values of 0:25 l(g/m2 were reported by
Coupland and Van Dyne (1979). The remainder is returned to the soxl plant. system mostly as
urine and faeces; with 50 to- 80% of the excreted N contained m urine (Woodmansee et al.
1981). Through NH; volatilization, 50 to 80% of the excreted N contained in urine may be lost
to the system (Watson and Lapms 1969; Floate and Torrance 1970 Stewart 1970; ~Woodmansee
1978). |

" Floate ( 1981) concluded that increased tillering under moderatg ‘grazing may be

associated with greater N uptake from soil and its retention in the rapid cycling pool, while

: A - .17
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severe grazing may impair.this uptake system. If piant growth is impaired through trampling, e
N uptake may be reduced. Species composition changes and increased ,bare grou'nd associated

with trampling may affect nutrient uptake and hen‘ce N cycling. Floate (1981) also commented

on compactron and puddling caused by treadmg, possrbly mducmg anaerobrc condmons in wet .

soils, which, combined with the mcorporatron of fresh plant materral into’ the ground may
[§

o’

affect microbial decomposition.
Increased herbage intake and utilization by grazing animals leads to a l‘a‘rge_r proportion '

of plant N being returned to the soil via the animal excreta than by the plant litter pathway |

(Floate 1981). The grazing animal pathway is also considered to be important for the transfer.

- of N fixed by legume-rhizobia symbiosis to adjacent plants (Floate 1981). Smoliak er al.

\

i‘j‘( 1972) reported no changes in total or avarlable N as aff ected by grazing of mixed prarrre

Grazmg animals have been consrdered responsrble for the removal of N from the

~

ecosystem If anrma’ls are removed from the system, 0.1 to 0.4 g/m’/.yr of N may also be
removed from low to hrgh productrvrty grasslands respectrve]y (WoodmanSee et a1 1981).

" Henzell and Ross (1973) found that 4 to 28% of the dretary N in the system was removed by

grazrng animals, with the iargest losses from dalry cattle. Under semi- arrd range condrtlons
less than 1 kg/ha of N is removed -as ammal products whereas under- m,tense ,past,u,re
productlon in more f avourable clrmates up to 56.kg/ha may be lost annually

Grazmg has been associated w1th narrowmg of the'C: N and C:P ratios in soil organtc :

matter (Floate 1981) Smohak etal. (1972) f ound that under continuous heavy summer grazmg )

of mixed pralrre total C, a]cohol/benzene extractable C, alkaline soluble C and polysaccharrdes

were mcreased These mcreases were attrrbuted to increased amounts of manure deposrted bv )

~

-sheep under heavy grazmg Johnston et al (1971) reported that heavy grazrng compared to

lrght grazing of fescue grasslands reduqed percent organic matter and percent total P but -

mcreased NaHCO;-soluble P. Clark ‘e al. (1978) in a similar study concluded any long term
. , » ,
effects of grazing on P cycling are.mainly through the effects on decomposition of plant and .

~ microbial ‘residues. Daubenmire and Colwell (1942) in studies of the Agropyron-Poa prairie of
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eastern Washrngton found decreased amounts of total P m the soil below ‘ten. centrmetres as a
" result of grazing. Lower total P levels under grazing were. also reported by Damel and H@er
‘ (1934) Cook and Harrrs (1950) mdrcated that aVarlable sorl morsture was hkely more
1mportant than available P in 1nfluenemg the P contents of plants Thls was supported by
Lodge (1954), who. also found other changes in the chemrcal composmon of forage in the late R
: .leaf stage. Ether extract, crude fibre and ash were lower m grazed plants and protern N freei_

extract. Ca and P were hrgher Preferennal grazing on young green shoots hrgh in K content

-hastened the return of K to the soil because ur(ne is high in potassrum (Barrow and Lambourne

“
\

*1962; Clark et al. 1978).. .

~ - /
Although nutrrent cyclmg is affected by grazmg 0’ Conﬁor ( 1981) cautroned against

extrapolatrons from. one situation to another without consrdenng the spatral drstrrbutrons and

. - . B )

4

drmensrons of grazing influénces. -

C. SOLONETZIC SOILS

]

Drstnbutlon And Charactenzatlon

P

S In Canada the Solonetzrc Soil Order is comesed of three great groups, representrng '
g stages in, sorl development Solonetz, Solodtzed Solonetz and Solod (Carnada Sorl Survey

Cornmrttee 1978)

- There are approximately 4. 93 mllhon hectares of Solonetzrc sorls in Alberta, compnsrng

30% of the arable land in.the provrnce (Peters 1973). The low - relief plam r\mnmg north to

!

' south through central Alberta_from Vegrevrlle to Brooks is the mOSt concentrated area of

'Solonetzrc sorls tn Canada ‘(Alberta Agnculture 1981) There are 15 mlllron hectares of

Solonetzrc soil' in the Brown sorl zone of Alberta - o -
Solonetzrc smls are charactenzed by a Bnt ‘horizon of low perrneablltty This honzon .
whrch i$ hard when dry and a strcky mass when wet severely restrrcts root and water

: penetration below'.the A horizon.” The lSolonetzrc order rs_defmed on the basis of the

vy -~
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exchangeable Ca:Na ratio bemg less than ten in the B horizon (Canada Soil Survey Commrttee

1978) L -

Solonetzic seifs occur on level to undulating topography where surficial faterials are

shallow and saline'or‘ ‘alkaline bedrock ‘is relatively close to the surf ace.The ‘water table can be

high and 1nt,ernal drainage is always restrrcted Solonetzic sorls are charactenzed by blowout

)

patches where areas of topsoﬂ have eroded exposmg the Bnt horrzon In uncultivated areas

~

these blowout prts are between 10, and 25 cm, deep and £an cover up to 50% of the area (Alberta:

~ . - v =

Agrrculture 1981). R - '

P

The low productivrty associated with Solonetzic soils is due to the inhospitable nature of 3

the Bnt horizon; high salt content, ‘and. restricted.subprofiie drainage, as well as the acidic A .

~ hérizon of some soils.

Genesis

'Pawluk and Dumanski. (1969) ‘and Pawluk ( 1982) summarized the classical theories of

. the genesrs of Solonetzrc soils as advanced by Gedrorts (1912 as cited by Pawluk 1982) and de_‘_

Sigmund g1926) The mam pomts in this process are descrrbed here

Solonetztc sorls have devéloped on saline parent materials mainly under grass cover in ..

semrarrd to subhumid climates. They can develop only if there is an accumulatrqn of soluble

. salts (salmrzatron) in the soil profile. In Alberta these salts are most often translocated by'

groundwater and are predom_mantly sodium or magnesmm sulphates.

As ’long as soluble salts are brought to the surfa‘ce by groundwater, pedogenic
development will not likely proceed beyond the stage of saline Regosols. If groundwater flow is
decreased or intercepted, the upward movement_of salts in thé discharge area may also be
- decreased -or halted. Ions in. the pore water, such as sodium.and magnesium,-’fcan then be
leached and concentrated as precipifates at: depth or adsorbed to colloidal clay surfaces.

Domination of the exchangedble cations by sodium can result in dispersion_ of soil colloids

which fill soil voids, ,thereby‘ reducing pernleabllity. Dispersed organic matter stains the B

s
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'the surf: ace and B horrzons reductron of exchangeable sodium percentage reductr()n of sodrum ’

oo

horrzon dark brown to black and together wrth the drspersed clays forms a strcky mass when, '
‘t~

wet and a hard columnar structure when dry called d Bnt horizon Water movement through e

: _';)profrle is then restricted and hydrolysrs oP sodrum clays results in, hrgh pH values '

( so]omzat'on) “The’ Tesulting soil is an Alkalme Solonetz
Leachmg, if contmued can reduce the amount of collords in the A honzon creatmg a -

hrghly srlrceous ‘platy, Ae horrzon Thrs horrzon wrll become acrdrc 1f the sodrum rs removed'

(solodization), and a Solodized Solonetr is- formed ~-T he Ag horrzon thrckens as -the leachmg :

- process. contmues and a deeper rootmg zone is- formed The Bnt starts to drsmtegrate bases are’

1

mobilized and orgamc matter can accumulate The Bnt begms to break mto blocky aggregates _ '

and the soil is claSSrfred as a Solod Plant roots. cari more readrly penetrate the B horrzon

Sodium salts are- strll present m the C horrzon and the Ae may be acrdrc The cyclmg of calcrum

. -

ions through root- penetratron and plant’ de(:omposmon can reduce the A horrzon acrdity ’

o\

F urther orgamc matter addrtrontand decomposrtron can alter the leached Ae to an Ah horrzon

2

.leadmg 10 -Solonetzic subgroups ‘of BroWn Dark Brown and ‘Black Ch’emozems

Deep Plowing . | | ‘
‘Deep plowmg physrcally breaks the Bnt horrzon reducmg ‘bulk densrty and facrlrtatrng‘ _
root and water penetratron Improved sorl structure 1s expected to result from brmgmg calcrum .
up from the C horrzon td replace the sodrum in the Bnt thereby preventmg rts reformatron '
Surface PH is raised byrbrmgmg calcrum carbonate to the surface - B

o< EX

Deep plowing was frrst mtroduced fn .the U SS.R..in the 1950 s in an attempt o

e

1mprove the producuvrty of Solonetzrc sorls (Botov 1959) North Amerrm stuelres of deep =3
plowrng began rn the 1960 s wrth Carrrrs (1962) bemg the flrst researchermé mvesugate the..

technrqttern Alberta o e

-Varrabrhty in crop response to deep plowmg ls reported in the lrterature ‘Increased

’ productrvrty of Solonetzrc sorls after deep\plowmg has been attributed, to calcrum ,enrrchment, of
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i adsorptton ratio and alkalmlty potenual and” mcrease in sorl pH through the mtroducuon of

calcrum carbonate mto.the A and B h'onzons (Carrns 1970, 1971, 1972a 1972b Peters 1973
Harker el al 1977 Lavado and Calrns 1980; Alzubardr angd Webster 1982)

Crop yield improvements have also been attributed to changes in prvsi-al properties of

w -

. deep plowédsoils. The decrease in sodium and increase in calcium in the upper horizon. results
i m more water stable aggregates and lower soil brealcmg strength (Mech et al. 1967; Rasmussen
et al 1972) Reduced bulk density 1mproves water transmrss:on proper-tles This leads to
1mproved mflltratron and percolation rates, reduced waterlogging and greater depth of water

- 7

‘stor‘ag_e (Eck and Taylor 1969; Rasmussen et al-1972), providing a more suitable medium for

¢
-~

| root denelopment.~' o . -
Decreases in-crop productivity after deep plowing Solonetzic soils have been attributed
to poor tilth.(Bowser and Cairns 1967; Lavado and Cairns 1980), reduced infiltration (Mech et

al. 1967; Lavado and Cairns 1980) lncreased soil hardness (Lavado and Cairns 12)80) and

" - increased crust strength (Sandoval et al. 1972). These detrrmental effects of deep plowing’

appear to be linked to changes in the Ap horizon, such as increased clay content, mcreased
exchangeable sodium and loss of orgamc matter.

Longevity of the effects of deep plowing ls'uncertain due to the relatiyely short time
such soils have been under ol;servation. Preliminary results do not indicate a reversion to the'
pre-plowed condition. A 33% increase in both wheat and barley productivity was reported six
years after deep plowing (Cairns-and Bowser 1969). Another study by Toogood and Cairns
(1978) indicated that mcreased producuvny persisted nine to sixteen years after deep plowing.
:_Rasmussen et al. (1972) reported reduced bulk densities to a depth of 90 cm remamed eight
years after deep plowmg '

\ Pipeline installation in Solonetzic soils is in many respects similar to deep plowing. It
causes the co:nplete breakup of the Bnt and the mixing .of the A, B and C horizons. The data
on deep plowing, hoyv;ever provrde only a preliminary indication of what might be\expected
) from pipeline mstallatron because the are:r affected is so much smaller than that under deep

L &
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pllo;ving (de } ong and Button 1973’).

\ . Studiles are presently underway to evaluate a threé iift procédure for Solonetzic sofls'f

whereby ttie. A, B and C horizons are replaced separately and in their natural sequence.

Preliminary results from using't}iis approach in surface mininé operations have .been reporteci
. . - ‘ v

as favourable with best results occurring after incorporating bottom ash intothe soil horizons

(Ziemkiewicz, P.,' personal communication, 1984). There are no data for this three lift

4

procedure in pipeline construction, but studies are underway.
Y

D. PIPELINES ‘

© There were 180,208 km of pipelines in the province of Alberta in 1981 (Webb 1982).

These pipeiines range in size from 1arge oil (6.8%) and gas lines (11.9%) to small distribution

(33.7%) and flow lines (9.2%). Secondary gas (21.3%) and oil lines (4.7%), water and other

substance secondary line$ (6.3%) and the Alaska Highway line. (1.1%) make up the total. '

" E. PIPELIN‘E INSTALLATION ‘

The phases of installation for the pipelin'es studied as documpnted by NOVA, An
Alberta. Corporation (Stupart 1981) and Hardy Associates (1978) Ltd. (1983) are presented
below. 4 |

};r‘iuor to. installation the pipeline corﬁpany establishes the most feasible design and
route, th‘eﬁ seeks regﬁlatory approval for pipelines 150 mm or larger in diameter and 16 km or
longer in lengfh (Govérmﬁent of the Province. of Alberta 1980). This often involves balancing
engineering constraints, cost vconsiderati(.ms, safety requirements and service and market
conditions. | |

The land throﬂgh which tﬁe'~-pipehne will pass is termed a right-of -nway (r-o-w)
(Figure 2.2). Eac'h‘r-o-w is generall9“\18 to 30 metres wide (de’pending on pipeline size) and is
compris“éﬂ of four areas: the stockpile, trcngb, pipelay and work. areas. The stockpile area is on

one side of the trench where topsoil and subsoil from the trenching operation are placed in two
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: " piles until they are later used to backfill the trench. The area directly atdjacent to the trench on

the other side is the pipelay area and js the portion of the r-o-w where the pipe is strung until -

installation. Adjacen’t‘ to this is the work area ovef which mest avehicular movement occurs. -
St Lot , N
Pipeline spreads are sections of the total pipeline project and are often awarded as separate

contracts to pipeline constructron companies.

The first steps in the constructron of any spread involve clearing, topsorl conservatton

amd grading.. Hardy Assocrates (1978) Ltd. (1988) claimed reduced success of sgedlrng ) N

establishment and vegetatron persrstence w1th topsorl salvage on Solonetzrc sorls, where 20 to

50% of the area has ereded surface horizons (blowouts). They suggest that the most viable

a . e - -
A "'

alternative s, to replace trench matenal as 4 mixture of A, B .and C honzon material. Thus on

e
» - -

Solonetzrc soils this initial phase involves only gradmg the entire r-o-w with a bulldozer to frl]

- 2

in blpwout areas to provide a smooth working surface.™

Trenching is done by ditchers, backhoes, clams and/or rippers. Trénch depth’r&rnges

from 1 to 1.5 metres for the smaller diameter pipelines and up to 3 metres for the larger lines.

Trench depth must allow for approximately 0.8 m of soil over the pipe. Trench width is

generally 30 to 60 cm larger than the pipe, diarneter.. In this operation spail material is conveyed
w
to the stockpile arca.

e

When trenching is completed, or prior to this, the pipe is strung along the ground near
the trench on the pipelay areagand bent to fit the trench contours. Each section of the pipe is

then lined up; pipe ends are cleaned, buffed and clamped into position. Next the sections are

i N -

welded together and the welds checked radiographically. o

_ The line is coated either on site or at the Tactory to protect against ‘corrosion. Coating

involves cleaning, priming and wrapping with polyethylene tape and outwrap. Coating is

- v

s

checked for small holes with an electrical detector.
. '

\

The next step is to lower in the pipeline segments. This is done by a tractor with

_sidebooms. Tie-in crews follow and weld the pipeline ségments together at places such as road

N

and river crossings and other tie-in points. The trench is then backfilled and soil material is

\

’
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tamped with a bulldozer. Before the pipeline.is ready to be put into operation, it is cleaned and
hydrostatically tedted. The final stages of ‘constru'ction_ inyolve grading the r-o-w, installing

markers t0 show pipeline location and revegetation. .

/
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F. PIPELINE RECLAMATION AND REVEGETATION -~ . ..

. P e ’ . ; e . R -
. Odum (1969) exply itly defined the states and fi unétions of a mature ecosystem. If such

. a system were 1o be disturbed, these states and functions would have to be re-established for

R4

I « . T . ‘ A . . . LR
restoratioft to occur. Thus early revegetation and reclamation following a disturbance become

. . -

. extremely important, \ e
. - . .4 “~ = -

’ Revegetation is the ré-establishment of a vegetative .¢over dver disturbed lands.
4 ‘ b
" ReStoration refers to the return of a disturbed area to its predisturbed ‘condition:'Reclamation

- v o , -

.involves rebuilding an ecosystem‘t()\a self'-sustaiﬁing state, which may or may"not resemble
predisturbed conditions, depending on predetermined final land use.

Sims et al. (1984) set three objectives for the rpc_lamation’of ‘disturbed lands which are:-

- " N

1. to restore or improve the aesthetic value of the landscape, ' ‘ ' :

2. to restore the utility of the land for use by man to a level at least equal to the levgl of

usefulness before the disturbance and

3. torestore in a manner which imparts permanency to the the reclaimed condition.

Reclamation procedures are site specific. and are conducted to satisfy company desfgn

requirements, to reduce short term and'residual impacts of the disturbance and to meet

regulatory demands. Investigations of ,the. flora, fauna, ’h).'drolqg)’. soil and land use of the

S study site are-designed to document areas in which conflicts may exist between the project and
some environmental feature at the time of construction. These data form, in part, the basis for
\ v ' : ' .

pipeline design, routing and construction.’ . " o “ -
S The' main'objgc}ive in ‘;evegieiation is to establish a permanent, self -sustaining ground
.cover as quickly as possibie. In a;y pi’pelir‘l’é insta]lation ‘bare groungd enhances_'t/h‘e potential for
‘;avind and water erosion.,_Grou'nc.i cover i§ the rﬁost important factor in cogtrolling soil- erosion,

e
M .
N,



It decreases the impact Qf ramdrops mcreases mfxltratlon and slows runoff Water quallty 1s

-

’ 1mproved through reduced erosion- and soil moxsture is mcreased by decreasmg' runoff Ground

- - [

cover also reduces’ wrnd erosron by decreasmg the area of exposed bare ground and 1mprovmg

- - t

sorl structure e

N *

" Loss' of land :use options is minimiied' by attenapti'ng to return »the site 1o, near’

predrSturbed condmons as qurckly as p0551ble Reclamauon efforts are axmed towards ‘

‘-

compatablllty wrth ecosystem funcuomng in order to mlmmlze dlsturbance ”Thls is also in-

~ v

keepmg w1th federal and provmcral regulatrons governing, natural resource developments whrch

mdlcate a disturbed area must be returned to a capablllty equal to or better than that of '

NG N

B3

predlsturbed c0nd1tlons . ) - e e o

A

Reclamauon practlces of NQVA An Alberta Corporatlon vary w1th predlsturbed land

use and desired end land use. The general approach and ratxonale to these practxces have been .

-

discussed with NOVA personnel and are summarized here.

o Consideration of special reclamation needs is necessary when selecting species. for -

Ve

revegetation, Native rangeland “is generally seeded with 'a broad mixture of native and/or
introduced species. With linear dxsturbances such as pxpehne I-0-w, custom seedmg of each

range is difficult. The mixture generally includes some specres capable of growmg under each

/ .

set of envrronmental condrtrons encountered in a given area. Species that are capable of
providing quick ground cover with a large root holding capacity are selected. They must be
capable of providing a self -sustaining ground cover on non-arable land thae_ will ‘provide
adequate resources for a predetermined end land use. Seedling forage plants are preferentially
grazed by large herbivores. To ensure that not all species wlll be eliminated by overgrazing,
species of differin_g palatability are included. Competitive vability and life expectanev are taken
into consideration to facilitate the re-invasion of indigenous species and the creation of the

most stable ground cover possible. The time frame for this type of reclamation is five to twenty

years (Walker and Associates Ltd. 1981a). -

v
13
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. One of the most controversral subJects m revegetatron is the use of native versus

mtroduced species. Introduced specres do not occur in unmanaged communmes of vegetatron in

" a specrfied atea. Native specres are part of the natural assemblage of vegetation wrthm a region.

-~

Most researchers are brased towards using ‘either native or mtroduced Species. Few studies have

N

ob_;ectrvely compared natrve and mtroduced specres and statistically tested qQantitative

evaluations are sparsé (Srms eta[ 1984) ~ )

Introduced cultlvars have been studied for many years. There is substantial data on the

autecology of each cultrvar Knowledge of response to fertrlrz.atron time of floral mrtratron

.

winter survrval and seed productron lS avarlable Thus ‘one may . determme ~surtable management

goals.for each cultrvar and mere accurately predrct the success of revegetatron These cultivars

/ - .

are, however, constdered to’be,adapted to optimum nutrient conditions. Chapin (1980)

indicated that theserapld]y growing s'pecies are likely to suffer physiological stressin a nutrient

poor system reducmg dry matter yield Contanued success in nutrient poor sites is believed to

-t

require fertrlr7ation whrch can increase susceptrbrlrty to winter kill and to snow mould (Mitchell
]

1970). Van Cleve (1977) found that mtroduced species performed poorly without fertilization

" and after frve years even the most successf ul species showed a marked decline. However, Fyles

' ‘ . Lz . -

( 1984) working in high elevation mine sites concluded that the ca‘pacity of reclaimed systems to

mineralize'N inereased with age of: the.disturbance and that after six to nine years sufficient N

was, mrneraltzed froni the soll organrc N podl 1o maintain plant productrvrty without further ,

mputs of fertrlrzerN RN Coe e T _ .

\

Natrve specres are often not avarlable from commeroral seed’ supplrers are relatlvely

expensrve and may be poor: seed producers Chapm (1980) consrdered native species to be more
physrologrcally adapted to unf ertrlrzed habrtats because they were slower growing and theref ore

less lrkely to exhaust Soil nutrrents and survrve longer on accumulated Teserves.

- Depurt and Coenenberg (1979) reported that in fnost reclarmed srtes natrve species '

establrsh and yreld better than cultrvars in the frrst two years, Farmer et al. ( 1974) Richardson

(1975) and Brown et al. (1976) mdrcated rntroduced specres often outyreld natrve specres m the

Lt ’
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first two years but by the'third year native species yield higher. Couoland et ‘a1 f1974) reported“
similar data for seeded cropland in southern Saskatchewan. These initial f‘lushes of growth of - .
mtroduced species are often associated with the frrst years after revegetation when sntes had'

been fertilized. Mitchell (1973, 1976) speculated that native species requtred strict matching to ”

.

site but if adapted to the site and climate, needed no further manageément to persist.and grow.

Stands of introduced species presented no permahent barrier to the invasion of native species in

arctic sites. Monéen (1975) similarly commented that species used in revegetat'ion should be -

y

eco]oglcally_adapted to the area and cautioned that although introduced specres af ford better

..

. 'protectron for the soil initially they can develop into monocultures C)Vhlch decline m vrgour w1th

time.

A few studies compared introdueed and native species in the same revegetation trials.

a

Lesko et al. (1975) concluded that native species did not appear to have an a_dva_ntage' over
introduced species in the first two,growi‘né éezis’ong 1n mine reclamatioh'. Ma‘tyh and Stewart
(1977) reported limited success vtdth native species' oomoared’to ihtroduced soecies in minin'g‘_
- reclamatlon near Grand - Cache Alberta Russell and Takyt (1979) and Takyx and Russcll
(1980) found that mtroduced specres provided better grorrnd cover than the natlve species in
re'vegetatxoh of oil sands.« | ' | . ' : : ' R
Brown et al. (1976) suggested that mixtures of native and introduced species were best
for revegetation, whereas Klock et al.~( 1975) considered these haixtures to be a disadvantage
beeause they-\aff ected yields of individual species. Brown and J ohhston_ (1976) tested natrve and
introduced soecies in alpine mine sites in"Montana and- found that the"density of native‘plant
species was higher. Ih a similar study, using transplanté, survival of native speci€s was reported
as 75% and that of introduced species as 38% after the first year (Brown and J ohrrston i978).
' With grazing, it has been suggested that v'seed mixtures of native grassland species su-ch
as Agropyron smithii,- Agropyron trach’yczridum, Agropyron inerme and Oryzop'sis ;xymehoides-

were ‘best suited for revegetation efforts (Berg 1975). The USDA (1979) reported that

revegetated sites should be protected from livestock to allow seedling establishment. Hofman et
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-al. (1977) studymg the ef f ects of grazing on reclaimed coal mine sites, reported that grazing
reduced productmty and that grazing management was necessary for successful revegetation.

Similarly Depuit et al. (1977) and Depuit and Coenenberg (1979) recommended that newly

-

seeded areas must be given time for sufficient development to withstand impacts of.'grazing.
Spring and summer grazing were considered less detrimental than continuous grazing. | |

When considering species for revegetation of rangeland, the benefit. of 'soil stabilizing'
properties as well as forage value must be considered. Annual herbage yield for short grass
prairie, mrxed prairie and f escue prame regions are approximately 0.3t0 0.4, 0.5 to 0 6, and 0.7
to 1.2 Mg/ha respectively (Lodge 1969). Lyles and Allison (1980) indicate that small amounts
of natlve grasses. compared to mtroduced grasses are needed in order to effectively prevent
erosion. They calculated that a total dry weight of 0.3 Mg/ha would be equivalent to 1.3 Mg/ha
of flat grain stubble. McCalla‘and Arrm'y (1961) estimated that 0.8 Mg/ha of wheat residue was
needed lfor effective wind erosion control on clay loam soils. For the Manyberries area Luciuk
et al. (1984) calculated that natlve range wrth a 40% carryover would provrde the equivalent
protection of 0. 7 Mg/ha whrle Agropyron pectmlforme grazed to 30% carryover would be:
equivalent tol.1 Mg/ha. Thus increased vegetative prOte_ctron from introduced specxes provrded
an added advantage'not only .to efosion control but'also i‘or meat production. Ideally the
combined use of. mtroduced and native specres allows for maximum animal- gains, while
minimizing erosron pressures on native range sites (Lodge 1970).

The use of Agropyron pectiniforme in native ranges illustrates the l)enef its and
problems;o’f "intro‘duc'ed 'species in a native species community. A. pectiniforme has a long
history of use on North American ranges and the literature on this species is extensive (Currie
1970). A. pectini forme is in full production a month before native grasses (Smoliak 1982). 1t is
a strong competitor with native species (Heinrichs an»d Bolton 1950) and weeds (Westover and
Rogler 1934; Allred 1940' Hubbard 1949), butniever establishes s’u‘cc‘essfully into climax stands’
of Bouteloua or Stipa species (Allred 1940) Pavlyehenko (1942) studied competition between

A. pectszorme and perenmal native species after A. pectiniforme was seeded into established

\
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stands of. weeds Even the most persrstent weeds were suppressed after a five year period.

v
Ky

Smolrak (1982) suggested A pectlm forme is ideal for early season grazed pastures in the
mixed prame. It produces two to three ‘times as much forage per unit area as native’ range and
can be grazed more heavily than native range wrthout reducmg productivrty A. pectszorme
must be grazed to a fi 1ve cm stubble to prevent the f ormation of seed heads resultrng in lmeven
utilization in subsequent years. Invasnon of A pecllm  forme stands by native specres was greater
under spring or spring- fall grazing than under only fall gr’azmg (Currie 1970) Other studies
(‘Hemrichs and Bolton 1950 Mcerlrams and Van Cleave. 1960) indicated 4. pectmzforme

seeded on depleted range could increase herbage _production over unseeded range Houston

~ ~ 7

(1957) reported similar observat'ions _with protection from grazing. Hubbard (1949) found

establishment of A. pectiniforme was not successful when it was seeded into sod unless the sod

i

was seriously depleted by overgrazing. When coritinuously grazed,"A. pectini forme maintained

an almost pure stand with no native species encroachment, was associated with low herbage
. . . A}

1

yield, poor ground cover and increased susceptibjlity to soil erosion. From these and other

studies (Reitz et al. 1936' Hull and Stewart 1948) the basic conclusion was that native species

| )

"must be more or less subdued before successf ul stands of- A. pectiniforme could be established

~

and. that these stands are best maintained if heavy spring or continuous grazrng is prevented
‘Hubbard (1949) concluded that for long term production and erosion control native

species were better than A. pectmrforrne _for Tange reseeding. Dormaar et al. (1980) indicated

some of the potential problems associated with A. pectini forme on Alberta ﬁative range. The‘

~ soil under A. pectiniforme as compared to that under native species had higher,bulk densities, '

reduced energy flow, less stable and more extractable organic matter, decreased 'aggregation of

N '

soil particles and greater susceptibility to soil erosion. After 40 to 49 years A. pectiniforme

buw,

remained a monoculture with relatively little native’ specres mvasron They concluded, however

-that A. pectiniforme was a suitable alternative to native range on abandoned or marginal Crop

land in southein Alberta. Similar conclusions had previously been ‘drawn by Clarke and

Heinrichs (1941) and Peake and Chester (1943). Kilcher (1969) had termed 4. pectini forme the

\
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It is evrdent from the llterature that much  more research comparing native and

, mtroduced species is needed before these prehmmary conclusions can be more readily accepted

: Moore et al. ( 1977) concluded .that perhaps researcliers‘ involved- in revegetation efforts should

concern themselves more wrth succesSronal status of a species rather than whether or not it 1s
mtroduced or natrve Competmve weeds may be expected on rearly all reclamatlon srtes and lt

may be more usef ul to plant 1ntroduced perenmal grasses which. estabhsh easrly and show some

. competitive parrty wrth weeds rather than_ attempting to replant higher seral stage native

species. Conversion programs may then be applied at a later date to encourage the

-

' re-establishment -of native species when the sere has advanced to a point which favors 'thejr

\
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G. IMPACTS OF PIPELINE INSTALLATION -

_,The'impact of pipeline installation in Solonetzic rangelands has not been well

,documented. Data- for other ecosysfems are also rare. ‘Problems associated with pipeline

, s )
installation 'appear to be linked to soil compaction, loss or mixture of topsoil with‘ subsoil,

7

4

decreased organic matter levels, drsturbed internal dramage increased surface‘ stomness and

weedmess Hardy Associates (1978) Ltd (1983) indicated that although topsorl was salvaged at

many sites in Alberta, there was evidence of horizon mixing. errng occurred.mainly. over. the

3

trench and stockpile areas but was also evident over some work and piptlay areas. Mixing was

- attri;buted to stockpiling method, backfilling eguipment, incomplete backfilling, disposal of

’

. _ ) 1}
excess spoit material and depth of topsoil salvaged.

v

Soil compaction hes \been identiffed as a problem in most pipeline impact studies.
Cénnell (1977) and Trouse et al. (197l) reviewed soil conditions such as increased compaction
that can often depress crop- ylelds Culley et al. (1981 1982) found consrstently higher bulk
densmes over the r-0-w on medlum to f ine textufed soils, but not on coarse textured soils. Bulk

densmes were hrgher at a,ll depths but dif ferences decr‘eased with depth. Hrghest bulk densrtres
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' always occurred over the trench. Ramsay and Mackenzre (1978) Stewart and Mac]renzre (1979)

and Shields ( 1979) found srmilar trends on clay loams and sands Shields (1979) reported sorl '

N .
L

compactron was 10% greater along the r-0-w than on.the undisturbed areas. Button ( 1971) and N
~ de Jong and Button (1973) reported decreased bulk densrties from 1. 55 Mg/m? to 1.44 Mg/m’ .
. on all zones of -the r-o-w in Solonetzrc soils. On Chernozemic loams buik densmes mcreased A

. from 1.2-Mg/m? to 14 Mg/mJ Season of construction appeared to have little ‘effect on

- e 3

- compaction levels (Stewart and Mackenzie 1979). Halvorson et *al. (1980) indicated that
', machine’ compaction of trench‘es of Sandy_ loa'in soils. resulted in an ‘increased bulk density’ of
1.57 Mé/mJ compared to 1.24 Mg/m? in the adjacent undisturbed area. Bulk densities of f iner
textured clay‘ loams and silty clay loams did not seem to be altered by construction. R':owell and’
Crepin (1981), studying cultivated Chernozems, found compaction to be a major problem with.
conditions more serious over the trench than on other parts of the I-0-w.

Assocrated soil physical responses to pipelme installation included reduced porosrty and
~ hydraulic conductrvity and mcreased soil strength *(Button 1971; de Jong and Button 1973
.Stew'art and»Mackenzie 1979; Culley et al. 1981). Button (1971) and de Jong and Button- (1973)
indicated trenching increased the air-filled pore s'pace and the oxygen diffusion rate of ‘
Solonetzit soils but had little ef fect on the aeration of” Chernozernic soils.

Changes,in soil hydrologic properties have been associated with pipeline' installat'ion‘.i
Ctilley et'al. (1981)'reported lower saturated hydraulic conductivity on all zgnes of the I-0-W,
t particularly over'the trench. Water holdiné capacity was reduced at alld depths over the r.-o-w L
) but especially oyer the trench. These trends were also reported l)y Button (1971), de Jong 'and
| Button (1973), Mackenzie (1977, 1978a, f978b3 and Stewdrt and Mackenzie (1979). On
Chernozemic soils, Button (1971) and de Jong and Button (1973) f ound no consistent effect en
-33 kPa moisture content but a reduced -1500 kPa moisture content with depth. In Solonetzic
soils trenching lowered the -33 kPa moisture content at depth,'usually— decreasing the available

Vo~ . )

water.
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The effect of pipeline installation on chernical properties depends on dégree of horizon
mixing; subsequent tillage and 'ch_anges:in physical properties. Button (],97-1)’«a_nd de Jong and
Button '(1973)' found that horizon mixing lowered NO,'-N, P and K and ‘increased EC and pH -
in-the top 15 cm of ‘the french and stockpile areas. They also reported srgnrfrcant increases in
exchangeable Na, Ca and Mg for this depth interval. Electrrcal conductrvrty decreased between_
depths of 30 to 60 cm, and with trme due to trllage and leachmg of salts Incorpdratron of -
7 topsorl resulted in rncreased NO;- N P and K below 15 cm in the trench area. In Solonetzrc soils . - -
Button (1971) and de Jong and Button (1973) f ound pH mcreases of two umts over the trench
and stockprle compared to increases of approxrmately 0. 5 unit in Chernozemic sorls Culley et
=~ al. (1981 1982) noted similar responses in their studyt with lower P and K values on some
I-0-W, Culley et al. (1981) reported decreases. in CEC over*allr -0-W zones. Sodrum adsorptron :
ratio often increéased over the r-o-w. Button (1971) reported SAR S fOr the 0to'15 cm depth of
Solonetzic soils of 4.9 over the trench "4.] on the work area and 0 8 in the undrsturbed area. At
‘depths of 30 to 60 cm, SAR for both Chernozemrc and Solonetzrc so;ls tended 10. 1ncrease All ‘

SAR S decrease(l after 4 years. In Chernozemrc sorls SAR often mcreased in the 0 to 30 cm

depth increment., Soil organic matter loss was greatest ‘over the trench and. stockprle areas at

‘. depths_of O to 15cm. Levels of orgamc matter were also lower. on the work area than on the .

