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ABSTRACT

The impacts of intensive grazing management under specific forage types and
grazing intensities on near-surface bulk density and soil water were measured in a
completely randomized block design of 4 forages x 3 grazing intensities over 4 replicates
at Lacombe, Alberta.

Near-surface bulk density (DB) increased with increased grazing intensity similarly
under both annuals and perennials and increased most in the first summer. DB also
increased over-winter while over the second summer, it decreased in some treatments.
Cultivation mitigated increases in bulk density only slightly.

Seasonal soil water was highest in spring. Surface soil water was generally highest
under heavy grazing and annuals. Soil water under perennials was lower than annuals
from mid April until early August, but similar thereafter. Wetting fre 1ts were larger under
annuals than perennials. Evapotranspiration was higher under perennials than annuals

from May until late June while the opposite occurred from late June until early August.
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1. INTRODUCTION
Background

In Canada, more and more farmers are diversifying their management schemes
to incorporate beef prcduction or to increase the production of existing beef
operations. Economic factors continue to favor the production of Alberta beef as
global population increases, the cost of trade decreases and the high quality of Alberta
beef is maintained within the global market. Increased demand for beef is forcing the
cattle industry to expand from arid and semiarid rangelands and to utilize more humid
ecosystems, traditionally used for grain farming. In other regions, grazing is used to
improve marginal or lower quality land. The Parkland Ecoregion of Alberta contains
700,000 ha of improved pasture, 41 % of the provincial total (Statistics Canada,
1991). Most of this pasture is used by the beef cattle industry, which annually adds
$1.5 billion to the provincial economy (Statistics Canada, 1991). Fluctuating cattle
prices from year to year result in fluctuating cattle numbers which creates fluctuating
demand for pasture on a yearly basis. Flexibility in the number of hectares in pasture is
therefore an important competitive tool for Alberta beef producers.

Soil water is one of the most important factors affecting range productivity
(Houston, 1965). Infiltration is the hydrologic p.ocess that determines the partitioning
of precipitation between soil water and surface runoff. Erosion removes topsoil and
carries nutrients away from the land often into creeks and rivers undesirably affecting
water quality. Soil structure degrades as organic matter declines and bare soil is

exposed to raindrop impact leading to surface sealing and crusting. Since the soil



surface controls the rate of water movement into the soil profile (Gray, 1970), range
management strategies should involve soil water conservation and aim to reduce soil
and nutrient losses through runoff and maintain soil structure through organic matter
recharge. The most practical and economic means of realizing these objectives may be
through manipulation of grazing animals (Naeth, 1988).

Interest in Alberta’s rangeland hydrology, particularly the effects of grazing on
soil physical properties and water processes, has intensified during the past few years
because of the need to ensure sustainable management of soil and water resources
while increasing productivity. Savory and Parsons (1983) suggested that rangeland
conditions will improve under rotational grazing by breaking up soil crusts,
incorporating organic matter into the soil and improving soil physical parameters.
Dormaar et al. (1989) reported an increase in bulk density and a reduction in hydraulic
conductivity unde: short duration intensive grazing (SDIG). Warren (1986a) reported
increased soil bulk density, increased runoff and cediment yield and decreased
infiltration rate under heavily grazed pastures compared to lightly grazed pastures
under SDIG. SDIG is being implemented as a new management practice as farmers
atternpt to maximize their land resources (Dormaar et al., 1989).

Annual pastures are routinely used in other areas of the world as supplémental
forage during times of reduced biomass production of perennial forages. Baron et al.
(1993) reported that in Alberta’s Aspen Parkland, many cool-season perennial forages
produced 60 % of annual production before 1 July. As a result, livestock production

was limited during late summer and fall. Intermitten: frosts and low temperatures



during September and October in temperate climates limit growth of most forages
evcept winter cereals. The potential of using winter cereals to supplement perennial
forage production could increase farmland use for up to six months of the year.

In the Aspen Parkland, traditional cereal production only utilizes four of six
potential growth months: four months, from May to August, required for growth from
se¢riing to ripening; and two months, when the land lies idle before winter freeze up.
Cropping practices which utilize the entire growing season could provide additional
pasture for livestock and reduce soil erosion (Baron et al., 1993). Hydrologic research
has traditionally been focused on arid and semiarid zones and there is little information
about hydrologic parameters in the cooler and more humid ecoregions of the Canadian
Prairie. Little is known about the hydrology of SDIG in Alberta in which newly
seeded perennial forages as well as annual forages are used.

Grazing has hydrologic impacts which result primarily from interactions of
climate, vegetation, soil and intensity and duration of grazing (Blackburn, 1984; Naeth
and Chanasyk, 1996). The scientific literature contains hydrologic studies on many
range types in the United States which are summarized in reviews by Blackburn (1984)
and Branson et al. (1981). Each ecoregion behaves uniquely, argue Taboada and
Lavado (1988) and Blackbumn (1984). The factors causing differences among past
studies on rangeland hydrology are related to different soil properties, environmental
conditions and grazing intensity so each ecoregion must be studied separately
(Taboada and Lavado, 1988). In research studies, light and medium grazing intensities

create small changes in hydrology while heavy grazing almost always decreases



infiltration and increases bulk density. These deleterious changes are often

confounded by range improvement activities (Naeth, 1988).

Soil parameters influencing rangtlaud hydrology under grazing

Many researchers have reviewed the effects of cattle trampling and vegetation
removal by grazing animals on rangeland hydrology and soil physical properties
(Warren et al., 1986a; Taboada and Lavado, 1988; Chanasyk and Naeth, 1996). Most
researchers agree that heavy grazing of animals can alter surface watershed
characteristics which increase runoff potential and subsequently, increase erosion
potential, decrease infiltration, decrease surface-water quality (Warren, 1986a),
decrease soil quality (Dormaar, 1989), and reduce forage production attributes
(Heady, 1975). Under intensive grazing, vegetation defoliation, reduced litter and
higher stocking rates compact soils (Chanasyk and Naeth, 1996). Compacted soils
have reduced infiltration and macroporosity (Heinonen, 1986; Toboada and Lavado,
1988). Macropores act as conduits for precipitation within the soil. Rain drop
impacts on bare soil can break down surface soil aggregates which clog existing
surface pores and create soil surface crusts (Heady, 1975; Naeth and Chanasyk, 1996).
Soil compaction is an important process in rangeland hydrology because it influences
water intake and runoff (Branson et al., 1981). Soil compaction was defined by Gupta
et al. (1989) as the compression of unsaturated soif particles, causing an increase in
bulk density with a simultaneous reduction in fractional air volume. Except for high
clay soils, increases in bulk density are commonly associated with soil compaction and

the deleterious effects of grazing on soil structure and soil hydrologic responses



(Abdel-Magid et al., 1987, Dormazr et al., 1989; Chanasyk and Naeth, 1996) Degree
of soil compaction depends on soil water, soil texture, grazing intensity, vegetation
type and climatic regime (Toboado and Lavado, 1988; Chanasyk and Naeth, 1996).
There is a strong relationship between soil water and soil texture and grazing
(Chanasyk and Naeth, 1996). Fine textured soils tend to hold more water than coarse
textured soils and thus are more vulnerable to compaction especially when pastures are
grazed under wet conditions (Chanasyk and Naeth, 1996). The greatest amount of
soil compaction occurs at field soil moisture contents between wilting point and field
capacity (Orr, 1960). Soils tend to compact more under moist conditions (Chanasyk
and Naeth, 1996) because soil particles slide past each other with the lubrication of
water (Hillel, 1982) while under dry conditions, soil aggregates can break down from
cattle trampling to form a compacted surface soil layer (Warren et al., 1986b).
Increases in bulk density due to grazing are shallow (Orr, 1960), with the greatest
density increase in the 0 to 5 cm depth interval. Cultivation of annual pastures may

mitigate increases in soil bulk density due to disturbance of near-surface soil.

