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3  This day before dawn | ascended a-hill a look'd at the crowded heaven, '
A , Andl gaid to my spiril, When we become, the enfolders of those rbs, :
B, and the pleasure and knowledge o everything in them, (
_shall we be fill'd and satisfied then? .

And my spirit sé}id, No, we but level that lift to pass and continue beyond.
" - I3 ‘ Walt Whitman

All the rivers run into ft}e sea, yet the sea is not full;
Unto the place whence the fivers come thither they return-again.

" Ecclesiastes 1:7
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. .  ABSTRACT,

Studies were conduoted to assess the impaet of-.lo'ng-term grazing regimes‘on Iitter and
hydrology at three rangeland Iocatlons in souther‘n and central Alberta hnada ered prame ona -
“ Solonetzuc soil, was earty (May through July) and late.(August through October) seasoh grazed at
- 0.9 AUM ha1: At Kinsella, in aspen parkland fescue grassland on Chernozemtcsorls, grazing was '
" in June and autumn (September 15 to October 15) at. Itght and heavy intensities of 1.5and 4.4
AUM ha1 respectwely At Stavely, in toothllls fescue grassland on Chernozemic sorts lught
moderate heavy, and very heavy grazing treatments were stocked at 4. 8 2.4,1.6, and 1 3 AUM
ha-1, respectlvely Ungrazed controls were evaluated at each site.

Combined heavy lntensuty/earty season grazing regtmes had greater |rnpact on litter and

>

hydrology than did light mtensuty/late season. grazrng reglmes Under heavy mtensrty/early

season grazmg there were reductions in helght of standmg lutter ltve vegetatlve cover, and

organlc matter mass; there were increases in bare ground, resistance to penetratlon toa depth of

25 cm, and bulk density. These combmed factors led to lower mtrttratuon rates and Iower‘ amounts '

of soil water at times of recharge. Soil water to an 80, cm depth was generally mcreased dunng the -

growing season under heavy mtens«ty/early season grazmg regimes due to reduced water uptake |

‘by more shallovv rooted, dommant plants Grazmg in June at Kinsella, at heavy and very heavy . -',u.i; T

mtensmes at Stavely, and earty in the season at Brooks had the greatest negattve hydrologlc '

rmpact o - R ’
R Altho'ugh hydrologic.co'nditton was reduced with heavy intensity/early season graznng the

- overall effect from a physical perspecttve was small. Changes in mttltratton rates and sonl water

: were otten only afewcmh-1 or mm which would have little overall |mpact m eOOSystems with high

precrpltatton values Compacting etfects of grazrng were evndent but not to the extent that’ ma;or

b
S .

problems with plant growth would occur. However, the negatrve effects of heavy mtensuty/early
season grazing must-be taken tnto account when planning manage_ment strategters to optlmtze

rangeland productivity. This is of particular imponance in arid rangelands. -
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I INTRODUCTION.

Rangelandsare often water Iimited ecosystems with more than 80% occurring in arid and
semiarid zones‘ 'dt the world (Branscn 'et al. 1981). Rangelands arecharacterized by extremes in
hydrologic cycle ccmbonerlts‘ such as low and erratic rainfall, high evapotranspiration gotential, _
and’-;o‘v'v water yield. Soil‘water is c;ne of th’e-most important factors affecting range productivity
(Houston 15::35) and water losses due to runoﬁ can reduce productivity, especially in heavily ‘
grazed poor condition rangelands lnflltratron is the hydrologrc process that determines the

- partitioning of preclprtatlon between soil water-and surface runoft (Gray 1970). Low rnhltratron

‘rates can cause meversrble loss ot water and soil thmugh runoff and erosron Erosion removes

topsorl WhICh increases the probability of subsequem runoﬂ and erosion and degradatron of soil
structure Ieadrng to surface sealing and crustrng (Gitford and Whitehead- 1982 Blackburn € et al.
1 986) Reductrons in available water capacrty, |nf Rtration capacity, and soil water combined wrth
nutrient losses and reduced seedling emergence can lead to lower plant pro_ductlyrty.
Since the soil surface is a major centrolrng'. actor i'n.'the rate of water mdyernent‘.into the soil
protrle (Gray 1970) management practrces th’r

mfultratlon (Branson etal. 1981) In order to obtann optrmum sustarned biomass yields from water -

- Irmrted range eoosystems range management strategies must mvolve soil water conservation and

aim to reduce, sorl and nutrient losses through runoft The most prachcal and eoonomrcal means -

o

oof reahzrng these objectives may ‘be through manrpulatron of the grazmg animal. -

_ Hydrologlc Impacts of Grazlng
Grazmg has hydrologrc |mpacts whrch result pnmanly from vqteractlons of clrmategrvegetatson
- sdil, and mtensrty and duratron of grazing (Blackbum 1984) These |mpacts vary temporally and

spatially.’ Tt‘e screntmc Irteratr{e contams hydnologrc studres on many range types rn the Umted

-States whlch are summarized in reviews by Blackburn (1984) and Branson (1984) Alberta R :

rangelands he in the NortherrGreat Plains; several studres have Qeen conducted in the Amerucan

atter this surface can be used to enhance oo '
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porhon of these ptains Blackbum (1984) concludes results lrom Northem Great Plains research

e T

are site specrtlc di'tlerences between Iightly and moderately grazed rangeland are usually small,

' heavy. grazmg almost always reduces infiltration rates, bulk densities increase with grazmg

intensity, and results are often oontounded by range impr;ovement actrvrtle% past grazmg, and/or

climatic ﬂuctuahons. Grazing affects the hydrology ofan area by altenng plant species ’

' composition, plant density, and ground cover; fvestock trample vegetatron and rhay com&act soil.
Grazing may lead to reductions in vegetatlve cover which can expose sorl surtaces 1o rarndrop
impact, decrease soil organic matter and soil aggregation and increase surtace evaporatlon and

°

_surface crusting. - Combmed with oompactlon, these factors can d'ecrease} soil surface micro-
roughneSs and porosity, decrease infiltration rates, increase erosion, and reduce soil yyater.
Hydrologic changes in rangelands are most often assodated with hea\}y grazing ivntensi.ties
although these changes do not occur linearly wrth rncreases in grazmg mtensrty The hydrologlc

: eﬂects of grazmg tend to be mamfested at some cntxcal level which dlflers wrth Enge eoosystem., '

Infi ltratlon rates are generally negatively oorrelated with stocking rates with lower soil water in

‘.the grazed sites often attributed to increased runofl Infiltration rates are reduced with increased -

-grazmg mtensrty and reduced range condition (Rau‘z; 1;96_50; Reed and Peter_son 196’1; Branson.
et al. 1962; Johnston 1962; Rauzi 1963; Dee et . ieee'-'Rauzi et al. 1968; Rauzi and Smith
1973; Gifford and Hawkms 1978 Hanson et al 1978; Blaokbum 1984). |

Grazmg animals may compact the soil (Knoll and Hopkins 1959 Luil 1959; Zeller 1963;

McCarty and Mazurak 1976; Martens 1979; Thunow et al. 1986) although in some grazmg studles

" there were ‘no mdlcahons of oompactlon {Laycock and Conrad 1967' Skoviin et al. 1976; Gifford - .
3 and Hawkms 19?8 McGlnty etal 1979 Abdel Magrd et al. 1987) «Susceptibility ol soil to |

compactlon is aﬂected by vegetatrve cover (Wood and Blackbum 1984) particularly by plant roots

, (Gltford etal. 1977) Compactlon is frequently greater and deeper on hght textured soils than on

heavy textured sorls (Orr 1960; Smoliak et a. 1972 Van Haveren 1983) .The degree of ‘

compactlon is affected by soil water oontent at the tirme of oompactron (Alderfer and Robmson

1947 Glftord et al 1977) orr ( 1360) lound maxlmum oompactlon occurs between wrltmg pomt .

)
® .



3

. and field capacrty Soll compaction increases as stocking rate increases (Lodge 1954; Reed and
Peterson 1961; Rhoadss et al. 1964; Whitman et al. 1964: Flauzi"and,Hansontses; \Mllatt and’
Pullar 1983; Warren et al. 1986;‘Abdel-Nlagi_d etal._’19A87); In most studiesthe effect of grazing on
compaction as measured by soil bulk density was manifested in the top 6 cm. ) |

The effect of grazing on soil water is most pronounced on coarse textured sorls (Houston
1965) varyrng wuth plant species (Llaoos 1962; Buckhouse and Coltharp 1976) and tlme of year : ) -4
(Kuoera 1958; Conard and Youngman 1965; de Jong and MacDonald 1975) In some f L . \'
rangelands soil water in the Ah honzon decreases with mcreased graznng tntensrty (Johnston |
1961 Johnston et al. 1971; Smollak etal. 1972) whlle in others there was no effect ol grazing
(Lodge 1954). Reductlo/s in soil water with grazing are attnbuted to altered rates of infi Itration,
combmatrons ol sorl oompactlon and sealmg through livestock trampling, reduced r‘oot channels
. through.the soil and less litter cover (Hagan and Peterson 1953; Hopkms 1954) Some
researchers hypothesuze that removal of herbage by grazlng results in more sorl water because of
reduced evapotransplratlon (Baker and Hunt 1961 Van Fllper and Owen 1964) The soil water
regime under grazed grasslands appears tobea functron of the modufyrng elfects of grazmg on

both vegetation and soil characteristics oombmed.wrth the natural ecologlcal characteristics and

climate of a grassland itself..

Hydrologlcf impacts Of L..Itter And Soll Organic.Matter

Th.ere is no detinitive'description or terrnlnology for dead vegetative maten’al in range
ecosystems Grassland ecologrsts have used theterrns mulch litter, debns duff and protectlve
cover (Tomanek 1969) Dyksterhuus and Schmutz (1947) subdrvrded litter. mto (a) green herbage
: conststlng of green and live plant matenal and dead tips of growing grasses; (b) oured herbage
: consustmg of standmg dried plant matenal Ilttle allected by weathenng (c) lresh mulch oonsustmg
v‘ ot the upper pnmary layer of bulky, coarse tresh bnght undecayeg plant resrduum lyu‘l’g onthe
&

' sorl surface (d) and hurnrc mulch consustmg of largely decayed dlsmtegrated anddragmented

'-organrc resrduum of lresh mulch. Hednck (1948) dwrded litter |nto lorage residue and humrc '

2



| substances synthesized by the soil populahon (C nada Depanment ot Agnculture 1979).

4
mulch, Odum (1960) used the term itter for all dead plant materlal above the soil surface. Other
terms assocaated with litter include standing itter, gnound litter, standing dead (Golley 1965)

above and below gnound blOmass. dead-shoot blomass recent-dead and old-dead (Coupland

o 1979) Soul orgamc matter is deﬁned as the-organic fraction of the sonl which includes plant and

ammal rescdues at vanous stages ot decomposition, cells and tissues ot soil organlsms and

Lrtter has benéficial eflects on grassland eoosystems mcreasmg sonl aggregatlon aggregate

)

stablhty and infiltration capacity; decreasing ramdroplmpact runoff, and evaporatlon stabtllzmg

- soil water and soil temperature and holding seeds in tavorable environments tor germmatlon

(Tomanek 1969). Litter provudes a habrtat for orgamsms and retains nutrients (Rrsser 1984) The

'unfavorable etfects of litter include: mterceptlon loss of precupltatlon reductlon of plant specues

dwersrty, .and toxic ettects of litter trom one plant on germmatlon of another (Tomanek 1969).
Herbage production is affected by amount of litter and varigs with climate and vegetatron
{Tomanek 1969). Removal of Iitter can red0ce production, especially in xeric ecosystems (Larson .

and Whrtman 1942; Weaver and Rowland 1952; Wllms et al. 1980 1986) In more humtd areas

N
-~

' too much lltter can reduce productlon as evidenced by lncreased production with removal ot litter ‘

(Dyksterhuns and Schmutz 1947; Weaver and Bruner 1948 Hopklns 1956; Penfound 1964;

N Smton 1980 Wltms et al. 1986) Ehrenrerch and Alkman (1 963) conclude that when the quantlty

of mulch exceeds annual vegetative productlon yueld may be reduced

thter productlon vanes ‘with grassland eoosystem and soul type (Passey and Hugie 1963

Zeller 1963; Tomanek 1969) mcreasmg as soil pamcle size mcreases except bemg hngher on S / "

srlty soils than sandy sorls (Rauzi et al. 1968) Ettects of topography tend tobe overshadowed by
N _

soil ettect-s (Beetle 1952);- Litter mass varies with season as aftected by decomposrtlon rate and

. .inputs trom annual growth (Dyksterhuus and Schmutz 1947 Ovmgton et al 1963 Wegert and
Evans 1964). - Fire, or abse'\ce thereot also aﬂects Iltter aocumulatron (Ehrenreich and Alkman
1 963 anht and Banley 1 98.«) Annual lltter mass productlon reported for ungrazed Great Plamsj B

: gra‘&ands ranges {rom 0.033 kg m'2 ona South Dakota mlxed prame (Rauzr and Kuhlman 1961) '
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to 2532kgm2ona Kansas mixed pranrie (Hopklns 1954) The mean productnon value from 33
L di fferent studles was 0.575 kg m‘2 (standard deviation = S.D. = 0 540). !

Lmer mass is reduced by heavy grazmg as grazing anmals trample vegetatnon and remove
green herbage and standmg dead litter (Dyksterhurs and Schmutz 1947; Hopkins 1954
Coupland et al. 1960Johnston 1961 1962 Rhoades et al. 1964 Peake and Johniston 1965
-§moliak 1965, Rauzi and Hanson 1966._Tomanek 1969; Johnston et al. 19717 Potvin and
‘Harrison 1984). | Litter oom'position ‘is_.affected by graz.ing with a higher proportion of humic to fresh
mulch ( Zefter 1563)’and increased ooarse litter (Weaver 1950) in grazed prairie.

Grazing may reduce soil organic matter by reducing thé amount of above ground plant rnat-erial
(Kucera 1958; Zeller 1963; Beebe and Hoffman 1968; Smoliak et al. 1972; Dormaar et al. 1977),
although in other studies it is reported that grazing increases soil organic matter (Dormaar et al.
~ 1984) or has no effect (Lodge 1954; Johnston et al‘1971 Dormaar et al. 1977) Grazmg can
affect organic matter lrom roots since grazing may reduce root producnvrty (Coupland et al. 1960;
Smoliak 1965; Lorenzjand Rogler 196_7; Bartos and Sims 1974), although there is also ewdence
that grazi‘ng increases root productilrity (Johnston('i 961; F;earson 1965; Whitman 1971; Smoliak :
et al. 1972) Depth of éampllng is rmportant in corrpanng data from different studles As dominant
plant specres are altered by grazmg rooting depth |s also altered Thus the amount ot root |
‘organtc matter at dllferent depths will be affected by grazing regume. T
" Researchers often fi nd the quantxty of lrvrng plant material and assoc:ated lltter are more
signifi cantly eorrelated with infi ltratlon than any other measured varlable (Stelger 1930; Diiley and
Kelly 1939 Duley and Dommgo 1949 Osbom 1952; Hopkms 1954; Ehrenrelch and Arkman
1963; Rauzi 1963 Rauzi and Hanson 1966 Meeuwng 1970) thter increases mhltratlon rates by
.|mprovmg soil structure, decreasmg the |mpact of lallmg ramdrops and reducmg runoff and
* erosion (T omanek 1969) A relatuvely lmpermeable surlace can develop on bare sorl after’
.exposure to- ramfall through slakmg and puddling and litter modlhes or prevents thls process

- Litter can reducg evaporatlon losses trom soil- through reductlon of wind velocity, stabnlrzatlon

and l_owenng ol soil ten'perature, and mcreasmg of the dnffusron gradnent from soil t6 air

e
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(Stephanson and Schuster 1945 Weaver and Rowland 1952; Hopldns 1954; Barkley et al. 1965

Tomanek 1969) which can increase soll water Lttter can also- reduoe the amount of water

: reachlng the soil surlace through interception of precipltatron and subsequent evaporatron of the '

absorbed water. Interceptlon varies with plant species, ranging fmm 17 to 84% of 25 to 3 mm
pfecrpltatlon events (Clark 1940; Haynes 1940; Kmredge 1948; Weaver and Rowland 1952-
‘Couturier and Ripley 1973). Interception losses lnom 'smalt storms are %en high while those from
- larger stonns are small ranging trom 210 5% (Corbett and Crouse 1968) Ths amount of water

evaporated from fitter is governed primarily by the volume of aocumulated litter (Helvey and Patric

' 1965) the water holding capactty ol the litter, and the evaporation potentral before and after

preaprtatton events*(Corbett and Crouse 1968) Water holdmg ‘capacity of litter varies with-

T vegetatlon type and ranges from 0.5 to 8.4 mm' (Flory 1936; Ktttredge 1939 Clark 1340; Weaver -
1]

anckﬁowland 1952 Kittredge 1955 Burgy and Pomeroy 1958; Garcia and Pase 1967; Corbett
~and Cr0use 1968 Clary and Flolhott 1969; Helvey 1971; Thurow et al 1987)

7 Branson (1984) states there may be a critical pointin relatrvely moist cllmates at WhICh litter
éccumulatron has a depressnng etfect on herbaoeous plant yields. These decreases generally

occur when annual lrtter yields exceed 5000.kg ha1. However there is oonsuderable uncertamty

about amounts of vegetattve oover needed to .prevent exce_ssive overland flow and erosion under -
" -the diverse topograohy and soil characteristics of most rangelands (AMeeul\Nig 1970). For

“hydrologic benefit on most arid and sernia'rid rangelands wher? litter rarely exceeds 2700 kg ha’l,

management for rtter accumulatron may be as important as management tonncreased live plant
cover, whereas m moister cllmates grazrng or bumlng to remove a portion of the aocumulated

llttér pay strmulate forage productlon (Hendricks 1942; Branson 1984; Balley 1988).

N

The ability to quantitatively predict the impacts of grazing‘on the hydrologic regime is essential
for efficient managemeWand resources. ‘Successtul rangetand renovation and

reclamation efforts associated with natural resourc‘e"'explor?ttions_"ajl_so require a knowledge of

-
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these lmpacts in order to predict the hydrologic inpacts of razing on Alberta rangelands, a

‘knowledge of soul vegetatlon climatic, and management mteractions wrthln the hydrologic regime
are required Although much work has been done on rangelands in the United States, thes‘e‘g data .
cannot easily be extrapolated to Alberta where there are d flerent cli matlc regimes, soils, and

‘ vegetatton. Studies of Alberta rangeland hydrologrc systems are few; data for such systems
would filla rnajor void in the current vknowled‘ge of water and soil management tor Canadian
rangelands | | | |

. This study was undertaken inan ettort to assess the hydrologlc |mpacts of several common

grazing regimes utilized in southem and central Alberta. It was hypothesuzed that the hydrolog:c
:lmpacts of gra;nng would be most pronounced at the soil surtace and would include effects on
litter, vegetation, soil compaction, intiltration rate, and soil yvater regime. These effects were

Studied Yor three Alberta grassiand eoosystemsg the mixed prairie, the foothills fescue grassland,

and the fescue grassland in the aspen parkiand.
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ll. THE lMPACT OF GRAZING l’l_EGINlE ON LITTER AND SOIL RGANIC MATTER .
IN MIXED PRAIRIE AND 'Frs's_cue AGRAS‘SLAN_I') ECOSYSTEMS OF ALBERTA'

INTRODUCTION

thter and soil organic matter increase soil aggregatron aggregate stablrty, and inl' ltration rate,

. and decrease raindrop |mpact runofl erosion, and soil surface evaporation (T omanek 1969).

' .. ‘They provide habitats for organisms and retain nutrients (Ris_ser 1984). Litter and soil organic
matter production/accdmulation vary with ecosystem and are affected by vegetation\ soil, seasg,
crmate and grazing regime (Dyksterhuns and Sohrnutz 1947 Tornanek 1969/ Coupland 1979).

In the Canadian Northem Great Plains, aooumulated itter ranges from 0.28 to 1.24 kg m=2 in
fescue grassiands (Johnston,1961 ;Willms et al. 1986) and froml0.06 to 0.09 kg m-2in mlxed ‘
prairie (Smorak 1965; Willms et al. 1986) Grazing reduces Jitter mass with ldwest values under '
very heavy gra2|ng (Coupland et al 1960; Johnston 1961 1962; Peake and Johnston 1965;
Smollak 1965; Johnston et al. 1971) "Some’ researchers found grazing does not affect soil
organic matter (Lodge 1954; Johnston et al. 1971; Dormaar et al. 1977). Otherés found heavy

’ grazing reduces total‘carbon. in Ah horizons in some grasslands (Smoliak et al. 1,972;~Do'rmaa_r.et )
al. 1977) and increases it in other grztt;s%lands .(Donnaar etal. 1984); Below ground dry ma(tter ca'n:
decrease under grazing (Coupland et al. 1960' Smoliak 1965) or increase (Johnston 1961;
Smollak et al. 1972), with the most srgnrf canf changes occumng in the top 15 cm.

Branson (1984) stated there may be a cntlcal point in relatrvely rnorst climates at whtch litter
accumulation has_ a depressrng effect on herbaceous plant ylelds. This generally occurs when
litter accumulations exceed 5000 kg ha‘1ﬁ'v In the Canadian prairie grasslands studied, litter
i accumulatnon is not hlgh enough to srgnmcantly reduce herbage productivity (Wlllms et al. 1980 :
1986) although Smton (1980) found under certain treatments litter.removal resulted inan |
rncrease in herbage yleld two years later. These studles and others in the American Northern
' Great Plains indicate litter accumulatron, which does not_generally exceed 2700 kg ha“, does not

f

P
adversely affect range condmon or producttwty. From a hydrologic perspectlve there is -
" 14
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considerable unoertairlty about drounts of Vegeratrve caver needed to prevent excessive runoff
and erosion"under the diverse topegraphy andsorl conditions of grasslands (Meeuwig 1970). For
hydrologic beneﬁt on most rangelands management for litter accumulation may be as important

as managemem for increasing live plant cover (Branson 1984) J

A Since Irtter and soil o_rganc matter have benefraal_eﬂects in grasslands, it rs~imponarit to
eeterrnine'how they are affected by grazing. The majer oejedive of this study was to determine
“how litter and sorl organic matter were affected by season and intensity of grazing in Alberta mixed
prame and fescue grassland ecosystems. It was hypothesized that season and intensity of ’
grazing would aﬁect amounts of soil.organic matter and litter. It was also hypothesized that
propomons of litter of dlﬁerent particle sizes would vary with season and intensity of grazing due

ﬂ to. tramphng and breaudown dunng graznng Drfferem particle sized litter would deoompose at

RN
different rates, affecimg soil ogganic matter mass. Therefore a second objective was to categonze

litter and soil organlc matter according to particle size and to quantrfy categories within treatments.

MATERIALS AND hrlETH_ODS
" Study Sites

Three study srtes representmg major grassland ecosystems of southem and central Albena
rangeland were selected. Each study site h_ad long-temm grazing treatmenrs, ur:grazed controls,

grass dominated vegetation that had ngver'been'cultivated, and slopes of less than 2%. (éee

Appendix | for detailed descriptions). Moss (1983) was used as the botanfcal authority. '

Brooks
‘ The Brooks site was located in mixed prairie approkimately 2“25ka east of Calgary (51 N
Iatitude and 112 °W\iongit.ude)‘;' The area has a continental prairie climate and a semiarid moisture
- _ <
regime (Bovrser 1967). Mean annual prec’ipitation is 355 mm wit‘h an.average_ annual moisture
deficrt of 227 mm. Mean annual temperature is 4 °C, with a Jely mean of 19 °Q_and a January

mean of -14 OC. Elevation averages 745 m above sea level with slopes of less than 2%. Soils are.



do?mnated by Bouteloua gracrl s &rpa comata, Agropy
) qs v "’;

(53 °N latitude and 111 OwW Iongrtude) The clnmate is dry subhumtd (Wonders 1969). Me%n

annual precipitation is 380 mfm; mean annuat evapotransptratton is 381 mm. Mean annual
h an
'temperature is 2 9C, with a July mean of 17 °C and a January mean of 17 °C Elevatlon averages

'685 m above sea level wuth gemly rollmg to hilly topography {Howitt 1988) ”“Grasstand smls are

’ dommated by Orthlc Black Chemozems developed on till. Vegetatton consists of grass and shrub o

communities with aspen groves oocumng atirregular intervals (Moss 1955). Festuca hallii (Vasey) -

Piper (Pavhck and Looman 1984) domlnates open undtsturbed grasstands and Stipa curtiseta co-

dominates on grazed areas (Wheeler 1976). Forbs are a common component of the vegetation.

B
< : >

) ®

The Stavely site was located in foothills fescue grassland approximately 100 km south-

Stave_ly

‘southwest of Calgary (50 °N _IatitUde and 114 OW longitude). The climate is subhumid without
market deficiency of precipitation. Mean annual precipitation is 550 mm. Mean annual
temperature is 5 OC, with a July meartof 18 °C and a January mean ‘of -10 ©C. Etevattort averages
- 1350 m above sea level and topography is gently rollmg to hllly Souls are Orthic Black

- Chemozems developed on till (Johnston et al. 1971). Vegeta’tton is of the fescue gr_asslartd
association (Looman 1969) with Festuoa campestris Rydb. dorrtinatirtg in undisturbed and-‘lightly

grazed areas. Danthonia parryi and Festuca idahoensis are codominants in grazed areas. ‘With -

_heavy grazing, Festuca campestris is replaced by annual invaders and Poa species.

L)
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Grazlng' Treatments e ' _ I
5 TP ¢

At Brooks three grazing treatments were'studied-within a oorrimunity pasture that had been
establrshed in 1964 (B. Shanks personal communrcatron September 1981) The treatments
included: (1) earty season grazing from May 1 through July (2) late season grazmg trom August
through October; and (3) a control on an adjacent hrg%way nght-of-way that had, not been grazed
for 25 years. The 09 AUM ha'1 stocking rate was considered heavy for the area.