'd

undisturbed area. Trends were srmrlar for the 1510730 cm de_pth increment. Rowell and Crepin
,(1981)5 reported organic matter losses of 40 to 50% over the pipeline 1-0-W in the 0 to 30 cm
depth mcrement of Chernozemic soils, wrth major losses over the trench Wrnter constructron
was assocrated with reduced loss of soil organic matter (Stewart and Mackenzre 1979) Reduced
soil organic matter levels on the 1-o-w adversely af fected both N status and sorl.trlth {Stewart
and I\:lackenzie 1979; Culley et al. 1981). | |
Reduced crop yields are often associated-with pipeline disturbances ."'Culley’et a1.4(1981)
reported a 50% reduction in corn yield for the first two _years ar ter p‘ipeli.ne installatlon. This

reduction was associated with reduced plant herght density and Toot density as. well as reduced

maturity and slightly reduced nutrient content. Smaller but observable yreld reductions were

~

, .
4 ‘ .
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reported for some ‘sites four years after pipelme mstallation Stewart and Mackenzne (1979)

._.itidtcated pipeline mstallation -affected crop yieId the first year with these reductions persisting

. but dimrmshed af ter f ive-years. Ytelds on all sites were lowest on the trench and were associated

- wrth réduced maturation lower corn morsture content ‘and lower plant density. Similar trends

- ‘ ‘were observed by Shields (1979), who found corn, soybean and small grain yields were reduced

. Thby 40% the first year and 20 to 30% after 4 years. Ramsay and ~Mackenzie (1978) measured
:)tie]d; redtctions _of up to 34% for corn and soybeans. They indicated these reductions increased
-with increases in clay content. Rowell and Crepin‘ (1981) found that plant height and crop
" density over the r-o-w was lower than in adjacent undisturbed Chernozemicsoils. .

- Hardy Associates (1978) Ltd. (1983) evaluated 154 pipeline construction aites
throughout Alberta. Pipeline size ranged fron\t 76 to 1219 mm and age ranged from 1 to 69>
years. They found -reduced crop yields oi'er t,ire I-0-w for over 50% of the: sites.. Thirteen
percent of the 1§ites. nad improi/ed eropi yields ah\d 30% were unchanged. Forty-one percent of .
the annually culfivated sites had crops with 10%;\6{ lees cover, shorter plants and/or increased
..weediness.. A‘il irrigated sites had poorer yields and 54% of improved forage sites had reduced
yields. In Solonetzic soils, the crop yield was improved or unchanged over the trench in two
thirds of the sites but decreased over the stockpile areas in 62% of the ‘sites. The poorer crop
yields over the r-o-w were attributed to topsoil mi'xed’ with or buried under saline parent
material. On non-Solonetzic soils, 50% of the sites had redticed crop yields. Differences over the
‘trench and stockpile areas were. not evident. Rquééd crop yields were lowest in the Gray and:
Black .soil zones. Crop yie]d response to pipeline construction did Cnot appear to:be correlated
with size of pipeline. Most sites showed some reductions in the first year following construction
but this trend did not always persist. . ‘

Other studies in western Canada have indicated little or no y1eld differences w1th
pipelme disturbances. Toogood (1974) found significant yield losses on only one out of ten sites
for a silty clay loam. Button (1971) and de Jong and Button (.1973) indicated no significant

decrease in wheat yields on Chernozemic or Solonetzic soils.
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In some cases a significant yield increase was found and attributed to improved tilth

+ and mineral nutrients brought irp from the sybsurface (’_l_'oogood 1974). Toodgood (1974) found

-

that improved oats and barley yields over the rreﬁcp on Blaek Chernozems were qgseciated with
tz;ller plants and fewer plants per unit area. Button'(1971), de Jong and Button (1973) and
. Hardy Associates (1978) Ltd. (1983) found no significant yield changes on Solonetzic soils over

recently installed lines. Older lines had significant yield increases, possibiy due to leaching of

salts and irrrproved soil physical properties. NO,-N accounted for up to 30% of the incréases in

PS

yield. Fertilizer and manure amendments increased crop vields equally over and off the r-o-w

(Stewart and Mackenzre 1979) Wmter construction techniques resulted i m hrgher yields in spoil
- lA» l
banks and working areas compared to fall construction (Stewart and Mackenzie 1979).

Reid (1977) studied the effects of pipeline installation on sandy soil grasslands in -
_southern Alberta and found no significam dif ferences in yield on older lines.Recently installed_‘v

lines had a variable cover of Agropyron pectini forme if seeded or weedy specres if not seeded. |

A

Yoo
EARY

Disturbed sites with only natural revegetatron resembled the adJacent undrsturbed sites after

several years. Hardy Associates (1978) Ltd. (1983) found decreases in productivity on native
rangeland due to lack of tdpsoil replacement, topsoil and subsoil mixing, competition' with

weeds, gdpher holes, finer soil texture over the r-o-w and subsoil left on stockpile and work

“areas. Eighty-one percent of all native rangeland sites had more than 10% reductions in live
cover, hcight”and/or increased weediness over the trench. Similar trends were foundeover the -

stockpile and work areas. All natjve forage sites on Brown Solonetzic soils were over gas

v

pipelines from 7 to 20 years old. Vegetative cover decreased at 1r1_ost sites while height increased.
Weedy speeies were more abundant o;er the entire r-o-w_atdall Sites than on the adjacent
control areas. These rrends were attributed to the ca}careous saline parent material covering the
ls'urlface of the 1-0-W. | |

There are limited data on the 1mpact of pipeline mstallatron on microbial populauons
Parkrnson el al. (1980) found that stockpllmg had little effect on mlcrobral blomass in the short

term. Aftera four month period they found no change in respiration or brdmass.
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Soil temperature has a profound effect on plant gron/th and nutrition. Increased soil

- temperatures due to operation of the pipeline could increase c'ro_pl yielq‘s as well as increase

competitive ability and root length (Power ef al. 1970; Valentine and Barley-1'976;'Morrow and
Power 1979). o . v o ~ .

‘Winter rool, activity of Poa pratensrs has been studied by-Hanson and Juska (1961).

@T.,hrs European specres has a growth pattern srmrlar to cool season native grasses common in the

-
+ A}

study grea. Maxrmum vegetative ‘development occurs _in the spring and autumn. Temperatures

*too low for ‘top growth can stimulate root and rhizome development. Underground organ’

weight in grasses can increase from November to May in mild climates ‘with Foot tips dividing at

temperatures as low as 0°C and optimum root grth}_r at soil temperatures of 4 to 16°C.
N ’ - ’ .
. Nielsen and Humphries (1966) reported that temperatures for optimum root

. i ) . . - v

production are lower than those for optimum shoot production and that roots tolerate a
narrower range of temperatures than do plant tops. Mdrrow and Power (1979) found

temperatures of .18°C to" be optimum for root dry matter production by rhost cool season
: . [ .
, SN .
grasses. Optimum temperatur€ for above ground dry matter production was 18° to 23°C. Dry
‘ - N - . v
matter:production of. warm season grasses such as Bouteloua gracilis increased as temPerature

»

was increased. Temperatures of 35°C inhibited bud initiation of Poa pra;ensis and- dormancy

was induced in Phalaris species at 40°C (Darrow 1939). _ .

N b ] -

Temperature also affl ects the mineral nutrition of plants by altering the copcentration

of soluble nutrients in the soil or affecting the ability of the plant.to absorb and use nutrients

(Neilsen et al. :r1960;‘ Power ef al. 1964; Nielsen and Humphries 1966; Morrow and P’ower"1979).
Increased root ternperature increased tra:nspiration rates (Igleinendbrst and Brouwer 1965), and

-

increased temperatures decreased the proportion of non-structural carbohydrates, and

’

hitrogen content of the shoots.

Most species éerminate and seedlings emerge- at soil temperatures of- 13 to 18°C.”
(Johnston ez al. 1969). The optimum temperature range for germmanon of cool season grasses

is 10 to 30°C but germination is possrble at temperatures lower than 0°C (Troughton 1977).

~



38

\

As temperature increases, water use efficiency decreases. ‘Temperatures of 13 to 23°C
were optimum for efficient water usage for productior from cool season grasses (Morrow and
Power 1979).

Morrow' and Power (1979) found that cool season grasses have a wide Tange of

adaptability to soil-temperature. Exlsting‘and antecedent environmental parameters are involved

in gas exchange rates in the plant (Sosebee 1977). These acclimation effects apparently involve
photosynthetic enzyme systems and help minimize CO; loss during the warm season and «
maximize net CO, gain durin‘g the cool season. Mooney and‘ West (1964), studying Califorrlia
“shrubs, found thal accllmauon to a warmer envrronment brought about an increased

photosynthetrc water use effrcrency at hrgher temperatures and a_ reduction at lower

. .temperatures. Natlve species also exhrbrted notlceable drsplacement of their optrmal

temperature l”o]lowmg acclimdtion. Temperature acclimation effects were observed after

r »

temperature treatments as short as 24 hours, suggesting a biochemical basis for the acclimation.

-

: . : ~ I
Acclimation responses varied with species from almost total compensation for environmental

.

changes to lack of compensation. There were strong correlations of acclimation capacity with

)

enviro‘nmental 'variability and with ecotypic variation.

e

Increased soil temperatures were observed over ptpelmes f 111ed with warm water which -

heated the sorl and mcreased crop y1elds {Rykbost et al 1975a l975b) Srmrlar observations

LI

were made by Stewart- and Mackenzre (1979) over an oil pipeline in clay loam and sand. They

!

. found soil temperatures over the trench to be higher than those of the undlsturbedrprarrre or
: [N
@G

other transects of the r-o-w. These higher temperatures were attrrbuted to changes in the
thermal drffusrvrty of the soil, changes in surface properties and/or plant cover .and
temperature of the gas in the line.

Gas flow will likely create a localrzed increase in sorl temperature if temperature of the

= ’

fluid in the pipe is higher than that of the surroundrng soil (Deaton and Frost 1964). Soil

)

moisture often rmgrates away from a hot prpe, creaung a dry cere around the pipe, which has a
S . /

~ ’ . . N

lower thermal conductivity and reduces the heat disposal efficiency of the Ppipe (Boersma 1970).

~

it . v
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Erosion problems associated with pipeline installation appear to be common (Wyldman
and Poliquin 197}; Robinson et al. 1.974; ‘Chen et al. 1975; Crabtree 1979; Regnier and
Handyside 1979; Hardy As;ociates (1978) Ltid. .19_79, 1980; - Martz and Campbeil 1980).
Pulverization of the sbil during stripping and_ replacing opérations may leave the soil more
prone to wind and Water erosion.- Berms left over the trench rﬁay disrupt natural surface
drainage patterns. Water "flow ma;y b\ecqme cdﬁcentrated along the line resulting in erosion.
Chen et 4;1. (1975) suggested that eros_;on couid .be reducéd,if construction during time of

highest rainfall was avoided.

-
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III. SITE CHARACTERIZATION.

- -
T, 03

A. SITE SELECTION

Four study sites were estabhshed within a natural gas pipeline corndor ap;)roxrmately
ten km east of Prmcess Alberta (Frgure 3 1). Srtes 1 and 4 were located in NW and NE
16-20-11-4, respectively and sites 2 and 3 in NW and NE 15-20-11-4, respectively. All four
study sites were iocated within a four km distance. Studies were confined to the r-o0-w leased by
IV\J‘OVA, An Alberta Corporation and to control areas immediately adjacent to the r-0-w.

The study sites had slopes of less than tv.vo‘ percent. Soii‘s were Brown Solodized Solonetz

and Brown Solod with prominent blowout  patches. Vegetation \ was of ‘the

- S

Bouteloua- Stzpa Agropyron faCratlon The 1968 1972 and, 1981 T-0-w were seeded to similar
mixtures of mtroduced species; the 1957' and 1963 r-o-w were not seeded Srtes 2 and 3 were in
an early season grazed section of the range and sites 1 and 4 were in a late season grazed

®

“section.

B. CLIMATE o - | o

The area has a continental prairie climate characterized by warm summers, cold
. wrnters and low precrprtatron (Bowser 1967 Strong and Leggat 1981; KJearsgaard et al. 1982)
The sdil morsture reglme is semiarid. ’

Major storms track south of the area in winter and north of the area during summer,
resulting in among the lowest summer and winter precipitation totals in the province (Tab‘le
l3 1). Morsture is consrdered to be a moderate to severe limiting factor to crop growth High
potentral evapotransprratlon and a large moisture deficit result from high summer
temperatures low precrprtatron a,nd strong ‘winds, The prevarlmg winds are from the west to

v : ¢

northwest w1th strongest wmds from the south Low wmter ‘temperature and shallow snow'

.cover subject vegetation to harsh winter conditions.
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Table 3.1. Climatic data (1951 to 1980 average) at the Brooks
.AHRC meteorological station. ;

Parameter ~ Mean
7
Precipitation ,
mean annual - .355 mm
“May to September 224 mm
average: snowfall - ~ 106 cm g
average annual soil A
moisture deficit ‘ 227 mm "’
Temperature - Y
annual mean 3.9°C
July mean = T 18.9°C
+ January mean - : ,-12.8°C |
™ average growing season :
. (days” with mean temp.. . _ . o
‘ above 5.6°C) - - o 183 days '
*. average frost free e ’
period (0°C) - 116 days -
Average wind velocity 12 km/h .
- Average number of Chinook .+ ‘
days , s 20.

-

From ‘Atmospheric Environment Service



", C. PHYSIOGRAPHY, RELIEF AND DRAINAGE

The study area is situated in tlre Alberta Plains Physiographic Reglon. within the Rainy
Hills sheet. The study sites were located in the eastern portion of the Kininvije Plain which is
/ - ‘ .

mainly undulating moraine with common occurrences of flats and meadows. The western

portion is characterized by areas of higher relief and localized soft rock outcrops Surface

’

| elevattons range from 760 t0.790 m. The eastern portlon of the Kininvie Plain is characterrzed

. by lower. elevatrons of 730 to 760 m. The plarn is capped with a thin to bsent veneer of till

through 'whiclr the underlying saline soft rock materials outcrop. The area is situated between
the Red Deer and Bow R_ivers/and drained by Matzhiwin, Onetree, and Little Sandhill Creeks*

(Wyatt er al. 1937; K jearsgaard ef al. 1982).

¢

D: SURFICIAL-AND BEDROCK GEOLOGY

ln,‘the: study area, four bedrock formations, all of Upper Cretaceous age, form the

' uppermost geologtc deposits (Wyatt et al. 1937, Kjearsgaard et al. 1982) These are the

Horseshoe Canvon Bearpaw Oldman and Foremost formatrons _The study sites are all

underlam by the Oldman formation and the surroundmg- area is underlam by the Bearpaw

f ormatlon '

The Oldman is a nonmarine formation composed of pale gray thick bedded medium to

coarse gramed feldspathrc sandstone green and gray: mudstone dark gray and brown .

!

carbonaceous shale and 1ronstone concretlonary beds The Bearpaw formatron is of marine
orrgm and is composed of dark gray blocky shale and silty shale greemsh glauconitic and clayey,
sandstone and thin ¢oncretionary lronstone and'bentomte beds

The most comrhon surf icial matenals are trll and fluvral lacustrine followed by fluvral

fluvial- eolran and lacustrme with minor amounts of outwash_ gravels and soft rock Some

: glacial drift was likely brought in from the Hudson Bay Region, whereas some originated from

the und‘erlying sandstone and shales in the vicinity.

~



E. SOIk§

In a soil survey of the Counfy of Newell, charsgaard et al. (1982) classified the soils
into the Steveville, Hemaruka and Halliday series‘l From a map (‘s‘cale 1:63,360) in this survey
report, soils at sites 1, 2 and 4 Were ernti(ied as 60% Steveville, 30% Hemaruka and 10%
Halliday while site 3 was cornposed of *60% Hemaruka, 20% Steveville and 20% Halliday..
N‘oqrwest Soil Research Ltd (1981) surveyed the pipeline r-o-w for NOVA, An Alberta
Corporation. They identified several areas of Solonetzic soils .in-“_the_ Princess-Millicent area:
These . soils ‘\uere comprised of 25% Solods and 75% Solodized ,écdl‘gfi;tz with descriptions

.

corresponding to those given by K jearsgaard er al. (1982).

Steveville Series .

This series is a Brown Solodized Soloneiz with a common hofieon sequence of Ah, Ae,
“Bm Csk. Surface horizons are brown and weakly structured especially the Ae. The Bm has a
hard columnar structure Subsorl texture is loam to clay loam wrth an alkaline pH ere occurs
near the 40 cm depth. |

‘These soils, formed on f rne loamy soft rock, are very stony érnd have numerous eroded
p’ivts. Stev’evillé soils are four_rd on undulating to rolling topography wi‘t,h slof>es of two to fifteen
percent. They are moderarely well draiﬁeci and..vassociated with soils of the Hemaruka, Halliday“

and Ronalajne series. There is littlé or no potential for cultivated agriculture. Grazing capacity

«is 1910 24 ha/AUY (animal unit year).

Halliday Series . , . -

| The common horizon sequence of this Brown Sofed is Ah, Ae, AB, Bnt BC Cca, Csk.
The A honzon 1s brown to gray-brown and slightly acrdrc The Ae and AB horizons are very
distinct. The serres is characterized by a transmonal AB horrzon often retammg the

round-topped form but losing any strong secondary structure and is easily broken into

subangular blocky peds. The transition 10 the columnar structured Bnt horizon is gradual in

Al
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both colour and texture. This Bnt horizon is.generally of clay loam ‘texture and dark brown in

~

_ colour. The structural characteristics gradually become less obvious through the BC horizon and
disappear entirely in the C;cJa horizon at 45 to 55 cm- The mildly alkaline pH of the B horizon
. increases to moderately alkaline in the lime horizon. o 3

These soils developed on‘n'fine loamy till, occurring in the lower" slope position

-

undulatmg and; hummocky areas. Slopes range from two' to flfteen percent, Soﬂs of the

Halliday series are usually associated with soils of the Hemaruka, Ronalaine and Cecil series
where soft rock materials are closer to the surface. The soils are moderately well drained and

<

rated poOr for irrigation due t¢ their solonetzic B structure,apd subsurface salts. Agricultural

capabnhty is rated as marginal and grazing capacity is 14 to 19 ha/AUY. Under continued

dryland farming, medium to strongly acxdlc conditions can develop in the A horizon to the

- point where crop growth is aff ected.
Hemaruka Series

‘This Brown Solodized Solonetz has a comxrson horizon sequence of Ah, Ae, Bn or Bnt,
. Csk. The A honzon has a distinct Ah of approximately eight cm and an Ae of approximately

three cm, The brown to grayish-brown A horizon has a loam texture with a neutral to slightly

acidic pH. The Bnt horizon is characterized by a hard, columnar round-topped structure, highly
A resistant to breakdown. It is generally clay loam to clay in texture, dark grayiéh-brown' m "

colour and of a neutral to mildly alkaline pH. The lower B tends to be more weakly structured ’

oo
P

and graduélly decreases in alkalinity at depths of 35 cm below the surface. The C horizon is"

characterized by lighter colours, a moderately alkaline pH and a clay loam tgxture. Saod'y loam

lenses are common in till'materials.

Soils of the Hemaruka series developed on fine loamy till. They occur on undulating
and hummocky topography, moét often occupying the lower slope position. Slopes range from
two/to twenty-five percent. Eroded pits and slight stoniness are common features. These soils

’

are often associated with soils of the Halliday, Steveville, Cecil and Ronalaine series. They, are

1)
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_moderately well drained, marginal for dryland agricultu,ral capability, and -poor f"or irrigated

agriculture. The grazing 'capatity has been assessed at 16 10 24 ha/AUY.

Y 1

F. VEGETATION o | | o

- The study area supports vegetation of the Bouteloua-Stipa-Agropyron faciation

- (Coupland 1961). This faciation is characterized by the dominant grasses Bouteloua gracilis,

Stipa ‘comata and Agropyron smithii. Bouteloua gracilis contributes 16 10 28% of the forage .

‘ .

yield.» Stipa species, predominantly Sti)}a.comata in dry areas and Stipa curtiseta in moister

areas, contributes 30 to 46% of the forage yield. Agropyron dasystachyum and Agropyron -

smithii compnse 10 to 29% of the total forage yield, the upper percentage range occurrmg after

-
'

moister perlods Koeleria macrantha and Poa sandbergii are common grasses. Forbs are

abundant and: shrubs’are limited. The dominant shrub is Artemisia cana; the dominant half

“

shrub is Artenrisia frigida and the most abundant forbs are Phlox hoodii a‘nd Selaginella densa. .

Carex stqnophylla and C. filifolia are the principle sedges.

,Overgrazmg for extended periods of time results in a short grass disclimax, oftemr a
Boutefoua-Stipa faciation dominated by Bouteloua = graciliss (Coupland 1961). The
.Bouteloz'za-.iS‘tipa community -that dévelops is recogm’zed as a successional typé or facies. During
moist years a Stipa- Bouteloua or Bouteloua-Stipa cnaracter is retained in some sites while others
swing towards Stipa-Agropyron. Areas of Bouteloua-Agropyron are common on Solonetzic soiIs
with‘_ large blowout areas and are considered as serul.es representing a stnge in succession
(Hanson and Whitman 1937). Here Agro,nyron species occupy the biowdut areas and Bouteioua

occupies the areas with topsoil. ‘ - |
Strong .and Leggat (1981) classified vegetatidn of the grea as short grass prairie
dominated by Bouteloua gracilis with secondary occurrences of Stipa comata. K jearsgaard et al.
(19?2) classified the vegetation as short grass prairie of the Bouleloua-.g'tipa complex. Bouteloua

gracilis and Stipa comata were identified as the dominant grasses with significant occurrences

of Agropyron smithii. Walker and Associates Ltd. (1981a) indicated that the study area was of

&

’

~

-
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the Stipa-Bdutelo;la;.Agropyron.ffaciation. The mixed prairie of southern Saskatchewan and
Alberta is further described iﬁ Irepc.>rts by Hubbard (1950), Moss (1955), Wroe et al..(1979.) and
Walker and Associates Ltd. (1981b). |
The classification by Strong and Leggat (1981) and by Kjearsgaard et al. (1982) were

likely based on overgrazed conditions which tend to favour the increase of the low grasses such
as Bouteloua and the decrease of both Stipa and Agropyron species. Thus the association
resembles the shor_t grass prairie more so than the mixed prairie. The nomenclature used by

Clarke (1930), Clarke and Tisdale (1936) and Clarke et al. (1942, 1943) may a  have been

used in the above mentioned reports. -

G. UTILIZATION .

The native range of the study area was utilized for extensively managed cattl¢
production. The eastern part of the.range (sites 2 and 3) was grazed from the first of May until
~ the end of July‘:z'md the western part (sites 1 and 4) was'g.razed f_‘rom' the first of Aug‘uét until
November. The area was stocked ’at a rate of 11 ha/AUY (Shanks; B Eastern Irrigation
District, personal communication, 1983). The area h;las never been cultivated. In 1.964, the

Eastern Irrigation District (EID) Grazing Association assumed management, at which time the

area was fenced and the present grazing regime established.

H. PIPELINE CORRIDOR

The corridor contains five adjacent natural gas pipelfnes, on a r-g-’/w af)broximately 100
m wide (Table 3.2). All lines were installed using what are believed to be similar procedures.
Information reg;ding installation of these older lines has not been well documented andwhas
been obtainec:l’ through discussions with NOVA, An Alberta Corporation and Foothills Pipelines
Ltd. employees. The instdllation procedures for the lines in this corridor were described under
Pipeline Installation (Chapter 3). The 1981 r-0-w was 29 m wide with the trench, pipelay and

work areas 18 m wide and the stockpile area 11 m in width. This r-o-w paralleled the 1957
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r-o-w with the 1957 work and pipelay areas becoming.: the 1981 stockpile-area. A ditcher was
used to trench the area to a depth of 3 m; the width of the trench was 2.1 m.

The 1981 r-0-w was seeded with a mi){ture of introduced species in the autumn of 1981
(Table 3.3). Seed was planted /\:mh a drill at a rate of 13 to 14 kg/ha. Depth of seeding was 5 to.
15 mm and row spacing was 20 cm (Walker and Assocxates Ltd 1981a) Ammomum phosphate
(11-55-0 or 11-48-0) and ammonlum nitrate (34-0-0) fertnhzers were broadcast by airplgne
four weeks after spring growth had begun. The_se fertilizers were applied at 35 kg/ha N and 15
Kg/ha Pl tb maintain active green growth (Walker and Associates 1981b). Passive control
methods such as location of salt licks ziway fro‘m the 1-0-w were employed to reduce heavy
gra;ing'and trampling. , | |

The ﬁatural gas in the lines was heated. Dischatge temperature out of the Princess
com{arcssor station Was 10 tol13°C without compression. With com'p’ression (20 to 30% of the
timé).;. gés temperature in the older lines was near 32°C and m the 1981 line was near 40°C. The o
line was f‘irsi‘pressﬁrizec‘l in August 1981, and gas flow began on Septembér 1, 1981\(;J ohnso;x,‘

C.. NOVA, An Alberta Corporation, peréonal communication, 1983). -

I. EXPERIMENTAL DESIGN

Eacl; of the fou} study sites was 100 m by 135 m, spanning five I-o-w with an
undisturbed (control) area on either side. These sites were divided into 17 east-v&;est transécts
_ Tepresenting different areas of pipeline construction activity and‘different ages of pipeline
1-o-w (Figure 3.2). :

The term 'native prairie’ refers to areas not on the r-o-w but too close fo the
disturbance to be considered truly undist.urbed. Undisturbed native prairie refers to areas far
enough from the r-o-w not to have been subjected to vehicular movement or fertilizatipp
during construction and revegetation operations.

Statisfical analyses for specific data are described in the pertinent chapters. Analyses

were performed at the 5% level of significance.
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Table 3.2. Age and size of natural gas pipelines in ihe
: study sites. '

Year of Installation - . . Diameter (cm)

1957 86.4

1963 86.4

1968 » , 91.4

1972 106.7

1981 106.7

g
Table 3.3. Seed mixture used on the “1981 right-of-‘way.

~ Species . Variety Kg/ha
Agropyron pectini forme . S Fairway. 2
.Elymus junceus ‘ Mayak’ . 2
Agropyron dasystachyum Sodar 2
Agropyron trachycaulum Revenue 1
Agropyron elongatum Orbit 1
Agropyron  trichophorum o Greenleaf 1
Elymas angustus . Prairieland 1
Medicago species Drylander 1
Onobrychis vicii folia o : Melrose 1
Astragalus cicer . Oxley 1
Total 13
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Meteorological Data - » - '

i

IV. SOILS
A. MATERIALS AND METHODS
Soil Sampling .

In May 1983, soil samples were obtained from all transects in sites 1 2 and 3 w1th a

hydrauhc cormg unit. Sampling was donc along a ﬂrafght line in each site. In site’ 2 f1ve soil

" .samples approximately 16 m apart were taken from each transect. In sites 1 and 3, three

samples were taken per transect and samples were approximately 25 metres apart. . ‘
Samples were separated into depth increments of 010 5,5 to 15, 15 to 30, 30 to 45, ;15
to 60 and 60+ cm. Soil samples were air dried and ground to pass a 2 mm sieve with’ a

Nasco-Asplin soil grinder; The samples were stored in plastic bags and used for chernical

) analyscs, pressure plate extractions and particle size analyses.

In July 1983, soil samples to a de&of 76 mm were taken from all sites and transects

with a Uhland core sampler to obtaln cylmﬁncal samples 76 mm in diameter and 76 mm long.
f‘

X Samphng was the same as that described above. Samples were used to determine bulk densxty, ’

particle size distribution and organic carbon content of the near-surf acg zone.
2

Soi} Classification

The ‘soils of the study sites were classified as Brown Solodized Solonetz and Brown
Solod (8ite Characterization, Chapter 3). bepth to the B horizon was.approximatcly 24 to 36,
12 to 20 and 27 tn 39 cm in sites 1,2 _and 3 respectively, as determined from snallow pits.
Variability in depths of all horizons was evident within and among sites. .‘

:?" L
=

Monthly precnpnatlon and tem?erature data for the study years, as ’well as the 30 -year

0’ \‘1

average for the area wére obtained frcmq Atmospheric Envxronment Servxo‘g«f‘er the Wrta
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. N ‘
Horticulturat Research Center (AHRC) in Brooks. AHRC is approximately 50 km southwest of

the study area.

Statistical Analysis

" Data were tested for homogenexty of variance using Cochran s test for homogenexty
All parameters were analyzed wrth an SPSS.X (Umversrty of Alberta Computing Servrces User
. Proc.) analysis of variance program. Parameters wrth srgmfrcant F values were further

analyzed using Student-Newman-Keul's (SNK) and Duncan's multiple range tests. Data are

e K
e

reported as analyzed by SNK unless otherwise stated. All tests were run at the 5% level of
significance following Steel and Torrie (1980) and-Eason et al. (1980). All soil properties
evaluatedl‘were analyzed for among transect differences in the same site and for among site
differences. '

\

e

SOIL PHYSICAL PROPERTIES

I';ield Measurements
Soil Moisture r

In Novernber 1981 neutron probe access tubes were mstalled ‘in sites 1, 2 nd 3
{Appendix I, Tables 1 and’ 2) Tubes were installed to depths attamable by a hydraulic cormg
.unit, except over the trenches, where a hand auger was used. Depth of tube installation was

* .
approximately 40 ¢m in the trenches and 9éproximately 100 cm in the other transects. In June

1983, additional tubes were installed /w/ depth of apdgoxrmate]y 75 cm (Appendix I, Tables 1 '

and 2) and/tubes over the 1981 tré ere extended to directly above the prpe (110 cm). All
tubes were spaced approximately 10 m ap .

Sorl moisture was measured wrth a Campbell Pacrfrc Nuclear 503 Hydroprobe startmg

ata depth d\f 15 ch anc proceedmg in l(lxcm mcrements One 30 second readrng was taken at

I Y

it o : ‘
S | -

%



. , ' 53

each depth. Surface moisture measurements were taken with this probe- using a shield
attachment. Soil moisture reacfings. were taken a.pproximatcl'y every two weeks from springmelt |
through late October and occasionally throughout the f irst two winters. The neutron scattering
rechnique as a rrrearrs of ass’ess‘ing soil moisture-is d_iscussed by Gardner and Kirkham (1952),
McHenry (1962), Bell and McColloch (1966). arﬁ‘LLuebs et al. (1968). h L
(‘\.

\Soil Temperature

Soil temperature was mbnitored throughout the year using thermistors and a Campbell
Scientific Inc. CRS dxgrtal recorder in srte 2 and Gampbe{l Scrc{%‘rf ic Inc. CR21 mrcrologgers in
srtes\l and 3. The microloggers and thermistors were 1nstalled in November 1981. Mlcrologgers
were located in a shelter constructed -f\rom a section of pipe which was installed to a depth.of
one metre. Depths of Lhermjstors and their locations are listed in Tables 3 and 4 of Appendix I.
Measuremen’ts were recorrled every three hours. Daily mean, minimum and maximum
Lempera‘ture‘s and standard deviations were also recorded. |

v o -

Bulk Density With Depth N

.
g“‘,.

e

.’\,;

Bulk densrty was measured with a Campbel] Pacific Nuclear 501 Depthprobe using the
neutron probe a_ccess tubes. Measurements were taken in 10 cm depth mcrements starting at a

depth of 15 cm, in June and September 1982 and in August 1983. ~

Analytical Methods
Near Surface Bulk Density
Bulk density of Uhland core samples was determined by the core method, correcting for -

coarse fragments (McKeague 1978).



Soil Moisture Retention n . v _
Water content was determjned at -33 kPa\and -1500 kPa usmg the" pressure plate

extractlon méthod (McKeague 1978) A pressure plate extractor (#1606) and a ceramic plate

extractor { # 1500) (both from Soil Moxsture Equrpment Co., Santa Barbara, Calrforma) were

used for - 33%a and -1500 kPa respectively. The retamer rmg dlameter was 5 cm sorl sample
size was 10 g. Control soi! samples were run wrtn every 18 samples. Coeffi 1crents of variation of
these controls were 7.C and 7.6% for -33 kPa.-and ~1500 kPa, resﬁectrvely. Available water
capacity was calculated by subtracting water content at -1500 kPa from that at -33 kPa,
Particle Size Analysis
. Percent sand, silt and clay were determined for soil samp’l‘eS at_all depths on the
. undrsturbed transect and for surl?ce samples only on the 1981 I-o-w and the 1957 trench

| transects using the hydrometer method (McKeague 1978) An ASTM "Soil’ Hydrometer 152H

(temperature 20°C) was used. Sample size was 40 g; from each site, three rephcates for each

transect were analyzed. Seil-textural classes were asSigned.acco_rding to the Canada Soil Survey -

[

Committee (1978) textural triangle. T

SOIL CHEMICAL PROPERTIES

H;drogen fon Activity

An Accumet pH metre, model 630, was used to determine pH of a 1:1, soil:water

suspension, using the method outlined by Day (1965). Internal standards, run tvith every 20

o

samples, had a coefficient of variation of 0.4%.
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Saturation Extracts

~ -~ . -

Soluble cations, anions and electrical conductivity were determined by the saturation

paste method (McKeague 1978). ,
Soil samples from a Duagh (Black Solonetzic l¢éam) Ap horizon (0-to' 8 cm) were used

Lo determine the ef fect of standing time on' saturdtion paste chemical contents. Five replicates

- . . LI N
for each standing time of 4, 8, 12, 16, 20 and 24 hours were analyzed. Results were used 10 :

determine the optimum standing time of the saturation pastes from the study site soil samples. "
2 ~ ‘,

)

- Soluble calcium and magnesium were determined by atomic absorption on a

o . '
Perkin-Elmer Atomic Absorption Spectropbotometers Model 503 following the manufacturer's
. * ] v

inst‘ructions; Soluule sodium and potassium were determined by flame emissior'l‘ 6n,the same
instrument. lCalcium and magnesium djlutions were prepared'ﬁwi;h La,0, as the diiuent and
potassium and sodium dilutions with Li,CO, as the_dilueul'. The spectrophotometer Was
calibrated using the above diluents. Internal standards were.run with evefzf 20 samples and had

- coefficients of variation of 10, 8, 4 and 8% for calcium, magnesium, sodium and potassium,

~ '

! - .

respectively.