Vegetation parameters influencing rangeland hydrology under grazing

Grazing affects hydrology of an area by altering plant species, plant density,
and ground cover (Naeth, 1988). Heavy grazing often induces changes in vegetation
species and plant density favoring less palatable species or more grazing tolerant
species (Heady, 1975). Grazing reduces plant height and litter accumulation. A

desired management system would include a proper balance of litter accumulation,



vegetation removal by the grazing animal and the inconoration of organic matter into
the soil to maintain soil structure and promote soil sustainability (Naeth, 1988).

Branson et al. (1981) stated that removal of plant material by grazing animals
leads to soil compaction. Under deferred-rotational grazing, Wood and Blackburn
(1984) reported higher bulk density under shrub zonal vegetation compared to
midgrass and shortgrass vegetation. Under midgrass and shortgrass vegetation, soil
bulk density was lower on rested pastures compared to grazed pastures suggesting soil
recovery under rest. Heinonen (1986) suggested that some plant species may be better
at mitigating increases in soil bulk density than other piant <pecies. Smoliak et al.
(1972) reported shallow rooted species replaced deeper rooted species in drier
environments caused by heavy grazing. Rhizomatous rooting species may have an
advantage over deeper rooted species in mitigating near-surface compaction because
root penetration is most active in the zone of greatest compaction.

There is no definitive description or term for dead vegetative matter in range
ecosystems. Naeth (1988) defined litter as all dead organic matter not incorporated
within the mineral soil and occurring above soil mineral horizons. Soil organic matter
was defined by the Canadian Department of Agriculture (1979) as the organic fraction
of soil including plant and animal residues at various stages of decomposition, cells
tissues of soil organisms and substances synthesized by the soil population.

Grazing may reduce soil organic matter by reducing the amount of above

ground plant material (Smoliak et al., 1972; Dormaar et al,, 1977; Naeth et al., 1991a)
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but in other studies, grazing increased soil organic matter (Dormaar et al., 1984) or
had no effect on soil organic matter (Johnston et al, 1971; Dormaar et al., 1977).

Some researchers found the quantity of living plant matter and associated litter
correlated better with infiltration than any other measurable parameter (Rauzi and
Hanson, 1966; Rauzi and Smith, 1973; Naeth, 1988). Litter and vegetation increase
infiltration rates by improving soil structure, decreasing the impact of raindrops which
induce surface sealing, and by reducing and slowing down runoff which leads to
erosion (Naeth, 1988). Litter can reduce evaporation losses from soil through
reduction of wind velocity, stabilization and lowering of soil temperature, and
increasing the diffusion gradient from soil to air which can increase soil water (Naeth,
1988).

Litter and vegetation can also reduce the amount of precipitation reaching the
soil surface through interception and subsequent evaporation of absorbed water
(Naeth et al, 1991). Interception varies with plant species and cropping system
(Branson, 1982). Interception losses from small storms are often high while those
from larger storms are small, ranging from 2 to 5% (Corbett and Crouse, 1968). The
amount of water evaporated from litter is governed primarily by the volume of
accumulated litter (Hevely and Patric, 1965), the water holding capacity of litter
(Naeth et al, 1991b), and the evaporation potential before and after precipitation
events (Corbett and Crouse, 1968). Water holding capacity of litter varies with

vegetation type and particle size distribution of litter (Naeth et al., 1991b). Taller
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vegetation will increase the amount of interception through increased leaf area
(Branson, 1982).

Perennial pastures are traditionally used for conservation and many are
established in the Aspen Parkland as supplemental pasture or to be cropped as hay.
Meadow bromegrass (Rremus riparious Rehm.) is adapted to the more moist and
cooler areas of the Canadi'an Prairies (Knowles et al, 1993). It has a restricted
creeping root habit and a:undant basal leaves with rapid regrowth following clipping
or grazing (Knowles et ai., 1993). Meadow bromegrass has a bunch grass habit with a
h's* litter producing potential and a moderate to high erosion reducing potential while
smooth bromegrass is a rhizomatous perennial grass with a moderate litter forming
potential and a high erosion reducing potential. Smooth bromegrass is a rhizomatous
perennial grass with medium litter producing potential and high erosion reducing
potential. 1t is slow to regrow because most or all tiller apices are removed by cutting
(Barnes et al. 1995) and regrowth comes from crowns and underground rhizomes.

‘Pika’ Winter Triticale (X Triticasecale Wittmack) is a rust and snowmold
resistant crop compared to varieties of rye and wheat grown in the Canadian Prairies
(Salmon et al., 1992). Due to earlier maturity, Pika is more suited for seed production
than spring triticale cultivars in the cool, short-season areas of Alberta (Salmon et al,
1992). Pika matures early and appears to have potential for spring-seeded forage
either as a monocrop or in combination with barley (Salmon et al., 1992). Triticale is a

winter cereal with low to moderate litter forming potential and moderate erosion
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reducing potential. A triticale/barley mix has a low litter forming potential and a

moderate to low erosion reducing potential.

Study Objectives

To effectively manage grazing }» +!s .. a productive yet sustainable manner in
Alberta, the impacts of grazing intensity .. - il physical properties and hydrology
must be quantified. To successfully quantify « :2 characteristics, a knowledge of the
interaction of soil, climate, vegetation and management decisions must be improved.
Although much research on rangeland hydrology and soil compaction has been
conducted in the United States Great Plains, extrapolation of results is not easy
because of differing soils, climate and vegetation. The present study was intended to
assess the hydrologic impacts of short duration intensive grazing at a pasture site in
central Alberta Aspen Parkland. It was hypothesized that soil bulk density would
increase with increased grazing intensity but increases would be mitigated under
annual forages through cultivation. Soil water status would be controlled at the soil
surface and would include effects of soil compaction, litter, vegetation and bare
ground. The research was designed to compare the hydrologic response of crop by
grazing factors under the same soil and climatic regimes. Special consideration was
given to those parameters which influenced increases in soil bulk density and changes

in soil water status.
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I SURFACE SOIL COMPACTION UNDER ROTATIONAL GRAZING OF
ANNUAL AND PERENNIAL FORAGES IN CENTRAL ALBERTA

Introduction

In many ecosystems around the world, researchers have reported soil
compaction by grazing animals (Warren et al., 1986; Stephanson and Veigel, 1987,
Toboado and Lavado, 1988; Chanasyk and Naeth, 1996). Soil compaction was Jefined
by Gupta et al. (1989) as the compression of unsaturated soils, causing an increase in
bulk density with a simultaneous reduction in fractional air volume. Except for high
clay soils, increases in bulk density are commonly associated with soil compaction and
the deleterious effects of grazing on soil structure and soil hydrologic responses
(Abdel-Magid et al., 1987, Dormaar et al., 1989; Chanasyk and Naeth, 1996). Degree
of soil compaction depends on soil texture, soil water, grazing intensity, vegetation
type and climatic regime (Toboado and Lavado, 1988; Chanasyk and Naeth, 1996).

Fine textured soils tend to compact more than coarse-textured ones (van
Haveren, 1983). In the Northern Great Plains, bulk density in clay, silty clay and
sandy loam soils all increased under heavy grazing compared to light grazing (van
Haveren, 1983) while in sandy soils, no increase in bulk density occurred with greater
stocking density (Abdel-Magid et al., 1987).