At Kinsella, hve grazing treatments established in 1973 on the Umversrty of Alberta ranch

were studied (Bailey et al. 1987). The treatments included: (1) light June gra‘.zing from June 1 to

h,

30at 1.5 AUM ha-1 with approximately 35% herbage utilized; (2)' heavy June grazing trom June 1
to 30 at 4.4 AUM ha"1 with approximately 75% herbage utilized; (3) heavy autumn grazrng from
September 15 to October 15 at 4.4 AUNT| ha'1 with approxnmately 75% herbage utlllzed (4) light
autumn grazing from September 15 to October 15 at 1.5 AUM ha1 with approxlmately 35%
herbage utillzed and (5) a control that had not been grazed smce 1942. Each grazrng treatment
mcluded 5. 5 ha of grassland and a variable area of shrub and tgest Two 10 by 20m permanent

exclosures, randomly jocated in each treatment, were also studied. L

At Stavely, five grazing treatments established in 1949 onan Agn‘culture 'Canada Range -
Research Substation were studied (Johnston 1961). Treatments were grazed May to October

and included: (1) very heavy grazmg with 16.2 ha stock‘éd at 4.8 AUM ha'1; (2) heavy grazmg with

32.4 ha stocked at 2.4 AUM ha"1; (3) moderate grazing with 48.6 ha stocked at 1 .6 AUM ha-1 (4) o

light grazing with 64.8 ha stocked at 1 2 AUMhal; and (5) a control comprised of pennanent ‘
exclosures of 0.66, 0.41, 0.76, and 0.23 ha in the light, mczderate, heavy, and very heavy
treatments, respectively. | '
' 2
Experlmental Design
The e penmental design wuthm each srte was a hlerarchlcal (subsamphng) arrangement

Within eaeh treatment three 0.1 ha areastwere. randomly established. Wthm each of these areas,

points were randomly selected from which samples were collected of measurements wv}%a@e
&

.



thter And Soll Organic Matter Sampllng And AnaJyses

For this study, litter reters/to all dead organrc matter not inoorporated wrth mineral soll and "
;oocumng above soil mineral horizons. Soil organic matter reters to the orgamc tractton of sorl e
- _. mclud ing plant and anlmal resudues at various stages of decomposition, oells and ttssues of sort % |

organisms, and substances symhesrzed by the sorl populatlon as defined by the Canada |
Department of Agncutture (1@79)

. Sampling was conducted in late Auoust of 1985 and 1 986. At each site, in eachtreatment, in
each 0.1 ha area, 10 randomiy Iocated 0.1 m.2 quadrats (30 per treatmem), with inner dimensions
of 20 by 50 cm, were used to collect the samples. In each quadrat all live vegetation, mcludrng
dried tips of hve plams was remové‘&vrth scigsors at ground level Standmg litter was removed in |
the same way. The remammg ﬁtter \;las removed from the sorl surtaoe with hand rakes. Soil
oorganic matter was lifted as a slab, after an edgmg shovel was used to cut down to a mineral soil
‘horizon where a color and texture change indi cated the bottom of the Ah t‘nzon Remannmg
litter and soil were removed trom the sample hole wrth a brush. Sampling depths yaned with site
and treatment but averaged approximately 5 to 8 cm at Brooks (no difference in A_deptn,among |
| treatments) and 10to 15cm at Kinsella (no,difterenee in depth among treattnents) and Stavely
_ {the wery heavy treatn%nt was snallower than the other treatments)

Live vegetatnve matenal was oven dried at 65 ocC tor 24 hours, then werghed Litter and
. organic matter samples were air dried tor two weeks then sorted mto categories on the basis of |
‘'size using a bank of sreves mounted on an-automatic sieve shaker (T yter RO-TAP Model B) as
modified from Coupland t1973). Five minutes of shaking was required to' sort the samples without

. breakmg down plant material. ‘Sieves had openmgs of 2.0, 0.85, and 0.212 mm (Tyler equivalents
“of9, 20, and65mesh) ) s _
: The litter and organic matter catedor’ies were: (1) standing litter re&gnized and collected in
the tield as standi'ng litter; (2) coarse litter remaining in the top sieve (2 mm) ‘and recognizable as
- undecomposed plant parts; (3) medium litter that Was partly decomposed and collected in the

second sieve (0.85 mm); (4) fine organic matter that was relatively decormposed and collected in ™




™ . ‘bottom pan and (6) roots large enough to be easily handled which were rernoved trom the

- . o . 19 o,

- the third sieve (0. 212 mm) (5) very fine organic matter that was decomposed and collected in the L

) samples before srevrng Categones 4 and 5 contained most of the living and dead smalt roots and

root halgt Above gmund organic matter was oomposed of standing, coarse, and medi um litter

and live vegetatron Below ground organic matter was oomposed of roots ﬁne and very fine

organic matter Total organic matter included all the above categones | ‘, S T
To determlne the amount of Jorganic matter in each category and to separate it trom mineral ", 'y

matter mcluded in the total werght organic carbon content was detemuned by oxrdatron with a

'Leco Carbon Determmator C12 Modet 781-600. In each category. five subsamples trom each 0. 1 !

ha area were analyzed (15 per treatment). Saoil samples were ground ona Srebtechnrk laboratorygi,

disc mill, Moaer‘-TSROOA, to pass through a 0.15 mm sieve. Soil carbonates in 10 samples from %

_‘each study site were deterrni'ned Weutraﬁzation to pH 8.2 using a'R'adiometer ﬁtrator Type .

TTT 11b (Black 1965). Organrc carbon was calculated by subtracting percent rnonganrc carbon

‘ from percent total car‘oon Percent organrc c;r‘oon was muttiplied by 1.724 (organic matter is

approximately 58% organio car'{ion) to determine percent organio matter in each category. This "¢

" value was then multiplied by total mass of each category to give mass in the 0.1 m? sample.

Masses were then convertdéito speoiﬁc mass (kg m2), : l: f .
In each 0.1 ha area, ground o'over‘was determined using 10 randomly-located 10. point;trames

(Cook and Stubbendieck 1986) to dé‘temine percent bare ground, live vegetation,' and \dead

dyegetation (300 points per treatment). Heights (cm) of standing litter, fallen titter, and standing'

Alitter height of each'major species or groop were measured at‘ tnirty randomly 'selected pointsy in

each0.1 ha area (90 per treatment).

Statistical Analyses

Statistical analyses were conducted Using variation among the 0.1 ha areas as an appropriate
g ' = : .
measure of error for testing treatment significance. Data were tested for homogeneity of varianc

using Cochran and Bartlett-Box tests. The W test was used to teé data for normality of distribution

- .
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(Shapiroand Wilk 1965). An SPSSx analysis of variance program was used to test lo'r treatment g
eltects Data with srgmﬁcant F values were further analyzed to separate the means usmg the |
Student- Newman Keul (SNK) test at.the 5% level of s:gmf cance (Steel and Torrie 1980)
L Prellmmary statlstlcal analyses within each year by treatment combmatlon indicated that
vanatlon among the 0.1 ha areas was not significantly different from samplmg pount vanatlon and
therelore in ali luture analyses area and samprng point vanatton were pooled if additional
| "prellmmary statlstlcal analyses within each treatrr% usmg the pooled error term indicated
sngnlf cant dlflerences between study years, data were analyzed ona wnthln year basis. Othenmse

- data from both years were pooled Sources of vanatlon inthe fi nal statistical analysis were

treatments and error within treatments.

RESULTS
_ N o .
At the three sites, where ground cover, litter height, and percent organic carbon did not differ

A\

statistically between 1985 and 1986, a mean for the two years is presented.

Growlng Season Preclplt'atl%

. Preapltatlon at Brooks in May (54 mm) and July (63 mm) 1986 was hlgher than that in 1985
"é‘ﬁw and 39 mm, respectlvely) or the 1951-80 average (38 and 32 mm, respectlvely) (Atmosphenc :
%lronment Serwces 1985-1987). At Klnsella March (23 mm) and July (116 mm) precipitation in
1 986 was higher than that in 1985 (3 and 22 mm, respectively) or the 1951-80 average (16 and 76 E
mm, respectively). Stavely had higher May (65 'mm) June ‘53 mm), and July (43 mm) precipitation
in 1986 tph/an in 1985 (30, 11, and 25 mm, respectlvely) or the IQS@BO average in May (46 mm). ¢

The long-term average was higher in dine (82 mm) than in 1986 and sxmllar in July (46 mm)
k |
Brooks
Live vegetation and litter components ol ground cover were not affected by grazing at the .

“level of sampli%g used (Table 2.1). Bare_ground was 4.7 times higher under early season grazing
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than in the control. Fallen litter was approximately 6 times higher in the control than ln the grazed
‘treatménts and standing litterwas 1.4 trmes higher (T able 2. 2) Midgrass heights were greater in

the oontrol than inthe grazed treatments but the lower stature Bouteloua gracrlrs was not aﬂected _

3

by grazing.

Percent organic carbon was reduced the most in roots and stantﬂng litter under early season
grazinQ (Table 2.3). In contrast therevwas a greater percent of organic carton in coarse and
medium litter under early season grazing as well as a higher percent carbon immedum litter under
late season grazing compared to the oontrol. There were no treatment effects on fine and very -
fine organic matter. Organrc carbon peroentages were highest.in coarse litter; approximately 7.5
times higher thanin very fine organic matter which had the lowest percent organic carbon .

(statistical significance not deprcted).é,?:

Above ground organic matter mas $-not affected by trémt?nt; below b ground and total

masses were highest under late seabon'grazing (Figure 2.1). Total organi er was allocated to .

. approximately'75% below ground and éS% above ground components.’ -Specific masgses of -
roots standrng, fine, and very trne organrc matter varied srgnmcantly with study year (Fgure 22 -+
significance between years not deprcted) The g?Eatest mass of organic matter was in the frne and

very fine categones andthe lowest mass was of Irve vegetation. Above ground lijter was

o
. comprised marnly of standmg and medium lrtter. Grazmg treatment had no srgmtrcant effecton

-

coarse, very l" ine, or root organic matter masses in 1985 or on coarse and very fine masses in
1986. Among the other categories, treatment effects vaned wrth year. Consrstent trends with

organic matter masses included: lowest medtum litter in the control highest fine under |ate

season grazing; and highest live vegetation mass in the contr‘ol and lowest under late season

grazing. -

Kinsella R o

Live vegetation-and litter components of ground cover were not affected by grazlng (Table
2.4). Bare ground was highest under'hea\ry June grazing. Standing litte‘r was 1.5to 2times . s

- L
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higher and fallen litter was 4 to 11 trmes hrgher inthe oontrol than in the grazed treatments wrth
stano” ing Irtter bemg htgher in the Irght autumn treatment than in the other grazed treatments :
(Table 2. 5) Bouteloua gracms and Koelena niacrantha were not tound in the oontrolxand were not

0

, attected by grazrng treatment -The other ma)or grasses, tended to be tallest in the eontrol
' Festuca haII/r standmg "lttter was tallestJ(the control, tntermecﬁate under light grazmg and
Shortegt under heavy grazing.” - | o .' - '
Organlc carbon in roots and coarse litter was not aﬁected by grazing (T able 2 6) In standlng
: littér it was hrghest in oontrol and heavy June treatments and lowest in the heavy autumn
: ‘.treatment Organtc .carbon m medlum fi ne and very f ine categones was lowest tnthe oontrol 1
: .belng 1.410 1.9 times higher In the grazed treatments Total orgamc matter was compnsed of
approxrmate(y two-thrrds below ground and one-third above ground oomponants (F‘rgure-z 3)
'lAbove ground orgamc matter mass was not aflected by grazmg Below ground and. total organuc , I_ .
matter masses were hlghest in the Irght autumn treagnent Specrf Cc mass of vhery fme\organrc 7
matter vaned signifi cantly between years (F gure 2:1 betwetan year srgnmcance not deplcted\
Mass ot large roots was not aftected by treatment -Among other categones treatment eftect
vaned wrth year Consrstent trends with organrc matter masses were: hlghest standlng litter in the
contnol hrghest tme orgamc matter under lrght autumn grazrng and lowest very fi ne organrc o

‘l'

mattermthe control _ S

Stavely KT - S A

Bare ground rncreased under moderate, hea , ahd very hieavy grazing intensifies .(Table

. “2 7) Ltve vegetatlve cover was htghest und ( llght and moderate 'grazing, interrnediate under '
- Al
heavy and very heavy grazmg, ana-lowest in the oontrol Lrtter cover was htghest in the oontrol

"but did not vary among the grazed treatments Standtng and lallen lrtter height decreased wuth

o chreased grazmg mtensrty (Iable 2.8). Standing litter was 1 to 1 6 trmes hrgher in the control than

in the grazed treatmentsandlallen lrtter was 1.6 to 6.7 trmes hrgher Herghts of major grasses
= g/, . -
. compnsrng standrng lltter were lowest.'rn heavy and/or very heavy treatments. Forbs were 'hrghest

L ®



‘are low and plant speaes are more susceptible to grazing damage. Heavy intensities
&

"remove mora vegetative ’matenal-and Iess regrowth is torthoomlng.-» Two early sea

) 23

in control and very heavy treatrnents althdugh species differed in the two tre'atments. Festuca

campestns and Danthonia parryi were not found in the very heavy treatment

\

* Inall litter and organic matter categones percent organlc carbon was not aftected by grazmg

treatment (T able 2.9). Total orgamc matter was oompnsed ot approximately two-thlrds below

d__ground and one-third above ground oomponents (Flgure 2.5). Above ground, below ground

. and total organic matter masses were lower in the grazed treatments thanin the control. Above

v

ground on;ganlc matter Was lower inthe very heavy treatment than in the other grazed treatments

: Masses in root, coarse, and fine categories dld not differ with treatment (Figure 2.6). Consistent

:treatment effects on organlc matter masses mcluded ‘highest stanqu litter i m the control; higher

very tme organic matter m control, heavy, and very heavy treatments than |n hght and moderate

S

treatments; and higher live vegetation in the control.

mscussrou |

,Aefa-zl-ng El/tects

~
Although most grazmg treatments studied did not lead to a decline i rn litter oover at Brooks or
Klnsella the large amount of Festuca campestns litter that built up under no- grazmg at Stavely was

reduced by treadmg under oontmuous grazing treatments which likely taculltated more rapid

breakdown of the litter. All grazmg regimes studled reduced standrng litter helght and'lallen lrtter '

depth Standmg litter helght was 1 to 6 times greater in the oontrols than in the grazed treatments
since vegetation and Iltter were not removed by grazmg, depth of tallen Iltter was.1to 11 tlmes

® -

greater smce breakage and oompactlon by treadmg did not occur. . B
Comblnatlons of heavy mtensuty and earty season granng had the most negatlve etlect on
litter and organlc matter. Early inthe growmg season plant growth is rapid, carbdhydrate reserves

grazing .

atments:

the early seascn at Brooks and the heavy June at Kmsella support this wrth mcreas bare

.. ground. Stavely treatments were also started early in the. growing season but it was only under

T s

N
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heavy and very heavy intensrtres that bare ground rncreased The late season treatment at
Brooks fvas also d heavy rntensrty treatment, but grazing late inthe growrng season reduced the
impact of heavy grazrng Late in the growing season many plant specres are dormant and will be
less affected by grazing.: The negative effects of heavy early season_grazmg were also supported
by highermasses of total organic matter in the late season treatment at Brooks the light autumn
treatm_ent at lGnsella, and the control at Stavely. | Higher standing litter in the light autumn |
treatment at Kinsella oompared.to the other grazed treatments indicated that late season grazing
" of alow intensity had the least effect on litter pmduction W

Litter cover at Brooks was high for heavy Iong-term grazing treatments because Selaginella
densa %ompnsed an ave,[age 58% ol the basal area (Naeth 1985). At the time of sampling,
Selag:nella densa appeared to be mostly dead and was"classed as litter. The similarity of above
ground litter mas%etween the oontrol and grazed treatments was also related to large amounts of
Selag/nel/a densain the grazed treatments that sorted rnto coarse and medium litter categories.
Lower lrtter height under very heavy grazing oompared to heavy grazing at Stavely was also due to
a shiftin species composition as a result of long-term grazmg. Taller’plapt species are reduced or
ellminated'under very heavy grazing and replaoe;d by lower. growing, shallow-r_ooted grasses and
forbs. Many of these speaeswould be rooting in-the upper 20 cm, ot the soil prof ile (Coupland o
1979). - Smoliak (1965) also tound grazing reduced the herght of plant species. At Stavely, S
shallow rooted specres in heavier grazed treatments (Johnston 1962) may account for higher
values in lrtter categories that rncluded small rpots | '

Grazing treatment can affect deoomposrtron rate, which wrll affect organrc matter mass ln
specific categones. Trampling could create better lrtter-sorl contact, lacrlrtatrng more raptd
decomposition by_soil microorganisms (McCalla 1943; Dyksterhuis and'Sch'mutz 1947) in the
‘fgrazed treatments than in the controls. At Brooks, forbsi ‘and shrubs were more promin’ent in th‘e '
early season treatment and 'g'rasses rnore prominent in the late season treatment (Na?m 1985).

Lrgnm content of grasses is less than that of shrubs and therefore more: raprd decomposrtron may

occur (Norman 1933) rncreasrng fine organic matter under late season grazing. Higher below
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ground and total organic matter massaes in the light autumn treatment than in the oontrol at Kinsella
were also likely due to trampling, taalttatmg more rapid breakdown and resulting in larger amounts
- of organic matter in some ﬁner categories. Total.productmty in the Kinsella control is similar to or
" less than that'in the ﬁghtautumn treatment (Bailey et al. 1987). Grass productivity is higher it .-
grazed due to the stimulating effect of light grazing, which can oontribute to .greaiter total Iitter than
would be in the cggtmt At Stavely, hlgher very fine organic matter masses in very heavy and - h T
. 'heavy treatments than'i in light and moderate treatments may have been due to hlgher soil

temperatures under heavy and very heavy grazmg (Johnston 1962) Wthh would create

conditions favorable for ra i ysical reduction in ltter particle size. Heavier utilization may atso
have broken down litter and taculltated its more rapid btochemucal decomposition.
Reduced standing tmer with grazmg on Alberta rangelands was in agreement mth most North
| American grassland studles, (Co,upland,19_79). However, comparing values to those in the
" literature is difficult due to‘ diﬂerences m sampling technidue and geog, aphical locationb. In mixed_
prairie studies it is often not known-vvhether Selaginella densa was included in litter at sarnoling
time. Above ground litter masses in thls study were hlgher than those for Alberta mixed prairie
b L (Smohak 1965 ‘Smoliak et al 1985; Willms et al. 1986) aswre below ground masses (Smoliak et ..
al 1972) Standmg and coatse htter were snmutario those obtained by Coupland (1973) tor -
Saskatchewan mixed prairie but hlS coarso f ne, and very fine values are.not oomparable to those
trom other categories |n this study due to dlfferences in sneve size and depth of samplmg
Festuca hallii ‘grasslands, values in thns study for above ground htter were higher than others from
: Alberta (Smohak et al. 1985; Willms et al. 1986 Balley et al. 1987) due to dlﬂerences in sampling.
“Organlc Carbon
Hugher peroent organlc carbon in roots, standlng Imer and coarse litter categones compared
to medlum fine, and very fine categones reﬂected the larger proportloh of mmeral sonl to plant
o matenal in the latter categones Orgamc carbon in dnﬂerent partlcle suzed fitter may be attected by

COg losses dunng decomposmon For Festuca and Snpa specnes 28 to 33%-of the original

!

b ‘ i ] . N B 4
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carbon in roots and residue may be lost within 47 weeks of incubation (Hennan 19*)4). Plant
species ditter in their chemical c%bosiﬁpn‘(Stoddan et al. 1975) and significant ditterences in
dominant species within treatments as a result of _grazing regime may affect total carbon in the
* organic matter;;..Data;trom' this study supported those of Dormaar et al. (1977) who report total -

carbon c;oes not change with grazing intensity. Dormaar et al. (1984) also found higher amounts ,
-of total carbon |n the heavy grazed treatment compared to the ungrazed site at Manybemes |
Alberta. The large amounts of Selaginella densa may have contributed to these higher values.
| Roots

’ _Partial or complete defoliation can result in reduced plantroot mass (Crider 1955). Atthough '
rroot mass consisting of ontly relatively large roots, was not affected by grazing, treatment |
| differenoes were found in fine and/or very ti?ne organic matter masses of which smaller roots were ‘_
a oonstituent. There werilso miore roots below the sampling depth, particularly in the control
and lightly graied treatments where deep rooted species dominate.

At Brooks higher below ground organic matter in the late season treatment was mainly due

“to hrghet fine organic matter mass. Thefi ne orgamc matter reﬂected the Iarger root mass in the
upper soil profile due to heavy overgrazmg whtch led to dominance of more shallow rooted
specles. It is difficult to compare root masses from this study to those from other studies which
often us’e-ﬂotation methods to separate roots. ‘However, if root biomass and part of the ti_ne :
organlc matter which contains smaller roots were oompared to root masses from other studles
| values were often similar. If this type of assessment is used, values presented by Coupland
(1970) for Saskatchewan mrxed pralne were similar to root values for the Brooks site and total root

organlc matter reported by Johnston (1961) was similar to root organic matter from Stavely

- Annual Variability

Differences in litter and organic matter produ accurml__ation between years were

largely a resutt of the amount and timing of precipitation. Greater live vegetation masses in 1986
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than in 1985 could have resulted from hngher spnng/summer precapitatlon in 1986 May-July

h prectputanon occurs dunng max:mum water extrachon by natwe grassland species (de Jong and
MacDonald 1975) andi IS closely associated with forage yleld in Alberta mxed prairie (Smofiak
1956). Less live vegetatron in 1985 may have led o less stanq!Qg and coarse litter in 1986.

é‘iu ' Htgﬁ%t‘ mass of flne ongamc matter and lower mass of root and very fi f ne organic matterin 1985
compared to 1986 may be due to differences in separation techniques by dltferent techmotans.
Small roots were more thorodghly s‘o‘rted in 1986 and went into the reot category; sorting may

have broken sorpe remaimng foot material which fell into the very fine organic matter category.

Q',‘

LA .

CONCLUSIONS ) .
Combined early season/heavy tntensrty grazing had the greatest negative eﬂect on Iltter and'
soil organlc matter; Iate season/ltght mtensrty grazing had the least eﬂect Bare ground was
greatest under early season/heavy intensity or long-term very heavy oontrnuous grazing. Most
. grazing treatments studied did not lead to a decline in titter ground cover. Litter height was
| ‘greatest in'oontrols or light treatments and lowest in heayy treatments. Although standing litter
height_was generally not reduced with light grazing at Stavely, it was reduced with light June .
grazing at Kinsella due to the supen'rnposed eftec't.of season. Litter'mass was highest under _Iight
intensity/late season grazung and IOWest under very heavy c\ontlnuous grazing. o
Grazmg aﬁected proportrons of vanous litter and soil orgamc matter pamcle sizes, wrth early
season/heaVy mtensrty combinations having the ‘most negative effeot Lrve o§ganic matter mass
was greatest |n oontrols and light |men5|tyllate season treatments and lowest in earty
‘ season/heavy mtensny treatments Hrgher organtc matter in grazed treatments than in controls in
some medrum and small particle sized categones was pmbably due to more rapid deoomposmon
when vegetatron was trampled and broken down into smaller pamcle sizes. Higher organlc matter

inthe Iarger particle sized litter categones, particularly the standmg htter, in the grazed treatments

combared' to the controls was due to the effect of treading and removal by grazing.

o
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Table 2.1. Percent ground cover (bare ground, live vegetation, kitter) at Brooks

“4
Treatment .
. . - 2
Ground Cover Eary Late " Control -
Bare Ground 702  4.0ab 150
Live Vegetation 12.0a -+ 15.5a _ 17.5a
Litter 81.0a 80.5a 81.0a

- Within category meané with the same letters are not significantly different (P<0.05).

Table 2.2; Height (cm) of fallen énd standing litter and stapding litter by species at Brooks.

Treatment

Lmer‘Type .

or Spgcies Earty Late Control
Fallen Litter | : 0.5 “osb . 3.2a
Standing Litter . 15.70  16.1b . 213a
Bouteloua gracilis ~10.6a i '10.3a 12.6a
Koeleria macrantha ‘ 18.0b 19.4b 24.9a
S{/}oa comata o - 18.6b 20.8b | 26.3a

Within category means with the same letters are not significantly different (P<0.05).

e ,"ij;f-‘.“
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| 'Table 2.3. Percent organic carbon in litie‘r‘ and soil organic matter categories at Brooks.

Treatment

Litter/Organic ‘

-Matter Category ) ,‘"- Early Late Control
Roots ' . 22.0b 28.0a 25.0ab
Standing Litter . 23.2b " 29.1a 25.5ab
Coarse Litter 31.4a 30.0ab -27.0b
Medium Litter . 14.4a 1136 6.2c
Fine Organic Matter | 6.0a 6.0a: 46a
Very ﬁne Organic Matter S 39a o 43a 36a

[

.- Within category means with the same letters are not significantly different (P<0.05). '

o
Table 2.4. Percent ground cover (bare ground, live vegetation, litter) at Kinsella.

-

Treatment
Ground Light Heavy Heavy  Light Control
Cover June June . Autumn Autumn
Bare Ground . - 0.0b 2.0a 0.5b *  QO0b’  0.0b
Live Vegetation "355a . - 31.5a 36.0a 38.5a 39.5a
Litter - 645a 6652 635a 61.5a  60.5

Within calegory means u;ith the same letters are not significantly different (P<0.05).



Table 2.5. Height (cm) of fallén and standing litter and of standing litigr by species-at Kinsella.

30

~-
Treatment
Litter Type | Light , Heavy *  Heavy Light Control
- or Species June June Autumn Autumn
Fallen Litter 2.8b 130  1.9b 3.8b- 14.6a
Standing Litter 30.7¢ 2060 - 2€ 9¢ 37.3b 53.9a
Festuca halli 43.9b 36.7¢ 27.5d 47.0b 63.72
' Stipa curtiseta 37.7¢c 33.5¢ 25.6¢ 45.5b 6§.5a
Agropyron species 38.1¢c 38.79 -42.3c 52.4b 67.1a
Poa species 32.4b 28.3b . 25.2b 42.6ab 48.5a
Kagleria magiagtha © 21.1a 26.0a . 224a 27.32 00.0b
Boqteloua éraci/is’ 2f1j.8a' 26.2a 24.7a 24.8a 00.0b
. 19.:7‘5 17.6b 12.6b. . 21.6;1b‘ 29.%9a

Forbs

Within category means with the same letters are not' significantly ditferent (P<0.05).

-
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Table 2.6. Percent organic carbon in litter and soil orga@t)er categories at Kinsella.

/
)
*
Treatment
‘ Litter/Orgériic Light ‘Heavy Heavy : Lig;" . 2 -Control .
Matter Category June June Autumn Autumn,
Roots 3322 = 34.8a 303a  31.3a  27.6a,°
Standing Litter 31.8b 346a  29.7c 31.7b  35.1a
Coarse Litter 26.3a 288a 25.9a 29.3a 27.2a
Medium Litter " 8.8a 8.8a 10.3a - - 10.6a 5.5b
Fine Organic Matter 8.7a ‘8.1a 9.3a 9.5a f 5.7b
' Very Fine Organic Matter - 8.4a 8.8a " ° 9.2a 8.4a 5.9b

Within category means with the same letters are not significantly different (P<0.05).

23

_Table 2.7. Rg}cent ground cover (bare ground, live vegetation, litter) at Stavely.

3

.. Treatment
Ground Cové.r Vefy Heavy "Heavy - Moderate _Light - . Control
o | | — —
Bhre Ground 14.52 10.5b" 1.0¢ 05¢c . 0.0
Live Vegetation  21.0b 22.0b 30.5a 30.0a “+ 12.3¢
Litter | 64.5'bw 67.50 . 68.5b ' 69.5b '8'7l:._7a

[

Within ‘cgat'égory means with the same letters are not signiﬁcahtly different (P<0:85).
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‘Within category means with the same letters are not significantly differentf"('P<0.05).
Vi L . s
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Table 2.8. Height (cm) of fallen and standing ktter and standing litter by species at Stavely.

3

Treatment

Utter Type —

or Speci.’es Very Hea\;y 4 Heavy . Moderate Light ~Control
Fallen Litter | : Q.2d. ' 2.2d . 4.9c 8.5b 13.4a
- Standing Litter 36.4d £8.9¢ 55.0b 57.3ab - 59.6a
Festuca canwpestfis " 00.0d 72.5¢ 78.0b éS.Qa 83.6a
Danthoniapamyi .  00.0d '  40.4c 50.5b 52.3ab 61.0
Agropyron species 40.3b 57.8a 60.8a | 67.5a * 66.1a
Poa spzde_s | "2%1¢ 44.6b 526a ' 67.5a 47.05
Fobs . 3e7a 2025 33.0b 32.6b°  40.3a

Within category means with the same letters are not significantly different (P<0.05).

-

Table 2.9. Percent organic carbon in the litter and soil orgamc matter categones at Stavely

o
\ v
Treatment
Lmer/Organlc :
Matter-Category Very Heavy  Heavy Moderate - Light Control-
* Roots - . 40.8a 38.2a 36.4a '37.8a- 35.2a
Standing Litter 40.3a 41.1a 39.8a .. 409a 40.8a
i . -
Coarse Litter -33.9a 33.3a " 33.2a 34.2a 31.9a
Medium Litter 154a  14.3a 132a . 115a.
" Fine Organic Matter ' 16.3a 13.1a. 13.3a
Very Fine Organic Matter ~ 12.8a 11.2a . 11.3a

s *

a
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. MATERIALS AND METHODS »

. ~WATER gbLDlﬁG CAPACITY OF LlT‘fsER AND SOIL ORGANIC N!ATTER IN
MIXED PEMRI&%D FESCUE GRASSLAND ECOSYSTEMS OF ALBERTA
INTRODUCTION | o o
| Littef can reduce the amount of water reaching the:soil surface through interception of
pre‘cipitation and subsequent evaporation of absorbed water. Interception losses from small -
storms are Qenerally high while those from larger storms are under 10% (Corbett and Crouse
1968; Couiun’er and Ripléy 1973). The amount of water evaporated is governed primarily by the
m.ass of accumulated Iittér (Helvey and Patric 1965), water holding capacity of litter, and the
évaporation potential before and after the precipitatioﬁ event (Corbett and Crouse 1968). Water
holding capacuty of Imer vanes with vegetation type, with that of grass litter ranging from 0.5t0 8.4
mm (Flory 1936 Weaver and Rowland 1952, Bu%y and Pomeroy 1958 Corbett and Crouse
1968).

Grazing rggimes fadljtatihg accumulation of Vl'itter‘and soil organic matter could cause
reductions in mineral soil water due to retentidq of precipitation and potentiél e-vaporat'ive loss. It
was hypothesizéd that the water holding capacity of litter would be affected by its particle size
diétn‘bution { razing regimes facilitating accumulation of litter or soil organic matter in

categories whi ad high water holding capacities would reduce soil water the most. It was

further hypothesized that overall water holding capacity would diffgr with eoosystem as affected

by plant spécieé composition. The objective of this study was to determine the % of seasﬁn -
and.intensity of grazing on water holding capacity of Imer and soil'organic matter unmlxed prairie

and feseue grassland ecogystems of Alberta.

o
v o~ .