-

‘

’Bicarbonate and carbonate contents were determined by titration with a Radiometer

: Tltrator Type I'T I‘5llb according to the methods outlined by Page et al. (1982). Internal'

4

standards had a coeffxcnem of varlanon of 8% and were run with every 20 samples
Electrical conductivity was® detertnined on a YS1 Model 31 Conductivity Bfidée

following the manufacturer's instructions. For both electrical conductmty and soluble 1ons a

-‘a»

Hamilton Digital Diluter, model 100004, was used to prepare dilutions. Interna] stanﬁ‘ards had

’

a coefficient of variation of 3% and were run with every 20 samples. = ..

Suifate and nitrate were determined-on a Technicon Autoaualyser IT (industrial method

3

" “numbers 226- 72W and 487-77A for sulfate and nitrate, respectively. Intemal standards run
w1th every 20 samples had a coefflcxent of variation of 8% Nitrate concentrations were
determined according to Armstrong et al. (1967) and sulfate determinations according to

. 8 P
. Lazarus et al. (1965). ’



Organic Carbon

Total carbon was determmed by oxxdanon with a Leco Carbon Determmator CR12
Model 780- 000 according to the manufacturer s mstructlons Internal standarg -soil Sampres
Were run with approx1mately eve{'y 20 samplcs and had a coefficient of vananon of 1 0% Sml
samp]es for orgamc carbon delermmatxon were grou.nd on a‘Smotechmk laboratory dlSC mill,
Moge"l TSlOOA, to pass through a ,0.15 mm sieve, Carbonates were determl\ned(by acid
neutralization eo pH 8.2 using a Radiometer‘Titraior Type TTT llo (}}lack 1965). Internal
\ : .

standard$ were run with every 20 samples and had a coefficient of variation of 10%. Organic

carbon Was calculated by subu\acting percent inorganic carbon from the percent of total carbon.

AN
N

B. RESULTS.

METEOROLQGICAL DATA | R

1 I KIS R
Precipitation . ;
' 3

~In 1981, at Brooks, there was 8% more precipitation (363 mrn) than the 1951 to 1980 |

“average (335 mm) (Figure 4.1). 'fotal precipitation"in 1982. (412 mm) was 23% higher than this

'"‘,average and in 1983 was 5% lower (318 mm). h |

- ~ There were often large devxauons from the long term monthly averages. In March,

' May, J uly and October 1981 the prec:pnanon wag” 1 8 lo 2 6 times hlgher thap the average
_.Y(Table‘ 4.1). In January, February, April, August, September, and December I981, the
* precipitation was less than 50% of the average..In 1582. precipitation‘_;if?f‘l;;;,l;;nnary, Ma(rch, ‘M~a'y,

J uly,‘September and October was nearlyv%@ce that of the average _’ano'.in 'Febf'nary, June,f\

August and‘bec(;niber was less than 70% of the average. In 1983, March and April precipitation’

was at least 1.5 times higher and January, February, ‘May, June and September pre?;?'itation

was approximately 50;% of the average. October 1983, had extremely low total precipitation wiir -

~ N
b N
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only 4% of the average.vN‘ear average precipitation ;occurred in the first four months of 1984,
with thé-exception of February, which had 4% of the average total. .

During springmelt of 1982 and 1983, ponding near the 1981 trench, on the working side
of the r-o-w, was evident fdr several weeks and resulted in saturated sojls. In 1982. pondingv

{

was greatest at sites 2 and 3 and in 1983 waé most pronounced at site 1.
Temperature o

~ In 1981, the mean air temperature fqr‘Brodk.s“AH‘RC (6°C) was higher than the long
tverm average (4°C). The 1983 mean température '(4°C')':yl‘:as_similar to the long term average
and the 1982 mean (2°C) was lower. Thei’ highest ‘l.ong term average temperature occurs in July
and the lowest in January (Figure. 4.2). The trend in 1982 followed that of the loﬁg 'term
average. In 1981 and 1983, howe's;ér. Ahgust was the hotiesﬁ monih. and 'Dccember Qas the

coldest.

e

SOIL PHYSICAL PROPERTIES | -

Particle Size Distribution , . v
Soil textures to a depth of 7. 6 cm were loam, clay loam and silt loam (Table 4.2). Inall”

.

transects, at all sites, sand and silt cqntents averaged 39% (SD 2%) and 42% (SD 8%)

o , res&e&wely Clay contents were relatxve]y low, averagmg 18% (SD 7%). All dlsturbed areas had

hxgher amounts of clay than the undlsturbed prairie. The trench transects had highest clay
contents and lowest silt contents. Sand contents were sifn/ilar over all transects. .

Samples below 7.6 cm were analyzed only for the undisturbed transects. Clay content
irlcreased with depth, silt content deci‘eased‘ and sand content remained-.relative]y coﬁstant. The

texture was clay loan1 for all samples‘analyzed.

&~
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Table 4.1.  Precipitation as a percnentage of the 1951 to 1980 average.
Year Percéhtage
Jan Feb Mar April May Juné July Aug Sept Oct Nov Dec Annual
1981 39 17 207 . 30 242 117 255 27 20 178 62 45 108
1982 126 67 254 81 132 62 202 68 220 222 93 63 123
1983 65 26 164 148 28 102 51 113 24 117 116 95
1984 111 4 106 97 co .
[
Table 4.2. *  Particle size distribution (0 to 7.6 cm).' -
Particle size distribution
Site Transec‘t % sand. - % silt % clay TExture- .
1 undisturbed 33 54 13 silt loam
2 undisturbed 41 49 10 loam '
3 . . undisturbed 41 51 8 silt loam
1 work T38 50 12 loam
2 work 37 38 25 loam
w3 work 39 51 10 silt loam
1 pipelay 38 40 22 Joam
. 2 pipelay 35 47 18 loam
-3 pipelay . 4] 41 18 toam
1 1981 trench 4] 31 28 clay loam
2 1981 trench 39 C .33 28 ‘clay .loam
3 1981 trench 40 29 11 loam
1 stockpile 39 44 17 loam
2 stockpile -~ 37 51 12 loam
3 stockpile - -39 36 25 loam
1 1957 trench 40 35 ieagas 25 "“loam
2 1957 trench’ 41 38 A0 21 loam
3 1957 trench 42 36 22 loam




t

Precipitation as a percnentage of the 1951 to 1980 average.

Percentage
an  Feb Mar April May June July Aug Sept Oct Nov Dec Annual
39 17 207 30 242 - 117 255 27 20 178 62 45 108
26 67 254" 81 132 62 202 68 220 222 93 63 123
65 26 164 148 28 102 51 113 24 117 116 95
11 4 106 97 co .
[
Particle size distribution (0 to 7.6 cm).' -
Particle size distribution

Transect % sand. - % silt % clay Texture |

undisturbed 33 54 13 silt loam

undisturbed 41 49 10 loam '

-undisturbed 41 51 8 silt loam

work 38 50 12 loam

work 37 38 25 loam

work 39 51 10 silt loam

pipelay 38 40 22 Joam

pipelay 35 47 18 loam

pipelay 4] 41 18 toam

1981 trench 4] 31 28 clay loam

1981 trench 39 .y 33 28. ~clay .loam

1981 trench 40 29 11 ‘loam ©

stockpile 39 44 17 loam

stockpile -~ 37 51 12 loam

stockpile -39 36 25 loam

1957 trench 40 - 35 gy 25 "“loam

1957 trench’ 41 38 A0 21 loam

1957 trench 42 36 T2 loam
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Bulk Density

.Bulk density of the undisturbed transects had a mean of 1..05 Mg/m? for the uppermost
7.6 cm and ranged from 1.30 to '1.75 Mg/m’ with degth. Surface bulk densitymincrela-s'.ed in all
disturbed transects by 51 to 82% compared to “the undisturbed transects, with the highest .
increases in_ the 1981 trenich (Figure 4.3). 't‘here Were no sigrtif icant differences in surface bulk
density among;j:sites f(rr a given transect. Data in F-rgure 4.3 were analyzed ttsing SNK multiple
range test. When data were analyzed using a less congervative test.(Duncan's MRT) values for
the 1981 trench weré significantly higher than values f oruall other transécts. |

"Trends in bulk density with depth were similar for all three sites within é given transect.
Site 1 had significantly higher bulk density below 60 cm in-the 1§Si trench than did either sites

2 or 3. In the undisturbed prairie, bulk density generally increased with depth whereas it

decreased with depth in the 1981 trench (Figure 4.4). Bulk densities of the undisturbed prairie

and the 1981 trench were significantly different at all depths with the exception of the = ind 25

cm points, in all three sites and at 55 cm in site 2 (Figure 4.5). To a depth of approximately 25

" cm, bulk density was higher in the 1981 trench, whereas at. depths greater than 25 cm, it was

higher in the undisturbed prairie. !

Bulk density in transects of the 1987 1-o-w, with the cxcéption, ofthe 198l~ trench,
followed a trend similar to that of the undisturbed prairie (Figure 4.6). Bulk densities in these

transects increased consrstently with depth.

. Bulk densities in the trench transects were not sxgmflcantly drfferent at all depths

ure 4.7). Below 25 cm, the work and pipelay transects had 51gn1f1cantly hlgher bulk
densmes than any other transect except the undrsturbed blowouts. Bulk densrty in the
undlsturbed prairie increased with depth, whereas for trench transects it decreased. The between

trenches, stockpile, undisturbed and undistiirbed blowout transects generally had significantly

higher bulk densities than the 1963 and 1968 trenches but were not”significantly different from

the 1972, 1957 and 1981 trenches.
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There were no significant diff erence\s'between bulk densities for 1982 and those for 1983
at most depths in all transects except in the 1981 trench. Increases in bulk density from 1982 to
l&m the 1981 trench were greater with depth in sites 1 and 2 but were less pronounced and

more vanab}e in sie ‘3 (flgure 4, 8) At 35 cm and lower bu]k density’ decreased signif’ 1cant1y in

_ sites 1 arr&-%etween 1982 and 1983.

Available Water Capacit§ ‘

There were no signif’ icant differences. among transects for moisture retention at either

-33 or - 1500 kPa (Figure 4.9). There were no significant dlfferences among sites f or moisture

L

retention at -1500 kPa but site 2 had srgmf 1cantly higher values at - 33 kPa. v

All three sites had srmrlar trends in avdilable water capacrty of the surface soil (Figure

4.10). There were no significant differences in the available water capacity of the uppermost

7.6 cm among transects (Figure 4.10).

Sorl Morstu,ral 3 &
h " Monthly soil meisture status varred among sites, with differences being more

pronounced between November 1982 and May 1983 in the undisturbed prairie than in the 1981

i trench (Frgures 4.11 and 4. 12) Trends fqutotal water in Qse two tra,psects were similar. In ~

.cv'

the undtsturbed prarrre soil morsture status at all three srtes followed the same trend (Figure ~

4.11). Soil moisture was highest in site 2’ for all but fﬁe November 1982 to May '1983 perlod

E
where 1t was srgmf 1cantly lower than at sites’ f‘"or 3.1In the f981 trench, sd@.;morstﬂr*é”%tafus for ‘

& J

all three srtes followed a srmrlar trend (Frgure 4. 12) Tota-L water to depths qﬁv‘go and 100 cm

'thata nod} shown) was srgmflcantly lower in srte 1 ’than m srtes 2@{% +which did not differ

e wé «a Do
Sye
* srgmf 1cantly from each other In the uppermost SO&m the 1°981 I-0-W wrth thea%)tceptron of

/

«-the stockplle transect had inore -water- than did the undrsturbed prarrre (Frgure 4 13). *Total’

W

water was lowest m the%tockplle and undlsturbed pfarrte Annual trends were’ similar for all
& .

transects and sites. L g - T e
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Figure 4.12; Temporal soil moisture status in the 1981 trench among sites (0-50 cm).



73

(o]
N

o
<

. O
W

o]
[*9]

(Ww) uolbyididalg

: *(wo g6-0 “z ans) surerd UB,SEHE: Y1 pue
Aem- JO-14311 [86T Y3 Ul smieys armisiow [jos jerodwa]  *¢q'p aIndiq.

A

b

—

.NW g 0oz
a

@3 59 @2

bu‘ b.u <

«°

. ES .
. 108 a , 1
T ;]
U= =
3
G -18— w
\ ®
1021
31dy2018 o ‘. )
Kkojadid v )
. Id JOE
NioM = o
Yyouay 1861 o
Jogi

. PaqInisipun e




DR , a 74
a: | o

In both spring and autumn, to a depth rqf 50 cm, the total water did not vary
significantly with transect (Figure 4.14). If Duncz;ﬁ's MRT wa§ used to analyz'!; the data, the
1981 trench in autumn and the pnpelay transects had mgmﬁcantly hlgher values than all other
transects. In all transects total water was higher in sprmg than in autumn.

In autumn, in all three sites, in the undisturbed prairie and in the 1981 trench, moisture
content geﬁerally increased with d.ep'tvh (Figure 4.15). In spring moisture coﬂten}s 'werue highest
at the surface, decreased 1o a depth of 25 to _35 cm and generally increased with depth
thereafter. Moisture contents in the trench were mgre uniform with depth than were those of
the undisturbed prairie in both spring and autumn. Volumetric moisture content to 50 cm was
significam}y higher in the 1981 rench than in all other transects except the stockpile and
pipelay transects (Duncan's MRT). -

Overwinter soil moisture changes in the undisturbed prairie and in the 1981 trench
followed sirﬁilgr trends for all three sites (Figures 4.16 and 4.17). At debths less than 35 cm,
spring’ g}lstu;,e coments were hngher than those of autumn; at depths greater than 35 cm they

5
were sxrnllarg&

Overw1mer soil moisture gain was higher for the undlsturbed transects than for the 1981

trench transects (Table 4.3). Mean moisture gain in the 1981 trench was,2]1 mm (SD 3 mm)
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Tqble 4.3.7 Overwinter moisture gains: October 27, 1983 o April 13, 1984.

A

. i

75

, Site ~ Transect Moisture Gain Depth of Gain
kB . (mm) (cm)
1 undisturbed 29 35
2 undisturbed - 38 - 45
3 undisturbed 38 55-
1 1981 -trench 20 35
2 1981 trench 24 . 45
3 1981 trench . 19 45
2 work L 41 40
2 pipelay’ T 66 40
2 stockpile 29 30 .
2 1957 trench 49 50
2 between 1957-1963 52 60
2 1963 trench 48 50
“ 2 between 1963-1968 - 51 60
' 2 1968 trench ‘ 28 60 .
2 between 1968-1972 55 60
2 1972 - trench 32 30 .
L . o .
“% ®asFable 4.4. - Overwinter moisture gains: 1982 to 1983.
Site - Transect Moisture Gain  Depth of Gain
SR . - (mm) (cm) ©
o 1 work? 18 20 -
£ 2 work? 100 - 110
3 work! 11 w20
1 pipelay' 31 40
2 2 pipelay’ 105 , 90
3 . pipelay- 11 20
1 1981 trench! 4 20
_ 2 1981 trench? 5 S0
L7 3 1981 trench’ 4 10
@ 1 undisturbed’ 71 50
B 2 undisturbed® 64 100
g3 undisturbed’ Y 60

' October 11, 1982 to March 12, 1983
* November 25, 1982 o March 13, 1983

e

)
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Temperature

Temperatures at depths of 5 and 15 cm varied with site and -transect .(Figure's 4.18 and
4.i9). Soil temperatures on January 25, 1983 at 5 and 15 cm depths were\between -5and -15 °C
in sites 1 and 2. Site 3 displayed a different tcmperatuie distribution, showing opposite
gradients for the 1981 trench and the pipelay transect. No trends were evident amongl transects
for a given site.' .

On July 25, soil temperatures at 5 cm were between 25 and 29°C, except fér the pipelay
tra‘nsect where temperatures were 33 to 35°C at sites 1 and 2 (Figure 4.18). Temperatures at 1§
cm were generally 3°C lqwcr than those at a depth of 5 cm. The highest temperatures at both
depths on this d;'nte were found in the pipélay transect and the lowest in the undisturbed prairie
, (Figure 4.18). |

| In transects <;f the __1981 r-o-w, the 1957 trench z;nd the undisturbed prairie,
temperatures varied with depth (Figures 4.20a and 4.201;), iricreaéing in January and decreasing
in July. Temperatures varied little among transects, with the exception of the 1981 trench in
January when temperature was aﬁproximately 6°C higher than that of any other transect at a
depth of 110 cm. At this time of year, t?mperagurewere consistently highest in the. 1981 trench
at de'pths between 30 and 110 cm (Figure 4.21a). Daily‘temperature fluctuations at a depth of 5
cm followed a similar trend f(;r both the undisturbed and 1981 trench transects (Figures 4.21a
and 4.21b). At 110 cm, temperature in_‘the undisturbed prairie fluctuated less with time than
that in the 1981 trench. The ten’lperature: at 110 cm in the 1981 trench was higher in winter and
vlow'er in summer than that of the undisturbed. prairie. Temperatures at a depth Qf’ S cm
followed a similar trend to that éf mean air temperature in win}er and that of maximum air
t;emperature in summer. |

At depths ‘of 60 and 110 cm, the temperaiure in thé 1981 tiench,.compared to that of
the undisturbed prairie, was hig};er in winter (maximum 2.8°C at a depth of 60 cm in January

- and 7.3°C at a depth of 110 cm in December) but lower in summer (maximum 1.4°C at a depth

of 60 cm and-T .9°C at a depth of 110 cm, both in August) (Table 4.5).
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Profile soil temperature (°C) between the 19'81‘ trench and the

81

Table 4.5.
undisturbed prairfe on the 28th of each month, site 2.
Depth Depth
Date 60 cm 110 cm
October 1982 +0.6 +3.2
November 1982 +1.2 - 45.8
December 1982 +2.1 +7.3
~January 1983 +2.8 +6.3
" February 1983 +0.9 +5.0
March 1983 +0.8 +2.9
April 1983 40 +14 +1.8
May 1983 ., +0.7 +0.2
June 1983 . +0.1 -0.3
July 1983 -0.3 -1.6
August 1983 -1.4 -1.9
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SOIL CHEMICAL PROPERTIES

Duagh Soil Samples

Standing time of the Duagh saturation pastes influenced the anion and cation values, as
well as the EC of the saturation extracts (Table 4.6). All values were highest after standing |
times of 20 to 24 hours. Values for these times were not significantly different from ench other
except for HCO;, where a standing time of 24 hours increased ion concentration 23% over that
of 20 hours. For all properties, values were lowest after‘a 12 hour standing time, often
decreasing significantly from "4 and 8 hour standmg times. For most properties, the 16 hour
standing txme yielded values lower than 20 or 24 hour times but the differences were of ten not
sngmf icant, with the exception of HCO,. The data were compared with those of AlZubaidi and
Webster (1982), who used the same spil for their study. All ion concentrations compared '
favourably, with the exception of HCO;, which tended to-have lower values than those obtained
) by Alzubaidi and Webster. Optimum standing time for saturation pastes, based on the above

data, was detérmined as ZQ 10 24 hours.

Organic Carbon

| All disturbed transects had significantly lower percent organic carbon than did the
undisturbed prairie (Figure 4.22). Organic carbon contents in the undisturbed prairie vt'e;e over
6.5 times higher than those in the 1981 trench, wh‘ich were lower than in any other transect:

Between trench transects had 0.1 to over 2 times as much organic carbon as did-the trench

transects. The undisturbed prairie had 2 and “3 times as much organic carbon as the between

trench transects of “the,1981 and older r-o-w respectively. The 1957 trench had significantly_'
higher orgamc “carbon than dxd the 1981 trench but 2.5 times less than the undlsturbed prame
Orgamc matter contents of the 1963, 1968 and 1972 trenches did not dlffer 51gmf1cantly but had

less than 1/4 the orgamc carbon of the undisturbed prairie. Values did not dlffer sxgmf 1cantly



Table 4.6. 'S_oluble fons in a Duagh Ap "hbrizon. |

A )

Time of standing = Ca* ‘Mg K - Na HCO; SO;-
- for saturation - = :
paste (hours) : o mmol/L-
4 0.8 15 0.5 35.4 2.0 10.8
T4 0.7 1.5 0.5 344 2.4 10.6
4 0.8 1.5 0.5 359 2.4 10.7
4 0.7 14 . 0.4 Jad 2.7 9.9
4 0.7 © 1.5 0.5 V344 4 2.1 10.2
8 08 ' 15 - 04 35.9 2.9 10.6
8 0.8 1.7 0.4 37.4 3.0 11.8
© 8 0.8 1.6 = 04 330 2.7 10.6
8- 0.8 16 | 04 335 - '26 10.6
8 0.7 19 04 T33.0 0 27 10.2
12 0.6 1.3\ 04 .35.0 2.5 10.0
12 0.6 1.9 0.4 35.4 2.1 - 10.0
12 0.6 1.2 0.4 30.7 2.6 8.7
12 0.6 1.3 0.4 34.4 2.9 9.4
12 06 . - 13 0.4 34.4 2.6 9.7
16 0.7° 1.4 04 325 -3.3 9.0
: 16 0.7 1.4 04 = 325 3.4 8.9
16 0.9 1.7 0.5 364 319 10.4
. 16 0.9 1.7 0.4 34.4 3i6 10.
16 0.9 1.6 04 . 344 3.4 10.0
S 20 1.0 1.7 04 - 350 4.1 10.0
: 20 1.0 1.7 0.5 35.9 4.6 10.4
20 0.9 1.8 0.5 344 4.6 10.1
2Q 1.0 1.7 0.4 35.9 4.4 10.5
20 0.9 1.7 0.4 35.0 4.2 1102
. 24 0.6 1.9 04 7 350 4.9 9.2
' ‘24 0.7 1.4 0.4 37.4 5.4 - 96
24 0.8 1.6 0.4 374 5.8 10.1
24 1.0 1.7 0.5 34.4 5.1 9.6
24" 1.0 1.9 0.5 5.9 - 10.5

374
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If orgeriic carbon is évaluated on a mass basis, the bulk density differexices in the
transects partiai‘lly" reduce differenvces in mass-of cafbon between the transects (Figure -4.22). On
a mass basis, organic carbon content of thefundistu,rbed brairievwas 4.4 _timesv_that,of“. the 1981

-trehch\ transect, 1.8 that of the 1957 trench and 3.3 times th.at of the other oider trenches. The
between line transects had-’m.ore organic ‘carbori than did the trenches. The undisturPed j)rairie
had 2.2 times the organic carbon of the older r-0-w aed 1.7 times that of the 1981 r-0-w.

~ Lo . -

~ Hydrogen Ion Activity

* Hydrogen ion activity decreased steadily with de‘gth in the undisturbed prairie (Figure - '

4.23).’In the disturbed transects pH was relatively uniform with depth (Figure 4.24). There -

were no significant differences among transects or sites for a given depth increment.
Y
Electncal Conductmty

In all transects, electrical conducnvmes t€nded to increase at depths greater than 15.cm

(Figures 4.25 and 4. 26) This increase was least pronounced‘ in the undxsturbed prairie and most

l

pronounced in the 1981 1-0-w. Electncal conducuvmes toa depth of 45 cm were consistently

hlghest m the 1981 trench. In sites 1 versus 3 and 2 versus 3 electrical {:onductlvmes for given

transects were not significantly different but values for transects in site 1 were significantly -

different from those m site 2.

-

IonmConcentratlon o : C -

RPN - : .. -~

_Soluble ion concentrations (meq/L) were checked usmg the followmg formula the sum

oo g e

of the cauons minus the sum of the anions divided by the sum of the cations plus the sum of

" the anions. Eighty-four percent of .the data fell within an acceptable 10% range. OT the data

that exceeded this range, 86% were between 10 and 15% while 14% were between 15 a.nd 20%

- Nltrate concentration was determined in several.samples that had-high cation sums. Of these

91
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‘ Depth increment{cm)

"Figure 4.23. Profile pH (site 2). There were no si

gnificant differences arhong transects

sfor a given depth increment.
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Figure 4.24. Profile pH among transects (site 2).
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samples, 88% had mtrates ranging in concentratton from' 0.02 to 2.84 mmol/L Several samples
that did not have fitrates had very low HCO or S0;- concentranons Samples that had high
anton sums had very high sulfate concentrations. .. - - . :

Sttes 1, 2 and 3 had similar trends m ion concentratlon wlth depth for a gtven transect
(data not shown) Individual ion concentrattons for a gryen depth in sites 1 and 3 were not
sngmftcantly dtfferent for a glven transect whereas those tn srte 2 often dtffered significantly
from those iri sites 1 and 3 except for sulfate

In the undisturbed prame iqn concentratlons tended to increase with depth (Tables 4.7
and 4. 8). These changes were least pronounced for potassium. Bicarbonates peaked at 30 to 45
cm, then decreased thereaf ter. “All  ions except sodium and magne51um had hlgher

“concentrations in the surface 5cm than in the 5 to 30 cm depth interval. I'on _concentration for

the undtsturbed blowout transects f ollowed a similar trend, with a tendency to decrease slightly
»

- at. depths greater than 60 cm. For all ions, concentration varied ltttle with depth in the 1981

»

trench. : .

Calcium concentrattons were higher in all disturbed transects at all depths (Tables 4.9 ,
to 4.19). In the 1981 trench transect Ca" concentration mcreased from 1 to 22 times that of -
the undisturbed. Concentrations in the 1981 trench were higher than in all other transects

except the 1963 and.1972 trenches. The Ca** concentration in the older trench transects was

vgenerally less than S. ttmes that of the undisturbed prame The 1972 trench values were not

>

signifi 1cantly different from those of the 1963 and 1968 trenches and the 1968 trench values were

only srgmftcantly dif| ferent from those of the undrsturbed prairie.

‘ -

Magnesrum _potassium and sodtum concentrations among disturbed transects tended to
follow trends similar to those of calcium. In»the 1981 trench, Mg** concentrations increased 4
to 27 trmes that of the’ undrsturbed prame Potassium concentration doubled and sodtum
mcreased 'by 2 to 52 trmes These increases- were most pronounced at lower depths. Sodium
concentratton tended to decrease in transects in the older r-o-w more so than did potassxum or

magnesium. Magnesium concentration in the 1981 trench was significantly higher than values in

~
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Table 4.7.  Soluble ions in unﬁisturbed prairie in site 2.

»

Depth Ca* Mg K- Na* HCO; SO
(cm) _ " (mmol/L) oo
0-5 0.8(0.3)' 0.5(0.2) 10.6(0.2) 0.4(0.1) 2.2(0.9) 0:4(0.1)
5-15 0.6(0.2) 0.3(0.2) 0.1(0.1) 0.8(0.5) 1.3(0.5) 0.2(0.2)
15-30 0.9(0.8) 0.4(0.4) 0.2(0.1) 0.9(0.7) 3.1(1.2) 0.6(0.6)
30-45 1.0(0.4) 0.8(0.7) 0.2(0.1) 12.7(15.7)  5.3(2.3) 4.2(6.0)
45-60 3.2(5.5) 2.8(5.3) 0.3(0.2) 20.9(30.0) 4.0(2.6) 11.5(24.3)

60+ 3.1(5.0) 2.2(3.4) 0.3(0.1) 21.9(34.0) 3.5(0.9) - 12.5(24.2)

Table 4.8. Soluble ions in undisturbed prairié blowouts in sité 2.

Depth Ca~ . Mg K- Na* HCO; SOy~

(cm) (mmol/L)

0-5 0.8(0.5) 0.7(0.3)  0.3(0.2) 13.5(8.3) 2.3(2.0) °  5.2(6.1)
5-15 2.4(1.8) 2.8(2.9) 0.3(0.3) 23.3(14.2) 5.4(3.4) 14.6(19.0) .
15-30 7.2(6.0) 11.9(10.0) . 0.6(0.4) 47.5(24.0) 6.4(2.3) - 28.0(25.6)
30-45 7.5(5.1)  5.7(4.3) 0.7(0.6) 59.1(21.8) 4.4(1.5) 32.9(20.3)
45-60 4.1(4.8) - 3.4(3.6) 0.7(0.5) 40.5(21.2) 3.6(1.2) 23.’9(20.8)

Table 4.9. . Soluble ions in 1981 work transect in- site 2. -

Depth - Ca* . Mg~ K- Na* HCO; SOy~

(cm) (nimol/L) o o
0-5 0.5(0.3) 0.6(0.2) 0.2(0.2) -~ 3.6(1.5) 2.9(1.0) 0,7(0.1).
5-15 1.0(0.3)  0.6(0.4) .0.1(0.0) 8.6(6.0) 7.6(3.3) -1.1(0.4) ~
15-30 3.3(4.8) 4.0(7.0) 0.3(0.2) 41.0(44.6) 6.1(11) 23.5(23.9)
30-45° 1.1(6.1) 3.9(2.3) 0.5(0.2) 41,9(21.8) 4.3(0.9) ,28.3(15.6)
45-60 7.8(6.7) 4.7(5.8)  0.4(0.3) 30.6(7.5) 4.4(1.8) . -20.8(16.8) .

60+ _  10.3(0.0) 12.8(0.0) 0.6(0.0) » 58.9(0.0) 2.1(0.0) . 48.5(0.0)

'Numbers in . parentheses are standard” ".deviations ,.I-preceded 'A_by mean gal‘u'e_"s -7
(n=5)(Tables 4.7 to 4.1y, inclusive). S R
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o Table 4.10. , Soluble ions in 1981 pipelay- transect in -site.?2.
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«

Dépth.  Ca Mg K- Na’ HCO; SO5-
(cm) i (mmol/L) ,
05 3.8(4.4)  3.3(55)  0.6(04)  16.8(29.7) 4.1(0.4)  9.5(19.5)
5-15 1.4(1.6) 1.4(2.3)  0.2(0.1)  10.6(18.4) 2.7(1.9) 5.8(11.7)
15-30 - 5.04.7) 3.4(5.2) 0.6(0.8) 34.6(35.3) 6.3(2.5) 18.6(24.0)
30-45 9.0(4.8) 5.7(4.7) 0.5(0.1) 58.1(23.6) 3.6(0.7) 39.5(16.7)
45-60 . 3.7(4.0) 3.9(2.7) 0.5(0.1) . 48.2(18.8 4.4(1.9) 24.9(15.3)
60+ = 4.5(3.7) 4.7(4.8)  0.5(0.3) 28.1(38.8) 3.1(0.7) 18,4(24.1)
Table 4.11.  Soluble ions in 1981 trench tra;sect in site 2.
Depth Ca - Mg~ K* - Na 'HCO; SO;-
(cm) ' ‘ " (mmol/L)
0-5 6.2(5.0) 2.1(2.0) 0.5(0.2) 15.3(17.1) 2.8(1.9) 15.0(15.1)
~5-15 12.9(1.3)  8.0(I'l)+ 0.6(0.9) 37.8(20.5) 2.2(0.4). 49.6(10.7)
15-30 11.5(1.1) 7.8(2.4) 0.6(0,1) 47.0(23.0) 2.4(0.2) 40.3(10.4)
30-45 11.1(e.8)  9.2(1.1). - 0.6(0.1) 54.9(15.1) 2.4(0.2) 44.6(8.5)
45-60 11.0(0.8)  9.5(0.9) 0.6(0.1) 65.6(11.9) 2.5(0.2) 44.3(8.7) -
60+ 8.5(5.3) 8.1(1.4) 026(0.1) 47.3(33.5) 2.3(0.4) 39.0(14.2)
Table 4.12.  Soluble ions in 1981 stockpile tramsect in.site 2.
Depth * Ca™ .- Mg" K- " Na* s HCO; SO
* (cm) St (mmol/L). » ¥ ‘
.05 646.1) 25200 05(02)  13.0(132) 12(1.1)  124(7.9)
. 5-15 6.8(6.0) 4.3(3.4) 0.5(Q.1»  20.3(16.3) 3.2(1.7) 20.7(12.8)
15-30-- , 2.7(2.6) 2.4(2.9)  0.3(0.1) 22.4(13.2) 3.3(2.5) 12.0(10.1)
30-45 - 2.6(4,1) 3.1(4.8) "~ 0.2(0.1) 35.9(27.3) 6.7(3.0) 16.5(21.3)
2 45-60 4.3(5,2) 5.7(4.6) :0.5(0.4) 43.6(25.9) 2.5(1.8) " 29.2(22.9)
60+ 2.7(2.1) 0.6(0.3).. - 57.5(29.5) 5.0(0.1) 32.3(23.3)

4.6(4.2)




Table 4.13.  Soluble fobs in 1957 trench transect in site 2.

Depth  Ca* Mg* K- Na®  HCO; . SOi~—._
(cm) (mmol/L) :
0-5 2.4(0.7) 1.0(0.3) 0.7(0.3) ®0.5(0.2) 7.4(2.1) 0.3(0.2)
5-15 2.2(0.9}) 0.8(0.2) 0.5(0.2) 0.6(0.2) 3.5(1.2) 1.7(2.8)
15-30 4.8(4.0)  1.5(1.2) 0.3(0.2) 3.1(2.3%  3.4(1.9) 5.3(6.8)
30-45 - 2.0(1.7) 1.3(0.9) - 0.2(0.1) 13.0(11.7)  4.9(1.9) 6.2(4.7)
45-60 3.9(4.2) 3.6(3.2) 0.4(0.3) 35.0(30.8) 3.6(0.7)  20.9(21.1)

. 60+ 3.7(3.4) 3.4(4.0) 0.4(0.3) 47.4(39.7) 3.4(0.5) 27.2(24.1)

" .
Table 4:14.

1

i

Soluble ions in between 1957-1963 trenches transect in _site. 2.

4.6(5.7?