There is a strong relationship between soil water and soil texture and grazing
(Chanasyk and Naeth, 1996). Fine textured soils tend to hold more water than coarse
textured soils and thus are more susceptible to compaction especially when pastures

are grazed under wet conditions (Chanasyk and Naeth, 1996). The greatest amount of
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soil compaction occurs at field soil moisture content between wilting point and field
capacity (Orr, 1960). Soils tend to compact more under moist conditions (Mulholland
and Fullen, 1991; Chanasyk and Naeth, 1996) because soil particles slide past each
other with the lubrication of water (Hillel, 1982). Dry soil aggregates can be
pulverized from cattle trampling to subsequently form a compacted surface soil layer
(Warren et al., 1986). Increases in bulk density due to grazing are shallow (Orr,
1960), with the greatest density increase in the 0 to 5 cm depth interval.

Branson et al. (1981) stated that removal of plant material by grazing animals
can lead to soil compaction. Under deferred-rotational grazing, Wood and Blackburn
(1984) reported higher bulk density under shrub zonal vegetation compared to
midgrass and shortgrass vegetation. Soil bulk density under midgrass and shortgrass
vegetation was lower on rested pastures compared to grazed pastures. Heinonen
(1986) suggested some plant species may be better at mitigating increases in soil bulk
density than other plant species. Smoliak et al. (1972) reported shallow rooted species
replaced deeper rooted species in drier environments caused by heavy grazing.
Rhizomatous rooting species may have an advantage over deeper rooted species in
mitigating near-surface compaction because root penetration is most active in the zone
of greatest compaction. Cultivation of annual pastures may also mitigate increases in
soil bulk density due to disturbance of near-surface soil..

Few researchers have examined the influence of grazing intensity on soil bulk
density for different forage types under the same soil and climatic regime. Grazing

intensity is a subjective term that is usually quantified by stocking rate guidelines

18



established for a certain area. Few researchers have quantified grazing intensity in
terms of vegetation height at the beginning and end of grazing. In most past studies,
the response of soil physical properties to continuous grazing of long-term pastures
have been researched but little is known about soil response to rotational grazing.
Short-duration-intensive-grazing (SDIG) is a relatively new management practice in
Canada under research (Dormaar et al. 1989). With SDIG, farmers can control timed
grazing of smaller pastures at increased stocking rates (Dormaar et al. 1989). Savory
and Parsons (1983) hypothesized that soil physical conditions could be improved
under SDIG through the breaking up of surface crusts by cattle trampling. However,
Warren et al. (1986) reported increases in bulk density correlated with increasing
stocking rate under SDIG under both moist and dry soil moisture conditions.
Dormaar et al. (1989) also reported increased deterioration of soil quality under an
already poor quality soil, using high-stocking rate SDIG.

Since the objective of most grazing manageme:t pra:tic.s is to maximize
livestock production per unit area while maintaining sustained forage resources
(Dormaar et al., 1989), using annual forages as supplemental pastures may be an
option for some managers. In the Southern Great Plains, hard red winter wheat is
used as supplemental forage during fall and winter (Krenzer et al., 1989). In Central
Alberta, perennial forages produced 60 % of total summer production before July 1
(Baron et al. 1993). Few researchers have studied the use of annual forages to extend

the grazing season in the Northern Great Plains.
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The objective of this study was to quantify the changes in ncar-surface bulk
density (DB) under different forages and different grazing intensities at a site in central
Alberta. It was hypothesized that DB would increase as grazing intensity increased.
DB would be higher under perennial forages than under annual forage because soils
under annual forages would be cultivated every year thereby mitigating increased DB
associated with grazing. Finally, DB increases would be less under smooth
bromegrass forages than under meadow bromegrass forages because smooth
bromegrass has a rhizomotous rooting pattern which would more efficiently mitiga‘e

DB in the zone of greatest DB increase, than deeper rooted meadow bromegrass.

Materials and Methods

Study Site and Experimental Design

The study site was located at Lacombe, Alberta approximately 130 km south
of Edmonton, Alberta at the Agriculture and Agri-Food Canada Research Centre
(52°N 113°W). Research began in spring 1994 and ended in fa!! 1995. The climate is
continental prairie which is slightly affected by Chinook winds most winters
(Environment Canada, 1991). The moisture regime is sub-humid with 447.5 mm of
annual precipitation (de St. Remy, 1990). The mean annual temperature is 2.4 °C with
a January mean temperature of -13.8 °C and a July mean temperature of 16.1 °C (de
St. Remy, 1990). The dominant soil on the study site is an Orthic Black Chernozem
(Ponoka series) with a silty loam surface horizon texture and a variable loam texture in
deeper horizons (Bowser et al, 1951; AAFC Lacombe Research, 1$52). The

thickness of the surface horizon is variable but averages 30 cm. Below lies a well
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develuned AB horizon that is also variable in thickness and reaches a maximum depth
of 60 cm in some areas. Soil on the study site was developed on glacio-lacustrine
parent ma:erial characterized by bedded clays, silts and very fine sands (AAFC
Lacombe Rescarch, 1953; Stalker, 1960). Topography of the study area is undulating
with a ! to 6 % 3lope.

14~ study site was located on both esst-facing sloped and flat land at an
elevation :inging from 866 to 873 m. Prior to the study, the pasture was vegetated
with smooth bromegrass (Bromus inermis L.,), quackgrass (Agropyron repens L),
and blue grass (Poa practensis L.) and was grazed periodically each summer for
approximately 15 years. In summer 1992, the study site was broken and fenced.
Experimental plots were established, 48 in total, in 4 replicates of 12 plots each.
Individual plots wei~ 9 m wide and 33 m long. The four replicates were located above
each other with ihe upper two replicates on a 4 to 6% east facing slope and the bottom
two replicates on relatively flat land. Adjacent to the site, 3 unfenced benchmark plots
(3% east facing), established on an open 25 year old pasture, with similar plot
sampling dimensions, were established on a sward similar to that of previously
unbroken land, to provide a long-term pasture comparison. The plots were left fallow
until spring 1993 after cultivation in 1992. During the establishment of the forages in

1993, one plot was discarded due to operational problems.

Meteorological Conditions
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A portable weather station was set up on the research site. Total daily
precipitation, maximum temperature and minimum temperatures were measured from
mid-April to late-October in 1994 and 1995. Data from the study years were
compared to 85 year long-term data (1907-1992) from a weather station less than 2

km away.

Forage Factors

Four forages with differing grass morphology and litter forming capabilities
were chosen for study under grazing. ‘Paddock’ Meadow bromegrass (Bromus
riparious Rehm.) and ‘Carlton’ smooth bromegrass (Bromus inermis L.) used as
perennial treatments, while ‘Pika’ winter triticale (Triticosecale X Wittmack) and
triticale/barley (Triticosecale X [Hordeum vulgare var. AC Lacombe) mix were annual
treatments. Meadow bromegrass is a bunch grass with a high litter producing
potential and an assumed moderate to high erosion reducing potential while smooth
bromegrass is a rhizomatous perennial grass with an assumed moderate litter forming
potential and a high erosion reducing potential. Triticale is a winter cereal with low to
moderate litter forming potential and moderate erosion reducing potential. The
triticale/barley mix has a low litter forming potential and a moderate to low erosion
reducing potential.

Perennial forages were seeded May 31, 1993. Seedbed preparation consisted

of a fertilizer application (112 kg ha 1), one pass with a rototiller, followed by a
diamond spike harrow and then a crowfoot packer. Smooth bromegrass was seeded at

11.2 kg ha™ and meadow bromegrass was seeded at 16.8 kg ha'. Alfalfa (Medicago
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sativa var. Spreader II) was seeded with each perennial forage at 1 kg ha™. Forages
were broadcast seeded followed -y one pass with a diamond harrow and one pass with
a crowfoot packer. In 1994 and 1995, the perennial forages were fertilized in mid-
April at 112 kg ha™.