T Study Sltes

.

- Three study sites representing major grassland ecosystems of sbuthem and cent%al Alberta

rangeland weré selected. ' Each study site had long-term grazing treatments, ungrazed controls,

v _ 42
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grass ﬁomlnated vegetatlonthat had never been culhvatpd and slopes of less than 2%. (See )
Append x | for detailed descnptnons) Moss (1983) was used as the botamcal authority.
. < ._

Brooks ‘ ' o : , =7

The Brooks site was located in mixed pEairie appmxﬁely 225 km east of Calgary (51 °N

latitude and 112 °W longitude). The arég has a continerital prairie cimate and a semiarid moisture -

3

regime (Bowser 1967). Mean annual precupctatnén is 355 mm with an average annual maisture

-~ deficit of 227 mm. Mean annual temperature is 4 0C, with a July mean of 19 °C and a January

mean of -14 OC.  Elevation averages 745 m above sea level with slopes of less than 2%. Soils are
Brown Solodized Solonetz and Brown Solod developed on till (Kjearsgaard et al. 1982).
Vegetation is of the Boutelwtipa-Agropyron (blue grama-spear g’ras_s-wheatgrass) faciation
dominated by Bouteloua gracilis, Stipa comata, Agropyron smithii, and A. dasystachyum.
(Coupland 1961). Artemisia frigida and Seléginella.dens.a are common forbs. A shortgrass
disclimax dominated by Bouteloua gracilis is common as a result of 'heaVy long-term grazing.
Kinsella

The Kinsella site was located in aspen parkland approximately 150 km southeast of Edmonton
(53 ON latitude and 111 OW longitude). The climate is dry subhumid (Wonders 1969). Mean
annual precipitation is 380 mm; mean annual evapotranspiration is 381 mm. Mean annuel '
temperature is 2 9C, with a July m¥an of 17 °C and a January mean of -17 °‘C. Elevation.averages
685 m above sea level with gently rolling to hilly topography (Howitt 1988). - Grassland soils are
dominated by Orthic Black‘Chemozems developegon till. Vegetation consists of grass and shrub

communities with aspen groves occurring at irregular intervals (Moss 1955). Festuca hallii (Vasey)

. &)
Piper (Pavlick and Looman 1984) dominates open undisturbed grasslands and Stipa curtiseta co-

o

" dominates on grazed areas (Wheeler' 197%6). Various forbs are a common component of the

.vegetation.
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Stavely

* aly srte was located in toothrlls fes«Le grassland appnoxrmately 100 km south-
§guthr‘~e ; Calgaryﬁh o" ‘__’ itude ' longrtude). The climate is subhumid without

Ay

nnualt?reaprtatron is 550 ¥ Mean annual

: tent’peraturegs@ °C wrth a July meéh of 1SbC a"‘ : wwagy mean of -10 °C. Elevation averageg-+

o
'1350 m above sea level and topography is gently rollirg to hilly. Soils are Orthic Black
Chemozems developed on till (Johnston et al. 1971) Vegetatlon is of the fescue grassland

.M‘

association (Looman 19anth Festuca campestris Rydb domlhatmg in thé undrsturbed and

lightly grazed areas. Danthonia parryi and Festuca idahoensis are codominants in the grazed

L7 : :
areas. Under heavy grazing regimes, Festuca campestris is replaced by annual invaders and Poa

species.

Graztng Treatm(ent's
At Brooks, three grazing treatments were studied within a community pasture that had been
established in 1964 (B. Sha'nks, personal communication, September 1981). The treatments
included: ( 1) early season grazing from May 1 through July; (2) late season grazing from Augdst
thr;ugh Oetober: and (3) a control on an adjaeent highway right’-ot-way that had not been grazed -
for 25 years. The ?9 AUM ha"1 stocking rate for the grazed treatments wae considered heavy for
' 'the area. * |
At Kinsella, five grazing treatments establishedrin 1973 on thepniv,eréity of Alberta ranch
were studied (Bailey et al. 1987). The treatments included: (1)’-Iight June grazing from June-1 to
30 at 1.5 AUM ha1 with approximately 35% herbage Utilizeq; (é) heavy_‘quhe grazing frorn"June'1
to 30 at 4.4 AUM ha1 with approximately 75% herbage utilized; (3) heavy autumn grazing from
September 15 to October 15 at 4.4 AUM ha"1 with approiimately 75% herbage utilized- (4) Iight

autumn grazing from September 15 to October 15 at 1.5 A'JM ha-1 with apprommately 35%*

herbage utilized; and (5) a control that had not been grazed srnce 1942. Each grazing treatment



| w4
. ' ) C A | -,
 included 5.5 ha of grassland and a variable arsa of shrub and forest. Two 10.by 20 m permanent
_exclosures, r:andomfy located in each treatment, were alsd stf:died.: |
At Stavely, .ﬁve grazing treatments established in 1949 on an Agriculture Canadé Range
) Resgarch Sub#tation were studied (Johnston 1961). Treatments were grazéd ffom Maygg‘
chobér and incluMed: (1) very heavy grazing with 16.2-tha stocked at 4.8 AUM hal; (2) heavy
grazing with 32.4 ha stocked at 2.4 AUM ha1; (3) moderate grazing with 48.6 hé stocked at 1.6
AUM ha‘1 ; (4) light grézing with 64.8 ha stocked at 1.2 AUM ha™1; and (5) a control cpmpriéed of
.permanént exclosures of 0..66. 0.41, 0t76’ and 0.23 hain thé light, moderate, heavy, and very

heavy treatients, respectively.
RN

S
-

Experimgrital Design - , o .
The e%erimental désign within each site was a hierarchical (subsampling) amangement. b
Within each treatment, three 0.1 ha areas were randomly established. Within each of these 0.1 ha

%5

areas, points were randomly selected from which samples were collected or measurements were

®

made.
Litter And Soil Organic Matter Sampling And Analyses
For this stud);, litter refers to all dead organic matter not incorporated with mineral soil and
occeurring abové soil mineral horizons. Sail o@anic matter refers to the organic fraction of soi’
'includAing plant and animal residues at various sta;ges of decomposition, cells and tissues ~ soil
organisms, and substances synthesized by the soil population as defined by the Car.ida
Depadhént of Agricuhure (1979). p
Sampling was conducted in late August of 1985 and 1986. At each site, in eac treatment, in
;each 0.1 ha area, 10 randomly located 0:1 m?2 quadrats (30 per treaiment), with inri-, fimensions
of 20 by 50 cm, wéré used,to _collect the samples. In each quadrat, all live vegetation, inciuding
dried tips of live plant's, was removed with scissors at Qround level. Standir)gilitter was removed in

N

the same way. The remaining litter was removed from the soil surface with hand rakes. Soil

PN
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organic matter was fifted as a slab, after an edging shovel was used to cﬁt down to a mineral SO |,
horizon'where a color and texture change mdiwted the bottom. of the Ah honzon Remaining
litter and sou[ were removed trom the sample hole with a brush. Sampling depths va’ried with site‘_
and treatment but’ averaged ammx;mately 5 to 8 cm at Brooks (no diﬂerence in depth among |
treettmentst and10 to 15 cm at Kinsella (no difference i in depth among treatments) and Stavely
(the very heavy treatment was shallowes than the other treatments).

Live vegetative material was oven dried at 65 °C for 24 hours, then weighed. Litter and. L]

organic matter samples 'V air dried foogtwo weeks then sorted into categories on the basis of ,

size using a bank of sieves mounted on an automatic sieve shaker (Tyler RO-TAP Model B) as

2

modified from Coupland ( 1973). Five minutes of shaking was requiredto sort the samples without .

breaking down plant material. Sieves had openings of 2.0, 0.85, and 0.212 mm (Tyler equtvalents

of 9, 20; and 65 mesh). | _
The litter and soil organic matter categories were: (1) standing litter recognized and oolI:acted

in the field as standing titter; (2) coarse litter remaining in the top sieve (2 mm) and recognizable as.

undecomposed plant parts; (3) medium litter that w,as _;;artly decomposed and collected in the ‘

second sieve (0.85 mm); (4) fine organic matter that was relatively decomposed and collected in
. . 3 .

.

the third sieve (0.212 mm); (5) very fine organi,c_' matter that was decomposed and collected in the
bottom pan; and (6) roots large enough to be easily handled which were removed from thé-
samples before saevmg Categories 4 and 5 contained most Ilvmg and dead small roots and root

hairs. Above ground orgamc matter was composed of standmg, ooarse and medium lxtter and

‘.t

live vegetation.. Below ground organlc matter was composed of roots, fme and very"fme organuc

matter. Total organlc matter included all the above categories. / s
During 1985 and 1986,“ nine soil and litter samples to a depth of 76 mm Were taken from each

tréatment With a Uhland core samplér to obtain cyfindrical samples 76 mm in diameter and 76 mm

e

long. The top of the core comresponded to the top of the litter layer. These cores represented *

.

K¢
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water Holding Capaclty Analyses-

" Water holding capacity (WHC) of litter and soil organlc matter was determined with

- modifications to methods outlined by Kittredge (1 955) and Bemard (1 963) In 1985 and 19 9

five randoml}‘»sel‘écted samples from each litter.and soil organic matter category ineach 0 1ha
area were used to fill 7 cm high by 7 cm diameter plastic cylinders to a relatively standard weight

(15 per treatment). Cotton fabric seoured with a rubber band was used to cover the cylinder

\
bottom Cylinders were soaked lor 48 hours then drained on a tray of damp sand for 48-hours.

Laboratory temperaturg was mamtamed at approxrmatejy 180C and relative humidity at
{ Y
approximately 35%. Trays were covered wrth plastic to prevent evaporatlon and create a stable

microenvironment. ’
The sand mixture used for drainage was 11% gravel, 23% very coarse sand, 38% coarse
sand, 22% medlum sand, and 6% fine and very fine sand as determined by the dry sreve method

{(McKeague 1978) The sand was placed in a large plastic tray with a drainage spout for water to

in. The sand-had been previously saturaled with water and drained for 48 hours. Water

f the sand at the time samples were placed onit was 10.8% (SD 2.1%). Afterthe
cylindérs drained for 48 hours, water oontem of the sand was 14% (SD 2'4%).
After draining, the samples were welghed and oven dried at 105 ©C for 48 hours then re-

4
,t,plwelghed Water holding capacaty was determmed by subtractmg oven dry mass of the cylinder

8%’ oontents from the drained mass drvndrng by litter or soil organlc ‘matter mass, and multiplying by
100 (g water/g IM(‘ 'd w.) x1 oo = %WHC). Uhland core sarnples were treated in the same
manner gs‘the lrlled cylmders in order to determine water- hold ing capacity of litter and soil organic

. ,.matter in a relatively undisturbed state. ,

' Statistical Analyses
~ Statistical analyses were conducted using variation among the 0.1 ha areas as a_rj appropriate '
measure of error variation for testing the significance of treatments. -Data were tested for

homogeneity of variance using Cochran and Bartlett-Box tests. The W test_ was used to test data .
. ) : /’ o i



for noﬁnaﬁty of distribution (Shapim and Wilk 1965)1 An SPSSx.analysis of variance program was
used to test for treatment effects. Data with significant F valu_eé were further anaiyzed t§ separate
the means using the Student-Newman-Keul (SNK) test.at the 5%. level of signiﬁéance (Stee’\l_5 and
Torrie 1980).
Prelirni&ry st;tisfical analyses within each year by treatment combihation indicated that

\variation among the 0.1 ha areas was not siénificantly different from 'sampling point variation and
therefore ip all'future 5?1alyses, area and sampling point variation \}:lere booled. If additional
preliminary statiétical analysés within each treatment using the poole‘d"error term indié:éited
signiﬁcam differences between‘ study years, data were égaljrzed on a within year basis. ’Otherwise.

data from both years were pooled. Sources of variation in the final statistical analysis were

treatments and error within treatments.

RESULTS
. IS - i
In all three sites, water holding capacity of litter and soil organic matter in all treatments did not
o R
snerally differ significantly between 1985 and 1986. Plotted data are means of these two years.

“Atall three sites, WHC of root, standing, and coarse organic matter were higher than that of
medium, fine, and véfy fine organic matter (statistics not presented). WHC was generally higher in
fine than in medium or very fine categdn’es. ‘
G WHC of undisturbed cores was affected more by intensity of grazing than by season of
hérazmg (Table 3 1). At Kmsella and Stavely. WHC of undisturbed oores was lower in heavy and
very heaVy greéfments than in the contfol or moderate treatments. Anhougn the Brooks
treatments were heavuly grazed, WHC did not differ significantly with treatment.
WHC of organlc rﬁaner ranged from 68 to 216% of oven dry wenght at Brooks (Figure 3.1). At
Kmsella WHC of root standmg and coarse organic matter ranged from 180 to 258% and that of
mednum fine, and very"ﬂne organic matter ranged from 80 to 148% (Figure 3.2). WHC in root,

standmg, coarse and fme organic matter ranged from 183 to 254%, while that of medium and very

'fme orgamc matter ranged from“€07 to 139% (Figure 3.3). . s
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Significant treatment etfects on WHC of specific organic matter categories varied with site. At
all three sitee. coarse organic ntgatter_had higher WHC in controls and light tntensity?late seesen\
treatments such as the light autumn treatment:at Kinsella. WHC of coarse organic matter was
lowest in heavy intensity/earl)'/ seaeon treatments. WHC of standing organic matter was affected
by grazing treatment at.Brooks end Kinsetla. being highest in the controls and lowest in early

season/heavy intensity treatments.

DISCUSSION
" The WHC of root, standing, andod}ge organic matter was higher than medium, fine, and very
fine organic mQtier because a largamount of organic matter in a relatively undecomposed state
was found in these fractions. Sail organie matter occurs as discrete, organic particles and in a
midlecular form on mineral surfades (Farmer 1978). At saturation, large organi”c partictes with a wide
range of pores hold up to twice as much water p«;/r(v\olume as minerat soils. Highly decomposed
or%anlc matter in the,molecular tprm would hold less water due to less pore space and less
adhesion. Although very fine organic particles have a greater surface area than larger partrcles
and hold more water the hlgher porosity of the larger particles tends to offset this. Organlc
substances adsorbed on mineral particles can confer hydrophobic properties on mineral soils
' (Debanp and Letey 1969), further reducing WHC, Dormaar et al. (1980) isolated a hydrophdbic’
compound, bis (2-ethylhexyl) phthalate (dioctyl phthalate) from native range soils in Alberta, which
contributes to the low WHC of below ground organir: matter. Highwﬁ) of fine organic matter
compared to medium and very-fine organic matter may also be related to particle size. The fine
category oontains the majority of smaller roots and:thus has a large portion of organic matterin a
relatively undecompoeed state. |
McCalla (194‘4) found in intial decemposttion stages, decreases in dry weight and vo|u‘me of
litter were accompanied by increases in wetting speed This increase, combmed with higher WHC

of Iarger pamcle sized organlc matter, means it could intercept more precrprtatron than smaller

particle sized organic matter. Greater masses of large sized organic matter per unit tand area and
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hrgher ground coveri in oontrol antl Itght mtensrty grazmg treatments (Chapterll) could lead to e
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hlgher mterceptron than in heavy mtensrty grazrng treatments Blomass -and ooyer have aISO been
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Grazmg treatment etfects on WHC of orgamc matter were ml‘luenceg by vegetatron

s

. dlfterences srﬁ?:e there.were ne‘srgmlrcant wtthm -Sitg’ Sorl textural drfterences ?Appendtx ll)

P S
Drfferences in plant specres oomposrtuon among treatments wére reported at Brooks (Naeth |

1985) Krnsella (Balley et aI 1987) and Stavely (Jlohnston 1961 Johnston et al. 1971) '».{ﬁ%

&
Srgnmcant treatment eftegts on WHC occurred amngtreatments wrth greatest species

\ \‘

oomposmon drfterence's the oontrol and’éarly season grazmg treatment at arwks the control
. _

and heavy grazrng treatments at thsella and the cr()ntrol and Irg‘ht grazmg treatments oompared

Y

@ :4

‘,_' state of organrc matter Hrgher WHC in the control orgamc matter may reflect the absence ot

at

o trampllng whrch can break htter into smaller preces create better lltter-sorl contact, and facili ate

, o
N

more rapid deoomposrtron Thus there may b% more 13rge particle sized lrtter in the control

contnbutmg to. hlgh rWHC. ¢ ' ' . R

14 ' v ;’ . "y

QWater holdlng capacrty in thls‘study'represents field water capacrty and tite upper Irmlts for

b}

prec 'prtatlon held in organrc matter mass Although WHC of «standmg and ooarse };tter was hlgher

" ln the control than under early season grazing and WHC of medium and flne organrc matter was

hrgher under early season grazmg than in the control the overall effect ol treatment on WHC ol

organrc matter at Brooks was i fkely small, since hlgher WHC, of whole cores was not detected in

: any treatment Tolal orgamc matter as opposed to amounts of specific types would llkely have a

‘ more stgnmcant eﬂect on overall WHC at this site. At Kinsella and Stavely, whcle core values

sholrv that WHC ot orgaruc matter generally declmes with heavy intensity grazing. From a

el

conservatron perspectrve thls may be contradlctory in that light grazrng, which i improves overall .

hydrotogrc condmon can lead to acoumulatlon ot organic matter with higher WHC However the

l

more beneficial effects of holding water in organic matter as opposed to it running off the soil
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-surface would tend tb negate the effect. Similar oonclusiene wetb reagmq b?y Lowdemilk (1930)

0
A.)

and by Weaver and Rowland (195é) The lack of grazing treatment etféct on WHC of the soil
organic matter cat‘egor@sybuld indicate that grazing treatment would not affect overall WHC

below ground However, the hlgher WHC in the coarse litter at Kmsella under i light autumn

grazmg and in the oontrol and in the heavy grazing treatment at Stavely would indicate that the
above ground litter would have the most effect on overall WHC at a site.

WHC of erganic matter categories, plant sbecies eonposition. and amounts and kinds of'

organic matter are all key factors in determlmng the overall WHC of fitter and sonl organic matter
layers in mdnvndual grasslands The am@m of large particle sized organic matter reme to small -

,"partlcle sized organic matteris a cntlcal factor in determmmg the magnitude of WHC.
!
CONCLUSIONS

WHC of organic matter diltered with ecosystem, being lower in mixed prairie than in fescue
grasslands WHC dlftered with particle size of litter or soil organic matter WHC of root standmg,

and ooarse organlc matter was approxnmately 185% at Brooks, 207% at Kmsella and 215%{&

"\x.‘ \

Stavely\ WHC of medium, fine, and very fine organic matter was 110% at Brooks, 112% at
5‘,¢(|nsella and 140% at Stavely WHC of undisturbed litter cores was 38% at Br:oks 70% at

Yo Kmse'la and 118% at Stavely Water holding capacuty of large pamcle sized orgaruc matter was

1o

hngher than that of small partlcle sized organic matter. ‘Vater holding capacity' in Iarge particle sized
orgamc matter decreascd with heavy mtensuty/early season grazing, whereas WHQ of small

particle sized organic matter was less aflected by gra21ng treatment WHC of undnsturbed cores o % g{g

was affected more by mtensaty than season of grazmg '-\

°h

9 . - N Y
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Table 3.1. Water holding capacity (% oven dry welght) of undi stu<’rbed litter and Q core samples :

(76 mm diameter and depth) at the study sites.

~ Site 7  Treatment Water Holding Capacity
g Early S_eason‘ 41.5a
" Brooks Late Season 1 34.9a
* Control 42.7a
Light June - 68.6ab
Heavy June 60.9b
Kin-sella ) Heavy Auturpn * 63.6b
o Lig.ht Autumn 74.4ab
Control 2 83.9a~ "
! ‘ -
Moderate ‘ 132.6a
Stavely . Heavy . 102.7b
Verg-Heavy I 124.2b

Within a site, treatment means with the same letters are not sighificantly di.f'ferentg(P<0.05).

” - —
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Figure 3.1. Water holding ca’pacity (% oven dry weight) of litter and roots at Brooks. Within

" cate'gory"r’r_leans With the same letters are not significantly different (B<p.05).-
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Figure 3.2. Water holding capacity (% oven dry weight) of litter and roots at Kinsella. Within

category means with the same letters are not significantly different (P<0.05).
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Figure 3.3. Water holding capacity (% oven dry weight) of litter and roots at Sta{vely. Within

Y

category means With the same letters aré not significantly different (P<0.05).
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IV COMPACTING EFFECTS OF GRAZING REGIME N MIXED PRAIRIE 'AND

=

FESCUE GRASSLAND ECOSYSTEMS OF‘ ALBERTA '

.mrnooucrlou e

Researchers have documented compactron of sorls by grazmg an;mals in various ecosystems

of the world In the Canadian Northem Great Plains, grazrng has caused compactton on loam, silt

~ loam, sand and clay textured soulsdn Saskatchewan mixed prame (Lodge 1954 Martens 1979)

but not on loam and sandy loam textured solls in Alberta mixed prairie (Smoliak et al. 1972).

Grazing int’ensity'affects coméaction wrth heavy grazlng compacting soils to a 10 cm depth but

\J

: lrght and moderate grazmg havrhg no effect on bulk densrty (Lodge 1954) On American
‘ rangelands the susceptrbrllty of. a sorl to compactron rs affected by vegetative cover (Wood and

- Blackburn 1984); partrcularly by plant roots (Grfford et al. 1977). Compaction is higher and to a

greater depth on coarse textured sorls but there is often no effect on ﬁne textured soils (Orr 1960;
Van Haveren 1983) Degree of compactron is affected! by soil water content (Alderfer and -
Robmson 1947 Grfford et al 1977) and is maximum between wrltmg pornt and field capacity (Orr
1960). Sorl compactlon \mcreases as stockmg rate rncreases (Reed and Peterson 1961; Rauzr

and Hanson 1966 Warren et al 1986) In most studres grazmg effects on soil bulk densrty are

manlfested |n the top 6 cm

Q-
) The occurrence ot compaction in range ecosystems is complex because: factors other than

I

, tramplmg may alter sorl bulk densrty and res:stanoe to penetratron Compactlon can be affected by

\ R

vegelatlon plant rooting depth, freeze-thaw and wettmgerymg cycles -percent organic matter,

7

,sorl structure and soil water holding capaaty

g

( lt was hypothesuzed that heavy grazing would compa‘ct the‘ soil, espedcially in treatments where

.vegetatlve cover was most affected andin more heavrly utrllzed areas such as cattle paths. It was

also- hypothesrzed that defoliation without tramplrng could reduce root growth. Less root activity

could lead 'to hlgher bulk densities than in areas that were not delolrated The objective of this
4

study was\to determine the effect of season and ‘intensity of grazing an soil bulk densrty and

58
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| ; % penetration resistance in mixed prairie and fescue grassland ecosystems of Alberta. A further
gnitudé of heavy trampling, ight trampling, and no trampling

-

MATERIALS AND METHOD
Study Sites | |

fhree study sites represenfing major grassiand ecosystems of southem and central Albenta
rangeland were selected. Each study site had longj-term grazing treatments, ungrazed controls,

grass dominated vegetation that had nevet peén cultivated, énd slopes of less than 2%. (See

Appendix | for detailed descriptions). Moss (1983) was used as‘ the botanical authority.

Brooks
¢

The Brggks:ite was located in mixed prairie approximately 225 km east of Calgary (51 °N '
latitude and 112 OW longitude). The area has a continental prairie cimate ar:d a semiarid moisture
regime (Bowser 1967). Mean annual precipitation is 355 mm with an average annual moisture
deficit ofh 227~hm. Mean annual temﬁé"raiure is 4 OC, with a July mean of 19 °C-and a January
mean of -14 OC. Elevation averages 745 m above sea level with slopes of Ie;s than 2%. Soils are
‘Brown Solodized Solonetz and Brown Solod developed on till (Kjeaksgaard et al. 1982).
Vegetation is of the Bouteloua-Stipa-Agropyron (blue grama-spear grass-wheatgrass) faciation

. dominated by Bouteloua gracilis, Stipé comata, Agropyron smithii, and A. dasystachyym
(Coupland 1961). Artemisia f‘n'gida’ and Selaginella densa are common forbs. A short grass ‘
disclimax dominated by Bouteloua gracilis is common as a result of heavy long-term grazing.
Kinsella

The Kinsella site was located in"aspen pérkland approximately 150 km southeast of Edmonton

(53 ON latitude and 111 OW longitude). The climate is dry subhumid (Wonders 1969). Mean

annual precipitation is 380 mm; mean annual evapotranspiration is 381 mm. Mean annual )
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temperature is 2 °C, with a.July mean of 17 °C and a January mean of -17 °C. Elevation averages
685 m above sea level wnh gently rolling to hilly topography (Howitt 1988). G.rassland'sdils are
dominated by Orthic Black Chemozems develo.d onfill. Vegetation consists 6f grass and shrub

communities with aspen groves occuming at irregmlar intervals (Moss 1955). Festuca ham'rE(Vasey)

Piper (Pavlick and Looman 1984) dominates o;!ndisturbed grasslands and Stipa curtisbta co- -

2} . A .
g&minates on grazed areas (Wheeler 1976). VarlBus forbs are a common component of the

vegetafion.

StaQer

The Stavely site was located in foothills fescue grassland approximately 100 km south-
southwest of Calgary (50 ON latitude and 1'14 OW longitude). The dimte is subhumid without
marked deficiency of precipitation. Meaon annual precipitation is 550 mm. Mean annual a7
temperature is 5 9C, with a Juiy mean of 18 °C and-a January mean of -10 ©°C. Elevation averages
1350 m above sea level ahd topography is gently rolling to hill);. Soils are Orthic Black
',Chemozems developed on till (Johnstoﬁ et ;al. 1971). Vegetation is of the fescue grassland'
é'ssociation (Looman 1969) with Festuca campestris Rydb. dominating in undisturbed and lightly
graiz'ed areas. Danthonia parryi and Fesrucé idahoensis are codominants in grazed areas. With

heavy grazing, Festuca campestrisis replaced by annual invaders and Poa species.

Grazing Treatmenis

At Brooks, three grazing treatments were studied within a community pasture that had been

established in 1964 (B. Shanks, personal communication, September 1, 1981). The treatments

included: (1) earty"season grazing from May 1 through July; (2) late season grazing from August A

through October; and (3) a control or; an adjacent highway right-of-way that had not been grazed

for 25 years. The 0.9 AUM ha™! stocking rate was considered‘ﬁéavy for the area. |
At Kinsella, five grazing treatments established in 1973 on the University of Alberta ranch

were stud}éd (Bailey et al. 1987). The treatments included: (1) light June grazing from June 1 to

g @

T . ) :
5 .
A

e | ' -
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. 30 at 1.5 AUM ha"1 with approxit;\ately 35% herbage utilized; (2) heavy June grazing from ane 1
‘ to 30 at 4.4 AUM ha with approximately 75% herbage utifized; (3) heavy autumn grazing from
September 15 to October 15 at 4.4 AUM'.ha'1 with approximately 75% herbagé-utiﬁze;i: (4) light
autumn grazing from Septémber 15 to October 15 at 1.5 AUM ha-1 with approximately 35%‘
herbage utilized; and (5) a control that had not been grazed since 1942. Each grazing trea;tment
included 5.5 ha of grassland and a variable area of shrub and forest. Two 10 by 20 m permanent
exclosures, randomly located.in each treatment, were also studied. |

At Stavely, five grazing treatments established in 1949 on an Agricutfure Canada Range

Rese';_é'rch. Substation were studied (Johnston 1961). Treatments were grazed from May to
Octo{)er and included: (1) very heavy grazing with 16.2 ha stocked at 4.8 AUM ha1; (2) heavy
grazing with 32.4 ha stocked at 2.4 AUM ha™!; (3) moderate grazing with 48.6 ha stocked at 1.6
AUM ha"1; (4) light grazing with 64.8 ha stocked at 1.2 AUM ha-1; and (5) a control comprised of
permanent exclosures of 0.66, 0.41, 0.76, and 0.23 ha in the light, moderate, heavy, and ve&

heavy treatments,-respectively.

E;perlmental Design
" The experimental design within gach site was a hierarchical (subsampling) arrangement. |
_Within each treatment, three 0.1 ha areas were randomly established. Within each of these 0.1 ha
areas, poiﬁts were randomly selected from which samples’were collected or measurerﬁent*s were.

made.