Depth  Ca- Mg** K+ Na* HCO; SO5-
(cm) . , : " (mmol/L) g
0-5 22005 11(0.3) 08(02) 1829 7.(16) 0.3(0.1)
.15, 1.3(06) .0.7(04)  02(0.1)  1.9(0.7) 5.2(19). - 0.6(0.5)
15-30 10(0.5) 0.6(0.5)  0.1(00) - 168(15.6) 5.1(2.3) ' 1.4(18)
30-45 18(20)  22(2.7)  0.2(01)  35.6(325) 6.4(18)  16.1(19.1)
45-60 33(49) © 5.0(5.5)  0.3(03)  57.0(539) 3.4(2.6)  31.7(33.5)
60+ 6.1(4.0)  68(5.2)  0.5(0.4) . 81.1(53.4) 4.8(24)  46.0(29.9)
_ Table 4.15. Soluble ions in 1963 trench transect in site 2.
~ Depth Ca* Mg i K* ' Na’ HCO; SOi-
(cm) - : (mmol/L) : .
0-5 2.5(1.3)  0.9(01) © 0.9(0.4)  02001) 5.6(0.5)  0.5(1.0)
5-15 3.5(4.4)  2.7(4.5)  0.7(0.5)  9.3(19.1) 3.3(0.4)  8.0(17.3)
15-30 1.5(0.8)  05(0.2)' 03(01)  1.8(1.3) 3.5(00.6)  0.8(0.8) -
30-45 29(3.2)  0.6(0.4) . 0.2(01)  4.8(22) 38(09)  16(13)
45-60 4.4(5.7) - 2024y 03(02)  9.5(78) 38(1.4) --8.1(5.6) .
£ 60+ 39(41)  03(0.5)  22.8228) 35(11)  16.3(208) °

7
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~Thble' 4.16. Soluble. jons in between 196?1968 trenches trahsect in site 2.

Depth Ca~  Mg". K Na* HCO; SO;-

(cm) . e (mmol/L) ‘ ‘

0-5 . 0.7(0.5) . 0.7(0.3)  0.6(0.4) 2.9(2.0)  3.9(1.0) 0.4(0.2)

5-15 " 1.5(0.4) . 0.4(0.2)  0.1(0.0) 9.8(5.7) 6.9(2.9)  *1.5(1.3)

15-30 40(6.1)  2.5(3.8)  0.2(0.1)  26.5(14.4) 4.2(2.1)  14.2(15.1)
30-45 5.7(6.2)  4.5(4.9)  0.5(0.3)  41.3(18.1) 4.8(1.0) 25.2(19.9)
45-60 6.8(4.4)  5.8(3.5)  1.1(0.5)  51.1(15.1) 3.6(0.4)- 34.1015.7)

60+ - 6.4(6.4) 6.0(6.3) 0.9(1.0) 50.8(31.3) 5.2(1.0) 30.7(25.6)

Table 4.17. Soluble ions in 1968 trench transect in site 2.

~

Depth Ca* Mg+ K- Na* "HCO; SO;-

(cm) Y . [(mmol/L) | . .

0-5 1.9(0.7)  0.9(0.1) - 1.0(0.6) - 0.8(0.5) 4.8(1.5) - 10.8(0.9)
S35 ST L6(LSY 0.H0.4) C 0 4.7(29)  1.5(1.4)  11.2(14.9)
15-30 - 5.8(5.8)  3.6(35) - 0.5(0.2) 158117 7.4(1.2). 8.3(6.8)
30-45 - 6.5(5.3)  7.3(6.3).  0.4(0.2)  50.1(37.6) 7.7(2.3) 32.6(29.6)
45-60 4.3(4.7)  7.6(6.0) . 0.6(0.4)  67.7(58.7) 4.8(1.1)  31.5(27.9) -
60+ 4.5(5.2) v .7.2(6.2) - 0.7

(0.4) .. 68:2(58'.7) 4.5(0.9) 38.4(36.2)

" Table 4.18. Soluble ions in '~betweén:‘l£!6‘8-l972 trenches transect in site” 2.

A

Depth -~ Ca~ =~ Mg~ K- -Na* ° HCO; SO;~ .
(cm)- . - o (mmol/L) | : S
0-5 - "LOT0:5) -, - 0.6(0.3)  0.9(0.3) 1.5(1.2) ".4.4(0.3) - 0.3(0:1)
- 515 02.5(34)  1.0(L2)  0.5(03) 0 4.8(2.0)  4.4(0.9) 4.1(7.7)
Co15-300 - 5.3(6.2) - .43(5.5) . 0.2(0.1) . 13.1(13.9) 5.7(3.0) *17.6(23.0)
©30-45  49(4.5)  6.0(7.3) - 0.4(0.3) 40.9(41.7)  4.4(1.5) * 25.8(30.9).
745-60 8.5(6.5)  -9.6(8.1). 0.6(0.4) - ¥0.9(40.4) 4.0(2.8) ° 32.6(29.9)°

60+ 4.6(4.9)-  4.1(5.5) . ©0.7(0.5) . 30.5(31.8)-. 3.4(2.1) : 19.6(21.4)
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Table 4.19. Soluble ions in' 1972 trench in site 2.

«

!

101

+ Depth Ca* Mg  .K* . Na HCO; | SOr
(cm) , (mmol/L) '
0-5 . 2.3(2.7) 1.0(0,9) . 0.9(0.4) 0.8(0.7) 3.8(0.4) 2.2(3.7)
5-15° 1.7(1.2) 0.8(0.2) 0.6(0.2) 1.8(1.6) 3.2(0.6) 2.0(2.5)

- 15-30 2.5(2.1) 1.2(1.0) 0.6(0.3) 48(3.3) 3.3(0.8) 3.8(3.5)

* v 30-45 6.2(5:3) 2.8(3.%); 0.6(0.4) 16.3(13.6) - 3.6(1.1) 12.5(14.4)

45-60 6.6(5.3) 7.3(6.2) 0.7(0.4) - 53.8(46.5) 3.5(1.3) 36.1(32.7)
60+ 8.3(4.5) 10:4(5.7) 0.9(0.6). " 73.8(40.2) 3.0(1.9)

56.0(29.3)

»



'Sodlium Adsorption Ratio Co : . e

most other transects except the 1963 and 1972 trenches and between the 1963 1968 and

1968-1972 transects. Magnesrum values for the 1972 trench were only srgm“frcantly drfferent '

. from those. of the undisturbed prame Potassrum concentratrons did not drffer srgmfrcantly,

among transects Sodrum concentrat-lons m the 1981 Irench were usually srgmfrcantly hrgher

¢

than in all other transects except the blowout and the 1972 trench transects Blowouts had' _

)
~

values srgmfrcantly higher than the 1957 and 1963 trenches and the undrsturbed prame : -

\
N3

Sulfate concentratrons in the 1981 trench were 3:to 248 trmes hxgher than those in the

undisturbed prairie, with the largest mcrease occurrmg at depths of 20 15 cm Brcarbonate

[

values varied with depth and transect but no drscermble pattern was found. To a depth, of’ 15.

)

cm, SO;” concentrations were. hxgher in trench transects than they were in between trench‘

.

transects. Sulfate conqentrat)ons in the-1981 trench were srgmflcantly higher in all but the 1972

trench and the blowout transects The 1972 trench had values srgmfrcantly hrgher than the

.

undisturbed prame Blcarbonate values 1n the 1981’ trench ‘were s1gn1f1cantly hlgher than those‘ .

in all but the 1963 and 1972 trench transects. Sodrum sulfate was the dommant salt in the”

oo - AR - - ‘ s
. . . ¥

‘system. . ST L CoL )

N o

Sodium adsorption ratlos 'increased with depth fOr all transects (Figure 4. 27). To a

~

depth of 30 cm SAR in the. 1981 I-0-w was hlgh,er than that of the undisturbed prarrre '

Increases to a depth of JS cm in the-1981 trench were 9 ttmes those of the undrsturbed pratrre

- ¢

. At depths greater than 30 cm, SAR in' the 1981 trench was lower than that in the undrsturbed

s v

prairie. Increases in the other transects of the 1981 I-0-w were shghtly hrgher than those m the

.

1981 trench “The older r-o0-w had hrgher SAR valures than the undrsturbed prairie but lower~

-
- a - -

values than the- 1981 r 0-w to 45 cm Below 45 cm SAR values were variable, wrth no

A )

drscermble trends among transects Among srte differences were not srgmf 1cant
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M-Between [968-72
Trenches™

N-1972 Trench

¢ No Data

----Trenches

L-1968 Trench

-

Trgnches
J-1963 Trench
K- Between 1963-68
Trenches
&

G- 1957 frgnch
‘H-Between 1957-63

F- Sfockpile'

A-Undisturbed

B-Undisturbed
Blowout

D- Pipelay

E- 198! Trench

C- Work
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C. DISCUSSION

Soil Physical Properties

The soil physical properties of the study sites were altered by pipeline cgnstruction'

activities. Although the trenching procedure was responsible for the most profound changes,
compaction associated with the use of heavy equipment also contributed to a cHanged edgphic
environment.

Clay content was “higher in the B and C honzons of the undlsturbed prame than it was

‘,.v

in the A horizons. Incorporation of this clay matené‘T mto ﬁ{e A horizon during trenchmg‘ =

X

increased clay contents of surface material in trench transects B and C horizon material was

pxled or moved about on the stockpile, work and pipelay tmects during pxpelme construction.
“1

Small amounts of T.hlS materlal were either mcorporateﬁ into- the surface horizon durmg

seed-bed preparanon or remained as patches on the soil su;;{ ace. Similasr mixing of A, B and C
horizon material over the entire r-0-w was reported by Hardy A§sociates (1978) Ltd. (1983).‘
o

Increases in bulk density as a result of plpelba "éonstructxon were mamly due to

compactlon by equipment. The amount of compactlon‘ is mfluenced by soﬂ _texture and ) ;

r\t

moisture contem at the time of construction as well as lBﬁe""‘%pexght of and the vibrations from
the machinery. |

Surface bulk density increased due to trenchir_lg whereas” bulk density with depth
decreased significantly. Highest surface bulk densities in the di’sturbed'transects indicz;tc that
bulk density increased as a result of pipeline construction. These mcreases are most prono:mced
in the 1981 trench. Although 70 to 90% of compaction occurs with the fxrst pass of a vehxcle
(GlI! and Vanden Berg 1967), compaction increases with eaoh Aloadmg cycle. The increased
activity over the Lrench likely caused the 10 to 20%'incvl—'eases in bulk dohéity..‘compared»to‘ that
*of the other transects m?the r-o-w. This is probably due to the increased trafﬂc and weight

over the trench during the trenching and backfilling operauons as well as mcreased cattle

activity later. The trench material is also less heterogeneous than that of other transects and
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lacks the cushioning effect of vegetative cover,. thereby increasing its susceptibility "to

compaction.

-

The breakigg up of the Bt hom.on during trenchmg resulted in lower bulk densities
with depth in the trench transects. These decreases in bulk density were most evident at depths
greater tTran 15 cm. Compaction due 10" heavy equiprnent is most pronounced to.a depth of 15
' to 50 cm, .depending on the type‘ijf eqﬁipment used 'and the texture of the soil in which the

disturbance occurred (Soane ot al 1982) “This is evident in other transects of ‘the 1981 I-0-W,

v
- .

:where bulk: density mcreased to a depth of 55 cm but did not increase at greater depths.
' Assuming I.Q:Mg/m’ is the critical bulk density for root penetration (Lutz 1952), bulk density
was theoretically high ‘enough in the 1981 trench to a 15 cm depth to impede root penetratidn.
- Bulk density.below 15 cm in the other transects could pose similar problems.

Soil moisture sta‘tdﬂs is a function of the water input into the soil system (precipitation,
inf iltration) and the amount of soil (moistrrre loss (plant uptalte, evaporation,
evapotranspiration). These baeic processes were affected by bulk density, ground cover and soil
organic matter;.which decreased as a result of pipeline-construction-aetivities.

Soil moisture retention is affected by soil texture and .percent soil organic matter, both
havmg been altered- by trenchmg Clay content increased and organic matter decreased but
resulting higher moxsture retention at both -33 and -1500 kPa was not significant. The mixing
of sod by trenchmg created a more uniform pamcle srzz drstnbutrort ‘possibly contributing to a
more uniform moisture retention at both pressures

The berm-like construction over trenches and the cha'nges in vegetative cover are

mainly responsrble for diff erences in soil- morsture status among transects. In the sprmg, higher

total water in the work, pipelay and between trench transects was due to the hlgher amounts f" o

spBw trapped there and to the pondmg of sr_rowmelt water. The ponded water in ,the 1981
< N . . g&

pipelay. transect could have 'contributed to the high total water in the 1981 trench transect
through lateral movement of water The between trenches-transects also had higher total water -

than the trench transects in autumn. At this time, the pipelay and 1981 trench transects had the

. -
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highest total water, due to lower moisture depletion than in the older 1-q-w or the undisturbed:
\ '
prairie. The plant cover in the recently disturbed areas was often sparse well into the second

year after disturbance, contnbutmg to this Jower mmsture depletron "The hrgher spring

moisture contents in these transects thus persrsted mto autumn,

Wide fluctuauons in surface temperature in the 1981 trench ‘transect hkely result from a

v

lack of vegetative cover which would provide an 1nsulatmg and thus stabrlrzmg effegt. More

pronounced winter temperature f]uctuatrons are attrrbutable to lack of snow cover drrectly over

the trench No vegetatlon was present to«trap snow Wthh tended to drift over the trench

1
leaving it bare.

~

Prpehne construction alters the temperature regrme with depth on the r-o-w, mainly
due to the heating effect from the gas in the plpelme and to the changes in vegetatrve ‘cover.

Temperature would also be affected by soil mmsture status (heat capacrty) and orgamc matter

-

(surface albedo). Compression of the gas in the line was more frequent in wi"'mr, thus having a
more pronounced effect on temperature above the pipeline at that time of the year.
-Temperature increases wer.e most pronounced directly above the pipe where increases of 7°C
compared to all other transects were recorded. These increased temperatures appeared to- be

locahzed with no effect evrdent 3 m from the pipe or 50 cm above 1t Bulk density influences N

-

thermal c_onductivity; thus higher bulk densities. in the B horizon of the undisturbed prairie
could facilitate heat transfer resulting in a _non- umform temperature with depth, at equal

moisture contents in the horizons. The ‘less heterogeneous nature of the trench is more

conducive to relatively small temperature gradrents Temperature changes due to prpelme

mstallatron and subsequent ﬂow of heated mater;als as well as the effects of drsturbance o

ground cover and subsequent changes in surface temperature, are likely to affect plant growth

-

and development. ' o

A

The effect of grazing is most evidenton soil moisture status and bulk density. Bulk

density to a depth-of 55 cm was lower in site 1 than in either srtegﬂ or 3, possibly indicating an

o

effect of season of grazing. Cattle spend less time grazing the rto -w m site 1 because plant



- - 107

/

material is- often frartia'lly cured and unpalatable, thus reducing traffic and subsequent

’ compactron Total soil moisture in the 1981 r-o-w was Lower in srte 1 than sites 2 or 3, possibly

due to the influence of late season grazmg Plants in the late season grazed srtes used available
morsture’early in the sr:srmg and well into autumn, whereas plants in early season grazed sites
were. using less moisture due to severe dcfohatron early in the’ spring. Plants that are
~ unpalatable late in the season are not removed from the trench transect and plant utilization of

“available moisture continues until the plant becomes dormant. The higher frequency of

N : - .
Agropyron pectiniforme, a high moisture requiring plant, in site 1, may also contribute to the

.

decreased soil moisture with late season grazing. Because soil moisture was monitored in only

one late season grazed site, there was no replication of this data.

The 12 to 20% reductions in suface bulk density over the older r-o-w compared to that

. .
of the 1981 r-o-w possibly indicate ameliorative effects over time, particularly over the trench,

transects. Bulk density tends to change less with time in the between trenches transects than it

does’in the trenches. This persistence may be explained by the more stable state of the between

trench transects ¥elative to that of: the trench. The trench transects are influenced more by plant

_Joot penetratjon, and 'wetting and drying, with resulting shrinking and swelling that tend to

reduce bulk density. Blowout areas have higher bulk densities due to the exposed B h>orizon

‘nalerial on'the surface. After 24 years bulk density with depth in the trenches is still

L3

) significantly lower than that of the undisturbed prairie, indicating that at least in the trenches,

!

bulk density has not returned to predisturbed values. .

| Other researchers have also reported on the persistenceof bulk density changes, but
there are many 1nconsrstencxes m the lrterature probably due to differences in soils, type of
drsturbance and environmental condrtrons A review of the literature on compaction by
agricultural vehicles (Soane &t al. 1982) indicated that between 12 and 50 years is required to

Y ,

return compacted and/or loosened forest soils to predisturbed bulk densities. Surface bulk

o

den51ty tends 'to return to predrsturbed conditions faster than does the bulk density with depth,

“often reaching predisturbed values after only five years.

-
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Effects of pipeline construction on bulk densiiy found in this study are similar to those

of Button (1971) and de Jong and Button (1973) for Solonetzic soils in Saskatchewan. Other :

-

researchers who studied the impact of pipeline installation did not .use Solonetzic soil sites.
Therefore data are often not in agreement or relevant to this study. Changes in surface bulk

density appear to be consistent regardless of soil type studied, with significant increases with

disturbance particularly over the trench area (Button 1971; de Jong and Button 1973; Ramsay‘

4

and Mackenzie 1978; Stewart and Mackenz’ie 1979; Shields 1979; Culley et al. 1981,' 1982). Bulk
density in non-Solonetzic soils, as reported in the above mentioned literature, tended to r'ncrease
with depth. Because bulk density of Solonetzic sorls is mherently higher than that for other
soils, trenchmg reduced it by breaking the Bnt horizon.

Data from this study indicate that moisture retention at both -33 and j1500 kPa was

not significantly altered with pipeline disturbance. Total soil profile water increased, but these

increases did not persist with tirne. Button (1971) and de Jong and' Button (1973) reported

variable results which seemed to depend on soil type. Volumetric moisture content détreased at

-33 kPa and availahle water either decreased or did not chan'ge "Other researchers, also named
above, indicated that pfpelrne constructron generally reduced water holdmg capacuy Changes
- were always more pronbunced in the trench than they were on adj ]acent areas..

Only one other study reporjed on temperature mcreases due to plpe_l(ine operatiqn

(Stewart and Mackenzie 1979), although no comments were made regarding area affected by

the temperature change.

Soil Chemical Properties

-

Prpehne constructxon actrvmes altered some chemical properties of the s‘orl on the

pipeline r-o- w partlcularly to a depth of.15 cm. The trenching procedure had the most

-

profound effect on soil chemical changes. These changes were probably ‘brought about by the

- incotporation -of calcareous and/or alkaline® material from “the lower, soil horizons ,and

subsequent dilution of the surface horizons. -

- !
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horrzon soil material. Higher surface EC and SAR values in these transects are probably a drrect

109

Although soil chemical properties were modified as a result of pipeline construction,
the relatively inhospitable nature of the Solonetzic soil was not ameliorated by trenching. Soil
acidity was reduced and water soluble"Ca“ K- and Mg** concentrations were increased near the

soil surface improving the plant's rootmg environmem Hewever, EC and Na* concentratxons

, increased, soil organic matter decreased considerably and pH was raised to near 8, hlgher than

- ideal for the growth of meost plants.

-

Total soluble salt increases to a depth of 60 cm were not severe enough to restrict plant
growth. In the 1981 trench to a depth of 30 cm, salinity increases would, be high enough only to

affect very saftl sensitive species. Although SAR: data indicate that no detrimental effects on

‘either crop growth or soil structure to a depth of 15 cm are expected - the higher concentrations

i .
of Na* may have detrimental effects on soil physical properties, particularly in view of the low

organic matter content. The redistribution of organic matter may also contribute to a less stable

N

soil system both physically and biologically, thereby incr‘t‘:asing1 the potential for erosion. The

grading protedure and the compaction of soil due to the use of heavy equipment produced au

~

 effect similar to trenching in this regard. Mixing of B eud C horizon material with that of the A v

horizon during stoc'kuiling and backfilling operations was responsible for these changes.

The surface organic matter lass in'the work, pipelay and stockpile transects as a result
. r - .

R

of grading was less than by tre}lching. The grading procedure removes only part of the surface

material. There was no incorporation and subseguent dilution of organic material as there was
. - ) . . " . \ !
in the trenching operation. s L : P

\
~

' Surface pﬁ in the betweén trenches transects tended to be highe’r than that of the

und:sturbed prairie, indicating moyement of subsurface materlal in the r-o-w.and the less than

-

complete rernoval of this matenal during the Lrench backflllmg procedure Increased total sdit

concentration over the r-0-w at all depths may be explamed by the ICdlStI'lbthlOIl of lower

..
result of subsurface material remaining on the surface of these transects.

\

A
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Results mdxc;\ted salt concentratlons decreascd w1th tlme however EC did not decrease

4

to less than that of the undlsturbed prame Na due to its relative ease of leachmg, decreased"

more readxly than did the other i ions. Data for chemxcal properties and % orgamc matter suggest

-~

that a trend towards predxsturbed chemlcal conditions is evident thhm nme years after

- -

-

disturbance, but more than 24 years are required for a complete return if the I~0-w are not

seeded Assummg returns to predxsturbed condmons contmue at the same rate and there are no

-

. other factors mvolved at least 33 years are requrred for prganic matter levels to attain
-

predrsturbed levels and at least that time period is requlred for salt levels to return to those of ¥
- predisturbed condmons, again, assuming"the I-0-wis not seeded. - v . y
Data from thls study m general, support conclusnons of de'J ong and Button (1973)

. and Culley et al. (1981) I—fowever there were exceptions. In the above mentloned studies, -
decreases in potassxum were reported for trenched areas whereas this study foundva trend of
mcreases Other researchers had not studied effects of plpelme installation on sorl chemrcal

properties. . Teoe ‘ o . .
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A. MATERIALS AND METHODS

Preliminary Study- .

A reconnarssance survey was undertaken in August 1981 pnor to prpelme mstallatron
MaJor plant assocratlons were examined, a prelrmmary specres lrst was comptled and study sites

were selected After plpelrne installation three sites were establrshed as descrlbed under ,' )

Expertmental Desrgn (Chapter 3, thure 3. 4) . A ' -

- ” . .
- .
‘ :
» . v

Slte And Transect Groupings ' o B o
The transects of the study srtes were grouped into seven categorres on the basrs of

treatment | |
‘ ; undrsturbed natlve pralrre (undrsturbed and prarne transects), , -

-1981 nght of -way (work prpelay 1981 trench and stockprle transects)
o 1957 right- of way (1957 trench and between 1957 and 196} trenches transects)

1963 rrght of way.: ( 1963 {rench and between 1863 and 1968 trenches transects) \ :
: . ;'. 1968 rrght -of - way ( 1968 trench and between 1968 and 1972 trenches transects) L

“

1972 rrght of way (197.2 trench and between 1972 trench and roadway transects) and

roadway { roadway transect) : ) ) i .
o The three srtes selected rn the prelrmmary study were _utilized in 1982 An 1983 a fourth
srte was establrshed in-the late seasbn grazed section to provrde a rephcate to evaluate the eff ect '
- of season ol” grazmg The srtesvwere grouped into early season grazed sites ( 1 and 4) and late ’_7

season grazed sites (2 and k)] (Experrmental Desrgn Chapter 3) . T o -



‘ . N .
- .
. . ’
' . . - . . et

. N ' - : : 112

I . . PO 93 .

* . . . - . -
N . . .

Field Samplmg : A

Samplmg of “both domtnant and subordmate plant spectes is reqmred if response to

¥

\

.

i . cltmate soil, grazmg and mechamcal dtsturbance is to be determmed Dominant species miay

"not react nottceably toa change m a given factor complex but less tommon spectes may react

-
K

- »sharply (Lodge et al 1969) due to their frequently narrower ecologxcal amplttudes (Hanson

1956). Smce vegetatt,on may react to ptpel‘me drsturbances in this manner, all species present in’

each site were Tecorded. Intensrv.e surveys were undertaken in 1982 and 1983. Ig 1982 vegetation

- v . .

CL - was sampléd’ durmg the frrst two weeks of June and the last two weeks of September to

compare vegetattve charact'errstrcs in sprmg and autumn In . 1983 vegetatron samplmg was

undertaken durmg the last two weeks in J uhe. Specxes were tdentxfred accordmg to Moss

Cassy., T e

Mjnimal area is the smallest ,area"'i'n‘- which the 'spet:ies-cornpc)éition'of a given

P - '

communrty is adequately rep‘resented (Mueller Dombt‘)ls and Ellenberg 1974). For temperate

zone vegetatron ap. empmcal value for mmrmal area in dry grassland is 50 to 100. m2 Thls value

{
4

Lot was used as a gurdehne in determmmg srze and number of quadrats in each transeCt - -
: : . v . '

v

Restrtcted random samplmg was_ utrllzed for field data collection. Each transect was®

~

chvrded‘ into subtransects ‘each subtransect and all parts thhm thlS subtransect had equal .

chances of bemg sampled A coordinate system was, estabhshed in .each transect with the
t‘ransect w1dth as the x axts and the transect length as the y axis. Pairs of Tandom numbers

generated by a cOmputer program were used to locate subtransects in whlch quadrats were to be

-

“read. o . . ‘ | . -

Quadrats .
L ‘

e © One m? quadrats are most of ten used in’ studres of North Amertcan prames arid ranges__
(Brown 1954; Mueller- Dombois and Ellenberg 1974 Chapman 1976). When a large number of
species of small size are present smaller quadrats may be appropriate (Chapman 1976) These’

/.__smaller quadrats often have a larger perimeter to area ratio, thereby increas‘in‘g edge eFfects. In

AN * . o
N .
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__this study, only’species rooted in the ‘quadrat were counted S0 edge effects werefminimized'

-, In 1982, all transects at each site. were subdrvrded into f our subtransects each 25 m in

' ’

: length and spanmng the wrdth of the transect Twelve permanent 1 m2 quadrats were randomly

-establrshed in, each transect there were 3 per subtransect Quadrats were drvrded mto four 0. 25 )

-m quadrants to f acrhtate readmgs Quadrats were read in"June and September 1982 to account '

“/
for seasonal specres vartatron -

N -

The size"of quadrats used in 1982 made readmgs drff}cult and ttme consummg 'I‘he

. number of quadrats read was not suffrcrent to- account for several subordmate specres in the

.

study sites. In 1983 subtransect number was mcreased and srze was decreased to enhance -

{ .
samplrng effrcrency Indrvrdual transects weére drvrded mto 1 by 1 m subtransects ‘to assrst 1n

quadrat locatron At each srte one’ hundred O 10 m? (20 cm X 50 crrr) temporary quadrats were

read in, each of the f ollowmg transects: undrsturbed native prarrre 1981 trench 1981° prpelay, ) '-

.

‘1981 stockprle 1957 trench and between tho 1957 and 1963 trenches Quadrats \gvere dmded rnto

~

ten smaller sections to f acrlrtate cover estrmates Treatments had been reduced to mclude only

1

«, ‘the. oldest and most recent dtsturbances and the control to accommodate the larger numbes of

quadrats within the samplmg trme frame ' o DRI . .

\ . .
>

. v L - - ‘ . N
Basal Area * B - o - . )
Canopy ;cover'-is' considered a reliable-rneasur’e to record changes in vegetation resulting

[ « ) B

from a change m managemcnt -or brotrc influénces (Chapman 1976) Basal area the area

_‘occupred by the plant in a horrzontal posrtron approxrmately half an rnclf above! the ground,

was us_ed 1O ‘assess ground cover. Basal area varies less than canopy coVerage from year.to year

-

{(Poulton- and’ Tisdalé 196l) and is based on' a more practical. height for use in graZed areas

(Hanson 1956)

Basal area cover classes (modlfred after Braun- Blanquet 1932 ~Raunkraer 1934,_

Daubenmrre 1959) were established that would be sensitive to both the lower and the hrgher » .

frequency specres (Table 5. 1) ' s . .

- -

‘

’
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Class -Midpoint
1 o+ N - +
2 +-1 0.5
.3 " 2-5 3.5~
3 - 6:10 . 8,0
5 1175 180
6 26-50 ° ~38.0%,
7 " 51-75 63.0 .
| ' 8 76-95 85.0
9 96-100- 98.0
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Ocular estlmates of basal area were facrlrtated by the use of a ruler In each quadrat
'mdmdual plant species, total live vegetation (mcluded only green vegetatron) total dead

vegetatron and bare ground were assrgned to a cover class. Voucher specimens from all

unknown ? specres were assrgned a number and collected for future identification.

Frequency . S ' . :

‘

Frequency of each species in a quadrat was recorded. To calculate percent frequency,

the number of quadrats in which a species occurred was divided by the. total number of

P

quadrat$ and multiplied by one hundred. From frequency data a presence list of species at all

four sites was compiled (Appendix Il, Table 1).

Density

Plant density over the 1981 I-0-w was determined to quantify the‘ establishment of
introduced species and invasion l)y native species, At each site, four seeded rdws were fandornly
“selected in each “of ‘the‘fcllowing transectS' 1981 trench, . prpelay, work and stockprle

Twenty-five, 1 m segments were randomly selected along each seeded row and the number of

' mtroduced and natrve plants were counted in each row segment.

- -

*h -

’
°

PData ~Analysis s e

Data“ were analyzed separately for each. tranSect in each" srte for: 1982 spnng, 1982

. .autumn and 1983 spring recordmgs Wrthm each site data were first analyZed for among-

transect dif ferences then data from each transect were . analyzed for arnong srte differences.

Data from 1982 were analyzed f or between season drfferences Analyses were performed at the

5% level of srgmfrcance
Mean basal area was determmed by obtammg the midpoint of the basal area of each

'specres in each quadrat these mxdpomts were then added and the total drvrded by the number

. P 0 . . . -
L. . . . . . . S N

_ . R . R . N B



A

of quadrats sampled. For caloulation purposes, the +: basal area rnidpoint vva's assign®® a.value

of 0. 001%

il
' - -

A

Contmgency tables and Chi square may be used to compare frequencxes -and covers of
species, to determine’ if they can be regarded as, estxmates of a smgle value (Sokal and Rohlf
1981; Greng Smtth 1983). The analysis of contmgency tablés is the quahtatlve equrvalent of
both the ANOVA and the correlation analysrs (Legendre and Legendre 1983) The hypothes:s
tested in this study was that the frequency ‘and cover drstrrbtrtlon of a grven species v:/ere the
sarme among various groups (quadrats were samples from homogeneous groups transects were

samples from homogeneous sites; and sites were samples f rom homogeneous areas).

Chi square was used to test dep'arture frorr'l expect'ed vdlues and to determine the, .

homogenexty of two specres w1th respect to frequency and basal area. ’I'he number of

occurrences for many specres was often small, resultmg in a discontinuous dlStl‘lbutIOI’L Thts

maccuracy was corrected for by usmg Yates correction for continuity (Steel and Torrle 1980

~ i
’

- Greig-Smith (1983). Lo | ’
In the analysis of data, ei'nphasis was 1nitially placed on frequency and basal area data.

’ Species were evaluated- for consistency in all sites over the two years that data were collected.

.-

- Species occurrmg only 1n speC1f1c transects or S1tes were further examined for patterns of .

occurrence. All spectes were evaluated for seasonal varxatron in frequency and basal area.
To facilitate compartson of species a fngure combrnmg abundance or cbver and
frequency or constancy is desirable (Hanson 1956, Chapman 1976).'- To compare specr_es

' c0mposmon of the dtfferent transects frequency of each specres was mulnplted by basal area

1

of that species. ThlS value was termed an FB mdex and was then used to compare combmatlons

. of two transects. For- each set of two transects bemg compared, the FB’ index of each specxes in

each transect was "evaluated for consistency between the _two transects using . Ch1 square

analyS1s -The number of Specres with stausttcally différent values was then recorded Transects

'w1th few specnes havmg stanstrcally dtffer.ent values were consrdered srmr’lar to each other in.

botanical composition.

~
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‘B. RESULTS

~ Undisturbed Nitive Prairie '
The basal aréa of the undisturbed'préirie consisted of approximately 50% live vegetation
(green growth); 30% dead vegetatioﬁ (litter) and 20% bare ground (Figure 5.1). Over 99% of

the live vegetation was coniposed of native species. Significancé in Figure 5.1 was detérmined

using Chi square. Results from a more conservative test, ANOVA, follqwed by.SNK for

significant F values, were similar.
Selaginella densa was the dominant species throughout the year, in all four sites, often
,cbmprising'over 70% of the vegetation in 1982 (Figuré 5.2, Table 5.2) and over 30% in 1983

(Tables 5.2 and 5.3). In the undisturbgd transects both frequency-and basal area of this species

were signif icantly, highe'r\’hah those in any other transect. Selaginella densa did not occur in the

.-

7

disturbed transects. ) - }

v -

The most abundant é’rasses were ?éuteloua gracilis,* Ko_gleria . hzacfantha and Stipa
species _(predqg;ljnangly Stipa- comata, with smalier amounts of Stipa cirtisetq). Togethér these
threé gra;ses réprqsented. up té 10“%, of the total vegétation of the sites and had mean
f requencies’of 4610 92% (Tables 5.3 and 5.4). )

Forbs an(.i hélf shrubs wc‘sre abundant at all four sites. The major species were A'rtém};via

frigida (a half shrub), Phlox hoodii and Sphaeralcea coécinea., Artemisia frigida had the highest .

- frequency and basal area (Table 5.4). Opuntia éo’lyacantha comprised only 1% of ‘the total basal
area (Table 5.3) but was the most abundant species on all blowouts. Carex species had a high

frequency but a, very low basal area in all undisturbed transects (Table 5.3). These values were,

hpwever,‘signiﬁcantly higher th;n for dis.turbed~ areas within each site. .

L Common grasses at all four sites were Poa species (predominantly Poa sandbe(g(g') ;md
Agropyron smithii. Common f orb; included Achillea millifolium, Antemiaria parvifolia,

.  Astragalus species,. Cerastium, arvense and Gutierrezia sarothrae, which had frequency values

- less than 10% and basal area Vélues of over 1% (Appgndix 11, Table 2). Plantago pat;zgonica,

.\ k | 29

\ v
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Table 5.2.  Percentage composmon of vegetatnon classes on undlsturbed mlxed prame
(n=100). : :
Cover Sampling Site.
Charactetistic ~ Date - . — . ,
: X 1 4 2 3 Mean
Grasses Sept. 1982 25a - 7b 4b- 12
Forbs® : 15ab - 11b 18a 15
Moss? 60b - 77a. - 178a 72
Sedges + - - C+ S+
Shrubs - - 5.7 7 - 2
Grasses June 1982 36a 10b° - -7b 18-
Forbs! 9b ~ 10ab 17a 12
Moss? 55b - 76a. T6a. . 69
Sedges +a " - - o+ .+
Shrubs - . 4a +b 1
Grasses . June 1983 13b 18a 12b 10b 13
Forbs? - 49p 58a 3% 37c 46
.Moss? 36b 24c 33b 53a 37
Sedges + .+ + + - -+
Shrubs . b - 17a 1b . .5

+ Less than 1%

! Includes half shrubs

* Selaginella densa

Sites 1 and 4-are late season grazed
Sites. 2 and 3 are early season grazed.