In June 1993, annual plots were prepared by rototilling, harrowing and
fertilizing at 112 kg ha™". Triticale was seeded at 135 kg ha™! and a triticale/barley mix
was seeded at a rate of 90 kg ha™ triticale and 50 kg ha barley. Plots were seeded
with a plot seeder which had press wheels at the front and back of double disk
openers. A final packing operation was performed with a crowfoot packer. In early
May, 1994 and 1995 annual seedbeds were prepared in a similar manner to 1993 and

seeding rates were the same.

Grazing Factors

One year old crossbred beef replacement heifers were used to graze plots. In
1993, unquantified but even light grazing was used to reduce forage on all treatments
to an even height for study commencement ir: spring 1994.

In this study, grazing intensity was defined by forage height. Grazing started
when forages reached a target maximum height and ceased when a target minimum
height was reached. Target heights were set according to species morphology, desired
litter, and bare ground appropriate for that treatment. Mean seasonal fie'd heights
were determined using an average of 10 ruler heights.

Grazing of heavily grazed perennial treatments commenced when they were 8

to 10 cm in height and ended at 2 to 5 cm; grazing of medium grazing began at 12 to
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at 12 to 15 cm. On annual forages, heavy grazing started at a forage height of 8to 12
cm and ended at 2 to 5 cm, medium grazing was initiated at 12 to 15 cm and ceased at
8 to 10 cm, while light grazing started at a height of 15 to 20 cm and stopped at 12 to
15 cm.

For both annual and perennial forages, heavy grazing represented an over
grazed condition with significant bare ground and minimum litter. Medium grazing
represented near optimum conditions without excessive bare ground and with a
moderate amount of litter. Light grazed forages reached an advanced stage of
maturity with seedhead emergence where possible and was intended to maximize litter
production.

Different amounts of rest for regrowth were required for different grazing
intensities, therefore, the number of grazing events per season varied among
treatments. On the perennial treatments, heavy, moderate and light grazing treatments
were grazed approximately 7, 5 and 3 times per season, respectively, on average. On
the annual treatments, heavy, moderate and light grazing treatments were grazed
approximately 5, 4 and 2 times per season, respectively, on average.

Stocking rate is often used to characterize grazing intensity and the energy
required to compact soil. In this study, cow-days were used as an indication of
compactive energy imparted to the treatments. The reader can calculate stocking rate
as cow-days per unit area. In each 9 x 33 m plot, pastures were usually grazed over

one day, with more cattle as grazing intensity increased and the number of days per
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stocking rate was expressed as 1 cow-day. Treatment cow-days were averaged over

replications for each grazing event.

Measurement of Near-Surface Bulk Density and Volumetric Moisture Content

In this study, near-surface refers to the top 10 cm of the surface mineral soil
horizon. Two Campbell Pacific Nuclear probes, one MC1 and one MC3-82, were
used to measure near-surface bulk density (DB) and near-surface volumetric moisture
content (VMC) simultaneously. The MC1 probe was used with the MC3-82 for
spring 1994 measurements but on all other measurement dates, the MC3-82 was used.
In each treatment, three locations were selected in the middle of each third of each
plot. Locations were chosen on smooth ground to maximize instrument accuracy. At
the measurement location, litter and vegetation were removed to the mineral soil layer
using electric clippers when necessary. In spring 1994, 5 readings in duplicate were
taken at each location in an approximate 0.5-m-diameter circle. The measuring
procedure was refined and changed thereafter. At each measuring location, two holes
were punched on either side of a rectangle the size of the gauge bottom. Two
readings at each hole were taken to a depth of 10 cm, i.e. 4 readings per location and
12 readings per treatment.

Measurement time for each reading was 16 s. Evfore and after sampling,
standard counts were taken with each density/soil moisture gauge on a stand elevating
the gauge 82 cm above the ground surface with the probe locked in the gauge shield.

For each gauge, the mean standard count was the average of at least 10 standard
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accepted. For each gauge, DB and VMC were computed by placing gauge counts into
a unique equation derived for each individual gauge. The DB equation used was the
manufacturer’s specified equation while the VMC equation was derived locally by
calibrations with soil cores. Dry bulk density was obtained by subtracting the average
volumetric moisture content at each measurement hole from the average wet bulk

density at that hole.

Statistical Analyses

For each data collection date, bulk density and volumetric moisture content
data were tested for homogeneity of variance using the Bartlett test (Steel and Torrie,
1980). The W test was used to test for normality of distribution (Shapiro and Wilk,
1965). A SAS two factor (forage x grazing) General Linear Model (GLM) with
replication was used to analyze significant differences at a 5% level to test for factor
effects and interactions. Using SAS, data with significant F values were further
analyzed by estimating means and separating estimated means using Least Squared
Difference (Petersen, 1985). A SAS single factor GLM was used to analyze treatment
effects. Data with significant F values were further analyzed by estimating means and
separating estimated means using Least Squared Difference (Steel and Torrie, 1980;

Petersen 1985).

Results and Discussion

Meteorological Conditions
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in 1994 had higher precipitation than the LTN (Table 2.1). May to October 1995
precipitation was 15 % higher than the LTN. May, July and August 1995 precipitation
was higher than the LTN while September precipitation was lower than the LTN.
Over-winter snowpack was measured at the Lacombe Research Centre meteorological
site: 76 and 47 cm with respective water equivalents of 89 mm and 30 mm for 1993-
1994 and 1994-1995 respectively.

Monthly mean air temperatures (derived from Table 2.1) were generally higher
than the LTN in 1994 and lower than the LTN in 1995. May, August and September
1994 mean monthly air temperatures were 1.5, 1.5 and 2.5 °C above the LTN,
respectively; July and August 1995 air temperatures were 1.5 and 3.5 °C below the
LTN, respectively. In September 1995, the monthly mean air temperature was 1 °C
higher than the LTN. 1994 was characterized with above normal temperatures with
many high intensity, short duration thunderstorms and periods of extended rain and
high temperature. The study year 1995 was characterized by more consistent rainfall

and cooler than normal July and August temperatures.

Quality of Data

The interactions of bulk density with soil moisture are minimized in soils with a
low expandable clay content (Hillel, 1982) such as those at the study site. In a scatter
plot for moisture content (range: 5-40%) versus bulk density (range: 0.90-1.35 Mg m

%) data slope was 2% negative with a wide scatter; R? values were below 0.02,
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To test the accuracy of the sampling procedure, an independent experiment of
over 35 trials compared MC3-82 readings to core density. Two 10-cm diameter
cores, averaged along the base of the gauge to a depth of 0 to 10 cm, had similar
densities as gauge readings. R? values were 0.93-0.98 for both density and volumetric
moisture content (data not shown).

Many researchers consider the ambient surface soil moisture conditions before
and during time of grazing in evaluating compaction. Since surface soil moisture
measurements were taken only biweekly (Chapter 3), it was difficult to quantify the
ambient soil moisture conditions at the time of each grazing event. Of 24
measurement dates in 1994 and 1995, surface soil moisture was well distributed and
ranged from permanent wilting point to field capacity (Chapter 3). Precipitation was
frequent and well distributed during both grazing seasons and grazing events occurred
on an evenly distributed schedule. Fence, surface soil moisture was variable

throughout the study.