Soll Analyses And Fleld. Measurements
Soil bulk density and_ pe'nétration resistance measurements were made in July 1985, 1>986,
and 1987.. At each site, in each treatment, in each 0.1 ha area, three neutron probe access tubes
" were randomly installed with a hydraulic coring unit (nine tubes per treatmém). Soil Bulk density
measurements were made in each tube with a Campbell Pacific Nuclear 501 combination

' moisture/density probe. Two 15 second readings were taken at each depth, starting at 15 cm and

~




62

ptoceeding in 10 cm increments to 65 cm. Two surface buk density (0—10 cm) readings were
taken adjacent to each access tube with a Campbell Pauﬁc Nuclear MC1-12 surface
moisture/density gauge. . :

‘Resistance to penetration was measured with a hand-held CN-973 penetron(eter with a 300
conical probe, a 3.23 cm? base area, and a 0-2069 kPa resistance range The probe was slowly
‘pushed vertically into the soil and the maximum pomt resistance encountered was recorded.
each 0.1 ha area, measurements were made in 10 randomly selected locations at the soil surface

~ andat 25,5, 10, 15, and 30 cm depths. | | |
| To assess the combined effect of defoliation and trampling on soil compaction, bulk density
: .'and‘penetration resistanoeWere measuredon cattle paths where heavy trampling occurred, in the

_ grazing treatment under normal animal traffic, in the exclosure where vegetation was neither

trampled nor defoliated, and within the exclosure fence where no trampling occurred but

- vegetatton was defoliated from cattle reaching under the fence In each 0.1 ha area, in each of
" these locations, soil compaction was measured with the MC1 and penetrameter in 10 randomly
selected locations. These measurements could not be made at Brooks where there were no

\

grazing exclosures adjacent to the tre'\tments. _ ) . .
i Soil was analyzed for particle size distribution of sand; silt, and clay by the hydrometer method,
and for water retention at -33 and -1 Sob_k;’a by the pressure plate extractiog method (Appendix
Il). Litter depth and height were measured and ground co\}er was assessed with a point frame for
percent-bare ground, live .vegetation. and Iitter. Litter and.soil organic matter masses were
measured from determinations of total carbon by dry oxidation (éhapter .

4 AR R
Statistical Analyses
Statistical analyses were conducted using variation among the’ b 1ha area; as an appropnate
measure of emor variation for testing the significance of treatments. Data were tested for

homoge'netty of variance using Cochran and Bartlett-Box tests. The W test was used-to test data

for normality of distribution (Shapiro and Wilk 1965). An SPSSx analysis of variance program was

A
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therefore in all future anaiys‘es. drea and sampling point variation were pooled. If additional ;.

63
used o test for treatment effects. Data with signiﬁcam F values were further “‘analyzed to separate
the means using the Studem—Newman-Keul (SNK) test at the 5% level of ssgniﬁmnce (Stee! and
Torrie 1980)
Preliminary etaﬁstical analyses within each year by treatment combination indicated that

variation-among the 0.1 ha areas was not significantly different from sampling point variation and -

prehmmary statistical analyses within each treatment using the pooled error term indicated

' significant dnfferences between study years, data were analyzed on a wnthm year basis. Otherwnse o

data from both years were pooled. Sources of variatiéh in the final statimcai analysxs were .0

treatmems and error within treatments. @ ’ ;[731‘-

properties at each site did not differ among treatments {Appendix Il).
1S . . . /
] .

Brooks

Treatment had no significant effect on soil bulk d‘e'nsity at any depth (Table 4.1). In the upper

X

2.5 cm, resistance to penetration was affected by season of graiing, being lowest in the control

and highest in the early season treatment (Table 4.2).

Kinsella

Treatment effects on bulk density were evident in the upper 10 cm and between 35 and 55

-cm, inclusive (Table 4.3). Near surface bulk deneity was lowest in the control and highest under

heavy June grazing. At 3510 55 cm, bulk density was lowest in the light autumn treatment.
Penetration resistances from 0-10 cm were lower in the control than in one or more of the
grazing treatments (Figure 4.1). At 5to 10 cm, inclusive, penetration resistances were higher in

14
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the autumn treatments than in the control or June treatments At 15 cm, values were htg‘h@[ in the

.
o

heavy autumn treatment thanin the heavy June treatment . o

L4 RN

A Bulk densaty in the top 0-10 cm was not afiected by detohatpn wrth&ut tramplmg but was 'fo

'hagher in grazed areas and cattle paths than in the control (exctosure) (Table 4. 4) Under hght

‘ o ]

tntensny grazmg, bulk densrty in grazed areas was’ Iower than that on cattle paths whereas under o

o

e 4

heavy intensity graznng rt was the same in the grazed areas and patTts ' o S
o o g
: f!) At all depths ia all treatmems penetrahon resrstances.were generatly Iower in the exclosures

\

than in grazed areas or on cattle paths (Fpures 4 2and 4.3). At the- soul surface, penetratlon :

V

1

’ s
- resistance on cattle Raths was hrghep than that in grazed areas in autumn treatments but not N~

4 June treatments ‘At 25cm, these tviro areas had srgnrficantly differert vatues® in “allp Qut the he

o

June treatment and atbreater depths the dtfterences drmmushed ' . ,".-' e . T,
R A‘l. ' ! o : “ ; s ' ' e ) ’ . . ‘ - N =7 o - -rt..‘
Stavely . _ _ o P - P,

: Soit bulk'density was aftected by grazing at all depths to 65 &m, With the exception c'>f 35 cm :

- 5 N
- (Tabte 4. 5) in the surtaoe 0- 10 cm bulk densrty was lowest in the oontrol and hlgg.est under vgry '

3 heavy graznng At 15cm, balk density was htghest m the very heavy treat\nent At 55 and 65 c.m, o A'

©
bulk densrtles tn the heavy and very heavy treatments were hlgher than those in the other tﬁree S

" ‘ ’ . ’ m'
- treatmegts . e e o
) . . . -~ : B .'0 a8 T
- ' Soil surtace penetratnonres:stance mc:‘eased under‘grazmg (Flgure 4»4) Wth depth lewest L
o .
] Ve 4 ) (3’

penetratlon resrstances were in the controf atghestm the very heavy and/omeavy

treatments At 15 cm and deeper penetratnon resistances were not sugru,t;cantly drfterent in the

» . .D

light, moderate and control treatments ’ -

ngher bulk densmes were tound in grazed argas and on cattle paths than in un‘trampred areas

(Table 4 6) Bulk densmes in detoJuated areas and controls (exclosures) were not s:gmﬂcantly

. drﬂerent Only under’very-heavy grazmg was bulk density hlgher on cattle paths than in the

 reguilar grazing tréatment. o co -

° g . : . . . . . L .:t‘.‘ ..



At aII depths tn all treatments penetratton resrstance was generally lorver inthe exclosures '

’
than on cattle paths‘br grazéd areas (l-" gures 4. 5 and 4. 6’Q The fi rght treatment was the exceptlpn

where values did not dlter at 15 and 30 cm Penetratlon resistance on cattle paths was generally
0 ’

b

higher than in grazed areas wrth ta above noted exceptren and at or below 15 cm in the other

i treatments Under very heavy grazmg penetratton resistance was not quantmable on cattle paths
. e o
below 2. 5 cm because values were greater than the’2069 kPa upper lrmt of the penetrometer
e " . ) B . "n. '
’ a : S Y -
L] . E

. DISCUSSION - -~ - e o 'y,'

Grazlng Ettects~ - | N v

(]

hlgher bulk densmes and penetratron resrstances in heavy m?nsrty grazmg treatments as

: compared to controls and lrght}y g\l'azed treatrhehts Wth heawer stockrng densrtres more surtace

. h
’area .s trampled and sorl is subjected to more repeated loadings. As vegetatron is remd/ed by " -

“ grazrng, its cushlonmg effectsare reduced makmg the soil more, susceptrble to compactron

l -

Smaller ampsunts of organrc matter in heavy treatments would also make it more susceptnble to

-

~oompact1on(Chapterll) S o '-'l e ,0 ot B S ', ' T.
: g » B \ 4 o
~ s The oompactrng effect of heavy intensity treatments was evrdeuced by hrgher surface bulk

densrty |n heavy June versus llght June treatments at Krnsella and in heavy and ve;y heavy

tre.atments compared to 'lrght moderate and control treatments at Stavely Penetratlon

- B -

resr’s‘tances were lowest at the surtace in llght June and o%ntrol treatments and at 2 5 cm m the

-control at Klnsella However hrgher penetratron resrstances atthe surtace 5 and 10cm under

Oy 4

llght autumn grazrng at Klnsella drd not support thrs observatron Srnce the lrght June treatment

[ i b

had not been grazed tor two months when measurements were made wettrng drying cycles and
; plant growth may have had amelroratrng eﬁects on grazrng rmpacts However autumh treatments

had not been grazed tor a year and should have been aftected by the same cycles No soil,

textural dlfterences |n this treatment could acoount for the duscreparfcy Soil wafer was, lower

. under Irght ‘autumn grazing which oould affect compacyon measurements‘(Chapter VI)

N L - : . . Y
2 N e . - A
: o ’ . - R ’ .
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‘twas expected that heavy intensity grazing at Brooks would cause _(mpactlon oompared to

the control ngh natural bulk densmes of the Solonetzic soils and the msensltivrty of bulk densnty )
* R
to changes withina 10 cm depth increment could have accounted for the lack ot diﬂerences :

Voorhees et al. (1978) tound@amllar results where bulk density increased 20% or less due to

wheel tralf icon a silty clay loam penetratron resastance mcreased by as much as 400%. The ®

A

results trom this study do not support the other stud ies in Canadian mixed prame“’(Lodge 1954;
Smoliak et al. 1972 Martens 1979) The heavy continugus grazing reglme and higher clay

content of the Solonetzrc soils in this study could aocount for the lack ol treatment dlfferences
!

The control could also have been: oornpacted dunng constmctlon ot the adjacent hlghway and/or

.9

rallroad - ,\

Early season grazrng resulted in more compactlon than did late season grazing.. ngher k

<

orgamc matter in the heavy autumn treatment compared to th heavy June treatment at Klnsella N

6

and in the late season grazed treatment compared to early season grazed treatment at Brooks

(Y ’
,

. could Iessen compactron More ralnfall occurs when June and early season treatments are grazed_ -

d
[

' than when autumn and late season treatments are-grazed (Chapter Vll) whrchoould lead to wetter Lo

souls that are more §uscep ﬁgle to compactlon

It was hypotheered that delollatlon wuthout tramplmg could Iead to reductlons in root growth o

)

that mlght aftect bulk densrty Grazrng can reduce root growth and activity, whlch in turn cgn have o

an elfect on soll bulk densaty and penetratlon resnstance ThlS hypothesus was rejected due to

v 1

E »non sugnmcant d fferenees between bulk densnty under delolated and non-defohated areas at R

Kmsella and Stavely L R

Heavy graztng was relatwe'ly unlform in its effecls on compactlon on both cattle palh and non-
Y o a o l t B . .
path areas. However under light grazmg, heavier use areas such as the cattle paths were more KRR

- compacted than were other areas of the treatment Selectlve grazmg in these Ilghter grazed
treatments led to _some ar_eas being utlhzed less extensively and thus treaded’less frequently than
others. I : R . o

- / ' . _ a SR
. * 5o o ) B ’ . «

u - . -

—
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Depth Of c}tpactlon ' | ‘ ‘ u J

Direct effects of treading on soil compaction are likely to be observed ln the top 30 cm ot the
soil profile where soil bulk de‘nsit_y is generally lowest and pressure exerted by a movrng animal
would have the most impact. Sihce a heavy traetor with 4 to 5 times the masslot a cow compacts
the soil only to a 36 cm depth (Voorhees 1986), it was not expected a oow-would compact any
deeper taking into account vibration forces, time of loading, and number of loadings. ,

At Stavely, higher bulk densities in the very heavy treatment from the surface to a 15 c.m
depth were Iikely due dlrectly to ani'rnal treading. At 55 and 65 cm, increases in bulk density in
heavy and very ﬁbagy treatments could be an mteractron of plant specres changes due to grazrng,

ﬁreduced noot actlvrty, and treadi ng As grazmg mtensrty increases, shallow rooted specues replace
. deep rooted speeles such as Festuca campestris (Johnston 1961). Soils were not a significant
factor because soil texture did not diﬁer'at this depth among the treatments (Appendi’xvll).'

Depth otpenetratlon resrstance changes between grazed and heawly trampled cattle paths

. -

- were most aftected by heavy lntensrty/early season grazmg Grazmg mtenssty etfects were most

)

: evrdent at Stavely At Klnsella surtace ptnetratlon resrstance drﬂered between tramﬂled-and

)

- grazed areas in autumn but not June treatménts Wetter soil dunng June grazmg may- mcrease .

iy

compactlon but hrgher organrc matter under autumn grazmg could reduce compactmg elfects of .

grazung Under heavy June grazing, drﬁerences between penetratlon resrstance in cattle path& »
f 4 1 . ’
and regular grazed areas were mamfested to a greater depth than under Ilght June grazmg
'_However, drfterences between these. areas under autumn grazmg to 1 5 or‘n mdlcated grazmg

mtensnty had Iess rmpact late in the growmg season

.~ o
- B3
B ol

. Effects Of. Compaction On Plant :Growth = ;

-Although the literature oontains soil bulk density and penetration resistance ra'nges,which are
consrdered detnmental to plantégtabllshment growth and yleld these values are specres
L

spepmc Russell and Goss (1974) documented that plant roots can exert pressures up to 1000

- kPa and that 2000 kPa penetratlon resrstances of soil can reduce root growth up to 50%.

-
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Hakansson et al. (1988) indicated limrting values of penetratlon reslstanoe for most plant specres
lie between 2000 and 5000 kPa Taylor et al (1966) found notapnoots penetrate where soil )
'strength was greater than 2500 kPa regardless of soil material. Usrng these values, only in the

early season treatment at Bnooks and the heavy and very heavy treatments at.,Stavely were
Barley et al. (1970) found as normal pornt resrstance lncreased above 1000 kPa pnméry root

penetration resistance values near 2000 kPa and likely to affect plant growth

elongation rates decreased. Srnce total root Iength/unrttvolume of soil may be one of the most
important factors determmrng uptake of water and nutnents {Barley- etal. 1970) penetratron N
resistances above 1000 kPa may afféch plant growth and development The Broolt’s site would be ) ‘
most affected sirfice undrsturbed soil values are near 1500 kPa below 2 5 cmandi increase to
2000 kPa under early season grazing." At Krnsella only below 30 cmdo penefratron resrstance
values increase to greater than 1000 kPa At Stavely values inthe oontrol are greater than 1000
:. kPa at 15 cm, and in the grazed treatments are greater below§ 5 Q The very heavy treatment
poses the greatest problem with penetratron resrstance as hlgh as 1750 kPa at2.5 cm. .

[
»

CONCLUSIONS co "f. .c%-f 5
. . : ~‘
Heavy rntensrty grazrng had the greatest compactrng effect rncreas;ng bulk densrtres and
. penetratron resrstances Early season grazing had greater oompactrng effects than late season

grazrng Grazmg affected sorl bulk densrty to depths of 10 cm at Kmsqlla and 65 om at Stavely, but *

T dld not affect soil bulk density at Brooks Penetratron resrstance was affected by grazrng

1

’ treatmentto 2. 5 cm at Brodks 15 ¢m at{(ms@a and 30 cm at Stavely Compactron occurred at

. greater depths under heavy rntensrty grazrng than under lrghf mtensrty grazrng '
Defolratron wrthouf tramplmg did not mcreqse sorl bulk densrty through cl\anges in root

- actrvrty Wthrn a gﬁn treatment heavier tramplmg on cattle paths compared to the regular :

grazrng treatmem caused greater changes in penetration resistance to 30 cm under heavy_ .

| mtensrty/early season grazing at Krnsella and Stavely Under Irght rntensrty/late seasqn grazmg,
%
. ¥

v differences were not manrfested below 10 cm.
L ‘

E S
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Table 4.1." Soil bulk density. (Mg m3) with depth at Brooks. ‘

Treé;fnent

Depth ' Early,S,efaSon' ‘Late Season Control -

2%

“ Surace (0-10) © _ 1.07a ‘ 1.02a 1.07a

\

15 1.32a ' 1302 - - -1.31a
B . 1302/ 1322 1.35a

¥ - 1.35a > 1.44a | 1.49a !
1.443: 1.52a 1.57a
55 ’ . 150a 1553 1.55a

65 . 1.49a 158a = 154a

i : LR S . _
At ‘a’given. depth, means with the same letters are'notw_sigriiﬁcantly _different (P<0.05).

: -~ @ . ‘ . » . . X . . » { )
. . - I P L . 3 {. . . “
~ Table 4.2. Penetration resistance (kPa) with depth at Brooks. : 3 '
. ’ . . * ) 9 1 .
. % Treatment N e .) @ ;
- 2 L e ’ S - ‘ ‘».
_ Depth v Eafly Season Late Season  Control . =~ - T
K L : - K - ‘-"‘ . L ) (/" ] ] . F‘ ) o e ¢ . ~,‘_:,' - :‘
Surface © -1648a 1455b 648c . e el °
25 3 ., 2013a | 1807b  1448c . e
5.0 2069a ©1979a 1875a _ L
. ' * . " . _"_ ‘
~ Atagiven depth, means with the same letters are not significantly different @P{Q}.’OS). -

/o :

[N



. Table 4.3. Soil bulk density (Mg m3) with depth at Kinsella.

[4
‘Treatmen.t
Depth | Light Heavy | Heavy Lig\ht Control
(cm) " June June Autumn Autumn '

" Siffface (010)°  0.96b  1.07a 0.99b 0.95b 0.89¢
15 1.24a 111a  ~ 1.17a 1.12a 1.26a
25 . 1.41a  137a 1.35a 1.30a 1.34a
35 - 1.52a 1.47a 1.47a 1.34b 1.46a
45 1.50a ©1.45a 1498 1.35b 1.52a
55" 155a -  1.39ab- 1.55a - 1.34b 1552
65 1.69a 154a  157a 1412 ., 1.58a

4

~ At a given depth, means with the same letters are th si‘ghiﬁcamly different (P<0.05)'.

y

B

defoliated but not trapipled, ih grazed -areas, and in heavily trampled areas.

R

e
ey

- % . - \
) _ \ Treatment , ‘

 Area 7 | '“iLigA.r;t* ‘.AHéaw -~ Heavy - Light " -
o June %{une o Autumn  Autumn .
* Patn’ , ‘1.01‘a"~' t08a’ 1055 100a
Grazed. ’_ © ' o0s8b 110 . B 1.005-\ " 0.97b
Defoliated “o085c  0.95b - 0.82b 9.90c
Exclosure 081c 0.87b 0.82b  0.85c

i

G

-
L i

=2

< Tabie 44 Surface 119;10 cr) soil bu _density'(Mg m3) at'kinsella in the exclosure, in areas -

Within grazing treatr’nent.‘ means wjth the same letters are not significant!)( different (P<0.05).
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" ; Table 4.5. sb;u;mk density (Mg m3) with depth at Stavety. .
.‘g} | . . et . - _ _ ‘ .
"7 ‘Treatment .
Depth Very Heavy Heavy "~ Moderate © - Light - - Control
(em) : ST o
Surface (0-10) 0.90a 0.83p  0.80b. . 0.83b . 0.75¢
b 15 0.70a 0.48bc 0.40c - 0:58b 0.51b
« 25 099 086a  0.66b - 082a-  0.90a
35 . 1.16a. 1.20a 109a  ° 1.11a . 1.16a
45 . 1.40a 1.39a 1.19b 1.29ab 1.34a .
. 55 1.62a 1.59a 1.41b  1.41b 1.43b
65 f +1.68a 1.66a 1.48b . 1.51b  1.50b
At a given @bth means with the same Iettérs are not significantly different'('l':’<0.05).
Table 4.6. Surface '(6-10 cm) soil bulk density (Mg mi-3) at Stavely in the control (exclosure), in
:_-‘,_ areas defoliated but not trampled, in grazed areas, and in heavily trampled areas. - oo _
i . L 2 - . N
, Tre"atmem ' :
. - S o AN
B - . . I S - .' . . e
- Area. . Light - . Mogerate.”"  Heavy © “Very Heavy~ - > .
Path * v < -092a.  080a - 093a : 1.04a" °
; Grazed - . 089a  082a 0.87a . 0.98b _
Defoliated -~ 0.77b - 0.74b 0.63b *  0.81c ‘
Exclosure 0.75b 0.69b 0.74b - 0.79¢
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* Figure 4.1. Penetration resistance at Kinsella. At a given depth, means with the same letters are .
N “* not signifi'camly differént.{P<0.05).
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(a) Light June o
2000

B . Path ﬁ, , |
- W “Grazed B @ a'b

1500 - ' "E' EXC!’Ofure ;"

XN

.

'Penetratiorik_hes“_fstance (kPa)
&

N

T

- ~
R

A

NN

A

Surtace . 2.5 5 10 15 30

(b) HeawyJune - <
2000 T :

4 E"{Path
- W Grazed
1500 1 . E EXC'OSUI'e v

[T -

1000

500

Penetration Resistance (kPa)"

R
A

T

- g
Wthm treatment and depth means with the same letters are not significantly d|fferent

‘ _(P<0.05) SR R ;



(a) Light Autumn B %"‘m
2000 . ‘ "« = “x
B Patﬁ . P é‘?sﬁn;
B Grazed . ’
w
% 15001
3 ,
2 =
8 =
2 =
§ 1000 1 _g
c =
S =
© , =
@ ==
& 500 - =
o —
0- =

Surface 2.5 5 1 _0 15 30

(b) Heavy Autumn
2000

a ab
B Path
_ M Grazed \

© ‘Exclosure ’

§ 1s00{ @ E |

= a.a b

S ab c aab aaa

<

0 .

(‘;_,-’3‘ 1000 a ‘b c

c

S
. B

>

& 500

o

0+5 : - ,
I Surface @ 2.5 .. 5 .10 15 30
§ P /—J % . - Depth (cm)
. ~ 1 S

Figure 4.’3. Penetration resistance in (a) light autumn and (b) héavy autumn treatments at Kins?ella.

Within treatment and depth means with the same letters are not significantly different
o ..

 (P<0.05)
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3500
[l VeryHeavy
3000 Heavy .
B Moderate
* . B Light . ‘ )
200710 Comrol - aababcbec
2000 - abbbc abbbec aab?bc abbbb

Penetration Resistance (kPa)

W R

. - : v Depth (cm) o ) ‘ s -

Figure 4.4. Resistance to penetration at Stavely. At a given depth, means with the same letters

T

‘ are not significantly different (P<0.05).
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(a) Light*

76"

3000 ' &
{ 8 pan o
2500 - B Grazed

A Exclosure
2000 -
1500

1000 -

Penetration Resistance (kPa)

.500
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" (b) Moderate

3000
@ . { B Pah-
2500 { W Grazed

2000
1500

1000 A

Penetration Resistance {kPa)

(P<0:05).

2.5 5. 10 15 30

Depth (cm) - .

. .

Ice in (a) ligh't and (b) moderate treatments at Stavelyz. Within

- , : : \
means with the same letters are not significantly ditferent
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(a) Heavy ’
3000

{ B Path
1 M Grazed
2500' A1 Exclosure
R.J b . ] b c
2000 ~ ‘

1500 -

1000 A
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(b) Very Heavy
3000

Path I .
Grazed '
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2500 4

S Qi

120004

1500 - -
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* Penetration Resistance (kPa)

500 4

T

0-
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Frgure 4.6. Penetration resistance in (a) heavy and (b) very heavy treatments at Stavely Wthrn

treatment and depth means with the-same. letters are not signifi cantly’drﬂerent
k. (P<0 05).
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V. THE IMPACT OF GRAZING REGIME ON INFILTRATION IN MIXED PRAIRIE
* AND FESCUE GRASSLAND ECOSYSTEMS OF ALBERTA

. l. N . ‘.
< : : } :
: . o v .
o

RN

o 1978 Blackbum 1984) Changes in mhltratron rates tendto be mcremental to some.threshold o '-

.-INTRO'DUCTION'

° ‘ o - e

- ) lnhltratnon capaclty is reduced with increased grazmg intensity and reduced range condmon o

: mamly through vegetatron and lrtter removal soil structure detenoratlon and oorwactron (Reed

J

and Peterson 1961; Branson et al. 1962 Johnston 1962; Rauzr et at~1968 Grfford and Hawkms

level at which grazmg effects first become significant. ‘ o ¢

Quantrty of lrvmg plant matenal and assoc:ated lrtter are more significantly correlated ‘with

infiltration than any other measured variable (Dulgy and Domlngo 1949; Hopkms 1954 Rauzi

‘1963 Tomanek 1969 Meeuwig 1970) They i increase rnfrltratron rates by decreasmg the |mpact

of ramdrops lmprovmg soil structure through tormatron of larger soil aggregates and creating a -

fu

rougher mrcrotopography that rncreases mf itration. opportunrty Most mtrltratuon studres do not

separate rntluences of live vegetatron and lltter although Johnstbn (1962) tound removal of lltter\ ;

reduces mhltratron rate more than does removal of current year vegetatlon Beke ( 1969) found

'sorls of the Stavely regron have the capacrty to transmrt water faster than the‘ maxlmum recorded

-rainfall intensity and type of cover has little mfluence on infi ltratlon rate as long as fh/e soil i s

covered by vegetation.,

' lt was hypothesnzed that grazmg would reduce infi ltratlon capagity, pamcularly in treatments

' .‘that caused sorl .compaction and/or.in those that- had major eftects on vegetatrve cover, lmer mass,

et

and sod organlc matter mass. Smce the sorl surtace is a major controllmg tactor of |rmtrat|on range \
management practlces leadmg to Iess compacted surtaces wrth hlgh litter and organrc matter

would enhance mflltratlon capacrty The ob;ectrve of this study was to determine the effects of .

season and lntensrty of grazmg on mﬁltratlon capatity i in mixed prairie and fescue grassland

- -

et:osystems of Alberta

<J

AN .
.
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Three study sites representmg mapr grassland eoosystems of so;rlltem and central Alberta

rangeland were s‘elected Each study site had long-term grazing lreatmenls ungrazed oontrols
3

ﬁrass dommated vegetatlon that had never been oultivated and slopes of less lhan 2% (See -

Y

Appendix I-for detalled descnphons) Moss (1 983) was used as lhe bdtanlcal authonty 3 A

. . .‘\
',‘ oo L4 N

. Brooks - e 1
The Brooks sate was located in‘mixed prame approxrmately 225 km east ol Calgary (51 °N
lamude and ‘l12 ow. Iongrtude) The area has Aa oontrnenml prainie climate and a semrand morsture
regime (Bowser 1967) Mean annual preoipltatlon is 355 mm with an average annual 'moislure -
dehcrt of 227 mm. Mean annual lerrperature is4 °C \wnh a July mean ot.49 oC and a January

)
’ mean ol 14 0C. Elevahon averages 745 m above sea level wrth slopes of less than 2%, Solls are

( Brown Solodlzed Solonetz and Brown Solod delreloped on hll (K;earsgaand et al. 1‘1982)
Vegetuhon is of the Bouteloua—St/pa-Agropyron (blue grama spear grass-wheatgrass) lacratronb
) dommated By-BouteIoua gracilis, Strpa comala Agmpyron smithii, arld A dasystachyuni o
| (Coupland 1961) ‘Artem/sra frigida and Selagtnel/a densa are oommon lorbs A short ?rass
drschmax dommated by Bouteloua gracrlls IS common as a resuytlt of heavy Iong-terrn gra;'ing. S

N
AN

KinseNa B r
, The Krnsella site was localed in aspen parkland approxrmately 150 km southeast of Edmonton
‘ (53 °N fatitude and 111 Ow longrtude) The climate is dry subhumld (Wonders 1969) Mean

annual’ precipitation is 380 mm; mean annug) evapotranSplratron is 381 mm. Mean annual

'lemperature is 2 0C, with a July méan of 17 oC anda January mean of - 17 oc. Elevation averages

685 m above sea Ievel with gently rollmg to hrlly topography (Howrlt 1 988) Grassland soils are
domrnaled by Orthrc Black Chemozems developed Qn till. Vegetahon consists of grass andshrub

communmes with aspen groves oocumng at lrregular rMervals (Moss 1955) Festuca hallii (Vasey)

-

€

B

<
.
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Plper (Pavllck and Loo’rnan 1984) domlnates open undlsturbed grasslands and Strpa a.rm'seta co-
dornlnates on grazed areas (Wheeler 1976) Various torbs are a oommon oomponent of the '

vegetatlon

- Stavely : A | o ” o {
The Stavely site was located in foothills leseue grassland approxrmately 100 km south- o
x - southwest of Calgary (50 ON Iatttude and 114 oW longltude) The climate is subhumd wrthom . .

marked.det’ iciency of preclprtahon Mean annual preclprtatlon is 550 mm Mean annual _

» temgerature is5°C, wrth a July mean of 180C and a January mean of 10 bC Elevatlon averages
135§Wabove sea level and topography is ge/nll; rollnng to hllly Souls are Orthlc Black -
Chemozems developed on t,ll (Johnston et al. 1971) Vegetatlon is ol the fescue grassland
assocratnon (Looman 1969) wuth Festuca campestris Rydb dominating ini undlsturbed and lightly
grazed areas. Danthoata parryi and Festuca idahoensis are oodommants in grazed areas. With

(3
heavy grazing, Festuca campestns %s replaced by annual invaders and Poa species..