Significant differences among sues denoted by dlfferent letters
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Tabie 5.3. Mean frequency, basal area and percentage composition of common
: species at four sites of undisturbed mixed prairie, June 1983

= (n=400).

Species Frequency  Basal Are Composition
a7 . % % v’ . %
- Koeleria ‘macrantha 92 3 4
Selaginella densa 87 v 26 37
Artemisia frigida , 69 6 8
Bouteloua gracilis . " 69 2. 2
Carex species 55 + . +
Stipa species 46 3 4
Sphaeralcea coccinea 40 - 1 1
Phlox hoodii ) 30- 3 4
Plantago species 26 2 2
Erysimum inconspicuum 22 + +
Agropyron smithii : v 12 + 1
Poa species 10 1 1
Vicia americana 10 + +
- Artemisia cana 6 3 4
Opuntia polyacantha 3 1 1

+ Less than 1% -



Table 5.4. - Seasonal and year -to year variation in frequency and basal area of
common species in undisturbed mixed prairie (1982 data are means

from three sites, n=72; 1983 data are from four sites, n=400).

120

~
Frequency Basal Area
- % %
Species
Sept June June Sept June June
o 1982 1982 1983 1982 1982 1983
Koeleria- macrantha 9 96* 92 + 5¢ 3
Stipa species 21 59* 46 1 1 3
Phlox hoodii 7 43+ 30 + 1 3
Carex species ) 10 18* 55 + + +
Bouteloua gracilis 98 93 69 5 2 2
Opuntia polyacantha 15. 16 3 18 7* 1
Artemisia- frigida 91 91 69 3 3 6
Selaginella densa 92 92 85 58 55 26
Sphaeralcea coccinea 67 67 40 + + 1
+ Less than 1%
1982 data.

~ * Significant differences between September and June
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Erysimum inconspicuum and Vicia americana had a frequency greater than 10% and had a very
low basal ‘area. Artemisia cana had a high basal area but a low frequency and was the most
common shrub on all sites (Table 5.4). |

Numerous species w1th low basal area (<1%) and frequency (<10%) occurred in all
sites -(Appendix II, Tables 2, 9 and 24) Approxxmately 95% of these species were not
significantly different among sites in either basal area or f requency. )

Introduced species from adjacent pipelinye r"-o-v'v had not sﬁccessfully invaded the
" undisturbed native prairie. Agropyron pectiniforme was present but was generally a minor
componem of the vegetauon Agropyron smithii, which is also native to the area and
Onobrychzs vicii folia were the only other mtroduced species m the undisturbed transects. These
‘spemes had very low basal area and frequency values (Appendix I1, Tables 2, 9 and 24).

During both June and geptember 1982 grass compcsition was signif i.cantlly higher in site
1 than in sites 2 or 3 while Selaginella densa was significantly higher in sites 2 and 3. 1983 data
were signif’ icamly higher for f orbé in sites 1 and 4 than in sites 2 and 3.
Seasonal Variation

Frequency and basal area of some species varied with season. Early maturing species
dominating the vegetative composmon at the time of sprmg samplmg had been replaced by later
maturlng species at the time of autumn sampling (Table 5.4). Only green growth was
considered, with standing dead vegetation constdered as litter. e

Of the grasses, Koeleria macrantha and Stipa sbecies were more plentiful in the spring
w_ith low frequencies and basal areas in autumn (Table 5.4). Phlox hooeﬁ'i and Carex species
had sigﬁif icantly higher basal area and frequency values in spring than in autumn. Unpalatable
species such -as ‘Opuntia polyacantha, Artemisia frigida, Selaginella densa and Sphaeraicea”

coccinea were not affected by season of sampling.
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Year to Year Variation
\ ] Y . . _
Year to year variation in the composition of plant groupings and, species were also

encountered and were most common for. forbs and mosses (Tables 5.2 and 5.4). These

variations could not be analyzed statistically because quadrat size differed between 1982 and

1983 samplmgs

- Variation Due to Season of Grazing

Season of éréziﬁg had a sﬁb‘stémial effect on vegetative composition and ground cover.
Live vegetation and litter declined and' bart; ground increased under an early season grazing
regime (Figure 5.1). Both frequency and basal area were affected by season of grazing withr
most significant differen_ces observed for frequency data. Late season grazir;g resulted in
increased basal area of many grasses and palatable f orbé whereas early season grazing depressed
basal area by up to 50%. Early maturing species were leaslt affected by early season grazing..
- In 1982 grasses were a signif icanﬂy higher ..,co‘n-lponem, of the total vegetation

(frequency' and basal area) under a late season grazing regime than under an early season

grazing regime (Table 5.5). Selagmella densa significantly decreased under late season grazing

~compared to early season grazmg In 1983 forbs were sxgmflcamly more abundant under late

season grazing (Table 5.6).

Frequency of Stipa species was reduce,d by 23% with early season grazing (Table 5.5)
while that’ of Agropyron smithii was redh;:ed by 6%. Frequency vélues‘of most forbs were
significantly affected by season of grazing with'changes‘ranging from 6 to 35% (Téble 5.7).

Seasc;n of grazing signif: ica;tly af}ected the frequency of Agropyron pectiniforme
(Table 5.7). Under a late season grazihg regime (Site 1) in the undisturbed transect near the
seeded 1-0-w (1968 and 1972), Agropyron pectiniforme was abundant (‘Figures 5.3 and 5.4). In
site 1, spring frequency was 83% and spring basal area was 12%. Autumn fréquency was 8% and
basal area was less than 1%. Agropyron pectiniforme did not oécur in this unéiétufi)ed transect

a

in early season grazed sites. .



- 125

Table 5.5. Compos-i.tion of selected species in undisturbed transects, June 1982.

Percentage Composition

-Basal Area

Frequency
Species —
' 1 2 3 1 2 3
Grasses
~ Agropyron pectiniforme 8a -b +b 1 - +
Agropyron smithii + - + 1 - +
. Bouteloua gracilis + 3 2 18a 7b 3b
‘Koeleria macrantha 25a 6b 5b 3 + 1
Stipa species 3 21 + 1 + +
Other grasses + - + + + +
Forbs and half shrubs )
Artemisia frigida +b 4a Sa 6 4 6
" Opuntia polyacantha - 5b 3b 1la 8 6 10
Phlox hoodii + 1 1 + - o+
Sphaeralcea coccinea + -+ + T+ + +
Other forbs +b 3a +b 1 1 2
Moss, sedges and - shrubs i
- Selaginella densa 55b 76a 76a 60b 77a 78a
Carex species + - o+ + - +
" Shrubs " -b 4a +b - 5 . -
Total grasses 36a 106 - 7b 25a 7b 4b
Total forbs 9b 10b 172~ 15a 11b. 18a
‘Total others 55b° [60c 82 78

80a

T6a

"+ Less than 1%
Site 1 = late season grazed

Sites 2 and 3 = early season grazed

Same letters denote no significant differences among_ sjtes
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Table 5.6. Composition of selected species in undisturbed transects, June 1983.

Percentage Composition

Late - Early -~ Mean
Season Season of
Grazed ~ Grazed Sites
, Sites. Sites :
Species ' —_ —— —
: 1 4 2 3. 1+4 243
Grasses
Agropyron pectini forme - 1 + + '1‘ ' +
Agropyron smithii + 1 o+ + 1 +.
Bouteloua gracilis 3 3 2 1 3 2
Koeleria macrantha 4 3 16 4 4 5
Stipa species 3 8 2 1 ) S
Other grasses 2 - 2 3 1. 1
Forbs and half shrubs
Artemisia frigida 9 8 8 9 9 . 9
Opuntia polyacantha + + 8 1 + 5
Phlox. hoodii 3 3 6 3 3 * 6
Sphaeralcea coccinea 1 + 2 + 1 1
Other forbs 36 47 15 2 42 * 18
““Moss, sedges and shrubs *
N )
Sélaginella densa 36 24 33 53 30 * 43
Carex species . + + + + -+ +
Shrubs 1 17 1 - 1 * 9
Total grasses 13 18 1210 16 .15
Total forbs. 49 58 ‘ 39 37 ©54 * 38
Total others 38 40 34 53 30 * 52
Total vegetation 100 100 100 100 100 100

+ Less than 1%
* Significantly different means



Table 5.7. Effect of season of grazing on frequency and basal area of common
species in undisturbed mixed prairie, June 1983 (Data are means for

P

two sites each, n=200).
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69

Frequency Basal Area
: % %
Species : -
L " E L E
‘Early Season-
Grazed Increasers
Phlox hoodii 21 ¢+ 39 2 4
Carex species 6 * 64 + +
Gutierrezia sarothrae 2 . 13 3 1
Artemisia frigida 64 ¢ 74 7 5
Agropyron pectiniforme 2. 8 + 1
Grindelia squarrosa . 4 10 + +
. Late Season
Grazed Increasers
“Sphaeralcea coccinea 58 . 23 1 . +
Erysimum inconspicuum 38 * 6 + +
Stipa species 58 * 35 4 * 1
Arnica species 12 * + 1 +
Astragalus species 14 . 4 9 . +
Artemisia cana 11 . 1 1 . 5
Achillea millifolium s 8 . 1 3 2
Agropyron smithii 15 . 9 1 +
Lappula species ) . + + +
_Cerastium arvense 7 1 2 3
Bouteloua gracilis 64 3 1

+ Less than 1%
L Late season grazed
- E Early season grazed

1

* Significant differences between

early and late season grazing



Frequency( %)

Frequency (%)

128

100 50

[} L] N
Slfel L . .. o (] .
80} b b [ o | 140
—_—
[ =" -
. ~ R
60} 4130 %
ca : H
8 | ' «
401 4 - - {20 -2-
o
c . @
20} 410
. [ O | ] L2 d
E - L - E
ol [X] E E - jFey LEY '0
. Frequency Basal Areo :
100 ° “ - 50
Site 2
80t _ 4 40
N 3l ®
60} b {30 ©
|4
_ a
a0t {20 &
Q
@
20t d 410
ol1aty A: : i - : 4‘11 1“.1 [“] har, 14 I““’l I“'l LIS LIS LT P
P 0§ § st i opEgeiog §=;£ ef §RE &% of 3
I * 3 2 % 02 i ¥s ok 3P oser G: & H
= L & - &FE T+ g8f T& g2 ¢ C

~

\
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Disturbed Transects
With pipeline disturbance, botanical composition -and ground cover eﬁanged
significantly from that of the undisturbed prairie. The trenching disturbance was the most

disruptive compared to the grading and stockpiling operations off the other r-o-w transects. ‘

1981 Right-Of -Way - o

Inimediately following pipeline construction, vegetation declined to nearly 0% of .trre
ground cover over the trench and to nearly 0.5% over the other disturbed transects. During -the
first year, vegetative cover over the trench increased to approxrmately 2% of the ground cover
while it was approxlmately 5% on the other transects of the r-o-w (Figure 5.1). In 1982,
species in all transects of the 1981 r-o-w had very low basal area and frequency values. Over
95% of the species present had a mean basal area of less than 1% and approxirrrately'GO% had a

frequency of less than 10% (Appendix I1, Tables 11, 12, 13 and 14).

The most abundant species were either introduced such as Agropyron pe

Medicago species and Astragatus species oI pioneers, such~ as Polygori;z jastrum,
Chenopodium species and Monolepzs ruttalliana (Tables 5.8 and 5.9). Natrve specres were more
common in transects other than the trench transect and mcluded Bouteloua gracilis, Artemisia
v frigida, Sphaeralcea coccinea and Stipa species (Tables 5.8 and 5 9). Artemzsza frigida,
Grindelia squarrosa, Gutierrezia sarothrae, Descurazma sophia, Sphaeralcea coccinea, Stipa
species and Plantago species were significantly more aburrdant on the work transect than on
either the pipelay, stockpile or trench areas. Most common species had thehighest frequency
" and bzg:s;al area in the‘sprihg (Tables 5.10 and 5.11). In autumn, only Agropyron pectiniforme .
and Artemisia frigida had a basal area greater than 1%. In general, sites 1 and 4, which were
late season grazed, had significantly higher frequency and basal area values,than sites.2 and 3.

These higher values were usually found for species on the pipelay, work and stockpile transects.
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Table 5.8. Mean frequency of common species at four sites of the 1981
right-of-way, June 1983 (n=400). :

Frequency (%)

" Transects !
|

Trench  Pipelay Work  Stockpile

Spécieé .

Native/Naturalized

Polygonum arenastrum ’ 34c 5la - 45b. 49ab
Descuraginia sophia o 3Ic 40b 47a 41b
Sphaeralcea coccinea lc 26b - 33a 28ab
Stipa species 2d 8¢ 30a 20b
Lappula species , 8 . 14b 17ab '19a
Monolepis nuttalliana 12b 4c 2 17a
Lepidium densiflorum +cC 6b . 8ab 10a
Koeleria macrantha © +d 1c 9 13a
Vicia americana ~ 4b l4a 5b - 12a
Artemisia frigida : +c 12b 35 . b
Grindelia sguarrosa 1e 7b 16a 4b
Plantago species ‘ -C 6b 19a 3b
Gutierrezia sarothrae ‘ +b +b 12a 1b-
Phiox hoodii : . -C 1bc 6a 4ab
Seeded

Agropyron pectini forme 20c 23c 37a 30b
Medicago species ) 8c ldab 16a 12b
. Elymus species - 25a 13b 11b 11b
Agropyron trichophorum Sa 6a 1b +

Agropyron elongatum b Sa -b +b
Native/Seeded

Agropyron smithii 27c 36b 33bc 48a
Astragalus species T Ib b . 6a 3b

+ Less than 1% , :
Same letters denote no significant differences among transects for a given species
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Table 5.9. Mean basal area> of common species at four sites of the 1981
) right-of-way, June 1983 (n=400).

Basal Area (%)

Transects

Species - Trench  Pipelay Work Stockpile

Native/Naturalized .

-
o

(%)
&

Artemisia frigida . +b
Descurainia sophia v 1b
Grindelia squarrosa L +b
Koeleria macrantha L+
Phlox hoodii Ny
Stipa species
Gutierrezia sarothrae
Polygonum arenastrum
Sphaeralcea coccinea
Lepidium densiflorum
Vicia americana
Monolepis nuttalliana
Plantago species
Lappula species

gy

o
— b
o o

~

,
T+ = RN W W W W
. .o

+>—‘+ = e 4 N
e sl ol Sl S R S N

Foo e e

Seeded

Agropyron pectini forme b 3ab
Elymus species
Medicago species
Agropyron trichophorum
Agropyron elongatum

RN = WoN
— W R
[ S ) "
— 4 =2 B

Native/Seeded

[N
—

Agropyron smithii 2 2
Astragalus species + + +

+ Less than 1% ,
Same letters denote no significant differences among - transects
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Table 5.10. Seasonal and year tb year variation in basal area of common
species in the 1981 right-of-way (1982 data are .means ofs-three sites,
n=72; 1983 data are means of four sites, n=400).

Basal Area (%)

Transect

- Trench Pipelay - Work Stockpile

Species - ,
: Sept’ June ,June Sept June June ‘Sept June June Sept J une June
1982 1982 1983 1982 1982 1983 1982 1982 1983 1982 1982 -1983 .

Y

ST RGN

L

A. pectiniforme
Gutierrezia sarothrae
Agropyron smithii

- Astragalus species
Descurainia sophia
Plantago: species*

+ oo+ o+ o+
Vo N+ N
FH+ ot
— N4 N N
+ =+ 4+ +
+ oo w
+ o+ + 4 4o
+++++ +

+l+1++
+++ o+

= 4 o

+ Less than 1%

> . . . L ]
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Table 5.11.  Seasonal and year to year variation in frequency of common
species in the 1981 right-of-way (1982 data aré means of three
sites, n=72; 1983 data are means of four sites, n=400).

Frequency (%)

Transect
Trench Pipelay Work Stockpile

Species >
i ~ Sept June June Sept June June Sept June June Sept June June
1982 1982 1983 1982 1982 1983 1982 1982 1983 1982 1982 1983
Chenopodium species g8 17 325 5371 25 86 4 6 22 6
Artemisia  frigida .3 3 4+ 42 17 12 . 58 4 35 19 4 7
A. pectiniforme 7275 20 56 97 23 S6 8 37 56 72 30
Koeleria macrantha - -+ -+ 19 1 + 17 9 + 4 13
-Lappula species + 6 8 + 25 14 + 31 17 + 3 19
Bouteloua gracilis - 3 3 .1 3 3 1 14 8 + 50 22 4
Descurainia sophia = . - 31+ 17 40 + 33 47 + 11 41
" Monolepis nuttalliana = 3 17 12 19 28 - 4 31 50 2 3 19 17
Stipa species " 8 + 2 1 + 8 31 + 30 + 3 2
Polygonum arenastrum 31 42 34 45 67 51 56 69 45 25 22 49
Gutierrezia sarothrae + 3+ 0+ 3+ 3 6 12 + 33 1
Medicago species . 39 39 8§ 280 42 14 28 28 16 17 50 12
Sphaeralcea coccinea 3+ 1 47 25 260 56 42 33 56 58 28
Astragalus species 22 28 1 4 39 1 31 39 6 36 17 3
Lepidium ' densiflorum - -+ 8 17 6 11 25 g8 3 8 10
Grindelia squarrosa’ 8 3 1 17 25 7 31 39 16 6 4 4
Phlox hoodii - - -+ 8 1 8 19 6 - - 4
Plantago species ! 6 + - 19 19 639 31 19 3 3 3
- Agropyron smithii - - - - 3% 17 19 33 + 8 48

>

‘+ Less fhan 1%




135

BS/ 1983 the basal area of live vegetation over the trench had increased to approximately
5% and thére was more litter covér but the outstanding feature was still the large amount of
bare ground (Figure 5.1).
| In most sites, other disturbéd transects of -Lhe 1981 r-o0-w had less bqre ground than did
the trench. The work and stockpile transects often had nearly twice as muéh vegefative cover as |
the trench did. The pipelay trénsect tended to have values beiween those of the tr;:nch and the
other disturbed transects. Litter (dead vegetation) was significantly higher over these transects
than it was over the trer;ch, particularly in the late season grazed sites (Figure 5.1). .
* Both the frequency and basal area of most species present on the r-o-w increased from
1982 to 1983 and significant differences were observed between late and early season grazed
sites (Tables 5.12 and 5.13). In all sites, over alL 1981 transects except the trench, native species
diversity was greater .than .introduced specxes diversity. A similar number of native and '
introduced species were present over the trench but lower than over any other transect. Over the
trench and. pipelay transects, introduced species comprised 63% and 41% of the common
species, respectively. The work and stockpile transects each had 35% introduced common
species. X
In 1983, common species on the 1981 r-o-w wéie similar . to those found in 1982. °
Introduced species tended to dominate the trench transect, pa~r\tic‘:ularly Agropyron pe;tiniforme,

Elymus species and Agropyron smithii (Tables 5.6 and 5.7). The native (néturalized) species

present were mostly pxoneers such as Polygonum arenastrum, Descurainia sophia and Monolepzs

4y
nuttalliana. *

Tﬁe pipelay transect was most similar in species compoéition to the trench transect but
it had a larger iumber of natiQe forbs and grasses. Most common species in the pipelay transect
'.includefi Sphaeralcea coccinea, Artemisia frigida and V{cia americana (Tables 5.6 and 5.7).
Descurainia sophia and Koeleria ma'cranth.a were also common.

The stdckpile and work- transects had a similar spécies composition (Tables 5.6 and

5.7). Pioneers were conimon bui introduced species were limited to Agropyron pectiniforme,



Table 5.12. Effect of season of grazing on frequency of common species in the
1981 nght-of-way, June 1983 (data are means of two sites, n=200).
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Frequency (%)

Transect

Species -Trench Pipel.ay Work Stockpile

L . E L E L E L E
Early Season
.Grazing Increasers ,
. S
Artemisia frigida - 1 1 * 23 15 * 56 3 12
Elymus species 21 29 8 * 18 2 * 19 5 17
Grindelia squarrosa - 2 2 * 13 5 * 27 2 6
Plantago species - 3 * 10 . 14 * 25 - 6
Late Season
Grazing Increasers
Descurainia sophia 63 * 80 * 1 93 * 1 79 -2
Lappula species 1s. * - . 28 * - 38 1 -39 -
Medicago species 13 * 4 29 * 10 25 7 14 10
A. trichophorum 7 4. 12« - 2 - 1 -
Varied Responses
To Grazing
Sphizeralcea coccinea 2 - 42 * 10 49 17 36 20
Polygonum arenastrum 36 31 47/‘\ * 56 25 65 48 51
Agropyron smithii 26 28 40 32 4] 25 54 42
Monolepis nutlalllana 18 ** 6 4 7 1 5 26 8
A. pectiniforme 21 19 23 23 51 0+ 24 27 32
Gutierrezia sarothrae - 1 - 2 20 * 3 - 3
Lepidium densiflorum 1 9 4 9 8 - 5

+ Less than 1%

L Late season grazed
E Early season grazed
* Significant differences ‘between

[

early and late

season grazed sites
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Table 5.13.  Effect of season of grazing on basal area of common species in
- the 1981 right-of-way, June 1983 (data are means of two sites,
n=200). }
Basal Area (%)
‘ Transect

Trench Pipelay Work Stockpile
Species - —_

L E L E L E L E

. ! L) .

Early Season i}
Grazing Increasers
Gutierrezia sarothrae S - - 2 + 2 * 5
Art®misia frigida - + + 2 2 3 2 3
Grindelia squarrosa - + - 1 2 7 + 1
Late Season
Grazing Increasers
Descurainia sophia 2 - 30 4+ S = + -2 1
Agropyron smithii . 3 2 3 1 3 1 2 1
A. trichophorum . 4 1 . 2 - 1 - + -
Elymus species 4 3 3 2 2 2 5 1
Polygonum arenastrum 2 + 1 + 1 1 1 +
Medicago species 1 + 1 1 1 + 1 +
Monolepis nuttalliana 2 o+ + + + + 1 +
-Sphaeralcea coccinea ! - 2 + 1 1 1 +
Lappula species + - 1 - + +° 1 -
Varied Responses
To Grazing
< A. pectiniforme 4 4 4 1 4 2 1 2
Plantago species - - 2 + + + 1
Lepidium densiflorum - + + + 5 + 1 +

+ Less than 1%

L Late season grazed ,

E Early season grazed s

* Significant differences between early and late season grazing

-
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Medicago species, Elymus species an.d Agropyron’ smithii. The maiﬁ difference between these
two transects was the higher f .requency of Artemisia frigida in the work transect.

There were few significant differences in species composition betWeen the four sites.
Amoné ‘treatments the within site mences were significant and dccurred most often between
the trench transect and the other three transects. | |

The effect of grazing was most obvious on Descurainia sophia. Under a late season'
grazing regime De&curainia sophia, with high f requéncy and basal area, Qdominated the
vegetative composition but under an early season grazing regime it was often eliminated (Figure
5.5, Tables 5.12 and 5.13).

Significant increases under a late season grazing regime.were noted for f;_equer}cy of
Lappula species, Medicago species and Agropyron trichophorum. Significant increases under
early season grazing were noted for Grindelia squarrosa, Plantggo species, Artemisia ﬁigida and
Elymus species (Tables 5.12. and 5.13). .Many species did not appear to} respond directly to
grazing but rather to the type of disturbance. Basal area changed little with grazing r;gime-.

Under late season grazing, theadensity of native species was higher than the dquity of
introduced species in all transects but the 1981 trench transect.of ‘site 4 (Table 5.14). Upder '
early season grazing, density of introduced spé_cies was higher in all transects except the work
transect~of both sites. Early season grazing significantly depressed t.he density of native species
but had a variable effect on imroduc;zd species in all transects except the stockpile. The wérk
transect had the highest native species densiiy anq the trench 'transec} had the lowest under both
grazing regimes. The stockpile transect had the largest number of introduced species, with the
1981 trench having thg lowest.

1957 Right-Of - Way
FVegetative cover over the 1957 r-o-w was approximately 40%, With 60% bare groﬁnd. =
.Species on the between trenches transect and the trench. transect had similar basal areas

(Figures 5.1 and 5.2).
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Table 5.14. ith site and
" transect in the 1981 right-of-way. '
Number of plahts/lOO m transect

" Introduced species Native species

Late | Early . Late Early _

Grazed Grazed Grazed Grazed
Transect

1. 4 2 3 Meam. 1 4 2 3 Mean
Work 424 533 395 318 - 417 316] 3330 596 466 1888
Pipelay 432 374 533 285. 406 1081 643 345 149 554
1981 Trench 293 365 451 358 366 - 590 127 152 94 240 .
Stockpile 349 884 365 - 453 512 1543 433 368 340 - 671
Mean/site 34 539 43 _ 353 539 1593 1133 365 262 784
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Few introduced species were present on the 1957 r-o-w but large numbers of native
species, particularly forbs, were present with both high basal area and frequency value_s (Table
.5.15). Dominant grasses in both transects were Koeleria macrantha, Stipa species, Poa species,
Bouteloua gracilis and Agropyron smfthii (Table 5.15). Th;: dominant half shrub was Artemisiu
" frigida. Other spec1es commonly found in these transects were most snmllar to those of the
undisturbed mixed prairie. |

Varlauons in frequency due to season of graz,mé Wete; observed for late maturing
specxcs such as.Bouteloua graczl:s Vicia americana and Agropyron‘ smithii which mcreased with

late season grazmg (Table 5.16). Poa species, Artem:fta‘t;hgzda and Taraxacum off cinale

mcreased undcr early season grazmg

1963, 1968 and 1972 Rights-Of - Way
_ " Over time vegetative cover increased On" disturbed areas. The 1972 trench had
approximately 10% vegetative cover and 90% bare ‘ground (Fxgure 5.2). Vegetative cover of the
1963 and 1968 r-o-w was approxnmately 20% which compares with 60% bare ground for the
undisturbed native prairie (Figure 5.2). The between trenches transect near the 1972 r*o-w had
‘more vegetation than did the 1972 trench. Areas between the 1963 and 1968 trenches'l’iqd basal
areas similar to those of the adjacent trenches. |
With time the effect of 'ﬁaz}ng had a compounding effect with that of the pipeline.
disiurbance. Older r-o-w uﬁ‘dor late season grazing tended to have less bare ground and more
| li\;e vegetation and litter than did'th_e early season grgzed sites (Figure 5.1). Late season grazed
sites had approximately four times as many native species over the 1981 r-o-w as did the early,
season grazed sites. Although introduced species numbers were highér in late season grazed sites
as well, thf, variability was high making the differences non-significant.

These transects are similar in native species composition to that of the 1957 r-o-w.

- However, the number of introduced species is dramatically increased.

»
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Table 5.15.  Frequency and- basal area of common species at four sntes of the
) - 1957 right-of-way, June 1983 (n=400).

-

Frequency (%) - Basal Area (%)

Species 1957 Betwéen 1957 Between

Trench 1957-1963 ‘ Trench 1957-1963

Trenches ' Trenches
Koeleria macrantha : 95 97 4 - 5
Artemisia frigida .5 63 4 3
Gutierrezia sarothrae 0 49 3 2
Stipa species 37 32 3 4
Sphaeralcea coccinea 30 28 1 1
Vicia species 34 17 1 1
Poa species” - 19 22 + 2
Achillea  millifolium 18 21 4 2
Taraxacum officinale . 16 - 23 5 2
Agropyron smithii - 12 22 1 1
Bouteloua gracilis 20 12 1 +
Astragalus species 13 14 1 +
Grindelia squarrosa 9 16 1 1
Plantago species _ 10 11 1 + -
Aster species - - * 14 - +
Gaura coccinea : 12 * 2 2 2

+ Less than 1%
* Significant differences between transects
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Table 5.16. Effect of season 61‘ grazing on freqhency and basal area of common
species in the 1957 right-of-way, June 1983 (n=200).

_F requency (%)

Basal Area (%)

1957 Between 1957 Between
Species Trench ~1957-1963 - Trench 1957-1963
Trenches ‘ Trenches
L E L E L E "L E
Early Season
Grazing Increasers
Poa species 4 * 34 6 * 38 + - 1 3 2
Taraxacum officinale 10 * [ 22 12 % 35 9 2 2 2
Artemisia frigida 48 * 69 . 65 63 3 6 3 3
Achillea millifolium 13 * 24 16 * 26 3 5 2 2
Grindelia squarrosa 5 14 42 55 1 1 + 1
Gutierrezia sarothrae 48 53 42 * 55 3 4 2 2
Cerastium arvense 5 5 2 * 12 2 1 9 * 5
Late Season
Grazing Increasers
Bouteloua gracilis 36 * 3 17 * 7 1 + + +
Agropyron smithii 18 * 7 36 * 8 1 1 1 1
Gaura coccinea 2 * 2 4 2 3 1 3 +
Vicia americana 37 * 32 23 0* 12 1 1 1 1
Varied Responses
To Grazing (Y
Plantago species 5 * 15 15 ¢ 8 + 2 + +
Stipa species 36 39 38 * 25 3 3 6 * 1
Ratibida columnifera 6 * 4 2 * 14 3 + 1 +

+ Less than 1%
L. Late season grazed
E Early season grazed

* Significant differences between

early and late

season grazing
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Under late season grazing, Agropyron pectiniforme dongrated the 1968 and 1972 r-o-w
and was prominent in the 1963 r-o-w (Figure 5.3). No other introduced species had bersisted
and native species invasion had been accomplished by only a few ruderals. When early season
grazed, Agropyron pectiniforme had lower frequencies and basal areas less than 1%.

In the 1963 r-o-w, common species were Koeleria macrantha, Artemisia frigida, Stipa
species, Taraxacum officinale, Gutierrezia sarothrae, Grindelia squarrosa and Bouteloua gracilis
(Table 5.17). Agropyron pectiniforme was the only common introduced sp ‘es. Native invaders
were still common but perennial forbs gnd perennial native grass¢s were beginning to dominate. |
Hordeum jubatum, Achillea millifolium, Agropyron smithii, and Polygonum arenastrz;m had
significantly increasegl, frequency under an early sea;c,on grazing regime. Late seasoh grazed sites
had increased frequency values for Stipa species, Bouteloua gracilis, Plantago species, Gaura
coccinea, Ratibida colu.m‘m' fera and Astragalus species (Table 5.18).

In the 1968 I-0-w nafive invaders and opportunists such as Artemisia frigida were
common (Table 5.19). Significant differences in frequency values with seasoﬁ of grazing were
found for many species (Table 5.20). |

Species on the 1972 r-o0-w responded similarly to those on the 1968 r-o0-w and the data

- are presented in Tables 5.21 and 5.22.

'Roadway

Only nine species were found on the roadwamnsect (Appendix 11, Table 24). These
sps:cies were: Agropyron pectiniforme, Artemisia fh‘gida, Polygonum arenastrum, Grindelia
squarrosa, Sphaeralcea coccinea, Taraxacum o fficinale, Gutier_rezia sarothrae, Hordeum Jubatum
and Koeleria macrantha. Plantrgrg\»;th was cohncentrated on the least travelled pbrtions of the
roadway su.ch as the centre area and the edges. |

In all sites, Agropyron pectiniforme, with‘a mean f requenC).' of 50% and a mean basal
area of 10% was the dominant speties. Polygonum arenastrum and Artemisia Jrigida, were the

only-other common species.
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Table 5.17. Frequency and basal area of common specles at three sites of the
- 1963 nght-of-way (n=36)."
Frequency (%) _ Basal Area (%)
* Species | 1963 . Between - 1963 Between
‘ Trench 1963-1968 Trench 1963-1968
Trenches ‘ Trenches
Native/Naturalized
Koeleria macrantha 85 96 1 . 17
Artemisia frigida 81 85 1 2
Stipa species 59 - 78 - 3 * 1.~
Taraxacum officinale 60 60 + 1
- Gutierrezia sarothrae 73 . 46 1 1
-Grindelia squarrosa 63 - 36 + +
.Bowteloua gracilis 35 = 63 + +
Sphaeralcea coccinea 38 38 + +
Achillea milli folium v 40 i 29 2 +
Ratibida columnifera . 33 * 15 + +
Plantago species 8 . 40 + +
. Hordeum jbatum 21 23 1 +
Polygonum arenastrum 19 - 25 + 1
Antennaria parvifolia 23 © 13 3 * 1
Gaura coccinea 19 * 9 + 1
Artemisia cana : 19 * 80 1 2
Lappula species 2 * . 13 + +
Seeded -
Agropyron pectini forme _ 14 . 31 : 1 * 3
Introduced/Seeded - - .
Astragalus species 8+ 3 + 1
Agropyron smithii 17 . 6 ot +

+ Less than 1%
* Significant differences between transects
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Table 5.18.  Effect of seas&of grazmg on frequency and basal area of common

species in the
n=24 for early season grazing treatments).

63 right-of-way (n=12 for late season grazing and

- Frequency % o . ° Basal Area (%)
‘ 1963 Between 1963 . Between
Species Trench 1963-1968 Trench 1963-1968
.- ' : Trenches : : 1968 *
L E L B L E L E
Early Season ~
Grazing Increasers
Hordeum jubatum 8 * 34 + 46 1 1 + +
Agropyron smithii + * 33 58 4 + + 7.+
Achillea milli folium 33 % 46 33 25 2 1 + +
Polygonum aviculare 8 * 29 25 25 + + + 1
A(temisia cana 1 21 + * 17 + 1 T+ 5
- Late Season «
Grazing Increasers ;
Stipa species 92 * 25 92 * 63 3 3 1 2
Bouteloua gracilis 58 * 13 - 83 * 4 + + + +
Astragalus species 75 0+ 21 33 + 21 + +. 2 +
Plantago species 8 ] 67 * 13 + + + +
Koeleria macrantha 100 * 71 100 92 11 * 5 3 1
Gaura coccinea 25 * 13 17 * + + + 2 +
Ratibida columnifera 42 * 25 17 13 + + + +
Cerastium arvense - - 17 *+ + - - + +
E. inconspicuum - R 17 *+ '+ - + +
Varied Responses =~ °
- To Grazing
Gutierrezia sarothrae 75 70 8§ * 83 + 1 + 2
A pectiniforme g * 20 58 * 4 1 1 7 *. +
Antennaria parvifolia '8 * 38 25 ¢ 4 1 1 +
Sphaeralcea coccinea 50 * . 25 25 * 50 1 + + .+
. + + .+ + +

Lappula species + 4 25

-+ Less than 1% )

L Late season grazed , .