Compactive Energy

In both years, cow-days under heavy grazing were at least twice those under
light grazing, except for triticale/barley treatments in 1994 (Table 2.2). Over both
summers, total cow-days under perennials were approximately twice those under
annuals. As well, cow-days per grazing event were slightly higher under perennials

than annuals.
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Throughout the duration of the experiment, VMC among forages was
generally not significantly different except at the beginning of the study (Table 2.3).
At this time, soil moisture conditions were variable with no apparent trend (Table 2.4).
Although not tested statistically, VMC in the benchmark site was numerically lower
(except for May 1994) than the experimental plots (Table 2.3).

Grazing intensity

VMC was significantly different among grazing intensities, except at the
beginning and end of the study (Table 2.3). Except on these dates, VMC was higher
in lightly grazed plots compared to medium and heavily grazed plots. On the lightly
grazed plots, lowef DB (discussed in the next section) likely lead to higher infiltration
through better soil structure, thereby increasing VMC. In the first fall, only annual
and smooth bromegrass treatments were significantly different among respective
treatments (Table 2.4). VMC in both lightly grazea annual treatments was higher than
in medium and heavily grazed annual treatments, while in smooth bromegrass
treatments, soil water was significantly higher under heavily grazed compared to
medium grazed treatments. Except for meadow bromegrass, VMC in lightly grazed
treatments was significantly higher than in medium and heavily grazed treatments
during the spring of 1995. Higher amounts of standing litter in lightly grazed plots
(not measured) may have trapped more snow over the winter compared to medium

and heavily grazed plots leading to higher VMC in the spring. Even after cultivation in
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Near-Surface Bulk Density

Forage type
DB was generally not significantly different among forages except at the end of

the first grazing season (Table 2.5). On October 8, 1994, DB was significantly higher
under meadow bromegrass than under annuals. Fewer grazing events throughout the
first summer likely kept DB lower under annual forages than under perennial forages
at all grazing levels (the number of cow-days for annuals was approximately half that
of perennials, Table 2.2).

The relationship between compaction (DB) and cow-days was predictable.
When the means of DB values for fall 1994 and 1995 were regressed against cow-
days, equations of the trend, y = 1.056 +0.003x - 1.709x? for perennials and y = 1.060
+0.003x - 1.321x? for annuals, fit well (Figure 2.1).

DB changed most over the first year of grazing, while in the second year DB
decreased in most treatments (Table 2.6). Some researchers have reported greatest
compaction occurs under the first pass with farm machinery and less compaction
occurs on subsequent passes (Heinonen, 1986). The effect of grazing may be
analogous to that under vehicular traffic in that the greatest compaction occurred over
the first summer of grazing. Above normal precipitation during 1994 (+56 %) could
have left soils more susceptible to compaction compared to 1995 when precipitation

was only 15 % above normal. In the second summer, DB could have been lowered

30



TN T the TWO YCars, LD UIVIGadcas v v p————— _

(Table 2.5). Cow-days under perennials were twice those of annuals so there was
twice the compacting energy imparted to the perennial forages (Table 22). DB
among perennial forages increased most under meadow bromegrass aithough DB
under smooth bromegrass also increased to a higher level than that under annual
forages (Table 2.5). Change in DB under triticale was closer to that for perennials
compared to triticale/barley. DB under smooth bromegrass was lower than under
meadow bromegrass indicating smooth bromegrass may be better at mitigating
increases in bulk density because of its rhizomotous rooting habit which grows within
the zone of greatest compaction Table 2.5). |

In all annual treatments, DB increased after one season of grazing (Table 2.5).
Cultivation in spring 1995, after one season of grazing, slightly decreased DB under
annual forages (0.01-0.07 Mg m?), especially under heavily grazed treatments (Table
2.6). Cultivation did not lower DB to equivalent levels to the beginning of the study.
Considering DB averaged over all annual treatments, cultivation decreased DB only 3
9, There were no significant differences in DB among triticale and triticale/barley
(Table 2.5).
Grvizing intensity

DB was significantly different among grazing intensities on all measurement

Aaies after grazing was established excluding after cultivation (Table 2.5). Except for
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grazing. Cow-days under heavy grazing were approximately twice those of ligt
grazing (Table 2.2). More cow-days and bare ground, along with less litter and less
forage recovery time between grazing events, likely caused DB to be higher under
heavy grazing compared to light grazing and medium grazing. Root development
under heavy grazing may have been inhibited by defoliation so density amelioration
through'root penetration may have been less under this treatment.

In October 1994, DB was significantly higher under heavily grazed smooth
bromegrass than lightly grazed treatments (Table 2.6). In October 1995, DB under
heavily grazed triticale, as well as under heavily grazed perennials, was significantly
higher than under lightly grazed treatments (Table 2.6).

Surface soil moisture was highest under heavy grazing on all dates that surfac=
soil moisture was significantly different (10 of 23 dates) (Chapter 3). Higher surface
soil moisture conditions would likely leave heavily grazed plots even more susceptible
to compaction compared to lighter grazing.

The change in DB was most dramatic under all heavily grazed treatments after
the first season while the change in DB under medium and light grazing increased only
slightly after the first season (Table 2.6). Generally, light and medium grazing caused
similar increases in DB in 1994. In 1995, DB under both medium and light grazing

decreased while DB nnder heavy grazing did not change (Table 2.6). Roots likely
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After one season of grazing, DB increased over the winter in all treatments
(0.02-0.07 Mg m®) (Table 2.5), indicating lack of over-winter freeze-thaw mitigation.
Kay et al. (1985) reportid -8 was not mitigated due to freeze-thaw action over the
winter. ' he researchers suggested that macroporosity was reduced by the expansive
growth of ice lenses and that DB increased subsequent to settling of soil particles after
spring thaw. An increase in DB for all plots could also indicate a deterioration of soil
structure after just one season of grazing through the deterioration of soil organic
matter and physical trampling. Deleterious changes to soil structure could have
caused freeze/thaw action to break up soil aggregates causing more soil settling. DB
plots increased most over the winter in the medium grazed plots and to levels similar
to that of heavily grazed treatments under &1 forages except under meadow
bromegrass. DB under medium grazing in spring 1995 was similar to that under heavy
grazing but in the previous fall, DB under medium grazing was similar to light grazing.

Significant differences in DB among treatments occurred in the fall of both
years (Table 2.6). In October 1994, DB under heavily grazed smooth bromegrass
treatments was significantly higher than under lightly grazed treatments. DB under
heavily grazed meac +- bromegrass treatments was significantly higher than that in

medium grazed treatments. In 1994, there were no significant differences among
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Measurements in this study were from 0 to 10 cm. Soil cores from some of the
experimental plots in the fall 1995 (data not shown) had a higher DB for the 0 to 5 cm
than the 5 to 10 cm depth interval (Mapfumo, 1996). Thus, 10-cm probe readings
may average DB over too great an interval to detect differences in DB among
treatments. The duration of this study was also short so the depth of compaction may

increase over the long-term. It is important to quantify the depth of compaction so

coring may still be : nosi accurate measurement of DB in grazing studies.
However, for many trc ‘n this study. coring would be extremely labor
intensive compared to , ease of use and accuracy of the surface

moisture/density gauge. In this experiment, veadings provided significant differences
among grazing intensities but only once among forages. By using cores, differences in
DB, at the 0 to 5 cm depth interval, among forages are likely to be greater. The soil in
the study area is one of Alberta’s best quality soils so changes in DB could be deeper

and more dramatic if this study had been conducted on a lower quality soil.

Conclusions

DB increased under all treatments over the two-year study, especially in the
first year of grazing. DB increased most in the first year under both annuals and

perennials. DB under perennials was higher than that under annuals. DB under annual
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forages increased at a similar rate to that under perennial forages. Cultivation reduced
DB under annual forages by only 3 % and lowered it under heavily grazed annual
treatments most. DB was lower under smooth bromegrass than under meadow
bromegrass likely because of smooth bromegrass’s rhizomatous rooting habit which
helped mitigate increased DB from grazing in the zone of greatest compaction.