’

>
~

) -Srazlng Treat’m:ents o ﬁ i
At Brooks three grazmg treatments vyere studred within a oommunrty pasture that had been ¥
establlshed in 1964 (B. Shanks, personal COmmumcatton September 1981) The treatments
lncluded (1) ear1y season grazmg from May 1 'through July (2) late season grazmg from August .
through October; and (3) a control on an adjacent hlghway nght—ol-way that had not been grazed . '
" for 25 years. The 0.9 AUM ha'1 stockmg rate was consrdered heavy for the area. - .' ,‘
At Kinsella, five grazing treatments establlshed in 1973 on the Unlversny ol Alberta ranc?f' a
. were studied (Balley et al. 1987). The treatments included: (1) rght Juhe grazmg from June 1to
30 at 1.5 AUM ha1 ‘with approxrmately 35% herbage utilized; (2) heavy June grazrng from June 1
to 30 at 4 4 AUM ha'1 with approxlmately 75% herbage dtilized; (3) heavy autumn graznng from . ”

September 1510 October 15at4.4 AUM ha’1 with approxnmately 75% herbage utlllzed (4) Ilght

'_\\

autumn grazing from September ks to October 15 at 1.5 AUM ha'1 thith approxlma_tely'35%
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E herbage utlized and (5)a oontrol that had netgbeen grazed since 1942, Each grazrng treatme

’ rncluded 5.5 haotgrasstand and a variable areaol shrub andtorest Two 10 by 20m permanent
N exclosures randomly located in each treatment, were also studied ; '
‘At Stavely. ﬁve grazrng treatments estabtished in, 1949 onan Agnculture Canada Range

Research Substatlon were studied (Johnston 1961). Treatments werg grazed trom l\llay to.
"HOctober and mcluded (1) very he@y grazing with 16.2 ha stocked at 4.8 AUM hal; (2) heavy
grazing with 32:4 ha stocked at2.4 AUM ha‘1 (3) moderate grazing with 48 6 ha stocked at 1 6
v‘ AUM ha'1 (4) light grazing with 64 8 ha stocked at 1.2 AUM ha1; and (5) a oontrol comprised of
permanent exclosures of 0 66, 0.41, 0. 76 and 0.23 ha in the light, moderate, heavy, and yery_

- heavy treatments respectively. “

: Experlmental Deslgn
The expenmental desrgn wrthrn each srte was a hrerarchrcal (subsamplmg) arrangement
. thiq each treatment three 0.1 ha areas wene randomly established. Wthrn each ot these areas,
_' pomts were randomly selected trom whrch samptes were collected or measurements were made
Inllltratlon Tests C o o - -
' Double nng lnf ltrometers wrth outsrde nng drameters of approxrmately 63 cm and tnsrde nng
' drameters of approxrmately 33 cm were used. In each treatment, srx infi ltratron tests were
_conducted in 1985 and nme tn 1986 (2 and 3 per 0. 1 ha area respecttvaly) The nngs were
-driven vemcally into the ground ln heavily vegetated areas a knrte was used to cut the sod
around the nngs betore msertron disturbing the vegetatron as Irttle as possrble Where bared
_ 'ground mt"ltratron tests-wet’e conducted electnc clrppers were used to remove all standmg
vegetatron and surlace litter was raked off wrth hand rakes Water was added to the mf ltratron .
. fings to marmam a relatrvely constant head between 8 and 10 cm deep in each nr@ Float

readings were started the first minute after the nr{gs were filled; subsequent readrngs were taken
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o therefore in all future analyses, area and samplmg pomt vanatlon were pooled it addmonal

N o i T ". : | 84

-

every minute ln the ﬁrst tive rnlnutes at seven minutes at 10 minutes and every tive minutes

: thereafter until a steady lntlltration rate was aohlev_ed ‘

4

@

?

.SO" And Vegetatlpn Anplyses _ o T

.i

Measure.ments & anteoedent soil water were made prior to inﬁltratton tests with a Campbell

Pacrt' c Nuclear 503 Hydroprobe (Chapter Vl) Surface Wmeasurements*were taken ad]aoent . |
to the mhltratlon site wrth a hydrogenously shlelded neutron probe (Chanasyk and Naeth 1988)

- and'a Carrpbell Pactf o Nuclear MC1- 12 surtace mousture/densrty gauge Bulk densrty with depth
B ‘was measured with a Catqpbell Pacific Nuclear 501 combination morsture/denssty probe (Chapter
-IV). Surface denssty readmgs were taken with the MC1 t0a10 cm depth ad;acent to each test site.

' Particle size distribution was determtned by the hydrometer method and water retention at -33 <' :

and -1500 kPa by the pressure plate extraction metbod (Append ix Il) Litter depth and hetght

were measured and ground oover was deterrmned wrth a pount trame tor peroent bare ground llve

‘ vegetatlon and litter. Lrtter and soil organtc matter masses were measured trom determmatrons of

total carbon by dry oxudatlon (Chapter ).

Statistical 'Analy'ses
Statlstlcal analyses were conducted usmg vanatlon among the 0 1 ha areas asan appropnate
measure of error tor testmg treatment signmcance Data were tested for homogenelty of vanance

using Cochran and Bartlett-Box tests. The W test was used to test data for normahty of drstnbutlon

. {Shapiro and Wilk 1965) An SPSSx analysis ot variance program was used. to test for treatment
—__effects. . Data with significant F values were further analyzed to separate the means using the
== _ A . : s U

Student:tsl\ewman-Keul (SNK) test at the 5% level of signiﬁoanoe (Steeland Torrie 1980). -

Preliminary statrstlml analyses within each year by treatment oombmatron lnrdlcated that

vanatlon arnong the 0.1 ha areas was, not srgnlhcamly dttterent from samplmg point vanatlon and

prellmmary statlstlcal analyses within each treatment usmg the pooled emor term lndrcated

3
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sogniﬁcant ditterenoes between study years data were analyzed ona wrthln year basrs Otherwrse i

L

" data from both years were. pooled Sources of vanatron in the final statistical analysrs were

-

"treatments and errorwrthm teatments. ¢ ' S N

:

~ Infiitration Daté * g

* Infiltration tests were run until a constant rate»was achieved, usually an hour. Frnal infiltration

v

-rates were cakulated as the mean of data trom 40 'min, rnclusrve Cumulatrve infiltration was N

denved by multiplying mmtratron rate by trme period and summing to the trme in questron

} X l . r} » " N
¥
Within a treatment, infi ltratron rates at times 2 3 and 4 min were srmrlar to those at 5 min; rates

BESULTS‘ o

at 20 and 25 min were srrnrlar to those at 15 and 30 min (data not presented) Atthough rnt" ltratron B
' _rate for, some times drffered between years steady state rnmtratlon at all sites was nbt sTgnrf cantly '
drtferent between 1985 and 1986. Antecedent soil water and surface bulk densrty at the

rnfrltratron sites are presented in Table 5.1. e

Brooks & S I -
Hrgh 1 min mf Iftatron rates dropped dramatrcally by 5 min wrth 1986 initial rates berng higher .
than those in 1985 (Frgure 5. 1) Inrtral mfrltratron rates in the control were approxrmately 1.5 trmes
‘ hrgher than those in ‘the early season treatment Statrstrcally srgnrf cam treatment drtterences
| ‘occurred at various times throughout the tests wrth 1986 steady state rates approxrmately 1. 7

trmes hrgher in the oontrol thanin the—eaﬂy\season treatment

Ki nsella‘ | -
lnhltratron rates at 1 min were lowest in the June treatments; 1985 rates were 15 to 3 trmes
hrgher than those in 1986 (Figure 5. 2). In 1985 Steady state rates were highest in the lrght

autumn and control treatments; in. 1986, they were lowest in the light June treatment. In theylight
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. _ . : . ,
-+ autumn treatment steady state inﬁltration rates on bared ground*fid not diﬂer from those ln the -

regular treatment as presented Irt thure 52 (dathot shown). : ,/

. .Starvely : - ]
In 1985, the 1 min inﬁttration rate in theyvery heavy treatment was aoproﬁmately half that ot the
- _control orii light treatments (Figure 5.3). Steady state rates weret 5 to 2 times higher in the light =
K and oontrot treatments than in the modgrate heavy, and very heavy treatments In 1986 1 mm V
. mtrltratron/rates in the oontrol were 1.5t 23 trmes hrgher than inthe heavy and very heavy
treatments. At Aany trme dunng the test approxrmatety twice as much water infi ttrated the congrol '- '
| -‘as the very heavy treatment. Inf ltration rate on bared ground did not dlfter from that in the light
" treatment except at 30 and 60 min when it was 40 and 34% lower under bared ground (data not

shown) Under very heavy grazrng. only steady state mﬂltratron rate under baredground was -

srgnrfrcantly drtferent trom that in the grazed. treatment (13% lower).

Slte' C‘om(pa-rl.son
‘ Infi Itratlon ratesin the control treatments at Brooks and Kmsella were srmrlar -atall trmes (Fgure
5 4). lnt” ttratron rates m the oontrol at: Stavely were srgnrﬁcantly hrgher than those in the controls at. |
. the other two srtes in the fi rst 15»mrn of the tests Imtral rates at Stavety were 1 7 1035 trmes '
.- hrgher than those at Brooks and Kinsella Steady state rates at Stavely were 1 5.to 2 tlmes higher - -.

than those at Brooks and Knsella :

DISCUSSION - R o

Grazlng Effects On Inflitration ' ‘_ S e N
Infrttratron was aftected by graznng as md cated by the generally hrgher~inﬁltrat|on rates in the

controts Lower butk a‘e\nsrtres and/or penetratron resrstances (Chapter v), Iess bare ground

' greater' herght ot standmg and tallen litter, and hlgher htter and vegetatron masses in the controls



compared to the grazed treatments (Chapter 1) led to surface conditions that were more

permeat{leandoonduclvetolnt‘ltratron S .'-”" e ’-_,_,-;.-.

P
v

Heavy lntensrty/earty season treadnents had the most ettect on lnfrltratlén as avldenced by

. low ste dy ‘state lnt‘ltratrm rates under early season grazrng at Brooks ln 1986 June and heavy

“autumn grazrng at K‘rnsella ln 1985 andmoderate heavy. and very heavy grazrng at Stavely in

‘ L both 1985 and 1986 oompared to light mtens:ty/late season grazrng or the controls Steady state
' 4 | %, . | .rntrltratron rates under grazrng were reduced by 4 5, 0 7 to 27, and 4.8 to 8.4c cm h 1 compared tb
I : the controls at Brooks Kinsella and Stavely respectrvely These results exemplrfy the ’ " 4
rmportance of. vegetatton and lrtter in enhancrng rnﬁltratron capacrty by cré‘atrng a more permeable -
sorl surface and reduclng the effect ol tramplrng on rnfrltratron lnfrltratron ratesm light and
moderate treatments at Stavely were statrstrcally srmrlar However, the Irght treatment was closer
to the control, drtfenng jy 141051 cmh” 1 than rt was to the moderate treatment, drftenng by 2. 4‘ |
104.9 cm h1. Thrs rndrcated the ettect\ol grazrng trom a hydrologrc perspectrve was evrdent even L
cat very low grazrng rntensrtres The 1 mrn rates- were also lowest under early season/heavy } ’
: rntensrty grazrng at Brooks, June grazrng at Krnsella and very heavy and heavy grazrng at Stave‘ly
At Kinsella, rnfltratron in the heavy autumn treatment was srrmlar to the June treatments the - .
o _controls and the light autumn: treatments rndrcatrng its rntermedraﬁe nature. Although the heavy
autumn treatment was ol a heavy intensity, grazrng during the dorrnant season resulted in steady
' state rnf ltr%tron rates that were 2“to Btrmes higher than rates under June grazing at any lntensrty
Accordrng to the lrterature live and dead vegetatron masses have the most effect on
.rntrltratron rates. Hetghts ol rndrvrow specres or standmg litter did not drtter between grazed
'—tr;atments at Brooks (Chapter i, however frequency of grass specres rs reduced trom 25% ,
’ under late season grazrng to 6% under eary season’ grazmg (Naeth 1985) Late season grazmg
_ rncreases lrequency of taller grasses such as Strpa specres Agrcpyron specres and Koeler/a
macrantha At Krnsella herghts of standrng litter lor many specres were reduced under June and
" heavy autumn grazing (Chapter ). At Krnsella Barley etal ( 1987) mdrcated June gr‘vrng causes

reductrons intall grasses These changes may have led.to more hydrologrcally favourable
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e oonditions inthe late season treatments as Rauzl and Smika (1963) and Ptuhar etal (1987) found ,
| 5 hlgher infi ltratnon rates wuth greater numbers of midgrasses than shortgrasses present. Although
mterceptxon Ioss may be hlgher from talt grasses the increases in lnﬁltratton rates offset this.
Dn‘ect compansons to other studres are difficult due to difterent soils vegetatnon and
" methodology However trends were similar to those ot Rauzn and Smtka (1963) who found h:gher
mfultratton rates in autumn harvested treatments than in those harvested throughout the growung -
season. Johnston (1962) fou@ similar trends on fescue rangeland using an mhltnometer When .
. companng unmtratlon rates obtained with infi ttratlon-nngs values for the mxed prame under heavy :
” . grazmg are oornparable to thosd of Knoll and Hopkins (1 959) at 4.01 cm h” 1, , Reed and Peterson
(1961) at 7.9 om h'1’ and Whitman et al. (1964) at 7.87 cm -1 '

Bared Ground Treatments d
6lt had been hypothesuzed that removmg vegetatlon and. Ittteret the soil surface would cause
decreases in lnf ltratlon rate Decreased mﬁltratlon would hkety result trom plugglng of soil pores
w:th soil pamcles The non- s:gnmcant dltferences between bared and untreated mfiltrattorg ites
at Kmsella indicate that below ground Iutter root mass, and soil propertles were 1ust as lmportant m
the light autumn treatment as were vegetatlve charactenstlcs above ground At Stavely, higher
“infiltration rates |n unbared ground under light and very heavy graztng indicated the importance of
urface cover Bared ground would be more umportant in rainfall slmulattons because under
ponded condltlons surtace changes such as puddlmg and seahpg caused by ralndrop impact -~

Lo - S N N

were not present ' ‘ R - .

Slte Comparlson ° N

AN .

When oompanng controls at the three srtes the |mportance of both souls and vegetatuon in

determmmg mfmratlon capac:ty is- emphasuzed The Brooks site wasin the poorest hydrolognc
. condition with hlgh bulk densntles and hlgh penetratlon resnstances of the Solonetznc soils

(Chapter V) combined wﬂh Iow organlc matter (Chapter ll) However Iower antecedent soil water

.
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and loam socl surlace seem to have mlllgated the effect of other faotors At Knsella the sandy soil
surface and less compacted Chemozemc $oils oombined wrth the hrgher itter mass were more '
oonducwe to infi ltratron However, the hrgh surface sorl water especralfy in1 98.6 had the most -

pronounced effect on infittration. Mean tnﬁltrafron values from the" two study years for Broeks and

_Kinsella were similar. At- Stavely hlgher organrc matter and lower bulk densmes created the most

favourable envrronmenf for lnfiltratlon and rates were hrgher than at the other two srtes The study -

.

supports that of‘Dee etal. (1 966) who found mfltratlon rates rncrease wrth rncreasmg level of,
vegefatron on the successronal scale. Thrs is partu:ularty notable in the very heavy treatment at
Stavely that is dommated by mvader specres The less permeable Bnt horizon at Brooks likely:

S WOuld have affected steady state mfrltrahon more than Bm or Bt honzons at the other ‘two srtes

-_ Antecedent‘ §urface SOII Water Effects Oon lnflltratlon ‘

Under late season graz:ng at Brooks sorl water was almost twice as htgh in 1986.as’ rn 1985
comnbutlng toa lower 1 min rnfrltrahon rate in 1986 ngher rates under earty season grazmg in
1986 than in 1885’ may be due to modlfymg effects of lncreased below ground lttter Higher 10

min rnfrltratron rates in the late season treatment in 1986 mdrcate vegetative and soil - ‘

: -i.‘charactenstrcs may be more rrnportant than antecedent soil water after the ﬁrst few mln of thie test.
- Af Stavely soil water in 1986 was lowest in the very heavy treatment yet infiltration rate was lower

than in light or moderate treatments ngher soil water in the light treatment than in the control

“caused lower infiltration rates only inthe fi rst 1 min, also rndrcatrng effect of antecedent sorl water

was important dunng earlrer stages of the tests Results are similar to those of Rauzi and Smlth

( 1973) who found sorl effects srgnrfrcant only during the first 10 mm of the rnfrltratnon process.

After 15 mm grazmg influences are detectable after 20 min, sorl and grazrng effects are equal

. Management lmpllcatlons
On Alberta prame mtense short duratron rams are common. (Atmosphenc Envmonment

Servrces 1987) Mahagement factors creating a soil surface. oonducrve to absorbrng this
_ : . | N



LR
pctatnon are tnportant .T neatments havmg high imtiatr and 5 min inﬁltratnon rates may be used
as management models Although the data in this study were often statlsturalty di tferent among ‘
treatments the practical or physacal sngnrt" cance of these dltterences tor shont duratlon showers
could be low. Drtferences were1.31q 8.6 cm h:1 of water under steady state ponded condi tlons
much hlgher than average rainfall mtens:ty tor the area. However the di tferences in infiltration’ rate .

may be of more |mportance under longer duration, lughter mtensrty precaprtat:on events

CONCLUSIONS . - | : K .

.\\

-
Infiltration rate was reduced rpore by heavy mtensrty/earty season grazmg than%y light

' mtensuty/late season grazing as compared 10 infi ttratlon rates in the oontrols At Stavely, the -

moderate treatment was mtermedrate betWeen the heavy and very heavy treatments and the Itght

and control treatments

L Ll ' ! . . -
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Table 5.1. Pre-infiltration soil water and buk density 1010 cm at Brooks, Kinselta, and Stavely. -

L}

- 1985 . .. 1986
— i - N
e .Treatment Soil Water- Bulk Density~ Soil Water " Bulk Density
. emd  _ mMgmS3 3 cemS Mg m=3
. - x100 B * X100 e
Brooks  Early A 10.4b 5 1.16a 13.7b  1.14a
tate | 9.6b  1.06b° - 17.2a 1.03b
. . Control - . 13.0a°  1.11ab 155ab  1.09ab
. ) - .‘:;} . ' i
Kinsella  Light June . 31.4a 0.95a 43.0a . 094a.
HeavyJdune 3202 . 087a . - 40.7p 1.02a
Heavy Autumn 2792 ‘09%8a. 39.3p - 0.96a
Light Autumn 16.1b 1.01a 36.6c . 0.98a
" Control 1760 085a . 3p.0d 0.94a
.1 " Stavely . Very Heavy 15.5a 1.00a "165¢. . 0.97a
" Heavy 16.3a 0.90ab 20%8a 0.87b
Moderate 14.8a 0.92ab . 19.6b  0.86b
Light 14.9a 093ab - 227a  {.e3b
Control " '150a  0.83b 20.3b O.79c :

Wthm year and treatment means with the same letters are not srgnlt‘ cantly drfferent (P<0 05)
Wi thm treatment sorl bulk densrty did not differ between years at Brooks and Kmsella dlﬁerences

: occurred m the moderate treatmentat Stavely (P<0 05).

Within treatment sorl water was srgnmcantly different between years at Brooks and Kinsella; it

drffered only in the very heavy treatment at Stavely (P<0.05).
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Figure 5.1. Infittration rate 'at Brooksiin (a) 1985 and (b) ‘1981'6. Within year, at a.given time, means

4

- with the same letters are not significantly different (P<0.05).
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\"/N THE IMPACT OF GRAZING REGIME ON SOIL WATEB lN MIXED PRAIRIE AND. -

FESCUE GRASSLAND ECOSYSTEMS OF ALBERTA |

iNTRooucnom ‘
Soil water may be fost through transplration through evaporatlon-lrom the soil surface or to
groundwater through deep perool!tron Evapotransplrahon vanes with plant species and
h ﬂ . grassland ecosysfem (Brown and Thompson 1965 Conard and Youngman 1965; Branson etal.
| 1970) However Doss et al. (1962) and Bennett etal. (1 964) studyrng annual and perennral
foragelspecres found water use depended more on soul water avallable than on plant species.
| Through removal of herbage grazmg may result in less sorl water extractlon and reduced
evapotranspcratron creatingy.a potenttal for |ncreased soil water (Baker and Hunt 1961; Van Rrper ‘.
. \and Owen 1964 Buckhouse and Coithamp 1976) Reduced soil water under grazmg is attributed
to altered mtlltratlon rates as livestock trampllng oompacts and seals the soil surface and reduces
root channels through the soll (Hagan and Peterson 1 953 Llaoos 1962). Grazrng can reduce
" litter which also affects sorl water through mcreased evaporatlon and reduced infi ltratron -
(Stephensgn and Schuster. 1945 Barkley et al.-1965; Tomanek 1969) In Alberta with mcreased
grazrng pressure soil water to 10 cm depths can decrease in mrxed prame (Smorrak etal. 1972)
and to 30 cmin toothllls rough fescue (Johnston 1961 Johnston et al. 1971) but there i is no
' reported effect of grazmg in Saskatchewan—mere\d prame (Lodge 1954)

Soil water is affected by season, being lower in grazed than ungrazed prairie from the .(
begmnmg of the growing season to the end of summer after whrch it is hlgher in grazed prame
(Kucera 1958). Season ot active growth and water use by warm season grasses is May to

o September and tor?Bol season grasses is Apnl to November (ConarcLand Youngman 1965)
Saskatchewan mrxed pralne wrth both warm and oool season grasses, soil water extractron begms
) ln mld Apnl and contmues to mid- September or later (de Jong and MacDonald 1975) Most raprd -

- water use |s trom May to July with sorl water often/lmrtmg plant growth by August

Nl o 4 -



It was hypotheslzed that soll water would decrease under grazmg df.lrlng the earty part of the
growmg season due to neductions in infltratlon capacrty but would increase later in the growing A o

- season due to reduced vegetatron mass and subsequent reduced evapotransprratron Effects ‘
would be most pronounced in treatmpnts wrth the most clLanged vegetative wv;r The obje/ctrve
of thrs study was to. detennme the eﬁects of season and rmensrty of grazing on sorl water at e

drfferent depths and at drfferent times of the year in mixed prame and lescue grassland

ecosystems ol southemn and central Alberta

MATERIALS AND ‘METHODS - : )

Stud Sites | . e . .
Three study sites representmg major grassland ecosystems of southem and central Alberta

e '

rangeland were selected. Each study site had long-term grazmg.treatments ungrazed controls

‘ grass domnated vegetatron tﬁat had never been cultrvated and slopes of Iess than 2%. ‘{‘See
Appendix 1 for detarled descnptlons) MOSS (1983) was used as the botanrcal authonty

s
1y

‘Brooks ,
~ The Brooks site was located i in mxed prame approxrmately 225 km east of Calgary &1 oN o
latrtude and 112 oW longrtude) The area has a oontrnental prarne cimate and a semrand morsture '
reglme (Bowser 1967) Mean annual precrprtatlon is 355 mm with an average annual morsture -
'_‘delrcrt of 227 mm. Mean annual temperature is4 °C with a July mean of 19, °C and a January .

mean of -14 °C Elevatron averages 745 m above sea level with slopes of less than 2% Sorls are
Brown Solodrzed Solonetz and Brown Solod developed on till (Kjearsgaard et al. 1982)

V Vegetatron is of the Bouteloua St/pa-Agropyron (blue grama- spear grass-wheatgrass) taciation

o domrnated by Boutelaua gracrl/s ‘Stipa comata Agropymn smithii, and A. dasystachyum ‘
’ (Coupland 1961). Artemisia fn'gida and Selaglnella densa are common forbs.” A short grass

'3

disclimax dommated by Bouteloua gracrl/s rs common as a result of heavy long-term grazrng
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Knsella

.The Knsella site was located in aspen parkland approxirnately 150 km southeast of Edmomon

- (53°N latitude and 111 ow longrtude) “The climate is dry subhumld (Wonders 1969), Mean

annual precrprtatron ls 380 mm; mean annual evapotransplration is 381 mm Mean annual

temperatere is20C, wrth a July mean of 17°C and a January mean of 17 °c. Elevatron averages :

685 m above sea level Wrth gently rolling to hrlly topography (Howrtt 1988) Grassland soils are

domiffated by Orthrc Black Chemozems developed on till. Vegetation oonsrsts ot grass and shrub

. comrnunrtres wrth aspen groves occumng at rrregular intervals (Moss 1955) Festr?ca hallrr (Vasey)
- 'Piper (Pavlrck and Looman 1984) domrnates open undisturbed grasslands and Strpa cumsera co-

-domrnates on grazed areas ( heeler 1976). Various forbs are a common component of the

vegelatron. ,

[N

Stavely )

The Stavely site was located in foothills fescue grassland approxrmately 100 km south-

' southwest of Calgary (50 °N latrtude and 114 °W longrtude) The clrmate is subhurmd wrthout

marked def crency of preorprtatron Mean annuat precrprtation is 550 mm Mean annual

u

ternperature is 5 °C, Wrth a July mean of 180C and a January mean of -10 °C Elevation averages

1350 m above sea Ievel and topography is gently rollrng to hilly. Sorls are Orthic Black

Chemozems developed on till (Johnston et al. 1971) Vegetatron is of the lescue grassland

| assocratron (Looman 1969) with Fesruca campestns Rydb. domrnatrng in undrsturbed and Irghtly

grazed araas. Danthoma parryr and Festuca rdahoensrs are oodomrnants in the grazed areas

erh heavy grazrng rntensrtres Festuca campestrrs is replaced by annual rnvaders and Poa ,

specres

Grazlng Treatments o T : o

~

At Brooks three grazrng treatments were studred Wrthrn a communrty pasture that was

establrshed in 1964 (B Shanks personal oommunrcalron September1981) The treatments
N R “ - -

o

e,

e,
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- rncluded (1 ) early, season grazing from May 1 through July (2) late season grazing trom August . )

v through October and (3)a contml onan adjacent highway nght-ot-way that had not been grazed
- for 25 years The 0. 9 AUM ha"l stocking rate ot the grazed treatments was oonsrdered heavy for
the area |
At Krnsella trve grazrng treatments estabrshed in 1973 on the Unrversrty of Alberta ranch

- were studied (Bailey et al. 1987). The treatments rncluded (1) light June grazrng from June 1 to
.30 at 1.5 AUM ha-1 with approxrmately 35% herbage utrlrzed (2) heavy June graztng trom June 1 a

to 30 at 4 4 AUM ha'1 with approxrmatety 7% herbage utilized; 3) heavy autumn grazrng trom '

September 15 to October 15 at 44 AUM ha1 with approxrmately 75% herbage utrlrzed (4) li ght
| . autumn grazrng from September 15to October 15 at 1.5 AUM ha - with approximately 35% |
herbage utilized; and (5) a control that had not been grazed since 1942. Each grazing treatment .
-rncluded 55 ha of grasstand and a vanabte area.of shrub and torest Two 10by 20m permanent -
exclosures randomly located in each treatment were also smdred , S o , V,

At Stavely fi ive grazmg treatments establrshed in 1949 on an Agnculture Ca‘nada Range

Research Substatron were studred (Johnstdn 1961) Treatments were grazed trom May to , o
October and rnctuded (1) very heavy grazing with 16.2 ha stocked at 4 8 AUM ha-1; (2) heavy
: grazrng wrth 32.4ha stoeked at 2. 4 AUM ha'1 (3) moderate grazrng with 48 6 ha stocked at 1 6 |
AUM ha-1; (4) light grazmg with 64.8 ha stocked at 1. 2 AUM ha-1; and (5)a control compnsed ofﬁ " .
permanent exclosures of 0 66 0.41, 0. 76 and 0.23. ha in the fight, moderate heavy, and very : |
. heavy treatments respectrvely ' * K
E)rperlmg;ntat‘ Design. | | =
‘The expenmental design within each site was a hrerarchrcal (subsamplrng) arrangement

v

‘Wthrn each treatment three 0. 1 ha areas were randomly estabhshed Wthrn each of these 0 1 ha
N

: areas po;@ were randome selected trom which samples were oollected or measurements were .

made
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Soll And Vegetation Analyses

; increment ‘was used for calculatmg soil water storage.-

q

Precipitation And Soll Water Measurements ' ‘ _
Preoipltatron data were obtained from Atrnosphenc Envrronmem Services (1985-1987) for )
the closest data oollectron ¢antre to each of the studv srtes Long-term data were also obtained.