E Early season grazed '

. Slgmfxcant dxfferences between early and late season grazmg
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» 1968 right-of-way, .June 1982 (n= 36)
E . ' o Fréquency (%) Basal Area (%) -
Species, " 1968 Between 1968 .  Between
s Trench 1968-1972 Trench 11968-1972
) Trenches : Trenches
‘;Native/Naturalized o
"Koeleria_ mdcrahtha_ e 13 32 . 2 2
Artemisia frigida 67 56 ' 2 2
Grindelia squarrosa . " 60 ., 60 + +
Polygonum arenastrum 19, . 25 + 1
Stipa spec1es ; 63 . 31 2 o1
Gutierrezia - $&rothrae . . . 39 1 2
. Taraxa offi cmgle g ;. - s 29 et +°
Hordq%batum o 33 1 1.
Sphaéralcea coceinea _“ f + +
Achillea $nillifolium @’ &&ﬁ”’ “ 13 : + 1.
Tragapogon dubius * ' 15 o '-f,' ¥ 8 g ¥ +
Agropyron pectiniforme 71 + AR § |
: " Introduced/Seeded
R - .
Astragalus species 29 * 4 + _ -+

+ Less than 1% , o
e Significant differences between transects .
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Table 5.20. Effect of season. of grézing on frequency and basal area of common
P species in the 1968 right-of-way, June 1982. (n=36). .
" forsy ’ -
Frequency (%) - Basal Area (%)
Species . ' 11968 * Between 1968 Between
Trench 1968-1972 - Trench 1968 g¢72
. .- Trenches Tren
L E L E L E L E
Early Season "
Grazing Increasers ,
Artemisia frigida . = .33 *_ 10 17 * 9 1 3 + 3 ’
Hordeum jubatum -~ + 'ﬁjs N A 2 + 2
Gutierrezia sarothrae 25 * A5 8 * 72 + 2 T+ * 3
Stipa species p 42 % 83 + * 62 1 3 + 1
Koeleria -macrantha . 67 * 79 17 =*. 88 2 1 4 * 1
Taraxacum officinale 42- ¢ 71 8§ * 50 + 1 + +
Achillea millifolium + * 21 + * 25 + 1 + -
Grindelia squarrosa 8 62 50 * 7 i+ + +. +
Artemisia cana + * 13 17 % 96 + ¢ 11 + * 3
Late, Season ’
Grazing Increasers
o . ‘ e
A. pectiniforme 100 * 42 100 * 12 24 % + 21 0 2
-Polygonum- arenastrum 50 * 41 83 * 29 + + + 3
Sphaeralcea coccinea 67 * 13 8 * + 1 + + + -
Astragalus species S0+ 8 g * + + + + +
" Tragapogon dubius 25 0+ 4 -8 8 + + + +
+ Less than 1%
L Late season grazed . : _
E Early season grazed =~ = i ., AT
* Significant differences between transects L '
: ' .} - . J: e
- Q ";" ¢ .- ; 'v' L :
’a : A. . ,»;. ;{“‘1 “ _,—",:l’_:/
PN T S
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Table 5.21. Frequen.cy' and ‘basal area of common species oh three sites of
’ the 1972. right-of-way, June 1982 (n=36). |

i

- Frequency (%) ‘ Basal Area (%)
~ Species ) _ 1972 Between . 1972 Between
” Trench 1972-Road Trench " 1972-Road

“Native/Naturalized

Grindelia squarrosa 73 * 48 + +
Artemisia frigida 40 . -73 + i 4
Koeleria macrantha 23 * 75 T+ 2
Hordeum pubatum 30 36 1 1
Sphaeralcea coccinea + 4 . 57 + +
Polygonum arenastrum 14 . 42 1 1

. Gutierrezia sarothrae : _ 27 25 1. 1
Taraxacum officinale 25 23 + +
Stipa species : 12 - 23 ¢ + 1.
Plantago species - 8 * 21 + +
Ratibida columnifera . 17 . 6 + +
Erigeron glabellus 6 ; n + +
Chenopodium species ‘ 6 v . 15 + +
See_ded e

Agropyron pectiniforme ) 69 58 4 . 7

J . . )

Introduced/Seeded '

Astragalus species ) 33 LR VI + +

+ Less than 1% -
* Significanit - differences between transects

5
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' nght of-way, June 1982 (n=36).
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Effect of season of grazing on common species in the 1972

“»

e ‘Fnﬁpchqy, (%) Basal Area (%)

— 1972 Between 1972 Between

Species ( Trench 1972-Road Trench 1972-Road
L E L E L 'E -+ L E
Early Season | S LS e e e .
Grazing Increasers : i oo
Hordeum’ Jubatum + * 59 + . 71 + 2 + 1
Artemisia frigida -8 * 71 50 * 96 + 1 + * 7
Gutierrezia sarothrae 8 * 46 g * 4 + 2 + 1
Stipa species + * 25 + * 45 + 1 + 1
Taraxacum officinale 8 * 4 17 * 29 + + + 1
Achillea milli folium + * 16 + * 2 + + + +
Phlox hoodii + * 13 + * 13 + 2 + +
Plantago species 8 8 8 * 33 © o+ + L+
Late Season v
Grazing Increasers =~ ~ e -
I P

A pecxmifor"mes:*eg- 100 * 37 . 100 * 16 7 + 14 * .+
Chenopodium species 8 4 25 * 4 + + + +
Erigeron glabellus 8 4 . 17 * 4 + + ~+ +
Varied Respohses ,
To Grazing o
Grindelia squarrosa ' 92 . 54 33 * 62 + + + +
Sphaeralcea : coccinea + * 8 75 * 38 + + + +
Astragalus species 42 * 66 17 * 4 + + + +
-Polygonum arenastrum 17 13 33 * 50 + 1 + 1

+ Less than 1%
L Late season grazed sites
. E Early season grazed sites

* Significant differences between early and late season grazing
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Species Composition
‘ The similérity of species composition in ;he various transects is compared in Figulq 5.6
to 5.8. The percentage of species having a different FB (frequency x basa.l erea) index among
transecté ts presented in Figure '5‘.6 as the mean of f our Siees. The undisturbed native prairie is
least similar to tr= 1981 disturbed transects (work, bipelay, trench and stockpile). The
undisturbed native prairie is more closely related in species cbmpositi.oq to older disturbed
transects such s the. 1957 trench and between the 1957 and 1963 trenches. Using the Chi square
test, the 1981 trench and 1981 pipelay transects had a significantly lower percentage of .sipecies
with different FB ihdices than any cher transect pair comparison. This indicates that the 1981
trench and the 1981 pipelay transects had the most similar species composition. ‘\
| Fiéure 5.7 —ca,n be ;jsefﬁfto‘d-e;e:m@ significant dif fer‘ence'S in the percentage of species, —
having a. different FB index among transects for individual sites. The undisturbed.‘ pfairie was
most closely related'te the 1957 trench and~ the between 1957 and 19_63-tre“nches in sites 1 and 4.
No clear trend was discernible in sites 2 and 3. In all sites, speciee composition of the 1957
r-o-w was not significantly different from that of the undisturbed transects. The 1981 trench
transect was most similar to the 1981 pipelay transect. The stockﬁile and work transect:s more
closely resembled the undxsturbed and 1957 r-o-w y transects than did the pipelay or 1981 trench
transects. Under: an early.season grazing reglme the 1963, 1968 and-1972 r-o-w were more
similar in botanical composition to the 1957 r-o-w than to the 1981 r-o-w or to the undisturbed.
prairi)’e (data_ not ‘shown'). Under a laté season grazing regime, these transects were not
significantly different from all other transects.

Iﬁ Figure 5.8 the perceneage of speéies having signif icantly different FB indices are
compared within a given transect between sites. The mean percentage of species of eombined
transects that had significantly different FB indices rénged f)rorn 18 to 20 (column 1, Figure
5.8), indicating similerities in beween site comparisons across all treinéects. However, within
specific transects there were great differences. The most un’if orm species composifion between

any two given sites was in the 1981 trench where an average 11% of the species had siénificantly
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- Figure 5.8. A comparison among sites of the percent of species with
significantly different FB (frequency x basal area) indices.
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different FB indices. In contrast, the most variable transect was the ,1957 trench, where an
-average 24% of the species had significantly different FB indices. Most transects averaged 20 to

. 22%.of species with different FB indices between given sites.

C. DISCUSSION

Grazing history had awmarked effect on the vegetationA composition in the study area.

In the undisturbed transects there were generally nine times more {orbs and 30% .fewer grasses
(Tables 5.5 and 5. 6) than reported by Coupland (1950, 1961) for the same community type.
However, Coupland studled areas that were mainly ungrazed or lightly grazed. Botanical Q\J
composition of the study sites and frequency a;ld basal.area of individual species were similar
E to those reported f or grazed mixed prairie sites in both Alberta and Saskatchewan (Clarke 1930;

. Clarke and Tisdale 1936; Clarke et al. 1942, 1943; Stholiak et al.'1972; and Wroe et al. 1979).
Basal aree{ data from this study are in agreement with mean per’c'entage.composition for grasses -
of 7% fepdrted by Smoliak (1965) but the value of 3% f or forbs is much lower than f ound in
r'this study. Val‘ues for .many. i;%ividualqspecies wereiin_‘ ’close agreement to those (:,;f'ound by
Smoliak (1965). | . |

Differences due to grazing §ncluded a decrease in frequency of the mldgra.sses and an
increase in unpalatable specxes many of which are forbs or half shrubs.

“The majority of the species present have a cool season growth habit. They begin growth
in late March or early April, are heading or flowering by June and have completed seed
maturauon by July. Most vegetation will be dormz;nt or cured by August. These species w1ll be
most affected by early season grazmg Severe defoliation during early stages of phenological -
development is often detrimental to seed production and even to the survival of species whose

.primary means of reproduction. is seed. Species that can reproduce vegetatively-are also stunted

following severe defoliation because energy must be put into building photosynthetic parts and
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c'arbohydrate. reserves necessary f or winter survival.

Early matu’r'ing species that are late season grazed havé a distinct ad;rantage for survival
over-those that are grazed early ‘in the season. By July and August, most early maturing species
are nearing the epd of their growing ‘seaso.n. Some species, such as those of the genus Stipa,
havé awn.ed seeds which are unpalatable to cattle. Mature :4gropyron pectini forme is coarse and
unpalatable due to lgrge seed heads, many stems and the high content of structural components
in leaves and stems. Many of the forbs havé matured and become unpalatable by the time late
season grazing begins. Thus only later maturing species and those that regrow in autumn will be
most palatable. Late season grazing will likely dethmentally affect these palatable species.

In spite of a hlgh frequency and basal area, Selaginella densa is not considered a
dominant species due to its low growth form and low moisture requirements (Clarke er al.
1943). Its contribution to the forage component of the range is negligible but it is cohsigered
important due to its high grouﬁd cover (Ryerson 1970). In this study, basal area of S. densa
was higher than the 50% reporfed by"‘Clarke et al. (1942), the 10 to 25% by Ryerson (1970) and
* the 6 to 25% by Coupland (1950). ThlS reﬂects the lower range condmon of the study area
smceﬁS densa i mcreases with grazing. When S densa is present in high concentrations, it often
forms a mat 6 to 7.5 cm thick which intercepts precipitation, holding it in a sponge-like
manner. Moisture cannot easily ‘Ipenetrate this layer and is relatively l'mav‘aillable for'more
desirable vegetation ( Ryerson 1970) Since S. densa generally occurs in climax communmes and
increases with grazmg pressure, it would not likely be found. in the relaquvaly early successmnal
stage of the disturbed transects. Although Ryerson. (1970) reported that it often increases in
abundance when competing vegetatl—on is Wea'kened or removed, there was no re- invasion even
50 to 75 years after plowing, cropping and subsequem return to grasslant. In the same study,
mechanical treatments such as’ plttmg reduced cover Q{}WO% indicating that the remova] of a
4 10 5 cm deep layer was critical to successful cover " reduction, however conditions for

re-establishment of S. densa are unknown. The pipeline dlsturbance is smﬂar to those studied

by Ryerson (1970). The trenched and graded areas of the r-0-w have at least 5 cm of soil

A
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.

removed, thus predisposing the area to a reduction or elimination of S. densa. _

* Bquteloua gracilis begx'ni growth up to a month later than either Koeleria macrantha or
Stipa species (Coupland 1950). Thlts higher freqtlency’and basal area vaiues ih autumn are to
be expected Bouteloua gracilis is low growing and is themfore relatively resnstant to grazmg =
Thus it may increase under early season graztr?} &I'Even though Bauteloua gracilis may be
palatable in the late summer and autumn, its chief means of reproductxon is through tillering,
so any reduction in seed producuon would not be seriously detrimental to its survxval. Stipa
species are most aff ected by defoliation from the boot stage to the complete maturation of fruit
(Pearson 1964; Wright 1967). Seed is cast in June and the plant remains relatively green and
high in moisture content. By the time late season grazing begins Stipa species have increased
tolerance to grazing.

D
The low autumn values for Sphaeralcea coccinea and Phlox hoodii are due to the early '

season growth habit of these forbs. By the tirme the autumn reatiings were taken these forbs

would have been dormant.

Carex species complete their growth cycle long before any of the grasses do. Seeds are

usually ripe by June (Coupland 1950), accounting in part, for the very low spring and autumn

basal area estimates in this study cesnpared to those found in other studies (Clarke et al. 1943;

Coupland 1950, 1961). e

o
The dif ferences between 1982 and 1983 data probably reflect differences in quadrat size,

shape and number. Frequency, in partxcula-r, is a function of quadrat shape and size, especially

4

for species of intermediate abundance (Mueller-Dombois and Ellenberg 1974). It is unIikely

that these dif ferences are attributable only to the year to year variation in climate.

The t.r'e‘nch area had a greater number of introduced species with lower basal area and
frequency compared to other transects. Other disturbed transects were hot trenched btlt only
graded and therefore were more conducive to regrewth f rorh species having intact or partially
buried roots. This was p‘articularly true for the forbs and half shrubs. Artemisia frigida appears

lo endure trampling and compaction but not burying, thus accounting for high values over the
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work area relative to pipelay, Istockpile or trench areas. Similar responses were observed for
. Gutierrezia sarothrae, Plantago species and Grindelia squarrosa.

The higher basal area and freduen@y for mahy species in sites grazed late in the summer
ref’ lecl the susceptrbrlrty of sorne Specres to early’ season grazing. This rs particularly evrdem

-

with A’gropyron pecumforme and Descurazma sophia. The increased competitiveness of

Agropyron pectini forme under a'late season grazing regime has been reported by Coupland and °

Piemeise! (see Chapter 2). Descurainia sophia is not native to the mixed prairie but its seeds
appear to be ubiquitous. On newl; abandoned lands, part of the seed supply for most native
species is already on 'the ground (Piemeisel 1951). Johnston et al. (1969) found 204 to 12342
seedx's/m2 in mixed prarrie sites. Mustards such as D. sophia are particularly adapted to take
advantage of any unutilized ground (Piemeisel 1951). Thus the high fréquency and basal varea
of D. sophia in sites 1 and 4 are a result of dormant seed that had found favou .9le conditions
to germinate. D. sophia is not resistant to grazing, ‘even in early spring. Al[hough it is relatively
unpalatable (Piemeisel 1938, 1951), it has broad leaves and britt]erstems.making it highly
susceptible to trampling. D. sophia germinates in the fall 'as soon as moisture is sufficient. Thus
if seed is available on disturbed sites hospitable to growth, D. sophia may likely be one of the
first species to germinate. Mustard seeds are small and smooth and have a high specific gravity
_ making them conducive to easy burial in soil and for favourable contact with the soil surt‘”ace
EVans and Young 1970). Furtlrermore, when .moiste'ned, a small amount of .mucilage forms
o ,

‘around the seeds promoting better soil contact and preventing moisture loss to the atmosphere

(Young, et al. 1970). Compared to perennial rangeland grasses, D. sophia germinates more

rapidly and at much lower temperatures giving it another advantage in establishment (Young et

al. 1970) . It can easily form a dense cover the first spring following disturbance. If late season
. 9 ’

grazed, the seed matures and the process continues until it is outcompeted or seeds the ground

o] heavr]y that individual plants do not mature. If early season grazed D. sophia probably does

not survive heavy tramplmg and grazing by cattle

-

Y Ne
e
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Species such as Hordeum jubatum appeared most prevalent under early season grazing.

Because of its low growing point and low palatability Hordeum jubatum is less susceptible to L

grazing and inll likely thriye ‘whe‘n other sbecies such as Elymus junceus and Agropy;on
pectini forme are reduced by graiiag p}essures. However; in late grazed sites, Hordeum Jubatum
is likely reduced through competition by species such as Agropyron pectinffqrm’? and
Descurainia so;.vhia which have readily established. Ely;rius Junceus has a \{veak seedling vigor
due to a low net assimilation rate (Smoliak et al. 1970) and woul‘d like]y ba neéatively aff ethd
by strong competit'ors like Agropyron pectiniforme and Descurainia sgphid.

Koeleria macrantha.is a vigorous native incre\aser as its prominence in the disturlaed
transects indicates. K._v macrantha reseeds bared areas and because it begins growing eaﬂy in the
spriné can readily take advantage of any moisture reserves (Coupland 1950). |

. Species that tended to have high locahzedﬁ f;{DCC]L ney and basal area were hkely

occupymg favorable microsites created by the disturbance. The large number of forbs present.

perhaps indicates the ef f iciency of these species in secondary succession. Forbs are generally

more efficient than grasses in using environmental resources, such as wind, for the.

dissemination of seeds and soil moisture and nutrients for germination and growth. Perhaps,
most importantly, forbs ege generally unpalatable and -thus have a distinct advantage in heavily

grazed systems. Plemelsel (1951) reported that the aggressweness often associated with annual

.weeds can often be attributed to their entering a void in the native %getamon Thus specnes such
: ¥

as Descurainia sophia and Salsola kali can dqminate the vegetation initially until perennia_l ,

species have become established.

"The 1957 r-0-w was not seeded to an introduced mixture but was left abandoned and .
- readily accessible to native §pecies. The species that were present in any large number tended to .

be pioneer species, many of which wér¢ discussed- by Coupland (1950). Others, svuch as

Artemisia cana, teadily appropriate areas under a heavy grazing regifne that are covered by
grass or bare soil. Many species which reproduce chiefly by means of seed, such as Achillea

millifolium tended to be more prominent in the late season grazed sites, where the seedlings had

‘.
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a chance to mature.

Durihg the final stages of pipeline construction, the 1968 and 1972 r-o-w were seeded
to a mixture containing Agropyron pectiniforme whosé’f mdst ‘active growth period is in early
spring. Dormancy oecurs(during summer (Smolia-k' et al. 1967). It generally does not suffer

frost-damage nor winter kill and is highly drought resistant due to its extensive root system. As

a seedling it has the ability, to produce a greater total root length than any other spceies‘

(Plummer 1943). It is also an excellent weed competitor.‘Avll of these characterl:stics n:qke
Agropyron pectiniforrh.e a’ species ,well suited to eyeﬁtual domi_rianee of a disturbed’ area.
Hubbard (1949) indicated. thst when A. pectiniforme is grazed eefly m the spring; nativve
dominants advance and compete successfplly. Allred (1940) noted tlhat A. pectiniforme rarely
invaded climax stands of grass but can successfully outucompete even Artemisia frigida in

<

disturbed areas.

in this study it wasV observed that dgropyron pectinifor}ne idid i‘n.;";de adjécem
undlsturbed prairie but it never became a major component of the communmes that it invaded.
A pecunz [ forme that had been seeded durmg pipeline revegetauon usually responded to early
season graz_mg by dec_reasmg in both basal area and frequency. However, it appeared that A.

pectiniforme which had invaded native prairie 'adja(:en»t to the r-o-w did not respond in this

manner. If self-seeded, A. pectiniforme tended to become a minor component of the

vegetation. Under early season grazmg it tended to increase in bz?sal area and frequency while it
O] ind”

declined under late season grazmg*&ﬁough these dlfferences were not s:gmf icant they show a

consistent trend. Most oflthe A. pectini [ fo¥me in early season grazed sites was on r}me periphery

of blowout- areas. These areas were dominated by Opuntia polyacantha. This could possibly
9

make it less accessible by cattle and therefore contribute to its increased frequency: and basal
‘ o

area. ‘
Jd

- . . . ‘ . - \J
Koeleria macrantha responded in a similar ‘pattern to Agropyron pectiniforme under

early seasor grazing. This species was higher in th"é"1963 r-0-w which is not dominated by A.

pectiniforme. In the 1968 and 1972 r-o-w, where A. pectiniforme was seeded, Koeleria

e e

i :‘
R
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macrantha was apparently unable to compete. The lower- values for Boutelaua grdczlls in site 1
. ,lhs R L .
also reflect its inability 1o outcompete A pectzruforme ‘under A late/ season grazmg regime,

Srmllarly, Hordeum jubatum is" a leading m‘vader ‘only where 1t; -’§ not competing w1th A

pectini forme or other rapidly establishing. aggressive'qrudeep-.roOted perennials

All of the specres growmg on the roadway were invaders, htghly capable of cqlomzmg

%g eroded 1nhosprtable areas. "/ T

»

Pipeline disturbance in the study srtes is sxmrlar to other types of %st’urbances

documented by Coupland 11950 1961) and Premetsel (1940). The trggcﬁ ";,eﬁi}- ; ,; .;most

PR

true for the 1957 and 1963 trenches which were not seeded to introduced 'spec1es Otl)er areas Df #
lu 'y :

the £-6-w we; re closely related 1Q bare ground areas found in undrsturbe'dgn’fxed prame

Many of the spec1es o‘l‘ species of the ‘same genus noted by Qoupland were found on the

J'H

drsturbed transects o,f the study sites. Sumlar s;afes of succession are ewde'nt in these drsturbed‘ ‘

5’1‘."'
.transects Wlth SpeCICS Composmon

3

' transects. Transects dtsturbedi;‘}xr 1981 were domrnat’ed byspmr&r 'spdcies.v-'l'he older pipeline
dlsturbances had more natﬂ/e s"pecres and there was”ﬁﬁ’v loss ef dommance by the 1ntfmduced.
o
max vegetatton -the

species. With time,* the dtsturbed areas, appeared to" be approachfng the

v (a

undisturbed transects but even af te.r¢24 years there were"smf sxgmfaoanf dtfferences m botamcal .
: el . St *av "}‘ .' '.'
- composition between the dlsturbeq and undrsturbed transects.aa‘ hts slow retum to pre urbed

&"

condmons was affected not only lfsé the mtroductron of non- natrve specres bl also by the
presence of a grazmg f :ctor ln Idaho, on sa@brush rangeland Premetsel (1951) @ reported
a longer perxod of tnwne to reach érmax\‘condrtrons undef'\ grazmg Abandoned lands not .
sub;ected,to gra‘zx_ng “pjroduced | gtass 'eoyer:.that reflected ‘the chmax vegetatron within. five

—

years.

The large number of natwe SpeCleS m late season grazed srtes i§ hkel.y due to the
« hg
influence of grazing. Undel%ate ‘,,’ason gi’azmg the survrvrng natrve specres on the work aall ,
- PR R
stockpxle areas would have a chiance. o recnfperate from rhe drsrurbance prrgr to grazmg Viable
~ . STy ,.0
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dormant seeds would germmate and mature J ohnston er al. (1969) reported that f or the mixed

prame the number of vrable s%cls of grasses that gerrrlrnated and emerged wds greatest in

“

ungrazed f 1elds and lowest in hea\nly grazed fields. Spe ies in the early season grazed sites would
d .

be def ollated and trampled at a time when they were most vulnerable to depletion of energy and

nutrient reserves. Thus many specres in s1tes 2 and 3 would not surive, whereas .those <m'sites I,...

«and 4 would have t1me to recover from the ptpelme dtsturbance before bemg subJected to the

ﬂf"

pressures of - g;aazmg The trench area would take longay Lo Tecover because of the more severe.

.,"“'14 ,

dlsturbance Plant roots and seeds were likely not on the trench and only introduced seeds were

present;v Seedlmgs would not grow and establrsh as raprdly as plants whose roots and crowns o

w;,re already present, thus accountmg for the smaller number of plants in the trench. transec,t

Q

¥ The number of vtable seéds near the, surf ace would also decrease over the trench where mixing
. )

of sorl horizons occurred It has been reported that new seedlmgs will emerge from depths}

1.

greater than 7.5 cm (Chrppendale and Milton 1932). Where only the surf ace was grgded@t,hese

0 ¥ .
3 M
viable seeds would be larger m.number and more- likely to germmate - - ¥
T

Densrty was only determrned for speCtes growmg‘ on the seeded rows. Although natrve

Y species may have been more numerous*between these seeded rows in some areas, it was noted

2

-
R 4

that the between row areas were not heavrly popu.%ted The ?éedmg process had lrkely created a

‘ ‘)

more f avorable seedbed in the TOW spaces, as,opposéd- t(tthe' between TOW: spaces
BN ‘§ . N 5 @hL
. " As live and dead vegetatron~ mcreased bare ground 'decreasedVThg*amount of bare
: B N ~ ’ﬁ
ground was mainly a f unction of treatment; uage of drsturba},g?uand stasorﬂof grazing. The f981

T- o w, as the most' recently drsturbed area, had lrttle chance 1o, produce hye g?ound cover or to

»3

5} 0 )
accumulat‘é litter prior to bemg sam*’led“ in

grazed sites was related to the lower palatabthty of some vegetation at th& time u1 grazing with

RN ‘w,

subsequent non-use and tramplmg by cattle (Currre 1970) .

'\"j!-;_” Data such as those prqupted m ngﬁ&Sl chn- be somewhat mrsrepresentattve*f
v .
Selagmella densa was removed from- thg’undrsturbed prairie, then the amount “of live vegga‘tron

& v

provrded by other spec1es was srmrlar to that for older drsturbed transects. Stnce S nsg"rs

e
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unpalatable the productmty of the agea may not have been dramatxcally redut:ed by pipeline
disturbance, except over the 1981 r-o-w. Within 15 years the amount of’lt‘ve vegetatton in tht
trenches had returnéd to near predlsturbed condmons The non- trench transects of the r-o-w
appear to approach these condltlons within 10 years. Even with the ltmlted data available 1td.s
possnble to speculate that there is a falrly rapid return to predtsturbed levels of palatable forage
under’ ‘-lhte season grazing. Although S. densa is an unpalatable species it does provide

protection from erosion. The tlme requxred for S. densa to invade these areas is not known. If

\
3

many years are requlred perhaps the protecuon agamst erosxon would be provided by increased

cover‘from the more palatable specnes that could increase’in basal area ‘inder proper range

b

: o
\management makmg S. densa an undesirable, spec1es from a lxvestock grazier's point of view

A N . e

and unnecessary from a soil conservation pomt of view,

-
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V1. ECOSYSTEM RECONSTRUCTION DYNAMICS

L J

":"Ecosystem Reconstruc{ion . \

L’/lpelme consiructlon actlvmes and subsequent operahon of the pipeline had a

QX
prof ou\ﬁ’ef fect on the range ecosystem The most vrsrble effects were the reduction or removal
of vegetative cover in the r-0-w, construction of the berm which d_tsrupted overland water flow

and leveling of the land surface to fill in blowouts. Effects on the edaphic environment were

'l'ess visible although some were longer lasting. Major ecological interactions which govern the

3 interrelationships of microclimate, soils and plants were thus altered, at least temporarily, by

pis

> of Toots is 2 to 36 cm for some mrxed prairie grasses and forbs.
@

pipelin€ construction. ' o e

The effects of pipeline construction on the range ecosystem wer/e dependent on the type
of disturbance. The trenehing operation caused‘ the most extensive disruption of the ecosystem
whereas g‘radin‘g,i compaction by heavy equipmént and stockpillng soil were less gisruptive:

| Changes ln ‘vegetative and edaphic f actors due to pipeline construction" were
compous A y the grazing regtme 1mposed on the ecosystem: The early and late season grazmg

‘-u,
regimes had drf ferent effects on the vegetauve composmon These vegetatrve changes may have

- affected soil properties such- as bulk density and soil moisture but'the lack of replication of soil

T ™

parameters+evaluated under different gra?ing regimes did ﬁt allow Sueh comparisons.

Based on the literature it /s ltkely that the mcrease in soil temperature as a “result of '

movmg heated natural gas through the ptpelme could have an effect on plant growth in the
b) . _s\»v

trench although it 1s not wrthrn the scope of this study to evaluate .thfs,{effect ’Mtxed prairie

A

spec1es root to depths rangmg from 33 to 400 cm (,Coupland and JohnsoM%S) well wrthm

.; "‘1 ~ s Qﬁ‘ .
- the depth range af fected by the heated p ”pehne (60 (o} 110 cm’) &ny srgnlfrc‘ant increase in soil

i“‘h

temperature at rootmg depths could also af fect plaﬁts ad Jacent to the trench sinde lateral spread

i ¢

Sorl temperatgs over éhe plpelrne at depths below 60 cm were, between 0 and 6°C,

durmg the’ coldest parts of the wirtter. These temperatures were theoretrcally htgh enough o .-

. .

K S, 164
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stimulate rt% ttp growth (Hanson and Juska 1961). Root growth depends on au)uns such as
G

. indole acetic “whlch are confained in roots in suffi 1c1ent amounts to meet requrrements for
Q

the entire growth period (Salisbury and Ross 1978). Thus root grow‘th due to elevated
temperatureslt,i\n_ the rooting zone when thedplant is dorrnant may be possible and only limited by
the amount of labile carbohydrates present in the roots. Increased root activity in the ,wiynter. .
months may-enhance the plant's survival by increasira root length, lateral spread and,bio"r'nias's‘:'

- Howestr, elevated temperatures mean more raptgﬁsplratron in the roots and subsequergly

,"‘ .

more rapld depletion of labrle carbohvdrates If carbohydrate Teserves are depleted too early im

B .,

the wmter sprmg growth will be reduced or there will be detrrmental effects on the plant s,
. ) \.;" -

abﬂ:ty to survive, o ’ . ' . ;'»"-.:4“,"-:".,. )
. Y B 0’ *
Surface soil lemperature changes resulting from prpelme construction may also af fect
° L
vegetation, Durmg the hottest parts' of the summerrsurface temperatures in the 198] trench 5"

were 30,to 35°C higher than optimum for plant growth as reported in. the llteratm‘e These
temperatures could reducz dr matter productton Sfrrface temperatures in the trench mcreased '
earher in the sprurg‘ and remained higher later in autumn encouragmg earlyraﬁd late season
plant - growth Phenoloﬁcal gro»ﬁh is thus accelerated facxhtatmg seed set and carbohydrate
storage ‘before summer droughts. This could enhance- surTval rates for plants in artd
enylronments, p@icularly those »de.pendent on seed production. Late autumn growth mag
hvowever be detrimental to the plants’ survrval mcreasmg the hkellhood of wmterktll in plants
that are not in a dormant state at the time of the irst severe frosts Temperatures were often -
htgher than optimum f efficiei@water use (Morrow and Power 1979). over the 1981 r-o-w
durmg the hottest parts of the growmg season. In an mosvstem that already has hmrted water

: the decreased effi 1c1enc3 can be potentlally detrimental to plﬁant growth. These potential effedts

oY sorl temperature changes due to pipeline construction may be compensated for by the wide\_

7

o

Power (1979). . b , ——

..'range of adaptabrll%of co'gl season, grasses to sorl temperatures as reported by Morrow and )
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Inc‘reased soil surface temperatures in spring, decreased temperatures in winter and
incregsed moisture in the r-o-w are expected until a vegetative cover-is estahlished. Higher
temperatures and increased radiation on the bare ‘soil surface wil.l‘ increase evaporation rate
re.su\‘lting in lewer soil moisture (Moody et nl. 1963; Blevin: el al. 197f; Hay 1977). Howeverﬁ-,
lower vegetation density over the disturbed’ areas riecreases water use by plants, thereby
‘increasing the am&unt of soil moisture in the total prdf ile.

The berm over the pﬁ)?elme served as an artrfrcral barrier which trapped snow and
1mpcded natural drainage during sPpringmelt. Large amounts of snowmelt water may pond
beside the berm early in the spring possibly ~affectmg plant growth. Although soil water
r'echarge from ‘snow water is considered less efficient in the northern parts of the Great Plains
where little snowrnelt occurs until s\pring (Wight et al. 19"/5),highg\1"‘s:urface ,temperétures in the
r-o-w in the spring .due to “tvhe lack of vegetative cover _ma.y,increase the potenrial for .

- infiltration of snowmelt water atid subscquent increases in available water for spri‘ng‘plant
Jgrowth.’ : |

Agropyron pectiniforme trapr)ed snow very effectively because of its upright growth
'habit. This could contrirbure to less dynamic winter temperature ﬁuctuations (Rauzi 1968;
Schnerder et al. 1978) 'and reduce frost dagiage‘and winterkill (Piemeisel 1938). Snow may also
acchmnlate early and deeply enough to reduce the‘ depth of frost pené&intion. ,

Chemical changes in the soil-due to trenchmg and handling of subsurface materra ay.
contrrbute to reduced plant growth l‘@ed goncemratlons ofssodium in the 1981 trench may
have a direct toxic effect on sensitive species and ch_ange ‘the balance of ‘numents in relatively

tolerant plants (Brady 1974).‘High sodium concentrations.rélative td’ those of calc’furr} and

magnesium may result in aggregate instability and dispersion of collmds, creating condr{lons

that can indirectly affecr seed germination, seedling emergence crop growth and morsturer A
transmrssron Electncal conductrvmeyg&vere higher than 4 dS/m in the 1981 trench and- could

] -
reduce growth and productivity of salt sensitive species by increasing osmotic pressurg in the

sail solution and reducing the amount of available water. Electrital g)nducfwities at depths

-

Y
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greater than 45 cm in all drsturbed transects were also hrgh enough to be a potential problem

N .