DB was highest under heavy grazing, followed by medium and light grazing,
respectively. VMC in the spring after grazing was highest under light grazing likely
because of increased infiltration through lower DB and higher standing litter which

trapped more saow.
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Figure 2.1. Near-surface bulk density (Mg m™) for May (before annual cultivation)
and October 1994, and October 1995 versus cow-days for all treatments.
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III. SCIL WATER RESPONSES TO ROTATIONAL GRAZING UNDER
ANNUAL AND PERENNIAL FORAGES IN CENTRAL ALBERTA

Introduction

Grazing intensity and vegetation type interact to influence soil water through
the deleterious effects of grazing on soil physical properties, through the reduction of
vegetation and litter interception and through reduced forage evapotranspiration.

Infiltration rates generally decrease with increasing grazing intensity (Rauzi,
1963; Warren et al. 1986; Abdel-Magic t al. 1987; Naeth et al., 1990, Naeth and
Chanasyk, 1996). Many researchers have reported increases in bulk density with
increased grazing intensity (Warren et al. 1986; Naeth and Chanasyk, 1996) which can
indicate surface soil compaction and reduced macroporosity, leading to reduced
infiltration. In California, Liacos (1962) found that soil water was lower under heavy
grazing than light grazing which he attributed differences to decreased infiltration.
Near Fort Macleod, Alucrta, Dormaar et al. (1989) reported lower soil water under
short duration grazing compared to no grazing. They found bulk density increased
and o~ inructivity decreased, hypothesizing infiltration was reduced by short
duration grazr .

Litter and vegetation can reduce the amount of precipitation reaching the soil,
this intercepted precipitation generally evaporates before it reaches mineral soil
(Branson et al., 1981; Naeth et al,, 1991a). Corbeit and Crouse (1968) and Couturier
and Ripley (1973) reported interception losses were generally high from small storms

while for large storms, interception accounted for only 10 % of total storm
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capacity (Branson et al., 1981). However, in subhumid regions of the Nornem wica
Plains, many numerous small rainfall events occur, litter and vegetation may enhance
interception losses significantly thereby affecting soil water. In many regions of the
Canadian Northern Great Plains, soil water recharge is achieved from large storms and
from spring snowmelt (Naeth and Chanasyk, 1996). Grazing management strategies
which facilitate accumulations of litter may reduce soil water during the growing
season yet increase snowmelt recharge in the spring (Naeth et al., 1991b).

In the Great Plains of South Dakota, Hanson and Lewis (1978) reported soil
water increased as grazing level increased due to reduced interception loss by standing
vegetation and mulch under heavy grazing. Naeth and Chanasyk (1996) found that
surface soil water (O to 7.5 cm) was higher under very heavy, compared to heavy,
short duratioﬁ grazing except under dry conditions. This they attributed to more bare
ground, reduced litter and vegetation and reduced evapotranspiration under very
heavy grazing brought on by defoliation. Litter and vegetation can retard runoff and
therefore increase infiltration compared to bare soil (Branson et al. 1981). In Alberta,
the most destructive sediment vieldin erosion occurs during snowmelt rather than
during summer storm events (Chanasyk and Woytowich, 1987; Naeth and Chanasyk,
1996). Grazing management strategies which promote over-winter litter accumulation
likely reduce soil erosion by slowing runoff and increasing infiltration capacity.

Many researchers have considered the effect of defoliation and subsequent

reduction in evapotranspiration of forages. In Utah, Buckhouse and Coltharp (1976)
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and alfalfa compared to medium or lightly clipped vegetation at a mid elevation study
site. Evapotranspiration varies with plant species and grassland ecosystem (Branson et
al. 1081, Naeth et al., 1991a). Depih of rooting (Buckhouse and Coltharp, 1976,
Naeth et al, 1991a) and rooting morphology can influence where soil water is
withdrawn up in the soil profile (Branson et al., 1981).

Short-durai. i-intensive grazing (SDIG) is a relatively new management
practice in Canada (Dormaar et al., 1989). SDIG involves timed grazing of smaller
pastures at increased stocking rates (Dormaar et al. 1989). Savory and Parsons
(1983) hypothesized that soil physical conditions could be improved under SDIG
through the breaking up of surface crusts through the action of cattle trampling.
However, both Warren et al. (1986) and Abel-Magid et al. (1987) reported reduced
infiltration which correlated with increasing stocking rate under SDIG. Dormaar et al.
(1989) reported lower soil water under high-stocking rate SDIG compared to a non-
grazed site. Naeth and Chanasyk (1996) found higher surface soil water under very
heavy compared to heavy short duration grazing but below 30 cm, the relationship was
opposite.

Annual pastures are routinely used in other areas of the world as supplemental
forage during times of reduced biomass production of perennial forages. Baron et al.
(1993) reported that in the Aspen Parkland of Alberta, many cool-season perennial

forages produced 60 % of annual production before 1 July. As a result livestock
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production was limited during the late summer and fall. Intermittent frosts and low
temperatures during September and October prevent growth of most forages except
winter cereals. The potential for using winter cereals to supplement perennial forage
production could permit farmland to be used for up to 6 months of the year.

In the Aspen Parkland, traditional cereal production only utilizes 4 of 6
potential growth months: from May to August, required for growth from seeding to
ripening, and 2 months, when the land lies idle before winter freeze up. Cropping
practices which utilize the entire growing season could provide additional pasture for
livestock and reduce soil erosion (Baron et al, 1993). Hydrologic research has
traditionally focused on arid and semiarid zones and there is little information about
hydrologic parameters in the cooler and more humid ecoregions of the Canadian
Prairie. Little is known about the hydrology of SDIG in Alberta which uses both
newly seeded perennial forages as well as annual forages.

The most important factor controlling range productivity is soil water (Branson
et al., 1981). The objective of this study was to identify how soil water was affected
by crop and grazing management system in Central Alberta. It was hypothesized that
soil water would be more responsive to forage type than to grazing intensity.
Accumulated soil water would be highest under annual forages and under heavily
grazed forages due to more bare ground, reduced evapotranspiration and litter and
lower biomass and LAIL Different forage types would evapc” sire at different rates
and at different periods within the summer but there ... Je little detectable

difference in ET among grazing intensities.
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Materials and Methods

Study Site and Experimental Design

Refer to Chapter 2 for details.

Meteorological Conditions

Conditions are the same as Chapter 2.

Forage Factors

Factors are the same as Chapter 2.

Grazing Factors

Factors are the same as Chapter 2.

Field Measurement of Soil Water

Within each of the 51 plots, 3 aluminum neutron probe access tubes were
installed in mid August, 1993, to a depth of approximately 100 cm. The access tubes
were installed along the centerline of the plot with one tube in the center and the other
two halfway to the end fences, approximately 8 m apart from each other. A hand-
auger was used to dig a 4.4-cm diameter hole tc a depth of approximately 1 m. In the
benchmark site, the tubes were set up on unfenced pseudo-plots with similar
dimensions.