"In-each treatment in each 0.1 ha area, three neutran probe access tubes were mstalled o a
o,

' depth ot 1.0m (9 tubes per treatment) Two 15 sec SOtl water readings were taken at each depth

in these tubes with a Campbell Pacific Nuclear 503 Hydroprobe starting at 15 cm and proceedmg

in 10 cm depth i mcrements Two surface (0-10 cm) water measurements were taken ad;acent to

]

each access tube Mml a hydrogenously shuelded neutron probe (Chanasyk and Naeth 1988) and

a Campbell Pacific Nuclear MCt 12 surtace morsture/densrty gauge Soil water measurements ‘

were made approxrmately every month from Apnl through October, 1985 1987
’ J

»
Particle size drstnbutron was determrned by the hydrometer method and water retention at 33

and 1500 kPa by the pressure plate extractron method (Appendrx ll) Litter depth and herght

‘ were measured and ground cover was deterrnmed with a’ pomt trame for percent bare ground hve

-vegetation, and litter.. Lrtter and soil organlc matter masses were measured from determmahons of

~total carbon by dry oxrdatlon (Chapter I1) and water holding capacrty of t;le lrtter was determined
‘ (Chapter Ili). Sorl bulk densrty and resrstance to penetratron were measured each year ofthe

. study (Chapter IV) and rnfrltratlon tests were conducted in 1985 and 1986 (Chapter V). ' >

Water Budget Calculations
An estrmate ot evapotransptratlon was calculated using a simple hydrologlc model Slnce

slopes at-the study sites were less than 2%. it was assumed that runoff would be neghgrble o

’ 'Although deep percolatron lrkely c)ocurred at each ol the sites it is not quantrfred and'was also "

assumed tobe negllglble to srmplrfy the above calculatlons The model was evapotransplratron

equals Precipitation mrnus change in soil water storage (ET=P- SW) The 0-80 cm depth
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* Statistical Anaiyses

.\\ B

Statistical analyses were conducted using varlatron among the 0 1 ha areas asan appropriate _

K4

‘ measure of emror vanatlon for tesung the significance of treatments. Data were tested for

homogenenty of variance usmg Cochran and Bartlett-Box tests.. The W test ws used o test data

used to test for treatmem effects. Data with significant F values were further analyzed to separate
the means usmg the Student -Newman-Keul (SNK) test at the 5% level of significance (Stee’l and
" Torrie 1980) ’ "

Prelrmnary statistical analyses wrthin each year by treatment oombmatron mdlcated that -
vanahon ar%ng the O 1 ha areas was not srgnmcantly different from sarnpltng point vanation and
therefore in all future analyses area and sampr ng pomt vanatron were pooled. Addlhonal

. prellmma’ry statlstlcal analyses wlthm each treatment usmg the pooled ermor temt lndncated

" significant dlfferences between study years, therefore data were analyzed ona wrthm year baSlS

Sources of vanatlon in the final statistical analysis were treatments and error within treatments

RESULTS
. Broogs
Total preaprfatlon in 1985 1986, and 1987 was 407 388, and 278 mm, respectlvely
(Appendix lll) The long-term 1951- 1980 average was 335 mm.
Inthe surface 0- 10 cm, sonl water fluctuated wrdely with year and season (Table 6. 1). Values
' were generally hugher ln the control than in the grazed treatments from Apnl through July, wrth
July 1986 and Apnl and May 1987 being the exceptlons Significant treatment dlfferences often
did not occur in August, September and October although there was atrend towards higher

values in the early season treatmenf by October

Sorl water for 0- 30 cm was generally higher in the control than under early season grazing

(Fi gure 6.1). Water content for the grazed treatments was smlar but hlgher in the late season

treatment from September to October 1985 and from May to June 1987. Soil water for 30-50 cm

- e

t‘ for normar ity of di stnbutlon (Shapiro and Wilk 1965) An SPSSx analysis of variance program was.

&
.

N



104

» remained relatrvely constant for all treatments trom July 1985 to August 10 1 986 then rose
~idramatically peaked April 14, 1987, and declined thereafter Soil waterin the contml was highest
- and generally diﬂerent from that in the -early season treatment For 50-80 cm, soil water status was

similar for all treatments until August 10, 1986, after which the control had hrgher values than the ;
' grazed treatments The 159 mm of precaprtatron between August 10 and October 18 1986 .
recharged the control to 80 cm more eﬁectlvely than it did the grazed treatments - At 0-30 cm,
recharge was equal across treatments and at 30 50°em, recharge was least eftectrve in the early
‘ season treatment
Water for 0 30 cm was near wrmng point most of the year except October 1986 and April 1987
- when it was near held capacrty (Appencix . For 30 50 and 50-80 cm, water was below wilting |

pomt except in autumn 1986 and spnng 1987.

Kinsella ) _ ' '
_Total prectprtatxon in 1985 1986, and 1987 was 376 395, and 344 mm, respectlvely
(Appendix III) The Iong-term average was 422 mm
In the surface 0-10 cm soil water was generally lowest in the control (Table 6. 2). The heavy
| treatments were similar to each other 75% of the tlrne the light treatments were srmrlar 50% of the
tlme The autumn treatments were similar 33% of the time: the June treatments 60% of the time
Soil water in the uppermost 30 cm was similar for alli treatments generally being wuthm 15 20
mm of each other (Fi gure 6. 2) For depth mcrements of 30- 50 and 50- 80 cm soil water was
' relatlvety constant bemg hlghest in the control and towest in the light autumn treatment There
T was httle variation beWveen the two heavy treatments whereas in the llght treatments there was a
20-30 mm difference. Major recharge occurred twice in- 1987, although the eﬂect of precrprtatron
was only slrghtty evrdenced in the 30- 50 and 50-80 cm zoneés. .
Soil water _fo_r 0-30 cm was near field capacity in September and October -1 985, April and May

1986,‘and Aprtl and August 1987 (Appendix Illl)‘. Values were be‘l'ow witting pointin July 198'5,
N - _

.
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August 1986, and June and October 1 987 At 30-50 apd 50-80 ¢m soil water was near wrltmg o

point on all dates monrtored

- Sta_vely )

" Total precipitation in 1985, 1986 and 1987 was 365 435 and 337 mm, respectrvely

. ‘(Appendix ). The. long-term average was 476 mm. .

In the surface 0-10 cm, soil water lluctuated in‘all three years (Table 6. 3) Lowest surface |

)

water was most olten in the contnol whtch was more sumlar to heavy and very heavy treatments

©

X than %) light and moderate treatments The moderate treatment was |ntermed|ate between the'

' heavy and lrght treatments

Soil watertor 0-30 tm was similar tor all treatments with a umn 1985 and'\986 and spring

987 bemg times ol srgnmcant recharge (Flgurd 6. 3) Trends lor 30 50 and 50 0 cm were
subdued versions of those for O-,BO cm wrth hrghest soil water generally in the ontrot and light :
'treatments and lowest values in the very heavy treatment.

Soil water for 0-30 cm was at or above field capacrty in September and : 98 April,

May, and October 1 986 and April 1987 (Appendrx lll) At this depth, soil water was belo \ wrlt\ng
point in August 1985 July and August 1986, and most ot 1987. Thrs trend was srmllar for soil .

.

“water at 30-50 and 50 80 cm.

Profile Water |
‘ Prof le soil water was plotted at the time of lowest &nd hlghest soil water in 1987 (Frgures
6.4 and 6. 5 respectlvely) At Brooks hrghest water content at and below 25cm was in the comrol
.and the lowest was inthe earty season treatment. Treatment responses were similar during dry
and wet periods’, At Kinsella, dunng a dry period, highest soil water at and below 15 cm was inthe |
light June treatment and lowest values were in the light autumn treatment. Water profiles in the -
heavy.treatments were similar. Dunng a wet penod hlghest soil water was in the control and all

. -~

grazed treatments were similar between 15 and 65 cm. At Stavely, during a dry period, hrghest
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' sorl water at and below 15 cmwasiin the oontrol lowest values werp in the very heavy treatment
' Water r{{the moderate and heavy treatments was srmrlar to55¢cm. In a wet penod highest sonl
water was in lrght and moderate treatments and lowest in very heavy and heavy treatments.

Brooks was the dnest site ln the uppemtost 25 em. Krnsella had the greatest treatment
separatron m water content at depth Among. treatment drtferences in water content at7s cm .
ranged trom 8% at Brooks to 1 /, at Kmsella (absolute). - | |

C s

Water Budget = DR

o

) At Brooks, changes in soil water tor 0-80 cm in the‘control'we're 12to0 62 rnm lower than in

© grazed treatments (Table 6. 4). Average evapotransprratlon rates tor all treatments were 1.9, 1 4, B

.and 2 1 mm per day for 1985, 1986, and 1987, respectlvely At Kmsella there were no dlstmct
treatment trende (Table 6. 5) Average evapotransprratlon rates for all treatments were 1.0, 1 9,
and-2.3 mm per day tor 1985 1986 and 1987, respectlvely At Stavely, soil water changes in the
control and Ilght treatments were lowest (Table 6. 6) Average evapotransprratron rates for all
treatments were 11,14, and 2. o mm per day for 1985, 1986, Sind 1987, respectlvely
Treatment- averaged complete season (Apnl to October 1986) evapotranspﬁatron was 350 mm ;
for Kinsella, 237 mm for Bnooks (during awet year), and 364 mm for Stavely 'ET values are
sometrmes twrce as high as precrpltatlon for the tume penod however if values were calculated tor
long periods soil water storage wouldbe near zero and ET values would be lower. Parton et al
(1981) found water loss was generally equal to water mput tor a Bouteloua gracrl/s grassland.in '

'Colorado The above calculated values are in agreement with the 3 mm per day consumptrve use

of water by grassesm the Stavely region reported by Smgh (as cited by Johnston et at. 1971).

DISCUSSION
Grazing Etfects
Grazing affected soil waley_aé evidenced by higher soil water in controls compared to grazed

treatments at ali three sites. Heavy intensity grazlng affected soil water more than light intensity
o . . o
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v 'grazmg as exempliﬁed at Stavely where sotl water was htghest tn the control and lowest in the very ‘
= heavytreatment The lnterrnediate nature of the moderate treatment at Stavely lndcates that
grazmg ot any mtensrty greater than i ght decreased soil water but the decrease was generally
proportlonal to grazmg mtensnty | |
ngher infi ltratlon capacrtles of the comrols and light intenslty/late season treatments could
account tor higher soil water espeaally atthe begmnmg of the growmg season (Chapter V). .
Dunng the growmg season, more vegetatlon ln the cdntrols (Chapter )] extracted more soil water.
Deeper rooted specues m controls at Brooks (Naeth 1985) Kinsella (Bailey et al 1987) and
'Stavely (Johnston et al. 1 971) and in the llght autumn treatment at Klnsella could have mcreased
water use. Flowever more water was added byi mcreased infi ltratlon than was utlltzed byi mcreased
vegetatlon By V‘""d of the- growmg season, shallower rooted 8pecies in heavy mtensnty/early
season grazed treatmems would not have used as much soit water and/or summer and autumn
" rains would not have mf ltrated as rapldly due to lower infi ltratlon capaaty (Chapter V)
Slmtlar sbll water at all depths in the hea\gry treatments at Kinsella lsevudence that season of
grazmg had less of an effect on soil wat\r:r than did intensity of grazing. Although infiltration was
N

often hlgher in the e heavy autumn ‘reatment than in the heavy June tre,atment at Kmsella (Chapter

V) mcreased biomass in the heavy autumn treatment (Chapter iI) could acoount for hlgher water :

use; the two factors would -account for lack of treatment differences. Litter accumulatron was
'smlar in heavy treatments but live vegetation and infittration capacuty were higher in the heavy
autumn treatment than in the hﬁavy June treatment. Increased vegetation in the heavy autumn _.
| treatment could have led to increased water extraction and subsequent srmnlantres in soil water.
Results from this study for the mlxed prame were similar to those of Kucera ( 1958) and
Smoliak et al. ( 1972) who worked in Alberta mlxed prame but contradlcted those of Lodge ( 1954)
who found no difference in soil water with grazing in Saskatchewang Hanson and Lewns ( 1978)
o f.found autumn soil water on South Dakota mrxed pralne was mversely proportronal to range
. condition due to changes |r</egetat|on with grazing. Results to 30 cm at Stavely are srmllar to

those ol Johnston ( 1961), however, below this depth he. found no effect of grazing. Contrary to
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' results from this study Johnston et al (1971) found. soil water decreased under grazmg toa depth ’

of 10-15¢cm. However Johnston did not examine seasonal difterences or uttﬁze long—term data:
Hagh surfaoe soil water may be due to the protecttve effect of hlgh litter rnass which reduced
evaporatlon Low surface water may reflect more water extrachon at shallower depths by shallower
rooted speaes The greater similarity between heavy treatments than between |i ght treatments at
": 'Kmsella may reflect litter and evaporation mteractuons smce the light autumn treatment had more :
litter than the light June treatmem but litter accumulation under the heavy treatments was snmtlar
~(Chapter ll). The trequently low surface soul water in the contnols at Stavely and Kinsella is difficutt
to explain. It was expected that hlgher litter would reduce evaporatnon and tncrease sorl water at
. .
the surface. However increased rooting depth could increase percolation of infi ltrated surface
water in the control there isnot a cons:stently good Iltter-soll mterface due to bulky untrampled
litter, increasing potenhal evaporation of water held in lltter A techntcahty of surface water
measurement may also be a tactor: good ground-probe conta‘ct in the controt was diffi cult to
achleve due to the Iarge litter mass. Thls may have caused low surface water readtr“.gs in the
control. The sometnmes lower soil water at the surface ot the heavy treatment is l:kely a tunctlon of
water extractlon by very shallow rooted spectes lower Iltter mass\and higher evaporahon
potential. Storage opportunity is reduced due to reduCed water extractton by the lower
vegetat:on mass The litter in the very heavy treatment has a lower water hoztmg capacity
: (Chapter i) than the other treatments which could aocount tor more water entering the soil surface
.from short duration precipitation events as opposed to being held in the litter layer and
subsequently evaporated. 3
Although it was expected June.ltr:atments would have an mcreased number of shallow
rooted species.compared to aut'umn treatments, it was not retlected in similarities of soil water at
_30-50 cm depths to which these species root (Coupland and Johnso.n 1965). The sim‘ilan‘ty pt soil
water at 50- 80 cm between the autumn treatments reflects the lncrease in more deeply rooted |
| specnes in bc{lth these treatments. The samtlanty in soil water between llght autumn and control

“w. -

treatments at 0-30° cm would llkely indicate the dominant influence of litter on infiltration and

'

ﬁ'.' . : .

v
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evaporatson retardation smce litter masses were hlgherln these two treatments These two

trea'ments also had srmilar evapotranspiratlon rates for 1985 and 1986 The lower sorl water in the |

light autumn treatment even dunng times of recharge may retlect the high infi ltratron rate and
E 'theretore the lower soil water must relate to plant use. The i rght autumn treatment should have

’

.the most - vugorous growmg plants smce itis least aftected by grazing.
_’Soll Water Recharge
ngher soil water at the study sites in Apnl September and/or October mdlcate times of soif
| water recharge This supports de Jong and MacDonald (1975) who documented some recharge
occurs between September and January, but the time of maximum recharg;s late March and
early Apnl Approxlmately 67% of ‘annual precrprtatlon occurs from Apnl through September, with
max:mum precipitation occumng m June‘(Atmosphenc Envrronment Services 1987) coinciding
'w:th the tlme of most rapid water extractlon by grassland plants (de Jong and MacDonald 1975)
.Most grass spec:es especrally at lGnselIa and Stavely, are cool season grasses which use early
spnng and au’tumn soil water more rapcdly (Conard and Youngman 1965) Reserves would not
accumulate unless precrprtatron was ab?,ve normal | 4 ‘ |
Snow could be lmportant in soil water recharge at spnng melt’especially at Kinsella and Stavely
. where snow acco\hts for 27 3hd 40% of the annual precrpltatlon respectwely This is evrdenced
by large increases in soil water at Brooks and Kinsella in April 1987 and at Stavely in April 1986 and
1987. However,theavy rd?itall also effectively recharged soul water at Brooks in July 1986 Kmsella
in May 1986 and July 1987, and Stavely in September 1985 Greater litter mass and height of

‘

standing lltter in the less mtenswely grazed treatments would be most effectnve for snow trappmg

i, ¢ v ; ;
% Permanent Wilting Point : ' S : -
" Soil water in this study was often at or below theoretical witling point. The significance of this
« = \s questionable as wnltmg point is species dependent Many grassland specaes have hlghe:}iltmg
3

pomts than agronomic species and would thus survive in and grassland eoosystems (Sose

,\\ )

<
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- 1977). Dunng a typrml drying cycle m arid grasslands sorl water potentral can deerease from 0 to -
‘ 650\kPa by the ehd of the drymg cycle Wltmg pornt of several common range grasses ranges

vy
from ~800 10 -3860 kPa. Llacos (1962) also reported that ,soil water pote{!tlal was often below

1,:‘"!'

wrltmg point at all depths monitored.

&o~cn.usuons | ' |

Grazmg affected soil water with heavy |mens|ty/eariy season treatmems havmg more |mpact

than lnght mtensuty/late season treatments. Season of grazing was more |mportant under Ilght

3 grazmg intensities than under heavy graznng intensities. Under grazing mtensmes heavnerthan 4
moderate soil water for 0-80 cm was reduced with reductlons increasing with grazmg mtensnty
Soil water was not lower in the controls dunng the Iatter part of the growing season.due to
increased plant use.as hypethesized;' it is assumed thai the nigher rnﬁnration rates in t_he controls
made_up for the higher o,onsumrative use. Surface s;il water at-Brooks and lGnse![a was less
affected by grazing than was sdil Waterat depth. At Stavely tﬁe\most consistent treatment effect

was lower soil water in the control and very heavy treatments. e ST
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Table 6.1. Surface (0-10 cm) sol water (mm) at Brooks, - —-
' Tredipent

Year Date -  Eary Late’ . -Control
1985. - July23 - 10.4b . 10.4b 14.7a
Aug8 (g 2.1a 2.0a

'Sept 22 44b 93a 93a.
Oct 20 131a . 11.0b 10.2b
1986 - Apr16  s4p . 3.7b 10.1a

May2  3.3b 2.36" 11.1a .
May 20 135b  © 139b . 185a
July 17 e1a goa 10.7a
Aug 10 - 3.8a - 0.1¢c 2:7b

\\ : Oct 18 19.8a 18.5a 16.1b .

1987 Apr 14 . 2442 232a 18.9b
. May 17 3.3a . 3.0a 3.1a
© Juné 18 4.3b - 3.5b 8.0a
July 17 11.3ab ".9.3b 12.1a
Aug 10 - 44a 3.4a 3.7a
| - }. .
Oct18  29a 2.0a . 2.2a

Within date means with the same I/eners are not si_gniﬁcantly different (P<0.05).
. . - - a L .
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Table 6.2. Surface (0-10 cm) soil water (

Wiy,

r—

+ Treatment
Year Daté Light Heavy Heavy - Light Control
. : Juhe June Autumn Autumn_ -

J 1985 July 22 9.7a 892  86a 59b  4.1c
e Aug1a | 1496 1722 14.5 14.6b  17.8a
.~ Sept25  333a  265b 2050 3492 28.7b
\' | . Oct23 2130 22.6b 27.7a  21.4bc  18.4c
1986 - Apr 21 274a. . 1976 206b 144c  14.0c

May 6 1,ggéir_i% 16.92 14.3a 171a.  8.4b

_May2s 3433 307 2850 o207 234c
uy22  28.6a  273ab  25.4ab 242b  135c

Aug 13 1112 11.0a _'9.7a 10.9a 6.1b

Sept25  21.9b 20992  31.0a  19.9b 'v20.6b

_Oct23  17.2ab 1526 - 163ab  16.6ab ~ 18.3a
" 1987 Apr16 26.4b‘cz.‘ - 37.6a 28.6b_:‘». 27.1bc 2226

| May 15 14:.9a 1542 1562  11%b 10.1b
June 24  17.9a . 18.5a 17.7a 15.3b C11.0¢

Aug 6 3'1‘.6_a\7 . 32.42 32.1a 27.2b  22.1¢c

Oct 14 12.6b ° 1200 15.9a 89c  7.6c

3

- Within date means with the same letters are not significantly ditferent (P<0.05).

»
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Table 6.3 Sudaoe (0-1 0 cm) soil Water (mm) at Siave!y

f 7y

--j'Yeér “Date ‘Very Heavy Heavy" .

Light-

Cantrol zrglg & -
. "

1985 Juy27 11 Ba 6.6b Wy I L
| Aug 7 6.4a .6.9.';11' ‘g, ! .M'
-Sept20 - 2543 | 9a. ':'és.savA oL | ;
Oct 19 27.1,3"“»’ 11.6¢ 105 B
1986 Apr 16 1736 143bc  2.0a ‘2433 103c :
| © May26 . 158a 16.2ab 18.5a 12.6b 9.4c
July 16 - 4.5¢ 8.6ab .6.8bc 12923 6.0bc ©
Aug7 1278 . 896  6.5b 73b - 4.7¢
Oct19 2082  14.4p 159b  12.9a 7.0¢
1987 Apria 2058 . 3362 30a 373 3502
May16e 1362  13.1ab . 10.0bc  "10.1be 8.7¢c
June 18 154ab  17.8a°  17.24. 17.3a = 13.9b
iy 7 16.ch_ : I5.4bc 18120 2gt1a. 1350
Aug3  116ab  121ab 1452 11.2ab  g9.4b
Oct9 j\ 6.1c ‘9.,95»' 13.4a 12.7a 7.3¢
Within date means with the same Iétters a_ré riot sjgniﬁcanfly dilgerenf (P<0.05)i. .

." ‘
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Table 6.4. Water budget parameters (tiu‘n) at Brooks.

-

| Treétment Predpi'tation - Soil Wate} Ev

Time Period apotranspiration
- Change A o
R A ‘
: , - : 7 B A
July23to0 - Early 158 : éLe 140
Oct 20 Late - 158 +13 145
— - - : v g
1985 Control -~ 158 e 157
~ April 16 to Ealy .’ 325 +98 227
Oct 18 Late 325 +103 | 222
1986 Control - 325 +63 262
April 14 to Early 125 -126 251
. Aug 10 Late 125 -116 - 241
1987 Control. 125 -138 263




. Table 6.5. Water budget parameters (mm) at Kinsella.

¢

e

“l._'lme‘ Peiod Treatment Pregjpitation  Soil Water Evapotranspiration
. ' Change - .
Light June 146 - +40 - 106
July 22 :6 - Heavy June 146 +.51 95
Oct23 ‘Heavy Autumn 146 469 77
1985 Light Autumn 146 i 62 83
Control 094 ) ;46 +54 92
Ugﬁt Jl;:ne 306 -40 346
‘ Ap-r 21to Heavy June ‘4 306 -48 354
Oct 23- Heavy Autumn 3p6 -66 372
1986 Light Autumn 306 -35. 3417 5
) ) Control 308" 31 337
/o Light June 160 +57 103
June 25t0 Heévy_June 160 +85 75
Augé _ Heavy Autumn ;’so’i : +73 87
1987 Light Autumn ~ © 160 458 102
Control 160 +26 .' .1 32

2
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Table 6.6. Watér budget parameters (mm) at Stavely.

Time Period bTr'e'a'tme:ﬁ‘t Precipitation ~ Soil Water Evapo‘tra‘nspi‘ration'
. Change
| Veiy Heavy - 239 +154 - 85
July2710  Heayy - 239 +149- 90
Oct19 . Moderate 239 +166 73
‘;1;9(3'5” | Light 239 +137 102
| Control” 239 o +126° 113
| . Very Heavy S227 T \a83 94
July 1610 Heavy 227 +100 ) 127
:O,ctober';s ‘M.oderate> 227 , %9{) 133
| 1986 Light 227 +74 153
: “ Control T 227 o 475 152
Very Heavy 196 -168 364
Apridto Heavy 196 . 170 366
Ot9 - Moderate " 196 -195 391
1987 Light 196 -160 356
‘Co}_ntrol 196 - -148 ',‘344.
of

1167



117

(3) 030cm

L )
(ww) Jerem jiog

T s

5

50 cm

(b) 30

—a— Early
{ ——e— Late

8l 190
01 Bny

81 aunp
L /1 AR
- b1 1dy
- 81 100

-01 Bny.
L2t Ainp

- 2 Ay

- 91 Jdy
- 02190
- 22 1deg
L g Bny
mEe Alnp

... 100 1
N
8¢ 4= Control

I
o
) 2.
(Ww) mempos - % -
2 |
w
)

»
T

o (=] (= o
< N

(Ww) Jerepm [log

- LV Aine

- 02 Aeyy

‘Q-

ﬁ‘igure 6.1. Soil water at Brooks from July 23, 1985 1o October 18
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Figure 6.2. Soil water at Kinse_lla from July 22, 1985 to October 14, 1987 for (a) 0-30, .

(b} 30-50, and (<) 50-80 cm.
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F"gure 6.3. Soil water at Stavely from July 27, 1985 to October 9, 1987 for (a) 0-30,

(b )3650 and (c) 50-80 cm. *_
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Figure 6.4. Lowest values for profile soil water at (a) Brooks on August 10, 1987, (b) Kinsella on :
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16, 1987 and (c) Stavely on April 14, 1987.
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VIl. A NOTE ON USING THE KOSTIAKOV INFILTRATION EQUATION IN

MIXED PRAlRlE AND FESCUE GRASSLAND ECOSYSTEMS OF ALBERTA.
‘» . ’ ,

' , 4 i t

INTRODUCTION ‘ : i"

Researchers have attempted to express resutts of field mf ltration tests in terms of specific
models or equatlons The Kostiakov equatron is a simple empmcal model relatmg infiltration to
time as a power tunctton (Kosttakov 1932) Glflo/d,4( 1978) found coefficients in Kostlakov S

'equatlon were related to vegetation factors more than soil factors in Utah pmyon-juntper sites.
Gifford (1976) found the Kostiakoy equation oid not fit infitrometer data lrom semi-arid rangelands
in Australia or the United States; pomt rneasure variability of short-term infiltration rates was not
satisfactorily accounted for. 'l’he objective of this study was to investigate the suitability of the

. Kostiakov equation for charactérizing infittration in Alberta mixed prairie and fescue grasslands.

MATERIALS AND METHODS |
Inflltratlon data were collected u$mg double fing infi ltrometers‘at three study s:tes (Chapter
lV) Surface (0-10 cm) water and bulk densrty were measured at the time of the infiltration tests.
A best fit regressron line for the averaged data from each treatment was fi t for log infiitration
| rate versus log time, up to an elapsed time of 40 min. The ¢ and n parameters of the Kostrakov

. equatlon for infiltration (l~ch‘n 1) were calculated lrom the |mercept {cn) and slope (n-1) of these

regressnon lines. The slope of the accumulated water intake curve is n; the intercept is c.

.

RESULTS
" The infiltrartion data fit the Kostiakov equation quite well. Average R2 for data at a site was
0931 for Brooks, 0.857 for’ Kmsella and 0. 938 for Stavely. 1986 control data at each site

represent best fit curves (Fi gure 7. 1) Slope and mtercept of best ht regresscon lines tor agiven .