) (Alberta Agrrculture 198.1}; Hrgh EC and SAR values in disturbed areas did not persrst above

X

30 cm and at loy/er depths‘ have returned to predrsturbed conditions wrthrn 15 years thereby -

. Teducing their 1mpact on the long term establrshment of 'a vegetative cover in the r-o-<w.

wN .
* The increased surface pH;.-resultmg from pipeline construction activity probably did not ‘
restrict plant growth because most species can grow at a pH between 5 and 8, the pH aftgr '
disturbance in the 0 to 30 cm zone was rarely ‘higtfer than 8. Increased soil pH 1s theo:etically
high enough to influence the availability{g s‘ome_ plant nutrients by affecting the absolute

solubrllty of nutrient elements as well as their relative abundance (Brady 1974). However pH

had not mcreased srgmf rcantly wrth drsturbance and will therefore have no greater effect than

did the soil pH prior to disturbance oo

Increased surface bulk density due to compaction may pose a problem for seedling
emergence and root establishment; it may also contribute to reduced root penetration and plant

top growth (Adams e al. 1960; Rosenburg and Willits 1962: Wittsell and Hobb$"1964) in most

.

of the disturbed trans‘e’cts. Associated reductions in pore size mav restrict aeralion thereby
limiting development of a root system. Through the reduction of 'po'r'osity, increased surface |

bulk density may affect the availability of nutrients and soil moisture. These problems may be

'

partially compensated or by the increased water retention caused by increases in the number of

) \
small diameter pores. Compactron of surf’ ch sorl may increase avarlable sorl water sirffrcrently: _‘
to facilitate seed germmatron {Narkentrn Yl97L) reported that compacted soils retamed less
water 4t low tension and more water at high tensron due t; the reductron in soil pore size.

+

Pipeline constructron may cause mfrltratron problems by enhancmg splash erosron }
puddlrng and surf ace crusting because of reduced plant bromass The compactron of sorls af ter

drsturbance may reduce wmd erosron but because it reduces 1nf rltratron it. can increase water

\“
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Changes in texture and orgamc caﬂ?on co”htent assocrated*&vrth prpelme constructron
J‘

may also affect plant grow"th rnost lrkely through reduced nutrrent supply and poor soil
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'surrounded by undlsturbed prarrre pose less of an erosion haza
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structure. _
: The lack. of vegetative cover can contribute to the ,,persi's‘renee; \ef soil physical and
chemical changes resulting from pipelirre installat.i,on. E]eyated pH val_)ués are associated jwith a
lack of vegetative cover. The rooting action of plants and ’subsequentl rrrierobial and faunal
interactions in the rooting zone can improve aeration and permeability of the soil. These
edaphic factors in turn contribute to changes in vegetation. These cause and effect processes are

not alwa)rs_e?‘s?il_y separated. v *

Re\/egetation practices must be based on the assumption that erosion, either by wind or
water, will be a major pro%lem following'"pipelirre construction. Therefore the immediate
objective is to provide a rapidly establishing,.self -sustaining ground cover. Erosion, even on
gently undulating surfaces, can be a problem if natural drainage patterns arg impeded. The
traditional berm-like construction over the tr%ench resulted in local erosio.rr prob]er_ns particularly
during the spri_ngmelt period at the study sites. 'f?re size of the berm increases with Uthe size of

the pipeline and is likely to be more of a problem with large diameter pipes. The natural

drainage pétterns of the area should be idemified before’ pi'peline instajlation, If the pipeline

L

crosses a drainage way, berm herght should be reduced and/of dramage bypasses set up so as. .

not to disturb this dramage pattem The berm usuarly settles within. ten years and no longer
poses any serious water erosion threats‘.“

temporary bu{ essential to

reduce water erosion initially.

S A

n
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especrally if the plant cover is tall as in the genus Agro" ro (Aase et al. 1916) Strrpcroppmg

breaks large fields into smaller, less erodrble fields (Aase er a¥1976); therefoi‘e, prpelme I-0-w,

than do drsturbances of a

greater width. Erosion can lead to heavy thmmng of the climax community especrallv if it is -

it
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> d'Bnceig &glris many factors '
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accompanied by a soil disturbance resulting in readmittance of weedy- annuals an hanges in

~ .

community strucgge (Piemeisel 1938).

©

The accurnulation of litter is an important consideration in the prevention of erosion
over recently disturbed sites. Vegetative groun(i cover, whether 4live"or dead,.deterrriines the
effectiveness of a vegetative cover for protecting the ground sur a;;:?:l'hus»rhe litter component
of the ground cover is as 1mporlant as the density of the plam speues formmg the live

* vegetation component. Although Selaginella densa is an unpalatable species it is important for
its erosion reducing properties. If it is removed from the distu;bed ecosystem, care-must be
taken to ensure L}iat'its absence does not. diminish the erosion reducing- oorentialvof the
vegetation. Species; selection for the r-o-w must include compensatory measures for the
replacement of Selaginella densa.

When selecling species for revegeration,"the ease of establishment i§ of primary
importance. Larger sceded species, such as those from the ge‘nuv; Agropyrorz.' have beenwB
successful on revegetating coal mined areas in ﬁrta due to snperior seedling emergence.
Native species; due f’a smaller seed size, exhibited poorer seedling-emergence and poorer plant

. cover than introduced species (Tomm and Russell 1981). Percent plant cover was highly

‘correlated with a high percentage of viable 'seed. The selecuon of species must be based on a

' knowledge of the: germinauon growth and developmental response of the grass specres to

diff erent kinds of envrronmeg,{,a] situations. Ease of establishment is an important

P cori?idegation but it cannot: 0vernde the fact that species 'consrdered for reclaimmg rangeland
Fa .

must also wﬁhstand drought and grazmg pressures. Species which germmated wel{éﬁder wide

temperature ran%;s and mo%re conditions and were easy to establish often did not withstand
drought when mature (McGinnies 1960). Speed of germination‘ has, however, been singled out

" as a key factor in stand establishment in difficult situations (Johnston 1961b; Whalley et al.

™

o~
1966). Smoliak and:Johnston (1967) found that introduced.species were superior to native

Y = 23 f
. i i§pecies in percent germiration-and speed of emergence at various temperatures (7, 13, 18 and

27°C). Introduced species emerged and grew-more rapidly under lower soil moisture conditions
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and ‘had ten times more leaf area and eight times more roots than native seedlings. However,
native species were considgred more adapted to southern Alberta conditions of cool, moist
' sprinés and early summers followed by heat and drought in mid"s,ummer."E |
Seeding rate for native%irnges\;ﬁlust be considered before revegetation. Percent
establisiment of total plan:s in relation to number of seeds planted “¥iminishes with seeding
rates (Launchbaugh and Owensby 1970). Plant numbers rncreased significantly with increased
geeding rates for many common native and introduced species but pop'ulations'were always low
compared to the amoum"of seed plarlted. The greatest plant survival was found for see‘ding
rates of four pure live seed per 30 cm which resulted n{ a 9.3% plant establishment rate. Many
factors_influencing germination and emergence under f iéld conditions preclude presrribihg
“ seeding rates of mixtures or single species that would result m a grven numberwof plams per
year. However research indicates that relatlvely high seedmg rates compared to agrrculture will

/""

be required to prqduce stards QF fen or more plants per 1.0 m? of native grasses seeded.
Consistent relative behaviorrr of §pecies and their independent perforrtrance .in a mixture
inrliéaled that first year stand composition may be controiled to a large extent by formulatirrg
. seed mixtures in terms of viable sr.ed numbers rather than arbi%rari_ly proportioning kg/ha in
seedling mixtures.

Species must also be selected to reduce the attraction of cattle to the T-0-W. While an
important objective of revegetation can bue to provide forage for grazing, any treatme'nt that
encqurages overgrazing will hkely be unsuccessf ul in the long term. Treatments must in turn

T
. facilitate invasion by native specres to replace the mtroduced specres without | negatwe]y

particular section and result in unsuccessful reve N . However, the advamage of having

? ik
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S r “w
such a disturbance to use as a research site f or range improvement cannot - e overlooked.

Ecosystem Dynamics

- After pipeline installation and revegetation of the r-o-w, the ecosystem moves towards .

a new equilibrium. Vegetation changes most rapidly and bare ground decreases substantially

<

within a few years. Decreases in bare ground are attributed to litter accumulation, the

successful germination'and growth of introduced species and the invasion by ruderals.
. O . .
Soil properties will change more slowly. Many years are nece§sary before soil texture
will change as a result of pedogenesis. The only notable change will be attributed to selective

redistribution of soil particles by wind and water transfer. Soil organic matter will increase

slowly as plant debris and roots are broken down through microbial decomposition and erosion

losses a;e reduced. Caspall (1975) indicated that if erosion is controlled under a gobd cover of

gﬂsses gnd Iegumes normal pedogenic developmem w11] produce a soil wnth sufficient organic

maucﬁ&nd othcr desirable properties to give it a charactensuc A honzon in 20 to 30 years. It

must be kept in mind that this time frame will. vary with type of soil, rate of vegetation

v
4 ‘,\acuvny of soil fauna and plant TOOLS. At the same ume the increase in vegetatlve co@

IS

‘ N . . . n- i I3 1] . . .".
establishment and climatic condmons. A decrease in sml pH is expected as vegetation becomes

4

more stabllxzed a’hd leaching occurs. Leachmg and water movegy Q»
also facmtate the reducuon of salt concentration near.the sd ¢ R{‘y .

will be increased by increased organic matter content.

increase, soil loss through wind and water erosion will be reduced. Decrez

.

%result in mcreased hydrauhc conductmty and soil ﬁorosny will continue to mcrease :due 1o th

Iresult’in-increased water use and therefore increased evapotranspirauon. O

Stable vegetative communities are expected to dévelop, o%;er time. Although soil

v
e

) . : F °
properties change slowly, vegetative characteristics are likely to change rapidly due to

population diversity and the short maturation time required for many species present Tn the

area. Successional changes will result from the modification of the physical environngit. The

~
~~

rough the soxl profile will
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pnoneer specres in this case the invaders and the mtroduced species, will thrive until restricted
by rapxdly growing dommant species common in the area. This demance by ploneer specres is
likely to last for the f irst one to five years and the replacement by dommant native species will
occur over the next ten to elghty years (Piemeisel _1938). Data from this study indicate that the

dominance of pioneer species has been refioved within ten years if introduced species are seeded

. following pipeline éonstruction-’.‘-.,Within ‘20 years, pioneer species with low f requency and basal

o

area will be present if no introduced species have been seeded. Site specific extr(apolétionsmof
. . R <

'

such predictions must, however, be made with caution. .

The capability of an ecosystem to adapt to a disturbance has been related to the

v

stability of key parameters and their tendencies to evolve under changed circumstances (Walker
/

et al. 1981). In the solonetzrc mrxed prairie it is assumed that these ke)( parameters would

revolve around the establishment of a stable ground cover wnh subsequent sorl development .

erosion reductron and succession of species to- ag{)roach the desrred stable chmax of the

undisturbed prairie. The parameters most negatively. affecting the ground cover estabhshment

appear to be spring erosron problems associated with the berm, grazmg mtensrty and season of

~ grazing.
Grazmg of the area will be a major detriment to the estabhshment of a stable ground
cover, yet plant-animal mteracmons are probably one of the most critical and least understood

aspects of revegetation (Hernandez 1973). Successful revegetatxon after pxpelme construcuon in

native rangeland requires an effective range management program to expedite a self ‘-sustaining,

“erosion reducing ground cover. Forage residues can be manipulated through grazing

&

A

& c ) . . .
management by adjusting the secaso® of grazing and stocking rate, thtis increasing the amount

vof litter present at the end of the grazing sedson as well as decreasing the amount of live

vegetation removed. The effect of grazing on germination and emergence must also be
considered. Without trampling, only cracks will provide a suitable mxcrochmate for
germrnatron emergence and estabhshment ( Eckert et al. 1978). With trampling, cracks may be

fllled tod deeply with soil for seedlmg _emergence or crustmg d@h" and soil strength may

P
Paf]

Ca



increase by powdeting soil on polygon surfaces. Larger seeds will emerge, smaller ones may not.
Thus surf ace‘ soil conditions as aff eeted by grazing must be considered.

| ‘Grazing the ;-o-w' before seedlings can become well established will likely reduce their
" survival rate. Ii ie of ten economically detrimental to the rancher to eliminate grazing during the
first few years after revegelation‘. Grazing to aid in weed control and species se]ection is
desirable bue only once a good ground cover has been established. Fencing-and”weed Eontrol

would likely be the most cffective means of establishing a ready ground cover. However, the

high costs of this reclamation step impaose more pr- iderations. Nevertheless, the use
of temporary fencing, such as the electric fence, ¢ > promise: The most economical .
alternative appears 10 be a properly managed grazing icpin. S

Cattle are attracted to the T-0-W ear]y in spring each year and tend to use'it.as a resting

area. This must be taken into account when determmmg the.grazing romme for the few years

immediately following the dlsturbance Cattle also rend 10 congregate at watermg or feedmg-

areas. Therefore locating dugouts and salt héks as well as feedmg at i dlstance from the r-o-w

is another passive means that can be employed to~ keep the cattle away f rom the r-o-w.

.

eased productivity or dramatxc changes in species composmon over the r-0-w are

o

ergrazmg parucu@rly if the producuvuy of the undisturbed Tange is Iow Thus

d Earl)_ season grazmg eliminated or reduced weeds such
as Descurainia sophia that readi

influence of 'Agropyron pectiniforme, decreased vegetative cover and increased the amount of

bare ground, increasing the erosion hazard. Agropyron pectini forme has been considered to be a -

At

_desirable species capable of increasing native range productivity. If so, it must be grazed early
! o> .

in the season to ensure its palatability but not grazed so heavily that it is eliminated. An -

appropriate grazing regimemst be chosen to accomplish these‘ obje'ctives 'dnce the seedamixture'

has been-determined. Reducing both the stocki rate md th? penod of grazing for the first

¢

Rangeland siould not be only autumn or

few vears following revegetation would be b

Gt : : \
L L f : : ) . -

:'*o what the end land use wxll be- bm -also what grazing

‘ colonized disturbed areas."It also reduced the dominating
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spring grazed but these Tegimes should be rotated periodically.

Solonetzic' soils are often deficient in nitrogeh ~ ° hosphorus (Alberta Agriculture

1981), limiting plant growth. Continued fertilizing could i. .. in increased productivity on the

T-0-W éompareq to the native prairie and subsequent overutilization by cat;le. Thus fertilfzation
1o any greél extent 1s not recqmmended, other than to ensure available nutriéms for initial‘.
- plant growth. Mulching can be a key to establishing.a\desired plant éover (Curry 1975; Macyk
and Stewaﬁ 1977; McKell 1978; thumacﬁer et al. 1977) but it fnay be too costly for serious
consideration ﬁnleis erosion is a major problgm. . ; =

Reveg’etaﬁon encourages the‘establish‘mem of a planl'nutrieng cycle and can enhance
the developmer¥ of a soil rﬁedium with more productive: physical, chemical and biologicalb
charaéterésliqs: In this ménner'revcgetation can accei;r/a; the‘restbrat'ion of dis;ﬁr.béd lands to

their original conditich. Under favourable environmental conditions, loss of plant cover as a

y b-‘. o . °© . \ > ’ : .. g
result of developmental activities can be of short duration and can often be mitigated by
h] .

natural"Succe‘,ﬁ}a)n. T ' T . \
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VII. CONCLUSIONS

Pipeline constrpcu‘on in_gdlonetzic mi);ed prairie had significant effects on soil chemical
an.d\ physicai_,properties-and vegetaﬁve components of _(thie ecosystem. Thcsé effects and &eir
_changes ovef ‘fimé were compounded by the different construction activities and the grazing
regime imboséd ;r‘l'the system. |

The most exter;sive disr’uptions rgsu\lted‘ ffom the trenching operation. Immediately
following the disturbance bare grouhd in the trench increasegl and vegetative cover decreased to
néar zero. Clay contevm and near surface bulk density increased and bulk density with depth
decrebas’ed as a.result of trenching. Total soil water in the trench increased from that in thc'
undisturbed prairie and water retention bééafne ‘more' uniform with depih. Available water
capacityAwas not significantly affected by the pipeline disturbance. Surface soil temperature'
decreased ;n the winter apd indeased in the summer and soil temperature to 30 cm.above the
pipe increased in the winter. Total éoluble salts increased in ‘t’hg Lrench; pariicularly near the
surface. Surface brganic carbon decréased, but there was no signi\f%an't effect on pH.

Grading and compaction by heavy equipment were less destructive than the trenching
operation. On the pipelay, work ‘and' stockpile transects, bulk density i‘nc_reased to'a depth of
approxi'mately 55 cm and vegetative cover decreased sigﬂif icantly.

| Ground cover of thp.older pipeliné r-o-w was most similar to that of the undisturbed
prairie, indicating a return to p;edisturbed conditions. This return was most rapid for transects .
other “t{l_)an the trench. Species composition also "showed a -trend towards predisturbed
conditions. ﬁar’e ground increased observed wind erosion but the rapid revegetation by pioneer
species appeared to reduce the problem. Berm cbnstruction impeded drainage during the
springmelt with subsequent erosion problems which could be improved through eonstruction of
bypz;sses. |

Changes in bulk density with depth due to pipeline construction persisted with time.

Surface bulk den'sity declined over the trench within ten years but there was no further decline
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with a rapid movement tdwards predisturbed 'conditions within 25 .years..FQE /j‘il chemical
changes due to disturbance there was a definite trend towards bredisturbed condf;ions.

Species.composition followed suckcessiovn.al trends common t;) fhé ml:xed prairie after a
disturbance. Pioneer and introduced species dorﬁinated the trench but 'aftéi 26 years species
composition was not significantly different from that of the undisturbed gyréirie when éarly
season grazed. Species composition ‘was not altered in a negative manner. The elimination of
Selaginella densa did not redﬁce the overall productivity of the vegetation since S. dengbﬁ——' ..
unpalatable. Pioneer species invasion of the r-o-w did not persist bgyond ten y’ear;s and served |
- as a deterrence for cattle if late season grazed. | |

Late season grazing favored the establishment of introduced species such as Agropyron
pectinifbrme as a monoculture and the dominance of pioneer sp¢cics such as Descurainia
sophia. Early season grazing reduced the dominance of pioneer énél introduced species but
resultbd in more bare ground over a longer period of time. P'ipeline disturbance completely
~ eliminated Selaginella densa which had previously comprised 50% of the ground cover.
\ Changes in soil temperatufe, moisture availability, soil structure, Q}rganic, matter
content, soil bulk density and soil chemical properties as a result of pipeline construction each
have the potential to affect plant growth. Combinations of these factors. tend to reduce the
negative or positive effects produced by an individual factor. A damping of factor effects-is
furt'her enhanced by the ability .of plant species to adabt to a changed eﬁvironment. Many
factors are not significantly altered by tﬁe disturbancé over the long term and therefore may
only be detrimental to the ecosystem over the short term, if a_t all,

Following the present pipeline construction techniqﬁe and revegetation practicés, the
most sighif icant f ab}or that must be considered in revegetation is the g'razing/fegime imposed on
the solonetzic mixed prairie ecosystem. A thorough evaluation of the effects of the grazing

regime on ‘individual species must be considered in the determination of seed mixtures used in

Tevegetation.
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APPENDIX I

fy,,
Table 1. Location of neutron probe access tubes in sites 1. and 3. g

Number  Location Distance  Installation

of Tubes  (transect) From 1981 e Date
Trench (m)

5 1981 trench - November 1981

1 pipelay 3 November 1981

1 - work 12 November 1981

1 undisturbed 22 November 1981

3 undisturbed 22 June 1983

Table 2. Location of neutron probe access tubes in site 2.

Number - Location Distance Installation

of Tubes  (trapsect) _- From 1981 Date
Trench (m)

5 1981 trench - . November 1981

3 pipelay 3 November 1981

3 work ‘ 12 November 1981

3 undisturbed 1 22-32 - November 1981

3 " stockpile 5 ' June 1983

3 1957 trench 10 June 1983

3 between 1957-1963 - 16.5 June 1983

3 1963 trench -19.5 June 1983

3 between 1963-1968 23.5 June 1983

3 1968 trench 33.5 June 1983

3 between 1968-1972 39.5 June 1983

3 1972 trench L 445 June 1983

1 - near roadway -49.5 7 June 1983

3 . undisturbed 2 66 June 1983

4 undisturbed 1 22-32 June 1983 -
blowout '
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Table 3. Depth and location of thermistors in sites 1 and 3.

Depth (cm) Location (transect)
_ 5 1981 trench
- 15 1981 trench
5 ' pipelay
15 pipelay .
120 - pipelay
S _undisturbed (3 m from edge of r-0-w)
15 A undisturbed (3 m from edge of r-0-w) )

‘
J

Microloggers located 9 m from 1981 trench in the work transect

. |
’ 7
Table 4. Depth and location of thermistors in site 2.
Depth (cm)‘ Location (transect)
5, 15, 30, 60, 80 1981 trench (2 replicates)
5,15, 30, 60,120 . pipelay .
5,15,30,60,120 . " work
5, 15, 30, 60, 120 undisturbed
5, 15, 30, 60, 110 1957 trench
5, 15, 30, 60, 100 between 1957-1963 trenches
approximately 100 inside shelter '

Microloggér located 9 m from the 1981 trench in the work transect

-



" Table 1. »  List of plant species in the study sites.

'\

" APPENDIX II

A
Botanical Name

. Common Name

- Achillea millifolium -
Agoseris glauca -
Agropyron pectiniforme-

. Agropyron elongatum
Agropyron intermedium
* Agropyron repens
" Agropyron dasystachyum
var riparium
Agropyron smithii
Agropyron species’
Agropyron trachycaulum
Agropyron trichophorum
Allium textile’
Amaranthus graecizans
Amaranthus species
Androsace septentrionalis
Antennaria parvifolia
Arnica fulgens
Artemisia cana
Artemisia frigida
Aster ericoides var pansus
Astragalus dasyglottis
Astragalus bisulcatus
Astragalus cicer
Astragalus drummondii
 Astragalus species

" Atriplex nuttallii,
Atriplex prostrata
Bouteloua gracilis
Campanula rotundi folia
Carex eleocharis
Carex filifolia
Carex species
Cerastium arvense
Chenopodium album
Chenopodium salinum

Chenopodium leptophyllum

C henb\podium species
Circium arvense
Collomia linearis
Compositae species
Coryphantha vivipara
Cruciferae species .

woolly yarrow

false dandelion

crested wheatgrass

tall wheatgrass

intermediate wheatgrass

quackgrass . .
, northern wheatgrass

* ‘western wheatgrass -
wheatgrass
. slender wheatgrass

pubescent wheatgrass
prairie onion
prostrate amaranth -
amaranth

pygmy flower
pussytoes

arnica )

hoary sagebrush
pasture sage

tufted white prairie aster
milk -vetch '
two-grooved milk - vetch
cicer milk-vetch
Drummond's milk -vetch
milk -vetch v
Nuttall's atriplex
orache '

blue grama grass
harebell

sedge

threg“d-leavcd sedge -
sedgey -

field chickweed

lamb's quarters
.saline goosefoot

narrow leaved goosefoot
goosefoot

Canada thistle

narrow leaved collomia
composite species
cushion cactus

mustard
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Table 1. List of plant species in the study sites {cont'd).

Botanical Name

Common Name

Descurainia sophia
Distichlis-stricta
Elymus angustus
Elymus, junceus
Elymus species
Erigeron glabellus
Erigeron canadensis

Erysimum inconspicuum

Festuca species
Gaillardia aristata
Gaura coccinea
. Geum triflorum
_Gramineae species
"Grindelia squarrosa
Gutierrezia sarothrae
Helianthus villosa
Hordeum jubatum
Koeleria macrantha
Lactuca species
Lappula squarrossa
Lappula occidentalis
Lepidium densiflorum.
 Linum lewisii
Linum rigidum
Lithospermum ruderale
Lolium perenne
Medicago falcata
Medicago sativa
Mellilotus officinalis
Monolepis nuttalliana
Onobrychis viciifolia
Onograceae species
Opuntia polyacantha
" Oxytropis sericea
Oxytropis species
" Parmelia chlorochroa
Phlox hoodii
Plantago elongata
Plantago lanceolata
Plantago patagonica
Poa pratensis -
Poa sandbergii

flixweed
alkali grass . .
Altai wild rye “

_Russian wild rye

wild rye ,

rough fleabane

horseweed

small-flowered prairie-rocket
fescue

gaillardia

scarlet gaura

threg-flowered avens

© grass

gumweed

broomweed

hairy golden aster

wild barley

junegrass

lettuce -

blueburr

burr o .
common peppergrass

wild blue flax™ .
large-flowered yellow flax
yellow poccoon

Tye species

alfalfa

alfalfa

yellow sweet clover

spear leaved goosefoot
sainfoin =~

evening primrose

prickly -pear cactus’

early yellow locoweed -
locoweed O
lichen :

- moss phlox

linear -leaved: plantain-
ribgrass

Pursh's plantain
Kentucky blue grass
Sandberg's blue grass

;’,/c\

S
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Table 1.

List of plant species in the study sites (cont'd).

201

Botanical Name

- Common Name

" ‘Polygonum arenastrum

Portulaca oleracea
Potentilla anserina
Potentilla bipinnatifida
Potentilla fruticosa
Ratibida columnifera
Rosa acicularis

Salsola kali
Schedonnardus. pamculatus
Selaginellg densa

Setaria viridis
Sisyrinchium montanum
Solanum triflorum
Sonchus arvensis
Sphaeralcea coccinea

. Stipa comata

Stipa curtiseta
Stipa species

‘Stipa viridula

Symphoricarpus occidentalis
Taraxacum officinale
Thermopsis rhombi folia
Thlaspi arvense

Tragopogon dubius
Veronica peregrina

Vicia americana

Vicia species

Xanthium strumarzum

common knotweed

. 7 pusslane’

] “Lj .

sxh:erwwd
- w« pﬂains cinquefoil
shrubby cinquefoil
L?j . long-headed coneflower
W‘ prickly rose
g‘k} Russian thistle
¥ tumblegrass
+ little club moss
.. green foxtail
5?‘* _blue-eyed grass
i wild tomato
" *perennial sow thistle
apricot mallow
spear grass

‘ l
W western porcupine grass _

¢ fgedle grass
b ;ﬂ‘%} green needle grass
' “western snowberry
. dandelion
golden bean
stinkweed
goat's beard
hairy speedwell
American vetch
vetch .
cockleburr. -




Tabla 2. Mesn fregquency(l) and basa'! area(l} ef species n the
! undigsturpeg prairie (NAs100; June, 1983). .

Late grazed riy s sen grased
Bite 1 Site ite 2
B J [ 1 r "a r [ 13 r (1Y
Achiliea mit)ifte)ium s 4.8 * 1.2 - - T 3.8
Agrepyren pectiniferme 2 e [ 2 14 0.1
Agrepyren repens | 0.8 - - - . - -
Agropyron smithid 12 o©.4 17 o©.8 11 o.2 T ©.4
AlYium textile - . - - - . 1 -
Androgace septantrionalis - - . . .- . . Ps
Antennaria paryifelia 4 7.1 4 2.1 2 o©.8 s 4.2
Arnice speciel 13 o©0.8 11 0.7 ~ - . . .
Artemisia cana vy .8 21 1.4 2 80O - -
Artemisias frigice 7 7.8 81 [ 3 [ ] .1 7 8.0
Astragalus Species 28 2.3 3 18.2 2 o0.1 8 0.3
Atripiex species R . . - 1 - . -
Seuteleya gractiiis 78 2.7 sa 3.2 so- ©.8 77 ©.8%
Campanula retundifolis 2 2.0 ) * - - - .
ieg N a8 0.9 as 0.1 2 0.4 8% 0.1
Cerastium arvense . 3.4 4 1.0 - . 2 4.2
Chanepodium spacies . . 2 0.3 1 . . - - -
" 1 3.8 . - - - . .
fescurainia sophia 1 . - . - -
Erigeron asper . 1 ©.8 - - - - . -
Erysinum incenspicuum sp 26 . 1 - 10 .
Gaura ceccinea N . 3 1.8 1 o.8 - .
Sringelia squarress $ o. 2 - 8 0.1 AR 0.2
Sutierrezia sarsthrae 1 ©. 3 5.8 1" 0.2 14 1.9
Helienthus vi) a 1 o. .. - - - - -
Nordgeum jubatum - - - - 2 . .
XKeelar ia macranths s 3.0 83 2.1 o1 2.8 s 2.7
Lappulas species 11 0.8 1 - - - . .
Linum species 4 1 . 1 . - .
Lithospermum ruderale - . . . 1 - 1 .
Oopuntia pelyacantha 3 0.2 2 L4 | ] 3.8 1 0.8
Onopbrychis viciifol a N - - - - . - ] -
Oxytropis sericeas 3 o.8 - - - - 1 -
Philox hoooti a8 2.0 17 1.8 a8 6.2
Plantage species 40 ©.2 1" . 18 -
Poa specres 18 ©.7 . - L3 2.2
Polygonum arenastrum .2 . 1 . - -
Potentilia species 1 ©.8 2 - 1 .
Selaginella densa 23 31 8 87T 17 8 % 38.0
Sphaersices coccinea 82 1.3 . ° .38 o
sStipa s cles [ X} 2.8 [ B | I 20 0.7
Taraxacum officinale 1 3.8 2 8.8 . -
Tragopogon Jubius 3 0.2 2 ©.3 - - - -
Yicia americans - . 23 0.2 2 * 18 o.1t
Table 3J Mesn freguencyl(i%) and a(%) ot gpecias in the work
transect (nestoo., June,
: Lete s en grazec Early ssasen grazed
. Stte 1 Site & Bite $i1te 3
L4 A r BA r [ 79 - r [ 1}
« - B .
Achillea miliitof1um 3 1.3 - . . - 4« 1.8
Agropyron pectiniforme 348 4.0 87 3.8 21 1.0 27 31
aAgropyren repens - - " - - . - AR 3.1
Agropyren gmitnii s 3.7 2" 2.2 31 o.8 18 1.8
Agropyren trachycaulum 1 3.8 . - - - - .
Agropyron trichephorum 2.0 - - - - . .
AYYium textils - - - - 3 - 1 +
Androsace septentrionsiis - K k% . - 4 . 1 -
Antennaria parvifolia 1 2.8 . - . - . .
Arnica species - - . - . - N
Artemigia frigics | " 3 1% 1.1 [ 1 ©.4 s 8.8
Agstragsius species s o 3 - 3 o©.2 11 .
Atriplex mpecies - . - - " .8 - -
Soutelesua gracilis - . - - - - 3
Carex spacies - - - . - . L]
Cerastium arvense - - - - - - ‘2
Thenopodium species 2 . 3 4 . L]
Collemia linearis 1 - - - - . -
bescurainia sephias s 1.8 s 2.3 1,2 T
flymus speciss 3 1.3 1 3.5 28" 0.9 12 3.2
irigeren per . - - - 1 . -
Erys imum inconspicuum .2 - 1 K4 - . 2 -
Gaura coctinea - - . - &. 1 .
GCramine species Coe - - - -2 0.3 - -
Erindelia squarrosa 1 1 . s ©.3. 1 3 0.2 37 [ 3
GCutierrezis sarethrae - 2 35 o.8 4 o1 ' 2 3.
Hordeum jubatum a 0.4 . . - . 2 2.0
Keeleris macrantha 14 3.7 - - " 10 ©.4
Lappuls species 41 ©.a 24 o©.8 1 ] *
Lepidium gengiftlorum 17 1.3 - - 13 2 4.2
Lithospermun ruderate v - - - . . - . s 2.3
Lolium perenns - - . - - - - 2 4.0
Medicage species 13 ol 37 1.0 T 0.t T o.¢
Mellilotus efficinalis s o8 - - - - 2 1.8
N.no\.pih nuttalltana 1 ©.8 . - &8 ©.1 L
opuntia polyacanthé - - . - Al - -
onenrychis vicitfolis ) ©.5 - - - - 1 .3
Phiex haeoi: . 4 1. T 0.7 T ©. s 3.0
Plantago species "7 0.2 11 - 30 * 16 0.2
Poa cie 1] 0.2 - - s ©.8 3 -
Polygonum arensstrum 47 1.9 2 - 87 ©.2 83 1.0
saisols kali - - . - - - - 1 0.8
Scheggenardis paniculatus - - - - - - - 1 *
Selaginells denss - [ - - - - - - 1 0.8
Sphaeralcea coccinaa 32 0.8 c.0 13 0.1 2 0.9
38 2 4 2.8 34 o.1 , 3% 3.3
Taraxecum officinale . . - 1 . 2 1.8
gen dubius - . - - - . .
©.3 - - 8 ©.4

ricans 10 t.7
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frequency(%) snd Dasa) area(X) o¢ gpecies in the
ay trangect (nw100; June, 1883).

Teble 4.

Late seassn grazed Rar)y seasen grazed

Site 1 Site 4 Site i Site 3
[ T FoosA 4 [ 1} r ([ 13
'
Achilleas millitelium - - - ] + 1 ©.8
Agropyren ectiniforme 4.7 24 2.8 a8 o 7 21 1.2
Agropyren slengatum 0.3 17 1.2 0.8 - .
Agropyren intermedium - 1 1.4 - - - -
Agropyrean repens 2.8 4 0.6 . - 17 ©0.4
Agropyren ripar tum - 13 2. - . - -
Agropyren s thid 4.1 1] 1.7 b &) . 28 1.8
Agropyron trachycaulum . 15 1.4 1 . - .
Agrepyren trichephorum 2.8 18 1.4 . . - -
Altfum textive . - . - - - - .
Androsace septentrisnalis - 1 - . . 1 .
Artemigia frigices - - 2 0.8 23 o.8 23 3.8
Astragatus cies fe - . - 2 * E © &
Atriplex gpecias 2 . 4 .1 il - 4 © 1
Bocuteleus gracidis . - - - 2 o0.3 T o.8
Chenepecium species . - 2 0.8 2 7 . . -
Descurainia sephra 70 4.8 [ 3 1.8 1 - - .
Distichlis gtricta - - LI . - 1 o.8
1¢ 2.8 [ ] 2.8 12 .8 23 2.8
species - - . - 1" ©.2 ) ©.2
Griooce)ia saquarross - - 3 0.3 ] 0.1 17 2.8
Cutierrezis sarotnras - - - - 2 o©.3 Tt 38
Hordeum jubatum 1 0.8 - . [ 2.2 L 3 1.7
Keeler ia macrantna 2 8.0 - - 3 0.2 - .
Leppula specres 3 (-2 | 20 ©.7 - . - -
tepidium dengifliorum 15 0.3 2 0.2 : + 1 *
Lithospermum ruderale . - - - 2 * - .
Mecdicage species 20 21 8 [ 7 ° 1 12 (-2 |
Mellilotus ofttcinalis 2. 2.0 - hd - - - -
Monolepis nuttalliana 7 o0.4 1 . 7T o1 4 01
Onobrychis viciifolia 2 .8 4 °.8 ] * ? -
Phiex hoooi i - - 1 0.8 . 0. 1 °.8
Plantage species 4 4 1 18 0.1 2 -
Poa species a 2.0 - - v 1 . 10 1.2
Polyponum arsnsstrum 7 2.4 0.8 ¢4 o 3 47 0.8
- - - - - 1 -

totentilla species
Ratipics columnifara

o

[P

Ve
,

.