Using Campbell Pacific Nuclear (Model 503DR) neutron scattering
hydroprobes, volumetric soil moisture {YMC) was measured once in mid April and

then biweekly from May to mid October during 1994 and 1995. To avoid systematic
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errors, at least two probes per plot were used to measure soil moisture in either one or
two of the three access tubes. The neutron probe readings started at 15 cm and
continued at 10-cm depth intervals to a depth of 100 cm. At each depth increment,
two 16-second readings were taken. To measure surface soil water (SSW), a
polyethylene surface shield was placed on the neutron probe and then placed on the
ground surface within 1 m from of each access tube (Chanasyk and Naeth, 1988). The
surface-shield readings represented the top 7.5 cm of each access tube measurement.
Two readings were taken adjacent to each tube and averaged. Profile soil water (SW)
+ < calculated at each depth increment, as a volume percent from field recorded
counts and then as a depth of water by multiplying this volume percent by the
arr;opriate depth increment.

Before and after sampling the access tubes and surface moisture, standard
counts were taken with each neutron probe on a stand elevating the gauge
approximately 30 cm above the ground surface with the probe locked in the gauge
shield. For each gauge, the mean standard count was the average of at least 10
standard counts which must have produced a chi value between 0.75 and 1.25 in order
to be accepted. SW equations were derived from local calibrations. For each gauge,
the count ratio for each depth in each tube was computed by dividing the sample count
taken in the access tube, at that depth, by the mean standard count. Each count ratio
was then entered into a unique equation derived for each gauge to determine

volumetric moisture content at a given depth for a given tube. Accumulated soil water
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(ASW) was calculated as a depth of water (mm) by summing incremental soil water

measurements to 30, 50, 70 and 90 cm.

Statistical Analyses

For each data collection date, SSW and ASW data were tested for
homogeneity of variance using the Bartlett test (Steel and Torrie, 1980). The W test
was used to test the data for normality of distribution (Shapiro and Wilk, 1965). A
SAS two factor (forage x grazing) General Linear Model (GLM) with replication was
used to analyze significant differences at a 5% level to test for factor effects and
interactions. Using SAS, data with significant F values were further analyzed by
separating estimated means using Least Squared Difference (Petersen, 1985).
Treatment effects  -e analyzed with a SAS single factor GLM. Data with significant
F values were fu ier analyzed by separating means using Least Squared Difference

(Steel and Torrie, 1980; Petersen, 1985).

Evapotranspiration

Evapotranspiration was calculated from a soil water budget using the equation:
ET = precipitation - change in soil water. Percolation and runoff were assumed to be
zero. For total seasonal ET, the change in soil water was calculated by subtracting the
amount of soil water on the last measurement date of a given season from that on the
first. Precipitation was the total precipitation within the time interval between the two
measurement dates. For biweekly ET, the change in ~oil water was calculated by

subtracting the amount of soil water on the second measurement daie from that on the
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first. Precipitation was the total precipitation between measurement dates. Daily ET,
expressed in mm/day, was derived by dividing biweekly ET by the number of days

between measurement dates.

Wilting Point and Field Capacity Derivation

Wilting point (WP) and field capacity (FC) were derived from a combination of
field soil density measurements with depth and standard pressure plate analysis. WP
was expressed as mm of soil water, for a given depth interval, at -1.5 MPa and FC was
expressed as mm of soil water, for a given depth interval, at -0.33 MPa (Hillel, 1982).
In situ soil density measurements were taken in 10-cm increments using a Campbell
Pacific Nuclear (Model 501DR) depth moisture/density gauge. Procedures for
obtaining readings and calculating density and moisture content were identical to field
measurements of soil water using the Campbell Pacific Nuclear Scientific 503 probes
except that density equations were those provided by the manufacturer. The
calibration equation for VMC was derived using data from local sites. Bulk density at
a given depth was determined by subtracting volumetric moisture content at that depth
from the wet density at that depth calculated from the manufacturer’s calibration

curve. Standard counts were determined before and after each set of readings taken.

Results

Meteorological Conditions

Conditions were the same as discussed in Chapter 2.

Surface Soil Water (0 to 10 cm)
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Crop factors

SSW varied among forages from mid June to late July in 1994 and on all
measurement dates after early June in 1995 (Table 3.1a). In June and July of both
years, SSW was higher under annual forages than under perennial forages, although
not always statistically significant. During this period, perennial forages were well
established while annual forages only grew from late May. SSW was significantly
lower under annual forages than under perennial forages only on May 24, 199, a
period of very hot, windy weather, likely due to greater evaporation from bare ground
between rows.

From early August to October 1995, SSW fluctuated but mostly under smooth
bromegrass and especially under heavily grazed treatments (Table 3.1a). SSW was
frequently higher under heavily grazed smooth bromegrass treatments than for other
treatments (Table 3.2a). On many measurement dates, SSW was lowest under

meadow bromegrass and was similar to that of the benchmark site (Table 3.1a).

Grazing Factors

SSW was significantly higher under heavy grazing compared to light or
medium grazing on only 10 of 23 measurement dates (Table 3.1a). In 1994, SSW was
significantly lowest under medium grazing (8 of 12 measurement dates). From mid
June until early August of both years, SSW was significantly higher under heavily
grazed perennial treatments compared to lightly grazed ones (Table 3.2a).

SSW was not significantly different amor.g grazing intensities from mid August

antil September 1994 and from early August until late September 1995 but SSW under
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3.1a). During this period, SSW under heavily grazed annual and perennial treatments

was higher than that under the respective lightly grazed treatments (Table 3.2a).

Accumulated Soil Water (ASW) 0 to 30, 0 to 50, 0 to 70 and 0to 90 cm

ASW for depth intervals of 0 to 7.5, 0 to 30, 0 to 50, 0 to 70 and O to 90 cm is
given in Tables 3.1a-¢, inclusive. WP for each depth interval was 10, 29, 46, 63 and
81 mm, respectively, while FC for them was 30, 65, 98, 136, and 173 mm,

respectively.

Crop factors

From early May to late July of both years, ASW (0 to 30, 0 to 50, 0 to 70 and
0 to 90 cm) was higher under annual forages than under perennial forages (Tables
3.1b-¢, respectively). ASW was similar among annuals and perennials by mid August.

There were generally no significant differences in ASW among forages after
early August 1994. At this time, soil water was extremely low (Table 3.1c). High
precipitation, immediately after and continuing for the next month, caused soil water
to be recharged by mid September 1994 to levels comparable to those in the spring.
Precipitation in 1995 was again higher than the LTN but not as high as in 1994 (Table
2.1), especially in September. After mid August 1995, differences in ASW were
apparent among forage treatments (Table 3.1b-¢). At all depth intervals, except 0 to
50 cm, ASW under triticale/barley treatments was generally highest and ASW under

meadow bromegrass was generally lowest (Table 3. 1b-e).
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highest under smooth bromegrass and generally lowest in annual forages (Table 3.1c).
On September 12 and 26, 1995, ASW (0 to S0 cm) under perennials was higher than
that in the annual plots.

ASW among annual forages was generally similar for all depth intervals, except
for 0 to 30 cm where ASW under triticale/barley was significantly higher than under
triticale for § of 13 dates in 1995 (Table 3.1b).

ASW under meadow bromegrass was consistently lower, although not always
significantly, than that under other forages and it was, at times, similar to ASW levels

in the benchmark (Table 3.1c¢).

Grazing Factors

On 11 of 13 measurement dates in 1994, ASW (0-30 cm) was significantly
higher undelj heavy grazing compared to either light or medium grazing (Table 3.1b).
For greater depth intervals, 0-50, 0-70 and 0-90 cm, ASW was again signiiicantly
higher unde; heavy than light or medium grazing but only on 5, 6 and 3 measurement
dates respectively (Table 3.1c-¢). Differences in ASW among grazing intensities at
greater depth intervals occurred from late June to mid August 1994. In 1995, ASW

among grazing intensities was siidiar (Tables 3.1b-¢).