‘ v

--,

.treatment at Brooks were s:mllar for 1985 and 1986 (Table 7. 1) The c§ntrol had the lowest slope

) the early season treatment had the lowest mtercept” gt Kinsella, control)'hhd light auturnn

L
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: treatmems had highest intercepts and the heavy June. treatment had the lowest (Table 7 2) The
heavy June treatment had the lowest slope both years. ' Slope and mtercept were lower in 1986
than in 1985. At Stavely, mtercept declined with i mcreasmg grazing mtensrty both study years
(Table 7. 3). Slopes were generally hrgher in 1986 than in 1985.
Average slopes were similar at Brooks both years and for all sites in 1985 (Table 7.4).
1986, average slope dropped at Kinsella. Average rntercept at Broo‘ks was similar both years and

lower at Kinsella and Stavely in 1986 than in 1985. Stavely had Ithe highest intercept both years.

.. DISCUSSION
.‘ The Kostrakov equatron canbe used to describe rnﬁltratron as a process rather than at -
drscrete times. It can aiso be used to predict mﬁltratron rates at times other than those monrtored

- At Brooks, the srmrlanty of slope and mtercepts in 1985 and 1986 was due to similar surface
water contents at the time of the infiltration tests. At Kinsella, high intercepts for control and Iigvht
autumn treatments indicate a high initial infiltratlon rate. Low slopes for the.heavy June treatment
rndlcate a relatively constant infiltration rate with time. Hrgher sorl water in 1986 than 1985 likely
reduced slope and rntercept lor all treatments Declmmg mteroepts with mcreased grazrng
intensity at Stavely demonstrate negative effects of heavy grazing on mrtral mf ftration rate Srmrlar
slopes at all sites in 1985 is corncrdence The high intercept at Stavely indicates this srte had the
highest 1 min infiltration rate in both’ years. The low infiltration rate for Kinsella in 1986 shows the
dramatrc effect of increased antecedent soil water oninfi ftration rate.

.These data do not support Gifford (1976) who lound the Kostiakov equatiort did net\tit a

rnfmratron data for United States and Australuan rangelands This may be due to drfterences in

ecosystems or that ponded infi Itratron was evaluated in. thrs study, whereas Gifford used data

obtained from ramfall simulators.
%

Y

CONCLUSIONS

Infittration data for Alberta mixed prairie and fescue grasslands fit the Kostiakov, equatior wei.
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Table 7.1. Infiltration equation parameters at Brooks. )
Year Parameter Early Season  Late Season Control %
1985 slope -0.495 -0.573 -0.437
intercept 36.3 463, ) 437
n 0505 0.427 0.563
c - 719 . 1085 @& 775
, -
1986 slope -0.522 -0.531 ‘ %447
. intercept 37.7 47.0 49.0
n 0.478 0.469 0.553
' c ' 78.8 100.2 - 88.6
- example: 1985 early season treatment
- f=(intercept)TSlope MST‘OA% orf=cnT™1  {=71.9(0.505)70.505-1
26;{ %ble 7.2. Inﬁnration'équation parameters at Kinsella.
Year Parameter Light Heavy Light . Heavy  Control
v June June Autumn  Autumn
1985 slope” "+ 0.655  0.364 0537 .-0.476 -0.496 " -
__intercept 43.8 277 . 491 519 550
n 0345 0636 0463 0524 0504 -
c 126.8\ 435 1060  99.0 109.5
1986 slope -0.494 \ .0.188  .0.309  -0354 -0.316
intercept 13.4 13.6 18.5 23.8 22.9 .
no o 0506 / 0811 0691 0646 0684 j
c .. 265 26.8 368  33.4
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Table 7.3. Infiltration equation parameters at Stavely. P

Year‘ Parameter Very Heavy Heavy Moderate‘ Light Control
~r .

1985 slope -0.453 - -0.598  -0.497  -0.436  -0.561 <
intercept 48.4  61.1 713 73.8 105.7
n ~ 0547 0402 0503 0564 0.439
c 88.5 - 152.0 | 141.7 < 1309 246.8
- 1986 sope  -0519 -0.624  -0.575  -0.444  -0.493 \
intercept 40.8 54.6 56.4 : '58.3 84.3
n 0481 0376 0425 0556 0.507
c 84.8 1452 137.0 . 104.9 166.3 °
"

. “

- Table 7.4. Average infiltration equation parameters.

T

<

Year Parameter Brooks Kinsella \ Stavely
1985 slope . -0.502 -0.506 -0.509
- N 0498 0.494 0.491

- intercept. -+ 421 - 455 72.1
c 86.0 97.0- 150.8
1986 - slope ~ -0.500 -0.332 -0.535
n " 0.500"" 0.668 0.465

intercept 446 18.4 - 585"

<. 89.2 28.0 127.5 .-
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VIll. GENERAL DISCUSSION AND CONCLUSIONS

-

Hydrologic condmon And Stabllity ‘ ~ S

The major objective in the hydrologic management of rangelands should be to optimize

infiltration capaaty in order to enhance forage productivity on a sustalned basis and minimize soil

and water losses through erosion processes Infi ttratron capacuty is mamly affected by iriicient

3

soil and vegetative pnopertles which may be altered by grazing. Thus optimization of infiltration |
capacrty can be achieved by mamtamrng the rangeland in good hydrologic condrtlon through
manipulation of the grazmg animal in space and time. Although not generally defined, the term
good hydrologic condmon rmplles that the rangelands have soil and vegetative characteristics that
optimize infiftratio'n and minimize njnoff and erosion. A rangeland in good hydrologic condition |
has soil surface condmons that ensure rnfrltratron at a rate equal to or exceedmg precrpxtatron
mtensny of moderate frequency The rangeland is hydrologlcally stable sorl vegetative, and
hydrologic charactenstlcs are not easily negatively altered by the grazing 'egime imposed on the
syjtem. '

Properhes of the ground surface are lmportant in determining soil water dynamlcs The soil
surface must be permeable well- aggregated non-crusted and of a low bulk density. Lwe
vegetatron and litter should cover the ground to reduce bare ground and keep organic matter at
levels that aid in mamtammg the ldeat soil surface conditions noted above. Organic matter cover -
reduces the force of falling raindrops,i reduces puddling and slaki.ng, and helps to mamtann soil
surface permeabllfty Trampllng can increase soil bulk density and penetratton resrstance which in
tum affects infiltration. Vegetation can CUShIOn the soil from trampling and can promote good root
growth and .organac matter incorporation that tends to reduce bulk density and resistance to
penetrafron More perrﬁeabldsorl condmons facrlrtate greater root penetratron which further
rncreases permeabohty Taller standmg lltter can rncrease the snow trapping potential of the
rangelands, fncreasrng snowmelt recharge in spring. Not only is t‘he quantify of vegetative cover

important', but also the type of 'coyer. Infiltration rates i;crease with increasing position of the plant

3N : _ .
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on the successronal scale (Dee et al. 1966) 'Bunch type grasses enhance mt'ltratron and are
better at oontroglrzg erosion compared to sod grasses (Branson et al. 1981; McCalla et al. 1984;
Blackbum et al. 1986; Plohar et al. 1987) and water intake rates are more closely oorrelated with

: mid—grasses than short-grasses (Rauz and Smika t963). Results from this study confirmed a |

Yal
tenet of range management that overg{azmg can lead to the creation of a less hydrologrcally

L

stable and poorer condition rangeland
Slatter!und (1972) stated that for every site there exists a critical point of deterioration due to

surface erosion. Beyond this critical boint, erosion continues at an accelerated rate whigh cannot

‘
-
{

be ercome-by natural vegetation and soil stabilizing forces. Blackbdm etal (1 986)‘ have
e revrewed the literature and concluded that sites differ in the amount of disturbarice necessary to
reach this cntrcal point. They further conclude that the amount of vegetation is the primary
D _ controllrng factor |f the site is not near the cgtlcal point. if the site is near the critical ’point then the'
: X . .

n kind of \'/egetation has the potential to influence the erosion rate curve. As outlined previously,

stabllrzmg vegetatlon would include more bunch grasses and mid- grasses than sod grasses and

e

¥
L short gr’aSses There is oonsrderable uncertainty about amounts of vegetatlve cover to prevent
Do o K P .
PR TR S ¢}

V :a low rnherbnt erodibility (Meet:lwrg 1970).

The effect of grazing on nydrologic parameters is not linear, but rather the effects are
manifested at some critical level. Whereas Satterlund (1972) talks about a critical point at which
soil erosion processes are no longer reversible by removing the source of the disturbance. this
critical level can.be.used to dete- 1ine the point at which grazing eftects are tirst significant from a
physical perspective. Knowledge ogthis i2vel can then oe used to develop management |
strategies that will reduce the negative imPacts of grazing and reintorce the fact that not all grazing
regirnes will lead to deteriorati-on of the gr:xssland ecosystem. .

the rapidity with which an eoostlstem responds to change or the, degree of‘ldisturbance:

needed to bring about a change in terrns of hydrologic stability is important in order to understand

o
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how anthnopogenic drsturbances such as grazrng and natural resource exploration will affect the
rangeland ecosystem &rpe organic matter mass as live vegetatlon litter, and sorl ongamc matter
have been ated in Chapter ll as the most important tactor in hydrologic condition of rangelands its
| responSe to disturbance may be used as an indicator of how close to the critical level an '
,ecosystem rs. cher indicators may be resistance to penetration and soil bulk density since these
soil characteristics aflect both plant growth and infiltration and are in turn affected by plant growth.
Dormaar et al. (1977) emphasized the fragility ot the equilibrium_ under which soil organic
matter oi heavily.grazed prairie lom\s.and exists. Organic matter content in mixed prain'e is
inherently low and has little resistance to ecological change. It is more lragilein its response to

grazing-induced changes than is foothills fescue grassland Other research by Dormaar (1975)

‘indicated that organic matter of Brown Chemozemic soils, upon which most mxed praine

developed is less resistant to biological breakdown than that of Black Chernozemic sous

Dcrmaar et al (1984) tound that resistance to breakdown of Bouteloua gracilis roots was lower
than that of Festuca campestris roots Since Bouteloua gracilis is the dommant species in the
mixed prairie site, it would appear that the breakdown of mixec: prame roots would occur more

rapidly than that in fescue grassland, creating'a less stable environment .

llydrologlc Impacts Of Grazing

This study was designed to determine the hydrologic impact of common grazmg regimes in
vmixed prairie and-fesciie grassland eoosystems ot southern and céntral Alberta in terms of which
E hydrologic parameters were affected. Although quantitative determinations could not always be |

given, an attempt was made to assess the range of values for key hydnologic parameters at which

—~

the critical level in response to grazing was geached. s

ln this study it was shown long -term early season/heavy intensity grazmg had the greatest
effect on hydrologic charactenstics of rangelanc: 1 Alberta. Pattems of response for hydrologic :
values were not linear, but tended to be increimental and first significant at grazing mtens:ties

greater than moderate, particularly.if they occurred during the growing season. _ From a physical
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berspective, hydrologic chianges brought about by oormﬁon grazing practices invo'lv'ed only a few
mm of soil water or Iess than8.5cmh1in imilfraﬁgp rates. Steady state infiltration was reduced by
4.5 (Brooks), 0.7-2.7 (Kinsella), and 4.8-8.5 (Stavely) cm h-1 eompared to the respective controls.
The changes were on a very small scale compared to the amodnt ot precipitation the rangelands
receive. Based on 20 years of data for the study region, a 60 minute precapitatlon event with a 2
year return period has an intensity of 1 S5cmh-1 wnh values for 5, 10, 25 50, and 100 year return
periods of 2. 3 2.8,3.4,38,and 4.1 cmh-1 , respectively (Atmosphenc Environment Servuces
1987). Compacting effects of grazing were present, but values were notof a magnitude‘
expee;ed to cause serious plant growth problems.” Only at Brooks dnder early seaSOn grazing and
at Stavely under heavy and very htavy grazing intensities were penetration resistance values near
2000 kPa, the lower point of the range assumed to cause plant growth problems (Hakansson et al.
' 1988). However, the negative effects of long-term,_ heav“y iﬁténsitY/earIy season grazing should
be kept in mind when developing management strategies to optimize the raage}and resource oﬁ
a sustained yield basis. . = |
Brooks
Percent ground cover and specific mass of above 'ground organic matter were not sigdiﬁcantl')} B ‘
a_ffectgd by grazing disturbance but height of standing and fallen fitter and specific mass of live
vegetation were significantly decreased under both early and late season’ continuous graziné 3
Overall, the specuf c mass of organnc material was not detnmemally changed by grazing. Grazmg
| dunng any season sugnmcanfly uncreased resastance to penetration, indicating that the system was
' respondmg to thls.type of dtstur'oance more so than to organic matter reduc:uons.
Early season grazing had more effect on hydrologic characteristics than late season 9r no .
.\m,,
grazing. Under early season grazing, total and/l;elow ground orgamc matter masses were

reduced, bare ground increased, fallen and standing litter henght was reduced, and penetration

resnstance to 2. 5 cm was increased relative to that under late season grazmg oontrol
»

These tactors combined to create Iess permeable soil surface conditions and resulted in reduced



initial infiltration rates and remced soil water to 80 c¢m depths. The effect of grazmg on final
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infiltration rate was less than 8.5cm h‘1 Final rates were also likely Irmrted by the Bnt honzon of

he Solonetzic soils. ' ¢ e

" Kinsella

in general season of grazmg effects were often more pronounced than intensity of grazrng
effects The June treatments had the most effect on- hydrologlc charactenstrcs especrally if under

. /

K: heavy gra7.mg rntensity Bare ground increased, height of standing and fallen litter decreased,
o vanﬂ surface bulk density and penetration resistance: rnoreased resuttmg in lower initial infiltration

. 'rates oompared to autumn treatments and the control The light autumn had the Ieast hydrofogrc

rmpact and was most srmrlar to the control In most respects heavy treatments were more similar to

' each other than were lrght treatments.

¢
Stavely
The grazing treatments were the oldest of the three sit'es and give a good indication of the

long- -term. effect of grazmg In general, hydrofogrc condition decreased with grazmg rntensrtres

heavier thagn moderate Light and controf treatrnents were similar to each other as were heavy and

very heavy freatments. The moderate tre@ynent was intermediate. Under heavy and espectally

very heavy grazrng, bare ground mcreased live vegetative and litter cover were reduced, fallen

" and standmg litter height were reduced live vegetatron and below ground organrc matter masses

'decreased bulk density to 15§m increased, and resrstance 10 penetratron increased and was

mamfested to greater depths These factors led to reduced mmal infiltration rates and lower soil
. n}u‘f i

water, although final fates were. reduced by 4510 8.5cmhl. o
AT -

-

;»'Z §>‘

Range Ma;iagement Implications

For range management purposes data from all three sites confirm the rmportance ofa

-

permeable well vegetated ground surface to promote good hydrologlc condrtlon Grazing of any

Tl



.' | f'.‘ L . 136 '
mtensrty during any season had some etfect on mt“ltration aithough these difterences were often , 3 "

small Althbugh tatal litter acct,umlatlon was not ahé’ays attered signiﬁcantty by grazmg. height di;
e #,
standing and talbn litter were often reduced In most cases significant i mcreases in res:stance to

) penetration and/or bulk densrty occurred with grazing. The magnttude of these changes was. not : *

high enough to aﬂect plant growth in most mstances o ‘
> )y . ’ &
" In mixed pfame at BrooKs, continuous grazrng had an overall negative eftect on.hydrologic

parameters Int“ltratlon rate was redu:zed espeoually in the eariy season treatment So«lwater was

“4 O

higher in the éontrol dunng sotl water accretion times and was otten hlgher during depletion timest\ s
: ’ S
as well. Again the eﬂects were more pronounced in the earty season treatment thanin the iate ; £

season treatment‘ From a management perspective grazrng in the dormant season is the best i
: alternative ‘However rt the range is grazed dunngthe growmg season the stocking rate shouid Tl
'be reduced to that of a moderate mtensrty Since resrstance to penetration is highly affected by

grazrng, some measure to redu&e the compactrng mﬂuence of grazu.)g may be taken GI" and - o
_ Reaves (1956) have mdicated that 90% of the compaction occurs wuth the hrst pass The cattle on |

g

large mixed prairie ranges must waIk long distances tp water; reducrng field snze and decreasmg
~ travel distance to water would help Iessen concentration of compactlon within small areas ‘
Although the infittration rates are not reduced to the pomt where anoft could be a ma;or
problem, the overall negative eftect of heavy and earty season grazmg would indicate the
importance of eliminating such a grazing regimf from common practice in the aspen parkland. It
.would appear that from a hyd’fologic’ persp’ective the reductidn of dune or early growing season
grazingto a minimum would 'be advisable. Moderate-grazing in autur’nn,Wou‘id b,e the best grazing | .
regime to employ Perhaps the most feasnble alternative wouid be to graze inthe eariy part of the | ’
growmg season on a rotational basis, such as every second year, or to rotationally graze dunng
the middle of the growmg season | .
Grazing ioothills tescue grasslands ata hght or moderate rate wouid appear to be the least
hydrologically detrimental. Although moderate grazmg was not sugnit" cantly diﬂerent trom heavy :

and very heavy grazing with respect to final miiltrahon,rateunder ponded conditions, |t was not
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' Signiﬁcantly different from the control for at least the first 5 min of the infiltration test, Because
there is-evidence of much selecttve grazing in this treatment, reducmg the size of the fields and
decreasing the length ot graznng time may be a means of i increasing etfectnt/eness of the
treatment both from a hydrologuc perspective and an economic one. From this site, it i is also
indicated that grazing on a continuous basis throughout the growing season at a moderate rate is
a viable altemnative to rotational or deferred grazing. This may be of particular interest in the
foothills grasslands where low management inputs on very large ranches are of economic
rmportance These conclusions are s:mrlar to those of Wood (1980) who reviewed the hterature
and found heavy intensity/low frequency grazing may not inﬂuence vegetation and soil »
characteristics tor watershed improvement more favourably than light or moderate continuous
grazmg

Results from this study do not provtde absolute values of amounts of organic matter mass,
penetration resistances, or bulk density necessary for adequate infi I:ratron and soil water levels.
H@wever they |dent|fy those site factors that exert important influences on hydrologvc stablllty and
are affected by grazing. They provide qualitative criteria for est:matmg adequate levels. They
furnish a basis tor comparing hydrologic condition at different sites and under dtfterent grazrng
reglmes They also provide the basis for determmmg changes in influential site factors that must
be achieved by management to ensure infiltration rate potentials consrdered acceptable are nat
reduced. ) ‘

If intiltration cafacity is used as an overall indicator of‘ hydrologic conditioﬁ, then the following
values are ranges within which a critical level leading to deterioration of hydrotogic condition is
reached. This means for example, that somewhere between the uppen alnd lower values of ?ﬁe .
range given, the hydrologic impact of grazing will be negative in'terms:;t‘how the parameter in
question affects mhltratron rate. Percent bare ground at Brooks was not a factor because of the
large cover of Se/agrnella densa. Nor was it a factor at Kmsella where the treatment in the poorest

hydrologic condition had only 2% bare ground. Overall, litter was not significantly affected by

grazing at Brooks or Kinsetla. At Stavely, the critical range for above ground litter was between 1.7
. - . _
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'aBd 2kg m2. Fallen fitter was substantially reduced at all sites, with the critical level somewhere

betw%en Oﬁand"t.s cm. ltwas oondué!ed that compaction was not a major problem in ierms of its

effects o%‘ﬁﬁn{aﬁoh bqt ‘{hat the increase in bulk deqsity and penetration resistance under early g
season/heavy mtensny %zmg regimes would combine wnh other factors such as vegetative

cover to affect infi Itratnon rates. Thus any cntlcal levels oould not be determned based on this

4
study.

R;pigelandv Reclamation Under Grazing
| Successful range renovation and reclamation efforts associa}ed with industrial disturbances /
such as pipelihe installation or mining operations require a considerable knowledge of the impacts’

, o of grazing on a rangeland eoosystem To assess the |mpact of a particular reclamation or

q)evegetatlon practice, the superimposed effect of grazmg regime must be considered (Naeth

' 1985). When selectmg plant species for revegetatlon in rangelands, resistance to grazing, the
effect of season of defoliation, and the impact éf grazing on hydrologic paramefers of an
ecosystem must be considered. In Albena rangelands that are overgrazed, anthropogenic |
disturbances are more likely to cause "problems” than similar disturbances would on‘less heavily

.

.grazed ecosysteﬁaé;;ﬁﬁassessing infiltration rates and erosion potential under grazing can aid in
Q. 3 “- .

predicting erosuomgproblems during reclamation.
Revegetating native rangelands after linear disturbances poses a specific problem. Cattle are
attracted to the n'ght-of-way (r-o-w) with lush new growth that is more pa]atable than the native

?ig,.&;ﬂ range, particularly if it is fertilized (Naeth 1985). R-0-w species are often later maturing and thus
X8

3

more palatable when native species have formed seed heads or gone into dormancy. Introduced
Yoe ' .
species are often more productive than the native range which further enhances their desirability.

The cattle vn a range tend to move into the r-o-w when they are put into the field each spring.
3 . . .
Tﬂjs attraction leads to excessive defoliation which can result in plant cover loss from the r-o-w as
young seedlings are grazed i &gpnng before they can develop a sufficient root system to resist

grazing. Cattle overuse of the r-o-w is also assoaated with tramplmg and oompactuon of the soil
p -
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years |l the r-ow s grazed The efteot o‘ﬁr‘ttel’?n%‘e hydrologic parameters of specific range
types as well as the response of lrtter to grazing regrme suggests the beneficial effects ot using a ‘
mulch op the r-o-w to _enhanoe revegetatron efforts. |

Data lrom this research can be used to identify grazing regimes that are Apotentially
hydrologically detrimental and thus revegetation strategies can be adapted to the grazing regime
or the grazlng reglme altered until a surtable ground cover has been establrshed The Brooks
Study site may be the most fragile with respect to reclamation related disturbances. GSince the
amount of organic,'matter is already low, lurthe'r reduction of organic matter during natural
resources exploration may present probléms, espedially if the operation occurs in an early seaso'n
grazed location. However, since thetopography is relatrvely flat, eros&n potential would lrkely be
minimal. Heavy June grazrng at Krnsella could pose problems to reclamation efforts since there is
more bare ground and greater potential for erosion. In foothills fescue grassland reclamation
practices in very heavy grazed areas would present the greatest potentlal for erosion due to large
amounts of bare ground already present. The rougher topography of the fescue grasslands

would also enhance erosion potential under bared ground. At all three srtes soils compact under

light grazmg treatments indicating a hrgh patential for compaction problems when large
/

equipment is involved. »
<

Model Development

A model will be developed to utilize the data from this study and to simulate and integrate key
hydrologlc processes rnfluencrng and/or being rhfluenced by production, uf] Irzatlon and-
management of rangelands. Such a model co veal more clearly interactions between
clrmate‘sorl vegelatron &nd range management pra ices that aftect the hydrologic regime,

which in turn would allow researchers to devise mor: efficient and reliab ethods of range

management. It could be used more directly to predict the impact of other defoliation

.,

-
. : {
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disturbances such as pipeline construction and mining operations on rangelands. It could provide
early wamings of potémially serious damage such as decreased’ground cover, so effective
counter medsures such as réduced grazing irtensity and duration can be undertaken. In

feclamatién, thesmodel could help to predict potential erEJsion problems.' The timing of herhicide

b -

" application for weed control and re\)egetation treatments for range improvemegiis often based on

the assessment of available water for plant growt/h and hetbici;ie translocatio  model could
provide valuable input data for decision making. The model might alsb be used to determine

. B « . . ‘ . ‘ v . .
optimum carrying capacity for a specific range condition.
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APPENDIX I. STUDY SITE DESQRIPTIONS

- BROOKS, .

Location and History | o \l i
‘ Qe}}ixeq brain‘e study site was located appreximately 225 km east of Calgary, in the N 15-20-

" 11-W4 and N 16-20-1 1-W;1. Approximate latitude is 51 ON and longitude fs 1120W. In 1964, theb
anstern jrrigation District GraZiﬁg Association assumed management, at which time the range was

divided and the present grazing regime established.

Climate ; ‘/ . R @

The area has a oon‘tine'hta%rairie climate qharact%rized by warm summers, opld Mnters;.-}gand

| low precipitation (Bowser 1967; Kjearsgaard et al. 198;). The soil moisture regime is semiaﬁd.
Major storms track south of the area in winter and north of the area in summer, resulting in lowest
summer and winter prec-p:tatlon totals in the province. Mean annual precipitation is 355 mm, with
approxlmately 224 mm falling as rain from May to éeptember Average snowfall is 106 cm.
Moisture is a moderate to severe limiting factor to crop growth. High potential evapotranspirétion
* and a large moisture deficit (227 mm) result from high summer temperatures low precipitation, and
strong winds. Prevailing winds are from the west to northwest wuth strongest winds from the
south. Average wind velocity is 12 km h-1. Average number of Chjrook days is 20. Low winter
temperature and shallow snow cover subject vegetation to harsh{winter conditions. Annual mean
tempereture is40C. The warr;(est month is July with a mean }empe(ature of 19 °C and the

coldest month is January with a rrf‘an temperature of -14 OC. The average gnowing season with

mean temperatures above 5.6 OC is 183 days and the average frost free period is 116 days.

Physiography, Relief, and Drainage
The study area is in the Alberta Plains Physiograjphic'Région, surrounded by.the Rainy Hills

Sheet (Wyatt et al. 1937; Kjearsgaard et al. 1982). The study sites were located in the eastem
P
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portion of the Kininvie Plain, which is mainly undulating moraine with commion occumences of flats
and meadows. Surface elevations range from 730 to 760 m. The plainis capped with a thin to

absent veneer of til through which undedyung salme 861t rock outcnops The area is situated

between the Red Deer and Bow Rrvers and is drained by Matzhrwrn Onetree and Little Sandhill
.

Creeks.

e i

. s

Surficial and Bedrock Geology
The Horseshoe Canyon, Bearpaw, Oldman, and Foremost formations, ‘ani of Upper
Cretaceous age, form the Uppermost geologic deposits (Wyatt et al. 1937' Kjearsgaard et al.
1982). The study site is underain by the Oldman formation and the surrounding area is undedam
by the Bearpaw formation.
The Oldman is a f®nmarine formation composed of pale gray, thick bedded medrum to
-_coarse grained feldspathrc sandstone green and gray mudstone: dark gray and brown

carbonaceous shale; and ironstone concretronary beds. The Bearpaw forma’tron is of marine
B
origin and composed of dark gray blooky shale and silty shale; greenish glauconrfe and clayey

sandstone thin concretlonary ironstone and bentonite beds.
I

The most common surficial materials are till and fluvial-lacustrine followed by fluvial, fluvial- .
eolian outwash gravels and soft rock. Some glacral drift was hkely brought in meUdSQ" Ba‘y

region, whereas some originated from underiymg sandstone and shales

]
Soils -
. Soils in the western portion of the study area were identified as 60% Steveville, 30%

Hemaruka, and 10% Halliday series while the more eastern portion was composed of 60% )

Hemaruka, 20% Steveville, and 20% Hallrday (K;earsgaard etal-1 982) Several areas of

Solonetzic soils in the study area were compnsed of 75% Brown Solodized 8010an and 25%
V 5 ",

Brown Solods (Norwest Soil Research Ltd. 1981) Blowout areas were common.

3
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The Stevevrlle series is a Brown Solodized Solonetz with a oommon honzon sequenee ot‘Ah
Ae, Bnt Csk. Surface horizons are broWn and weakly structured, especially the Ae. The Bnt has
a hard columnar structure. Subsoil texture is loam to clay loam with an alkaﬁne pH. Lime occurs- .
near the 40 cm depth. These soils, tormed on fine loamy eoﬂ rock, are very stony and have
. numerous eroded | prts Stevevrlle soils are tound on undulatrng to rolling topography with slopes -
of 210 15%. They are moderately well drained wrth little or no potential for cumvated agnculture

Grazing capacity is 19 to 24 ha AUY-1,

The Halliday series is a Brown Solod with a common horizon sequence of Ah, Ae, AB, Bnt,

BC, Cca, Csk. The A horizon is brown to gray-brown and slightly acidic. The Ae and AB horizohs
i
are very distinct. The series is charactenzed by a transrtronal AB horizon, retaining the round-

41

topped form but losing any strong seconddry stmcture and is easily broken into subangul’ar
blocky peds. The transition to the columnar structured Bnt horizon is gradual in both oolour and
texture. The Bnt honzon is generally of clay loam texture and dark brown in colour The structural

charactenstlcs gradually become less obvious through the BC honzon and disappear entirely i in

the Cca horizon at4s5to 55cm. The mrldly alkaline pH of the B honzon increases to moderately
i ¢
alkalrne in the C h,;;mon These soils developed on frne Ioamy till, occurring in lower slope
3‘&&

. posrttOns in uﬁdulah\g and hummocky areas. Slopes range from 2to 15%. The sous are

mpderately well drained and rated poot ﬁr u‘ngatuon due to theic Solonetzic B sthcture and

subsurface salts. Agncultural qaéabrr ity rs rated as mangrnal and grazung capacity is 141019 ha .