.

Sailsols kals . .
Sphaeralc csccinea 30 2 4 1.2 s 13 0 1
Stipa speciss s 1.4 0.4 7. . 13 ©.8
Sympnor icarpus occidentalis - - . - . - 1 ©0.8
Taraxacum officinale 1 (-3 . - 3 - 2 -

Yeronica paregr ina - - - - .. - 1 -

vicia species ] (- } 24 1.4 [ - 18 ©0.2
Table $. Mean frequency!(i) and basga? {%) of species 'n the 193)

trench transect (1ns100, Juhe, 1983

Late on grazed farly ssason grazed
Site 1 Site & site 2 site 3
r BA r .a r [ X} r ba
Agropyron pectiniforme 14 8.0 27 v.7 . 17 3.8 20 3.3
Agropyron repens k} 2.4 kl 1.3 . - [ ] 0.2
Agropyren riparium - - - - 1 - -
Agrepyron smithis 19 4.0 33 2.4 23 1.1 33 2.0
Agropyron trachycsulum : . . 1§ 2.8 - - 2 a.s
Agrepyren trichephorum .2 4.3 T 2.7 - - k} 2.6
Artemigia frigida . - - - 1 . - .
Astragalus species - . 2 o.8 . - ) 0.8
Atripiex species 2 46 0.3 - - 4 0.3
Seutetoua gracilis - - - B 4 . .
Chenepodium [ 4 - L 8 8.0 - -
-] [ 1 3 o©.% - - . -
Elymus spacies 28 18 3.1 23 2.0 38 3.
Graminese species - - - - 5 o.8% . -
Cringelis squerrosa - . - - 2 ©.3 2 0.1
Cutierrezia sarothraa - - - - - . T2 -
Hordeum jupstum 1 8.0 - - 1 . 1 3.8
Koeleria macrantha - - - - 17 . - -
Lappuls specres 16 ©.2 14 0.2 - - - -
Lepicdium gengiflorum - - - - 1 - A .
Lol ium perenne 3 ©.2 . - - - 1 s
Mecgicaget species ¢ 3.0 20 ©.7 $§ o.1t 2 o
Monolepis Nuttalliana w32 2 8 4 0.8 $ o0.1 T 0
Onobrychis viciifelra Y3 1a 2 o.2 & 0.1 s 0.
Polygonum arenastrum s 2.0 14 1. 3 o.8 27 o
Potentiile species - - - - - - -
Salgola wal - - - . - - 1
Sphasralcea coccines Rl Q.8 2 - - .
Stips species 1o3s 1 1 . s .
~¥icia americana - - 12 2 - - -




Table 8.
stockpile transect

Late seasen grazed

Site

r

Achillea milliéo)tum
Agropyron pectiniforme )
Agropyron siongatum
Agropyren intermedium
Agropyron repens
Agrepyron riparium
Agropyron smithii L
Agropyren specids
Agrepyren trachycautum
Agropyron trichephorum
Androsace septentrionalis
Antennaria parvifolia *
Artemisia cana
Artemig'a frigios
Astragalus Species
Atriplex species
Boutelous gracilis,
Cerastium ‘arvens
Chanepodium
Descuranis
pigtichlis stricta
Eiymus species
Grigeren asper
Gaura ceccines
Grinde)is sauarresa
Gutrerrez 18 sarothrae
Hordeum jubstum
XKoeleria macrantha
Lappuwla species
Lepidium censifliorum
tinum species
Lithespermum rudarale
Lol ium persnne
mMeatcape specH
Monclepis nuttslliana
Opuntia polyacantha
Onobrycnis viciitolra
Oxytropis sericea N
Phliox heedi:
Plantagoc species
Poa species
Polygonum arensstrum
. Ratibics columnifera
. Scheodonardis paniculatus -
\Sphaersices coccinea 32
Stipa species 10
Taraxacum officinale -
Yicie americana 13
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Tabnte 7

-
oe

-0

1

[ T

June,

1983) .

Site &
’ [T
\ .8
3 ]
3 1.2
3 o.%
81 1.4
s 2.0
2 o.3
T 3.8
13 0.1
2 0.3
2
5 1.8
. 5.8
1 8.0
s 3.8
3s o 7
10 07
17 0.3
s o1
1 3.8
‘28 o.8
38 0.8
1a 2.3
18 0.9

tranch transect (NE100; June, 1983).

LC“I season grazed

Site

Achillea millié¢o) tum 1
Agropyron pectiniforme 1
Agropyron repens 2
aAgropyron gmithnil .
Angrosace septentrionatis -
Antennaria parvitolias 2
Arnica spectes 1
Artemisia cana 3
Artemigsia frigios
Astragalus Bpecies
uteleus gracilis
ax species .
Ceragstium arvenss s
Chenepedium gpecies B -
Descurainia sephia .
frigeron asper
Erys imum ‘{nconspicuum
Gaura coccinea
Crindelia squarrosa
Gutierrez'a sarothrae
Hordeum jubDatum
Kosleria macrantha
Leppula species
Lepidium densiélorum
Linum species
. Metlilotus officinalis
Opuntia polyacantha
Onebrychis viciifolra
Oxytropis Species
Phlox hoodi:
‘antagoc species
Poa species
Polygonum arenastrum
RatiDida columnitera
Roga acicularis
Sphaaearslcea coccinea
Stipa species .
Symphor tCarpus pccidentalis
Yeraxacum officinale
Trsgepogon dubtus
Yicia amer icana

- N
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-

»u
PR O 1 B3O

~
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ow-
nee o

oMo -

oon

A

Site 4
r o oma
s 5.
[
1t o

19 2.
s 138
s 8.0

s3 2.7
s 1.8

as 2.8
r -
1 *
1 o.®
7 e.7
1 *

20 o,8
T 1.

53 2.8

s 1 7
1 0.8
« 0.1
[ ) -
7 10.8
1 e 1
1 0.1
L] o 1
3 a0

28 o.8

12 2.8
s 113
s 1.6

as o.8

NRe .

Rary
site 2
r BA
2 4.0

32 2.8
] L d
34 1.
4 -
2 0.2
1 -
14 1.4
8 o.1
10 .1
3 1.3
20 1.3
3 1.3
1 -
L] 8.2
L) 1.0
L] .7
1 [ I 3
18 .7
12 (- -}
7T o.8
2 .
a4 2
1 o.%
3 2.8
10 1.3
2 -
. [ 1
2
1X -
28 o8
1

site 2
r ‘8A
10 1 8
[
3
[ ]

(1] .
1 .
1 -
2 ©.3
3 ©.2
3

10 0.1

I 2.4
4 1

o4 8.9
4 6.4
1 -
4 1.1
1 1.1
1.3
2 -
1 -

24 .1

” 1.4
1t 3.8

26 1.2

20 ©.3

. £
Mean frequency(%) and basa) aree(l) e! spacies h the
in= 100,

204

n grased

site 3

r
s 1.4
32 0.7

s 2.3
5o o8

-

-
INOHNG ¢ = 1B U = N B BBWANCUNNALSWY -

Mean frequency(%) and basal area!%) of gpecies in the '

L)

7.0
©. 4
[ I )
.8
1.8

Larly season grazed

site 3

r (1)
29

1

. )
. .
3 147

. .l

179
74 9.3 -
22 0.1

s 0.2

1 »

7 1.1 *
L] -

3 -

3 2.7

17 2.8 .
7 w.» -
’s 3.2

1 3.

a 2.8
30 3.8
ss o.8%

3 0.2

7 o.8

a 1.8
38 1.2
0 6.0
20 2.8

s 0.2
43 0.8 .
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Table 8. Mean frequency(X) and basa) arsaiX) ef species betwesn the
7 and 1083 trenches (n®100; June,

sen grazeg Harly seasen grazeo

Bite & Stte 2 Site 3
. r A r BA r ha [4 oA
Achiilea millifolium 28 o8 s 2.8 27 2.1 28 2.8
Agropyron pectiniferme 1 c.8 - . . . - -
Agropyron pons 2.2 - . - - 10 © 4
Agropyren gmithi . 1.3 13 0.3 1] 1.8 1 +
AlYtum textite .. - . - 1 04 1 +
Antennar ta parvifolias ] 8.4 7 10.8 3 2.8 1 ) 7.8
Arntca gpecires . - - .. 1 . . .
Artemigia cana 2.8 ¢ 17.2 1 6.8 3
Artemisia frigida 2.8 73 4.3- 83 2.2 70
Astragalus species ‘0.3 (] - s ©.3 28
Sowtelous pracilis 3 D) 3t o.9 1 T 13
Campanula rotundifolias 1 (-2 PR . - - - .
Carax species . 3 0.2 s . 3 1.8 & 0.1
Ceragtium arvense 2 o.8 2 180 20 2 & 4 8 o
Coryphantha vivipara - . 1 0.8 . - -yt
Descurasinia sophia 1 1 . 1 04 - -
Erigeren asper 8 0.8 s o0.8 8 - -
Brysimum inconspicuum. . - 1 - - - 3
Gaillardia aristata - . 1 o.% - . - -
Caura coccinea 1 3.8 s 3.3 2 - 2 ©.2
Ceum tridlorum - - . . 1 c . - -
Crincelr'a sequarrosga . 1 o & 7T 0.2 2 1.8 18 1.0
Gutierraxzia sarotnrae as 1.8 3 2.8 48 2.0 s 2.8
Helianthus vitiesas L] .8 . - - - -
Horgeum jubDatum - . - 4 3 -
Koeler ia macrantha " 5.8 L] .3 [ ) 4 3.1
Lappuls species - - 1 - . . -
Lepraium densiflorum . - - . 1 (-2 § - .
Linum gpecres $ o.% 4 0.2 1 ©0.9 1 .
Medicago species - - - . - - 1 .
bpuntia polyacantha - . . . - . 1 3.8
Oxytropis sericea 1 * . - - - 1 0.8
Phlox hoods i 1 - 14 27 1 3.8 [} 1.3
Plantago species 23 ©0.2 L] 0.1 " - [ ] .
Poa spechres - 8 %.0 3 o0.2 33 2 a 43 o.»
POIyQONUM aranastrum - . - - 2 - - .
Potentilla specres - - - - . 2 0.3 - -
Ratibiaa columnitera 3 t.2 i 0.8 20 o.8 8 0
Rogsa acicularss R - - - - - - 3 1.3
spha lcesa coccines 20 ©.8 30 v 23 o1 31 ©.3
Stipa spectes 2 7.7 47 4.3 17 1.0 33 1.8
Symphoricarpus occidgentalis - . . . - - 1 0.8
Taraxacum officinate 18 1.2 T 3 84 2.0 18 t.1
Tragopoegon dubius 7 o.8 3 o0.2 - - a o &
vVicia amsricena 28 1.8 19 o 8 12 ©.7 11 (-2 ]



Table 0.

Achiliea mil1i¢te) ium
Agrepyron pactiniforme
aAgrepyron gmithid
Agrepyron scies
Antennaria parvifolia
Artemigia cana
Artemisia frigica
Astragalus species
Souteloua Qracilisg
Cappanula rotunditolia
Carex species
Cersastium arvense
Chenopodium specres
Erigeron asper

Erys imum (nCOongptcuum
GCaura coccinsa
Grindelia squarrosas
Gutierreias sarothrae
Koaler 'a mac ntha
Lappula species
Lepicium aensiflorum
Opuntia polyacantna
FParmalia chlorochroa
Phniex heodil

Plantage spacies
PoiyQonum arenastrum
Potentilla Specres
Saisola xali
Selaginelia denss
phaeraices coccinea
S$tipa specias
Taraxacum officinalis

Tabte 10

1882)

June and September

v Agropyron pectinitorme
Agropyron smithi
Antennar sa psrvifocla
Artemisia cana
Artemisia frigiraa
Astragelus species
Soutelous gracHiiis
Carex speocies
Chenopodium Spec18S
Baura coccines
Grinde)ia sguarrosa
Gutierrezis sarotnrae
XKoelartia macrantna
Lappula species
Medgicage species
opuntia polyacanths
Parmeiia chlorochroa
Pniox hoodil
Plantage species
Polygonuam arenastrum
Potentilila species
Selaginella deansa
Sphaeralcea coccinea
Stips species

Mean frequency(l) and bas
and September

' areal¥)
June
site 1 Bite 2
4 [ 1] r sA
T 8.3 . . *
a1 29 - -
ary 7 ot + .
5 3 - * -
8.3 . 28.0 2.3
* * 8.3 3.8
.0 1.8 100.0 2.2
41.7 (I} - *
78 .0 1.4 100.0 0.7
3.2 - . .
- - > *
. - 8.3 .
. s.3 .
- - -
- * L4
. - -
+ 1.7 2.0
- . 4.7 .
100.0 $.8 100.0 .0
| -] . * .
8.1 - . S .
. * 33 3 1.4
- 100.0 2.2
.0 LRI 1.0
©.4 - -
5.2 ) - -
- - - .
- - - -
100 0 49 .3 100,0 88 §
75 ¢ ©0.9 33.3 *
a3 3 18 . -
- - 8.3 .

1982 .
June
Site site 2
4 2 r na
53 358 s 2 .
- - - +
s ] - 28 .© °
- . 18 7 &
LG SN T SO R B
1.7 . 16 7 -
100.6. 0.9 100 © 1
- . . -
13.3 . [} .
- - - -
1.7 . «1.7 o 7
i 7 . s 7 0.4
100.0 4 © 100.0 2.3
8.2 . - -
.. - L .
16.7
3.3
s +
1.7
3
8.3
100.0
100 ©
100 ©°

AN

in the undisturbed prairie

site 3 site 1
L 7 r sa

* * 8.3 -

* * * *

- - - -

* + - *
$.3 o.8 . .1

. - .

100.0 3.0 83.3 .8
33.3 . 4.7 .
100.0 2.8 100.0 8.0
* - -
83.3 . . .
* - * *
s.3 . 33.3 0.1
A4 - - *

- - - L

- - . -
18.7 . .3 -
18.7 . . .
100.0 3.3 .3 .
* - +* *

Ld - *
8.3 18.0 - .
100.0 ‘ s0.0 0.8
[ 3 0.4 . .
. . a7 o.7

- . * -
67 - . . -
. . . .
100 © 70.3 100 © 4) 3
I8 0 0.1 8.3 .
s 7 . 3 2.0
* - - *

n..é trequancy(%) ana bags) areal%) of gpecies

in the semi-disturoed prarrie

site 3 si1te 1

r LK) r LT
°o.s 8.3 3s
. . B
. . o
. . .
28 17 3s
. . .
o8 83.3 2.8
B . .
. . .
. . .
. 8.1 e
- L -
(] 3.3 .
- - -
- - L4
.-
.

(ne12; June
Septembper
site 2 Site 3
r oA r A
. - -
* - - »
* * . *+
- - - -
18 7 .8 8.3
s 3 .7 +
100 .0 - 100 . © 3.3
. 8.7 -
100.0 §.4 100.0 2.3
- - *+ -
33.3 ¢+ 883 ¢
- * L4 *+
- - - -
- - - -
8.3 - - -
- - - +*
16 7 0.2 28 .0 .
33.3 . 28 .0 .
- . .3 .
- - 4 *
- * - -
28 © o©.2 8.3 '8 O
78.6 ©0.3 100 0 1 8
- o'_}h|.1 t.0
8.3 . . -
- - . .
. . 8.2 -
.3 . . .
100 © 88.2 100 O 83 .2
$0 © . $0 © .
- - 18 7 -
8.3 “ +*

{nes 12,
Septembar
Site 2 site 3
r L1} 14 . BA
- . 28.0 *
. - 1% 7 -
25 © ° 2 . .
s 7 4 0 - .
8 7 3.8 100.0 4 ©
s 3 hd 16 7 ©.2
100.0 7.3 100.0 3.7
- - - -
- L4 - -
4.3 . -
41 7 ©."7 .0.9
4 7 ©.2 *
- - -
- - L4
* - L d -
*
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Table 1.

Achillea mililito)tum
Agrepyron pectiniforme
Agropyren SMmithii
Agropyron species
Amaranthus species
Artemigsia cana
Artemigia frigica
Astragalus spscies
Atriplex specres
Pouteious gracilis
Cerastium arvense
Chenopedium gpecies
Descurainia sephis
Elymus junceus
frysimum thconspicuum
Cesrllardia arsstata
Cramineas gpecies
Gringelia sauarrosa
Cutierrexis sarotnrae
Hordeum jubatum
Keeler ia macrantha
Lappule species
Lepidium gensi¢tlorum
Medicage species
Mononlepis nuttaliiana
Phlox hoodi .
Plantago specias
Polygonum srenkstrum
Ratibiga coetumniters
Salgola wali

Melan fremuency(%) and

Scheodonnardis paniculatis

Beteri1a viriosg
Sclanum trifliorum
Sphaeralicesa coccinsa
Stipa species
Taraxacum ofticinalis
Tnlasp: arvense

. 4

Table 12
September

Achiy1les mid s ¢o0Yvum
Agropyron pectiniforms
Agropyron spec ies
Amarantnus species
Artemigia frigica
Astragalus species
Agster ericoides
Atriplex species
Souteloua Qraciiig
Carax spacies
Chenopedium species
Descurainia sophia
Erigersn asper
EBrygimum inconsp icuum
Gaura coccinea
Grinocelis squarresa
Gutierrezia sarcthrae
Hordeum jubstum
Koeleria macrantha
Lappuls spechras
Lepidrum gensiftiorum
Madicago species
Mallilotus e?ficinaltis
Monenlepi1s nuttalliena
Opuntia polyacantha
Oxytropis sericea
Phlox hoodii

Plantago species
Polygonum arenastrum
Ratibicoa columnitera
Selagine)tla denss
Seterias viridis
Sphaersliceas ceccinesa
Stipa species
Taraxacum officinslis

1982

Site

Site

1
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.3 i
o -
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.3 -
b *
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.3 -
LI | .
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-
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- - e
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$0.0 4 e 7 o
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A4 . L4
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Bite 2 stte
r 8a r
- . 6.3
41 .7 - 100.0
L R . 3.3
28 © - v .
1.7 0.2 31.3
a1.7 . 8s.3
* * -
s.2 . -
T - -
s 7 - .
8.3 0.1 1.7
) - *
* - -
8.3 * .
- * -
258 .0 . 28.0
- * -
4.3 . 18.7
- L -
. - -
s 7 - $.3
7 . $o0 ©
- . - 8.3
soc. 0o o©.2 s 3
« - 8.2
- * -
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- -
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Tapble 13.

Achillea m
Agrepyron
Agrepyron
aAgropyren
Amaranthus
Artemisia
Artemisia
Astragalus
suteiova
Chenopediu
Caura cocc

Mean frequency (i

and Saptember,

t114¢e1tum
actinifeorme
species
trichophorum
ecies
cans

¢rigioca
species
graciiis

m species
inea

Hordeum jubatum
Lappuls species
Megicagoe gpecres

r

Mononispis
Opuntia po
Plantage s
Poltygonum
Sphaesralc
stips spec
Taraxscum

Table 14,

Achillea m
Agropyron
Agropyron
Agrepyron
Amaranthus
Antesnnaris
Artem g ia
Artemisia
Agtragalus
Aster eoric
Atriplex s
Souteloua
Cerastium
Chenopodiw
Dpscurany
Erigeron &
Gaura cecc
Graminaae
Gringedia
Cutierrext
nordeum ju
Koelaria m
Leppulas sp
Lepigium o
Madicage s
Menonlepis
opuntita po
Plantago s
Polygenum
Resa acicu
Sphasrailce
Stipa spec
Yaraxacum

huttalliana
tyacantha

cles “
enastrum
ceccinea

ies .
officinalix

Mean freguency(%)

and Sepitember.,

$174¢0) tum
pectinitorme
smitht
spectas
speciss
parvitolia
cans
trigida
species
ciges
pacies
gracitis
arvense

m gpecies

a gsephra
sper

inea
spacreg
squarrosa

& sarothrae
patum
acrantna
eCiesg
ens i florum
peocias
nuttalliana
‘yacantha
pecies
aranastrum
larisg

a ceccinea
o8
efficinalis

and b
1982) .

al

site

L.
243.3

400000

4.7

.

16 7

+

8.2
8.7
3.3
N 417

e

8.7

.

1982)

“ o000

nd basal

0540000000008 00 0000000
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atl) of gpecies in the 1 trench transect (ns11;
-
June September
s1te 2 site J Stte 1 Site 2 s
A r Ba r BA r oA r aa L4
- * * . * - - -
41.7 - - 28.0 . "7 * 100.
- - - - .. 83 . - [ 1]
- - - - - - * ..
b * - 2s.0 * 4.3 . 04
- - . . . . . 8.
. - + - . + ]
. . - 9.7 - . a4 .
- . ) - . - -
8.2 04 - - . - 18.
- - 0.8 - - * -*
. L - 3.3 - * 28
- - - - - - 18 .
e 3 * - - - -
- - * > - . 25 .
° . .’ - + - - -
8.3 * hd 23.3 - - 18
. - - - - * 8.
* . * . . i Y - -
- * - *» * 8.3 * e.
3.3 04 L4 33.3 * LR . 8.
- * * - - 8.3 - -
- . - - - 18.7 . ‘.
+ - - . . . - -
area(l) of species in the stockpila trahgect (ne12,
June September
Site 2 Site 3 Site 1 Bite -2 | ]
A 4 [ XY L’ BA r BA r BA r
I
8.3 + a).7 0.2 . . 3.s [
© e 7 - 80.0 (-2 | 28.0 1.2 - 1.
- - 16.7 - - - - *
28 .0 - - - 18 .7 - * ..
" . - - - 8.3 . . Y -
- - 8.3 - - - - - -
. - 2.3 - - .. - - -
33 2 . L R o 4 s 3 - 8.7 . 33
L I | . 41 "7 . 18 7 23 283 o . L 1 I8
- - - ) - - .3 .
+ . - - - ., ) -
33.3 1.1 33.3 0.3 e .7 - ©.8 L]
417 - - - - - -
8.1 - - . 19.7 . -
- . ! . * - - ..
- . 8.3 - - - .
8.3 . * - 8.3 - -
- + . * - ) +
8.3 » [ I 3 - * - +
8.3 - 83.2 2.0 . . A
hd . 8.3 +* - - -
18.7 ©0.3 100.0 3.0 * - -
- - * L4 * * -
8.3 04 8.3 hd .- i4 .
TR - P + 8.3 . -
-> * . * - * - -
- - * L d - - -
- - 6.3 - - - -
33.3 - 18.7 * 147 - *
* b4 8.3 o.8 - - -
L3 I . 8.3 . et .7 ©.2 417 *
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8.3 - $8.3 - * 2.3 -

June
ite 3
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-
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+
-
+
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L d
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-
-
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A d
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-
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-
-
*
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v

Mean Orcquoncytl)”nnd basal areai(i) ef p ecies in the

Taple 8. !
ang September., 1082).
’ June ‘
site Site 2
r A r A

Achilles mitlli¢tolium
Agrepyren pectinitorme
Agrepyren smitnii
Andresace geptentrionalis
Antennar ia parvifolia
Artenisia cans
Artemigia frigiaa
Astragalus species
ricoiges
us gracilis
aium gpecies
Coryphantha vivipara
Brigoeran asper
Gaura ceccinea
Cramine species
Grindelia sAUErross
Cutiarresis sarethrae
Mordeum jubstum
Koslaria macrantha
Opuntie polyacantha .
Oxytrepis ssricea -
Parmslia chlerechros -
Plantago purshil - -
-
-
-
-

LIRS AR A

Polygonums aranastrum +
Ratibiraa columnifera [}
Assa acicularis | .

spn icea coccines 5.
Stipa speces 41
Taraxacum officinalis 33 .

s 0080000

[PRREVETEY

Table 18 Mean frequency!a) ang basel

in®12, June and September, 2).
June -~
M s$ite 1 s$ite 2 site 3
— BaA 4 LI} F [ X3
Achillea millifotium $0.0 . $0 © -

sgropyron pectiniforme . . - - o 8
Agropyroen gspecies - 8.3 - | 2% e
Antennaria parvifolia $® © © 13 .8
Artemigis ca h4 - 8 12,1 -
Artemisia frrigras k] - 78 28
Astragatus species ay.v - 33. .
foutetoua graciiag 3.3 13 100 -
Coerastium arvanse . . 18 .
Chenopodium species 5.3 - - .
irsgeron asper a3 3 - . *
Gasura cocsin 2% .0 . 2.3 *
Cramineas species 8.3 - - -
Grindelis uarreoss a7 . 3.3 $.0 hd
Gutiesrrex sarethrae s 7 o 8 100.0 1.7 3.8
Horgsum jubetum 28.0 0 3 33 3 l‘} L4
Koeleria mecranths 100.0 18.3 toeo0.0 . ©. 4.1
Oonograceas: speciss . - - s.3 L
Opuntia polyacantha - - - . -
Plantage species 8.3 . . - .
Pelygonum arenastrum 8.3 - . 8.3 -
Petentitila cles . - + - -
Ratipica columnifera . - . - - -
Ress scicularis - . L4 hd 04 2s.0 8.0
Spheeraicea ceccinea 41 7 ©.t 437 - 18.7 -
Stipa speciss t1 7 3 - - 18.7 -
Taraxecum officinaliig . 33.3 ¢ 10 c.¢ 41.7 2.1
Thearmepsi1s rhembiftclss 4 . - $.3 -
- - -

Yicia americans 41.7 0.7
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000
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se0800 00

°o.9

»
transect (n=12; June

Ssptember

Site

r

Septemp
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sa s 00
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2
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ORI IR AP S A A AR )
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*
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*
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-
*
.
-
-
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-
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- -
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2.3 -
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18 7 1.8

transect
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» *
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‘Table 17 LT}

Achiliea mitii¢o) tum
Agropyren ctinivorme
Agropyron smithii
AQropyron species ¢
Antannar ia rvitoria
.Artemisia cana \
Artemisia frigiaa
Astragalus species
Souteloua gracitis
Cerastium arvense
thenopodium specias
frigeron asper

Gaura coccines
species

a squarross
Cutierrexia sarothrae
‘Hordeaum jubatum
Koeleria crantha
Lappula species
,Omytropis sericea
Plantage species
Polygonum arenastrum
Potentidla species
Ratibida columnifera
Rosa scrcularis
“Satgola kat
Sphaeralcea csccines
Stipa specres

Symphor icarpus occidentalis
Taraxacum officynals
Tragopogon nunsu;

Table 3

frequency (%)

andg basa) area(l) ef species in the 1883 trench transect (ne1l, June
and September, 1882}, .

(ns12, June ang Septemper,

Achillies mil)ifo)1um
Agoser is glauca
Agropyron pectinitorme
Agropyron smithnis
Agropyron specras
Antennara parvifolia
Artemisia cana
Artemis'a frigrcga
Astragalus species
Souse & graciltig
Carex speocies
Cerastium arvense
Chenopodium species
Ceryphantha vivipara
erigeron asper
Erysimum tncCoONspicuum
Caura cogcines
Gramine specras
Grinaelis sqQuarross
Gutierrezia sarothrae
Hordeum jubatum
Keeleria macrantha
Lappuls species
Opuntia polyacantha
Parmelia chlerechros
antago speciss
PolygPnum arenastrum
Ratibiga celumnitera
Reosa acicularis
Sphaeralcea coccinaa
Stipa species

Symphor jcarpus occicdantals
Taraxacum officinat g
Tragopogon cuDius
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o
NO0ONUWOO WMOUY

s 40400048
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- *
33.3 1.
8.3 ¢

September
site Site 2 Site 3
r 8a r [ 1) 4 aa
it 7 0.3 §0.0 .
1.7 2.8 . .
- - * -
8.3 -
04 .8
.0
‘3
-
]
. -
- -
- *
8.3 .
* -
4. -
. $3.2 [
- 1.7 .8
- 38.0 -
- - .
- - *
* - .
- 4.3 -
- - *
4t 7 0.2 33.3 .
- - - [-]
- - * A
s 7 . 18 7 -
17 - LRI -
- . 8.7 -
4.3 . ar.7 -
- - 4 L4
(\
the 1883 ana 1883 trench transect
September
Stte 1 Site 2 site 23
4 LYY [ 4 aa r aa
8.3 - ar 7 ©.9 s 7 2
- - - - -
- - .
- - -
.~ * -
2% .0 1:3 2%.0 3
2.3 3.% 8.3 [ ]
3.3 2.8 [ T8
- - 1 7
3.3 11,8 1.7 &.
8.3 - - -
. - - -
-* - - -
8.3 - - -
3.3 - - .
- 1)0 - L4
2.3 * - *
- - - *
3.3 .1 .3 1.0
As.7T o, -3 1.0
A - T .
. - .0 1.3
- L d *
- - ;
. - >
8.7 - -
.7 3.7 .
8.3 - 3 3.
Ll * - -
8.3 - 4.7 +
sc.©o 2.1 8.7 -
- - - -
B 8.7 1.8 33.3 o.8
. .-

. - - 8.3
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Table 19,

Achillea mitVito) tum,
Agropyren pectiniforme
Agropyron species
Antennaris parvifolia
Artemisia ca ’
Artemigia frigiaas
Astragalus species
Soutetpua praciltis
Chenopodium species
Er igeren asper
ysimum {ncongpicuum
Festuca species
Gramineas species
Grindelia arross
Cutierresia satothrae
Hordeum jubatum
Koeleria crantha
Lappulas ®cres
Piantago species
Polyponum arenastrum
Ratibida columnitera
Sphaseralcea coccines
Stipa species
Taraxacum ofticinalis
Tragopogon dubtius

¢

Tabla 20
ine12,

Achiiliea mtY1Vifo) vum
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Table 21t.

‘Achities miYiito)ium
Agropyron pectinisorme
Agropyron speciass
Androsace septentrionalisg
Artemigsia cana

Artemi a frigiaa
Astragsius species
Boute)oua gracilig
Chencpedium speciss
Rrigeren aspe
Caura ceccine
Graminese gpaocies
Cr:naelis squarresa
Cutierrezia sarothrae
Morgeum jubpatum
Kosleri1a macrantna
Lactuca species
Medicage species
Mononilepis Nnuttalliiana
Philox hoodi

Plantago species
Polygonum arenastrum
Ratipida columnitera
Salsocla kali a
Setara viriois
Sphasraicea coccinea
f£t1pa specres
Taraxacum officinaiasg
Thlasp' arvense
Tragopogon oubius
Vicira amerscans

Table 22 Mean treguency(%

roadway (nst2;

Acnhillse miliveo) ium
Agropyron pectihisorme
Agropyron gmitnat
Agropyron gpecies
Androsace septentricnals
Antennaria nitias
Artemisia frigraas ’
Agtragalus species
Boutelous pracrig
Caragtrium arvense
Chénopodiumw species,
Erigeron per
Lringelia squarrosa
Gutierrezia sarotnra
Nordeum jubatum
Kosler ia macranths
Lappula species
Parmelia chlorechroa
Phiox heodit
Plantago species

» species
Polygonum arenastrum
Rattbids cotumniters
Sphasralcea coccinea
Stipe species
Taraxacum of¢icinalis
Tragopogon dubius

N - -

- B0 eow

Y & .

0 WI9d uwuw
-

‘40

and basas

Site

~
L3
o

-]

cies in the 1972 trench transect (Nut12; June
—June Septamber
1 . 81e 2 Site 3 site Site 2 S1te 3
BA r aa " A [ 4 ba r oA r sa
- - - LY -
.0 8.7 - 100 © 13 .1 0.4
- - . * Ll L
* - - - - -
* * - - 4 -
- 80.0 o©0.1t .3 - 4.8
. .7 - 3.3 - b4
. . - .3 . 0.4
- 2.3 “ - - -
- - . e - - .
- s.3 3 - + ¢« -
.8 . . * - +
* 3.3 [ | .0 - 3 3 + 6.8
. 1.7 20 - . - - LI |
- LR 3.2 28 .0 . - - 2.8
.2 4.7 1.0 - - - . *
* 8.] - - - - + .
- . L4 147 . . - .
- * - 1% 7 * * * .
- - - 28,0 3.2 - - -
. '!l v - - . - - -
+ 18 7 2.0 $.3 - .. . .
- 33.3 LIS ] . - 8.7 * 8.0
. 8.3 - - - - - .
Y 8 3 . - . - . -
- - - 15 7 . - - .
. [ I o0 - - * - -
. 23 3 10 - - - - 3.5
- - - - - * - .
. 1.7 - - - - - .
. - - 25.0 - - . Te
LS
area(.) of gpecies between .the 1872 trench transect, and the
1 2.
June September
1 Site 2 Site 3 Site ¢ Site 2 Site 3
sa r BA r 8a r A r BA r Ba
. 16§ 7 £.3 2% O b - - 83 3 1.7 -
1 - . 33 .3 -2} 100 © 12 .3 33 3 ©.3 80.0 o.7.
-] .. - * - - - 8.3 . - -
. - - - - - : - - .
- - - - - ., - - -
5 18 7 3.8 - . 18 7 3.8 [} .
* 100 © [ 2 | 1.7 .8 28 . © 7.7 100.0 1§ ©
- 5., - - . - - 2% o -
* - id - hd . 3.8 8.3 o.8%
- - - 8.3 * - * L4 -
- [ - - - - . - -
- 8.3 - - . - - -
- 8.7 [ ] .3 . 41.7 1.0 o. 1
* 1% 7 - .7 2.8 - . 1.0
- 8.7 2.2 o o.8 . 2.2 0.2
.2 s 7 2.0 -3 1.9 8.3 . *
- s 3 - - . - . -
- 8.3 - - . - + . .
. - - 28.0 - . - -
. 28. 0 . 1.7 . - ‘. 3.3 .
* 3.3 . - . - - - -
. 78.0° 0.8 28 .0 1.3 - 1.2 18.7 *
- - | - - - a.3 * - -
b BO. O . 28 .0 . 33.3 . 41.7 *
* 88.3 o.1. 33.3 1.9 - g - -
. 8.3 1.1 - - - . + -
- - - - - - - - - - »>

June anc September.

212



Tabie 23.
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