AUY 1 Under contmued dryland farming, medium to strongly acidic conditions can develop in the
A horizon to thé pornt whire crop growth is affected.
The Hemaruka series is a Brown Solodized Solonetz with a common horizon sequence of Ah,

A

Ae, Bn or Bnt, Csk. The A horizon has a distinct Ah of approxrmately 8.cm and an Ae ot

" approximately 3 cm.. The brown to grayish-brown A horizon has a oam texture with a neutral to

shghtly acrdrc pH. The Bnt horizon is characten'zed by a hard, columnar round-topped structure, -
highly resistant to breakdown Itis generally clay loam to clay in texture, dark grayish-brown in

colour and of a neutra! to mildly alkaline pH/The lower B tends to be more weakly structured and

Y 4
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gradgalty decreases in alkalinity at depths of 35 cm below the surface. The C horizon is
charact enzed lighter ool%rs a moderately alkaline pH, and a clay loam texture. Sand lenses

&

3

are common in trll materials. Soils of the Hemaruka series developed on fine loamy till. They occur

. an undulating and hummocky topography. most otten occuaymg lower slcpe positions. Slopes

2

range trom 210 25%. Eroded prts and slight stoniness are common features. These 30|ls are

moderately well'drained, margmal for agricultural capability, and poar for irigated agriculture. The
C
grazrng capaouty has been assessed at 1610 24 ha AUY'

3

Vegetation ) S . : %

The study area supports vegetation of the Stipa-'Boutelo'Ua-Agropyron fac_iatlbn (Coupland '

. 1961). Dominant grasses are Bouteloua gracilis, Stipa oomata, and Agropyron smithii. Stipa .

Artemisia frigida, and the most abundant forbs are Phlox hoodii and Selaginella densa. 'Koe/eria

macrantha and Poa sandberg// are principle subordmate grasses and Carex stenophy//a and C.

m”% lia are pnncrple subordlnate sedges.

‘*%
V.*
’,' -

—~
s

’

»

£ » - Extended overgrazrng results in a short grass drsclrmax often a Bouteloua-Stipa faciation

.. (foup”lam 1961) Dunng must years a Stipa- Bouteloua or Boute/oua -Stipa character is retained
Jin some sites while others swlng towards Strpa-Agmpyron Areas of Boute/oua-Agropyron are
common on Solonetzic sails wnh:large.;plowout areas and are considered as serules representing

a stage in succession. lHeréf Agropyron species occupy blowout areas and Bouteloua occupies

areas with topsoil.

5 'r’*‘a
Vegetation has been classrf ed as §hdrt grass prairie dommated by ‘Bouteloua gracrlls with

secondary occurrences \ot St/pa gomata (Strong and Leggat 1981;  Walker 1981; Kjearsgaard et al.

- 1982). CIassmcatlons as short grass prarne were lrkely based on the overgrazed conditions whrch

tend to favour thei rncrease of short grass specres ,'

< s

e
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KINSELLA
— %

*

Location and History !
o The aspen parkiand study area was located on the University of Alberta rancn, near Kinéella,
157 km southeast of Edmonton. The étudyﬁlsite is inthe NWJ28-47;1 1-W4. Approximate latitude
Jis 53 02 ON and longitude is 111 33 OW. |
' Section 28 of the University ranch had been unfemed?h\many years and vsras heavily grazéd
from 1916 to 1944 by local ranchers. From 1944 until 1970 hay was cut on an alternate year basis.
in 1970 the land was purchased by the province and leased to the University of Alberta; in 1973

5

grazing treatments were established.

Climate ' . PR ‘ :
%, . '

The Klnsella area has a dry subhumld climate with cold winters and mild dry summers
(Wonders 1969). Average annual precnprtatlon is 380 mm. Average annual evapotranspiration is
356 to 406 mm. Approximately 67% of the annual precipitation falls as rain during May to
September; 50% falls during June, July, and August. Average montnly precipitation maximum is
in July (860 mm) and minimum is in October and Novernber (150 mm). Snow accounts for 27% of
the annual precupltatlon. Most snow falls between December and Febmary but may occur
between September and April. Mean annual temperature is 2 OC. The warmest month is July wrth
a monthly maximum temperature of 19 ©C, a minimum of 8 °C, and a mean of 17 OC. January has
the coldest temperatures: with a monthly maximum temperature of -13 °C, a minimum of -23 0C,
and a mean of -17 OC. There are appr'oximatel'y:QO frost free days. Prevailing winde ,.are from the
west fo northwest (Wyat et al. 1944).

Physiology, Relief, and Drainage g _
The study site is in the Eastern Alberta Plain, in the Viking upland (Howitt 1588). The Viking 7

N G .
upland is of hummocky moraine characterized by hummocks with short steep slopes intersp‘ereeq

by nymerous pothole fakes as a result of melting and disintegrating stagnant glacial ice maséé_s: o
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Elevatlon ranges from 67010 700 m. A h:l*eltwater channel traverses north to south: through the

" district. Several lakes have tormed in association with this channel but there are no major creeks-

<

Surficial and Bedrock Geology | g

About 15,000 years ago the reoession‘ot the Kehewin ice sheet deposited heavy textured {ill

-of the Viking moralne from Wthh soils of the Kmsella area developed (Wonders 1969) Where

g erosive agents removed this trll bedrock is the original parent material. Bedrock is of the Belly

River formation, of upper cretac}eous sedlments composed of sandstone, mudstones, and
siltstones, with concreti_onary ironstone beds (Howitt 1§88). Sand and gravel deposits occur s

-

throughout the area.
Soils ,

Soils are fine loamy till dominated by Orthic Black Chemozems‘with poorly drained.Humic.
Gleysols in scattered depressions (Howitt 1988). Some gleyed subgroups Regosols. and .
Solonetzrc sorls are also present in small amounts. Steeply sloping land is domrested by
undnfferentrated black grassland soils. Most soils are of the Elnora series

Elnora isa thm well drained, Orthic Black grassland soul Tili material is fine loamy to fine _
clayebk/ contamrng leSS than 5% coarse lragments itis 8 to 30 m thick and moderately calcareous.
Sanc; andgravel lenses are common. The black loamy surface honzon is 10 to 15 cm thick,
underlam by a yellowish brown, weaxly pnsmatlce horizon. Unattered parent matenal occurs at 40
to 60 cm with calcium carbonﬁ pebbles coal flecks, andiron stams The surface horizon is

n

sllghtly acidic to reutral and subsurface honzons are neutral to mildly alkaline. Elnora is * . Pz

»

moderatcly pervrous and has adequate morsture retefition. Most rainfall mtrltrates but surface

runoff occurs on steep slopes or during heavy rainfall. Elnora is suitable lor gram and lorage
production. Sloped areas are used for grazing and rmproved pasture. Moderate to severe

A,lrmltatlons to crop production resutt trom steep slopes and assodciated sloughs and wet soils.

-

%



148 5

' . ! . ‘ s ‘..'“ . .
Vegetation _ o T

,,'.

The ranch is located in the aspen parkiand of east-central Alberta, corlilsfng of grasslands 6 s

L]

and/or shrub communltles with aspen groves oodumng at lrregular lmervals'*(Mgss 55) Plant 5
Lv

associations vary with topography, souls mousture and range oond tion. Six dlstlnct ra{lhe txpés e
occur: Stipa-Agropyron, Festuca-Stipa, Symphoncarpos shm‘g Populus tremulordes loreslt h:.
sedge meadows, and salf grass meadows \ ) "' ) ' e B

The grasslands and shrublands at and sunoundTr'ljg Kinsella have been classrﬁed mto five
dlffﬁant communmes mcludlng Symphor/carpos Symphoncarpos-Festuca Festuca-Stipa, Stipa-
Festuca and St/pa-Agropyron (Wheeler 1976). The area lﬁfunher classified mto nine
communmes including Carex wetlands, Salix wetlands, aspen forest, shmblands. open grassland,

., forest edge phase grassland snowberry phase grassland, silverberry phase grassland and
brushed fencellnes (Arthur 1984). ’ » L %

Hlstoncally, the land was virgin fescue grassland with Festuca nalll/ as the sole dommant
Grazung and fire modified he grassland, lncreasmg Agropyron trachycaulum, A. dasystachyum, A.
subsecundum Stipa curl/seta Koeleria macrantha, and Da\znrhon/a parryi. Today open grasslands
are dommated b\y Festuca halliion mesic undlsturbed sites. On grazed areas Stipa curt/seta is a
co-dominant. Subdomrnants_ include Agropyron subsecundum A. dasystachyum, Solldago

Ll

species, Cerastium arvense, Achillea millifolium, Fragaria virginiana, Artemisia ludoviciana, A.

frigida, and Galium boreale. Aster lagvis and Solidago missouriensis are the mgst common O

palatable forbs ’ . L

"-‘ A )!‘\ N ’f ‘
Shrubs and trees are’ lou,nd on moistér, lower slope posmons Major species include Populus.
¢ [ 'V S “""

tremuloides, Symphor/cafpos accrdenta//s, and Elaeagnus commutata. Other common spec‘:ies
Include )Ame/anch/er-a/mfo//a Rosa woodsii, R aC/cu/ar/s Rubus idaeus, and Sal/x specaes In
shrub communities, lhe herb layer includes Rubus pubescens Aster specles Vicia americana,
Lathyfus ochroleucus, Pyro/a secunda Fragar/a wrg/n/ana Galium borea’le, Epilobium

éy angusl/fo/lum Viola adunca, Smrlac:na s!ellata Thalictrum venulosum, Calamagrost/s species,

& Anemone canadensrs and Agropyron trachycaulum ’ . ‘ .
. a ) o
X o . . ) % . . -

o



" grandis, Bechmannia s'yzigaanne, and Sium suave.

_ discolor.
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Major species in wetland communities are Carex species, Calamagrostis canaoensis, Glyceria
ifinon willows are Salix petiotaris ang Salix

~

The area is facing a Populus tremuloides invasion of 7.6 m knt-1y-1 (Scheffler 1976) which

had been historically checked by Iightnlng and Indian fires. b

STAVELY

Location and History s : o J )
The study site is located in sections 21 an{ 22-14-29-W4, approximately 100 km south

southwest of Calgary inthe Porcupme Hrlls Approximate latitude i is 50 ON and longitude 150114
OW. The area was moderately stocked with cattle for summer grazing from 1884 to 1908, with

horses from 1908 to 1920, then again with cattle from 1920 to 1944 (Johnston 1961). itwas
. \ "

' hea\)ily grazed during the drought years of the thirties. In 1944 the area became part of a large

ranch and was llghtly used as winter range untll 1949. In 1949, the Alberta government leased
390 baof range to the federal governmént and called the site the Stavely Grassland Substation.
Three fields were estgblished, correspondlng to the light, moderate, and heavy grazing

treatments In 1951, the very heavy grazing treatment was established. In 1965 the name was

changed to Range Research Station, Stavely. Alberta and carrying capaaty and other studies

. -__' )

were started.

<

Clynate

The climate i$ moist subhumid without marked deficiency of precipitation (Johnston 1961).

Annual precipitation‘ is approximately 550 mm with approximately 40% of this occurring as snow.

May to September precipitation is 230 to 370 mm (Strong and Leggat 1981). vDun’ng the winter,
Chinook winds moderate the climate. Temperature tends to fluctuate widely at all seasons. Mean
annual temperature is 5 OC, with Jamuary means of~10.9C and July means of 18 OC. There are

approxrmately 230 growmg days and the frost free period is 25 days.
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Physiology, Rehet. and Dramage t\ _
| The topography range"snlnom gently rolling to hilly. The gently nolling areas oomprise only a
small pe,rcentage of the total area and are located near drains. The rolllng area consists of half the
remaining area and is made up of flat hench lands and less steep slopes. The remaining land is
hiy, consisting of steeper slopes to drains and rough higher land to the north and northwest lNitf‘l
-altitudes up to 1402 m (Johnston 1961). |

T he Porcupine Hills are generally poor'ly watered although the study area is supplied with

water. A creek, which is supplied by a good spring, runs along the west side of.section 21 and
another creek which appears to be intermittent, is located between sections 21 and 22. A srnall

spring runs into this creek from the north.

Surficial Bedrock and Geology o o - ; ', _
yoo o
Bedrock consrsts of sandstone whlch outcnops trequently ,resultmg |n shallqw mfertlle sorls
M D N
along many hillsides. The area had been glacuated by |ce ongmatlng near the Hudson Bay and

over the Rocky Mountains, the Laurentlde and Cordllleram?ce sheets (Beke 1969) Glac:al tilt
surf|C|al deposits are oorpmon and range'in thlckness from Iess than 20 feet on ndges to more

pe

than 100 feet above sea Ievel Laurentrde drift matenal covers Cordulleran dnft throughout most of

e

the Porcupme Hl"S ". | '
, . oS
Soils S S g | |
. “The soilis an Orthlc Black Chemozem and has a clay loam to loam texture (Johnston 1961).
The uplands and steeper slopes tend to be of’ heavy loam texture, while lower areas and less
steep slopes are mostly loams. Depth of Ah honzons average 810 10 cmwith 5 cm on uplands
and 15 to 18 cmiin gently rolllng _llats.» The C horizon occurs at approximately 60 cm. Soils are

generally quite fertile, well drained, with normal, non-Solonetzic profiles.
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; parry/ forms a drschmax under heavy utilization and an edaphic subclimax on exposed sites.
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SOiIs are dominated by the Dunvargon series (Walker and Brierly 1988). Dunvargon is an
Orthic. Black Chemozem wrth acommon horizon sequence of Ah, Bm1 Bmg, BCk, Ck. The
series is charactenze@y a thick clay loam Ah usually greater than 15 cm. The Bm honzons are
dark yellowish brown of clay loam to loam texture, occuring at depths of:14 1035 and 35 to 53 cm.
Carbonates are found below 50 cm. The soil developed from moderately calcareous, medium™

textured, contmental till overlymg sandstone. Sandstone ghosts are present throughout the B

horizon. Grav%c?)pé size quartzmc stones are prasent throughout the profile.

Johnsft;n e’t df (1907;’1) documented changes in soil due to grazing treatments. The sorl was
black under hght grazing, dark gray under moderate grazing, dark graylsh-brown under heavy
grazing, and dark brown under very heavy grazing. Percent organic matter and total phosphorus

decreased as grazing intensity increased, while NaHCOg3 soluble phosphonﬁwcreased

Vegetation . ‘ ‘ g .

Vegetatron is of the tescue grassland association (Moss-‘and Campbell 1957xLooman 1969). T

~

Festuca campeslr/s is the dominant species in undrsturbed and lightly grazed areas. Danthonia

Subdog]tnant gras§&s wh@vmcrease with: grazmg lnclude Festuca idahoensis, Danthon/a

'/ntermed/a Agropymn subsecundam A trachycaulum Koe/er/a macrantha, and Hellctomchon
‘ .

R
P

hooken Common forbs mclude Geran/um viscosissimum, Cerastium arvense, Ga//um boreale,
)

Sol/dago glabbenna Anemone patens, Aster laegvis, A. ericoides, Hedysarum alp/num Geum

‘ tr/f/orum thhospermum ruderale, Lup/nus argenteus and Ach://ea millifolium. -Common shrubs

include Potentilia fmt:cosa, Rosa arkansana, and Artemisia frigida (a %uffratescent shrub). With
heavy grazing Festuca afld Danthonia species are replaced by invaders such as Taraxacum
off/cma/e Lappula redowskii and Poa species. .

Under light grazing, Festuca campestns was the domrnant grass with Danthon/a parry/

P

'dommatmg heavy grazed figlds (Johnston etal. 1971). Under very heavy grazing, Festuca

i %
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campestris was eliminated, litter almost disappeared, and various annual spedies invaded.

- Populus tremuloides had encroached upon grassland in the lightly and moderately grazed fields.
“ \;’ ‘ . AN
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SOIL SAMPLING

STATISTICAL ANALYSES I

N

APPENDIX IIl. PARTICLE SIZE AND WATER RETENTION OF STUDY SITE

SoiLS .

/o »

r\;)

The expenmemal design wrthrn each study site was a hlerarchrcal (subsampling)
arrangement Wthrn each treatment, three 0.1 ha areas were randomly chosen Within each of
these areds, sample points were randomly selected lrom which soil samples were taken in May
1986 In each 0.1 ha area, three soil samples (9 per treatment) were obtarned approximately 15 m
apart with a hydraulic coring unit. Samples were separated into depth mcrements of 0-5, 5- 15 15-
30 30 45, 45 60, and 60+ cm. ’

Water retentron was deterrnmed using a No. 1600 pressure plate extractor and a ceramic No.

150% plate extractor (both trom Soil Moisture Equipment Com., Santa Barbara, Calnfbrma) for -33

kPa and 1500 kPa respectrvely (McKeague 1978) The retainer nng was 5cmin drameter the

crushed and ground (2 mm) soil sarnple mass was approximately 10 g. Available water capaaty

' ~was calwlateYy subtractrng water oontent at-1500 kPa fromthat at -33 kPa.

-, Sand, silt, and clay contents were determined using the hydrometer method (McKeague
1978) Pretreatmgnt tor removal of organrc matter was conducted as outlined in McKeague in

sectron 2 11 1B. usmg hydrogen peroxrde Pretreated samples rncluded Kinsella samples from 0O-

’ 5 cm and Stavely samples from 0-5 and 5- 15 cm. Sorl textural classes were assigned according to

the Canada Sonl Survey Commlttee (1978) textural tnangle

’5

- Statrstrca‘ analyses we /e’gznducted using vanatron among 0.1 ha areas as an appropnate

measure ol err vanatton for testrng the srgnrfrcance of treatments Data were tested for -
homogenerty ol nance usrng Cochran and Bartlett Box tests lor homogenerty The W test was .
used fo test data tor normalrty ot drstnbutron (Shaprro and Wlk 1965) An SPSSx analysrs of

vanance program was used to test tor treatment etfects Data wrth srgnmcant F values were further
S 154.“"’_r,. ,
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. . ey
anatyzedto separate means using the Stuclent Newman Keul (SNK) test at.the 5% level o, .

srgnlﬁcance (Steel and Torrie 1 980). - 7 ~ _ e )
L % ’
Prelimnary statistical analyses mdrcated that variation arnong the 0 1 ha areas: was not -

signifi cantly different trom samphng pomt vananon and thenefore irt all tuture analyses area and
sampling porm variation were pooled ‘me sources ot vanatton in the ﬁnal statlstlcal analysns were

treatments and error within treatments. - ; SR E
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$Akire with depth at Brooks.

Table II.1. }
SN N
Depth ' Late Contr,
(cm) .
d %
AT
0-5 e L L
5-15 L L - L L=loam
15-30 L L-CL L SL = sandy loam
30-45 CL CL cu SCL = sandy clay loam
45-60 CL CL CL CL = clay lbam
60+ L-CL cL CL
Table 11.2. Soil texture with depth at Kinsella.
Depth Lightl Heavy Heavy Light
(cm) . June June‘ Autumn Autumn Control
.05 scL scL SCL scL scL
5-15 L L L SL L-SL
15-30 SL SL L - - SL L
30-45 SL SCl\-SL, SCL ¥ SCL ‘ L
45-60 SCL FL &' SCL-SL L ' ’ L
60+ SCL L L SCL SCL
. .
. Table 11.3. Soil texture with depth at Stavely.
Depth - :
(cm) Very Heavy Heavy Moderate Light Control
0-5 SCL cL ' CL / CL - CL
515 cL cL Coc CL cL
15-30 CL L CL . CL L
30-45 L CL CL ' L CL
45-60 L - CLL CL - L CL

60+ L CL CL L CL
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Late
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Smm

% Silt

aaa”j

% Clay *

Depth (cm)

!

Figure 11.1. Percent sand, sift, and clay in the soil profile at Brooks.” Within parameter and depth

means with the same letters are not significantly different (P<0.85).
| 4
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means with the same letters are not significantly different (P<Q.05).
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Figure 11.3. Percent sand, silt, and clay in the soil profile at Stavely. Within parameter and depth
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- 'same period.

+ ¢ +  APPENDIX Wl. CLIMATIC DATA FOR THE STUDY SITES

METEOROLOGICAL DATA ‘

Campbell Scientific CR21X dataloggers were used to collect meteorologrcal data at each

o’

' stady site from April through Octooer 1985 to 1987. Data included: precnpltatlon with atipping

bucket rain gauge air tempergture relative humtdtty. and wind speed. Problems with these
meteorologtcal stations sometimes led to loss of data. Missing data were obtained from
Atmospheric Environment Services (1985-1987) for the closest meteorological data collection
centre to each of the study sites. These centres were Brooks AHRC, Kinsella Ranch, and
Claresholm Waterworks for the Brooks, Klnsejla and Stavy study sites, respectwely

N

§TION AND WATER BEFICIT

~

-*
vapotransprratlon (PET) values were calculated using the Thomthwaite

'

equatlon correctlng tor latitude (Wthers and Vipond 1980). Monthly precrpttatlon was subtracted

trom rnonthly PET to obtarn monthly detlcrt Monthly values of PET precrprtatton and deficit were

summed tor Apnl to October, mctuswe to obtam growrng season vatues These values were
i .

compared to the long-term normals (1951 1980) ' ' Ng\

The growing season detrcrts at Brooks foi* 1985 and 1986 were- 111 and 92 mm lower than the "

LPr

~ long- term average of 312 mm, Iargely due to above normal precrprtatron in August September

r

' ) and October (133 319, and 200% of the normal respectlvely) The growing season detrcuts for

Claresholm arrport (approxrmately32 km from the Stavely study stte) in 1985 and 1986 were 233 L

and 187 mm respectlvely, compared to the long-term average of 204 mm Preaputatton at

'y )

Claresholm m"1985 was below normal for the: enttre penod April to July mclusrve 497 53 15 and

O%,ot the long-term normal) and then above normat tor Augusttb October mclus:ve (1 1 9 193, -

/

\ A
- and 110%, respectlvely) Arr temperature tollowed an mverse trend to that of preqputatrgn for the -

.

A e s



165

.

CALCULI\'TiON OF FIELD CAPACITY ANp 'WILTING POINT

"Field capac:ty and wilting pomt for a given depth increment were calculated by depth
) weughtmg of appropriate -33 and -1500 kPa values. For these mcrements bulk densuty was also -
depth wenghted Fo: example to obtain field capaaty of the uppermost 10 cm, the -33‘kPa value
for the 0-5 cm depth increment and half the value for the 5-15 cm depth increment were summed.
For a given depth lncrement fleld capaclty and wmmg point were expressed as mm of water by
multiplying depth welghted -33 kPa values and -1500 kPa values, respectlvely by depth.
increment by bulk density divided by densuty of water (1 Mg m3). Values for g’reater increments

.were etermmed by summing constityent mcremems For example the-0-80 cm value was the _

-sum of 0-30, 30-50, and 50-80 cm values

i
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Table IIL1. Monthly temperature (°C) for the Brooks study site.

166

1951-1980

o . - Month Average 1985.

1986 -

i

&g

.. danuary 1142 -12.5 -1.8

" February -10.6

March - 3.7

“OEE April e 4.6

May *

' 48

. June - 17.2

July 16.4
» August 17.9

¢ September 8.8

120

135

-3.0
1.7
-0.4
. w2
8:8 (

- 13.2

18.0,

~17.9

14.7

- - -chobér 6‘.3_1 .58 ' 76 e 69 )
November 3.1 s '4513.'7' _ U 59" 1.0
- %ﬁecember .ﬂ T sa _ g 33 -3.9 .
RS Annual rr?'eén 3.8 31 5.7 7.1 .
: 3
, ¥
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Table 1.2 Monthly pfecipitation (mm) for the Brooks study site.
~ . 1951-1980 ) |
onth Average ) 1985 1986 - 1987
January 21.9. - ’“ 3.4 0.6 4.3
February 14.4 15.1 19.5 4.3
March 16.0 11.3 11.5 \ 28.1
April 26.0 79.9 10.8 416
May 38.3 13.2 54.5 ° 26.8
June 657 220 305 22.1
July. ~ 322 38.8 62.9 43.2
August . 404 ' ,,53.4  12.8' S102.6
September 338 1235 - ‘-',140.5 o157
..""Ovc'tobevr 134 . seg. 254 - 68
‘Novembe( a9 BERT R, _,15.:1 60 B
December 187 4 T 54 ;5.-4
-'Annual total - 335.4 o 4071 ° 387.6 | 2779
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. " Tablelil.3.  Monthly temperature (OC) for the Kinsella study site. =

s “Mg51.1980 ' R
" _Month - Average 1985 - - 1986 . 1987

N

~+ January’

-16.9 -10.7 -6.6 -71

';-Feb;uar):'_? -11.4 -13.5 -14.0 - 5.4
Maroh -6.9 2.3 01 -6.0
Apnl - 3.2 5.1 36 T 74
= May T 104 121 119 12.3
June’ 142 125 149+ 170
July 6.7 17.9 15.0 16.9

August 156 &1 463 13.2

f

’

September  10.4 © 69 .- 8.5 13.3
October | 4.9 ) 3.6 - 6.8 5.5
‘q No_verﬁber : 5.2 - 1427 - 93 0.3

December * . -124 . .78 6.8 6.4

Annual mean 1.9 2.0 i . 3.4 IR T
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Table li1.4. Monthly predpitation (mm) for the Kinsella study site.
-‘.‘_"‘;g‘ o
o 1951-1980 .
_.-Month - Average 1986 1987 .
January 19.6" 126 1.3
February, " 118 100 ¥% g0 18.4
March . 457. 3.2 232 157
April 262 23.8 , 2836
May 403 59.0 . 248
June 82.3 56.2 33.8
July . 758 22.0 £ 83.9
August | 60.0 70.5 208 Y 798
Séptember . . 38.6 | ‘32.6 V\, 62.7 v 31.0'
October _“[;116‘,7' : 460 160 110 .
November 157 149 24.0 6.8
December ~18.9 (k - 36.2° 9.0 9.0
Annualtotal  421.6 -~ 3762 3947 . 344.1

. - . . s
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Table IiL5. Monthly temperature (°C) for the Stavely'skjdy site.

- -

1951-1980 - ¢ B
Month Average 1985 1986 T+ 1987

January - 99 -5.7 1.6 - .10
February -5.4 : 71 ) -7.9 >
‘March 21 0.8 5.6 o
> April 4.4 741 5.6 8.7.
May 10.6 12.6 “11.4 122
June 14.8 140 - 162 16.7
July ERE-R 199 < 155 16.2
August 16.9 456 . 17.2 13.6
September . i'2._0 Ny 83 8.1 ‘. 13.5

~ October 72 80 - 85 7.3

_November - -0.9 -12.6 3.5 29" ‘ R o

.. ﬁi%'

December ™ .58 R I - 0.3 -2.5 o e

Annualmean - 5.0 . : 4.7 6.6 73 .,

; . 4 4
. ] :'&“. L
v tw "0 kS
5 ?.“:f"vﬁ
N wo T
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;Table IIL.6. Monthly precipitation (mm) for the Stavely study site.

1951-1980
Month - Average , 1985 1986 1987 -
January 29.4 6.5 1.0 7.0
February 20.9 200 35.6 3.0
March 27.2 }/6.4 10.4 33.0
April 49.6 &}16.5 | 19.6 - 16.2
‘May 46.3 30.3 65.2 11.9 -
June 81.7 11.0 529 . 347
July : 45.8 23.0 43.1 109.8 )
August 67.6 61.8 343 78.6
Sepiember 37.8 | 65.4 123.0 16.1
‘October 195 206 15.9 7.4
November’ 21.6 46.6 . 30.8 9.2
December | ~ 28.6 17.0 | 3.0 9.6

Annual total- 476.0 - 365.1 4348 - 3365
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Table I.7. Water (mm) at field capagcity and wilting point for the three stydy sites.

A

Brooks = Kinsella Stavely
1 .

5 ‘,epth Field Wilting Field Wilting = ' Field Wilﬁng

Inegement Capacity Point . Capacity Point Capacity Poin

-_;'(gm) | : |

s (
. '0-1% ‘ 26 12 33 21 37 . 30

0-30 - 93 44 91 53 79 ' 56

30-50 ~., 83 46 62 ¥ 30 65 36

50-80 . 125 .66, 97 43 115 58

0-80 ¢ 301 1sp 250 126 259" 150
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