Seasonal Soil Water

Soil water levels were highest in spring of both years and greater than field

capacity (FC) at this time for all treatments (Figures 3.2a-d; Tables 3.1a-¢). In early
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wilting point (WP) (Figures 3.2a-3.2d; Tables 3.1a-¢). End of season water was near
WP but only in 1995 (Table 3.1c).

In 1994, with above normal precipitation and temperatures, soil water levels
were both extremely high and low (Table 3.1c). Above normal precipitation in 1994
recharged soil water (0 to 30 cm) to near spring soil water levels on three
measurement dates (Table 3.1b): on May 24, July 6 and September 12, with
approximate biweekly precipitation of 78, 78 and 65 mm respectively and with
approximate monthly precipitation of 85, 110 and 159 mm respectively. More
precipitation was required to recharge soil water (0 to 30 cm) in early September
compared to May and July. After one season of grazing, spring soil water among

grazing intensities was not different.

Profile Soil Water

Data from two early summer measurement dates, which coincided over the
two years (June 9, 1994 and June 8 1995), were good examples portraying typical
differences in profile soil water between annuals and perennials. Wetting fronts under
annual treatraents were larger compared to those of perennial treatments (Figure 3.1a-
d). On some measurement dates, wetting fronts were not visible under perennial
forages but were under annual forages (Figure 3.2a-b). Under perennial forages, soil
water tended to be held near the surface and declined rapidly with depth.

Soil water was almost always higher in the uppermost 0 to 30 cm than deeper

in the profile (Figures 3.1 a-d, 3.2 a-b). Soil water below 40 cm was often uniform
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Evapotranspiration

Total season ET among treatm ::i(. ranged from 528-550 mm in 1994 and 441-
467 mm in 1995. The total period covered was 182 days in 1994 and 178 days in
1995 so seasonal daily ET ranged from 2.9-3.0 mm/day in 1994 and 2 5-2.6 mm/day in
1995.

In both springs, calculated ET was approximately 1.6-2.6 mm/day for
perennials and 1.2-2.2 mm/day for annuals. Perennials evapotranspired more than
annuals until early June. From late May to late August of both years, calculated ET
fluctuated between 2-6 mm/day, depending on soil water conditions. In September of
both years, ET dropped from summer levels, especially in 1995, when soil water

conditions were low.

Discussion

In June and July of both years, SSW under annuals was higher than under
perennials. During this period, perennials were well established compared to annuals
so perennials may have evapotranspired more than annuals therefore reducing soil
water. Gill (1996) found more bare ground between rows on annual plots which likely
reduced interception and allowed more precipitation to reach the soil surface, and
infiltrate, increasing SSW. Later in the summer when annuals were well established,

SSW was similar among forages. On many measurement dates, SSW was lowest
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On many measurement dates, SSW was higher under heavy compared to
medium and light grazing. This may have occurred due to either reduced interception
or reduced rooting (reduced ET) under heavily grazed treatments.

ASW, from May to late July of both summers, was lower under perennial
forages. During this period, perennial forages were well established compared to
annual forages so perennial forages likely evapotranspired more, therefore, lowering
ASW. Perennial forages likely grew and evapotranspired vigorously early in the
season (April and May) while annual forages only began growing in late May.

In 1994, ASW after mid August was similar among forages but in 1995, ASW
was often different among forages. Differences between years may have resulted from
differenced in precipitation patterns. In this study, above normal precipitation in
September 1994 recharged soil water so differences among forages could have been
masked. In 1995, when precipitation in August and September was closer to normal,
differences in ASW among forages were evident.

After mid August 1995, ASW was generally highest under triticale/barley and
lowest under meadow bromegrass for all depth intervals except 0-50 cm (Tables 3.1 b-
¢). Higher soil water under triticale/barley than under a monocrop of triticale could
indicate lower productivity under the mix as found by Baron et al. (1993). ASW (0-50
cm) was often highest under smooth bromegrass and lowest under annual forages.

Annual forages may consume water from the 30-50 cm depth interval late in the
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water at this time in an attempt to set seed under grazing stress.

Meadow bromegrass may evapotranspire more than other forage types.
Differences in soil moisture among meadow bromegrass and annual forages became
more pronounced in the second study year because meadow bromiegrass likely
continued to root more and deeper. Convessely, annual forages grow for only one
season so rooting depth is determined by plant growth over that growing season.
Smooth bromegrass is rhizomatous and is shallow rooting. Therefore, its ASW, later
in the summer, was often similar to that under annual forages (Table 2.1b-e) whose
rooting depth was also relatively shallow compared to that of meadow bromegrass.
ASW at all depths, except 0 to 50 cm, was much lower under meadow bromegrass
than under shaliower rooted species.

On many measurement dates in 1994, ASW under heavy grazing was higher
than under either light or medium grazing. However, in 1995 there were few
differences. In 1994, grazing effects on ASW could have been more pronounced
because pastures were newly established. Differences among grazing intensities in
1994 could have been due to interception, reduced evapotranspiration through
defoliation and limited root growth. The lack of differences in ASW in 1995 could be
due to greater effects on ASW from forages so grazing differences could be masked.

Interception was not measured in this study but an arbitrary amount of

precipitation per day could be used to characterize it. In this study 12 mm of



precipitation was less than 12 mm. 1NUS MOST FRIUEN CVEUL> WoIL Suwdw v
difforences in interception likely caused differences in ASW among grazing intensities.

Defoliation under heavy grazing may have caused limited root growth and
reduced evapotranspiration. In 1994, ASW was often highest under heavy grazing so
evapotranspiration by vegetation may have been less, resulting in higher ASW under
heavy grazing. Less foliage on heavily grazed plots likely meant lower
evapotranspiration compared to medium and lightly grazed plots. Root mass under
heavily grazed forages was likely limited so plant evapotranspiration was likely
reduced compared to that of other grazing intensities. However, this effect was not
evident in ASW, profile soil water (SW) or evapotranspiration (ET) (latter two
discussed later). In 1995, ASW was generally not significantly different among
grazing intensities, perhaps masked by greater differences in ASW among forage
types.

In spring both years, ASW was seasonally highest for all depth intervals.
Naeth and Chanasyk (1996) stressed the importance of snowmelt for soil water
recharge in a prairie grassland ecoregion. In this study, snowmelt also recharged soil
water to the highest levels of the year. Snowmelt recharge would likely be reduced
under heavy grazing because of reduced infiltration. However, this was not evident in
this study even though near-surface bulk density was highest under heavy grazing

(Chapter 2). Summer recharge occurred during periods of high precipitation but ASW
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(Gill, 1996), likely caused larger wetting fronts under annuals. Reduced interception
likely caused more precipitation to reach the soil under annuals than under perennials
even in the fall when annual forages were well established.

ET under perennial forages was generally highest during May of both years.
From June to early August, annual forages had high evapotranspiration rates during
early growth. There were no differences in ET among annual forages. ET appeared
to be dependent on soil water and was generally highest under high soil water
conditions. Calculated ET was likely overestimated during high soil water conditions.
Duri:.g these times percolation would not be negeligible, as assumed. More runoff
occurred in 1994 than in 1995 (Gill, 1996) so calculated ET values in 1994 were likely
overestimated due to non-negligible runoff.

Grazing intensity had little effect on average daily ET. Forage type affected
ET slightly with ET under perennial forages higher than that under annual forages
(Table 3.3). Perennial forages started evapotranspiring earlier in the season compared
to annual forages but in both years from late June to early August, ET under perennial
forages dropped below that of annual forages. During this latter time interval,
meadow bromegrass evapotranspired more than smooth bromegrass although not
always significantly. By mid August and for the remainder of both summers, ET was

similar among all forages.
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Conclusions

Surface soil water was more responsive to grazing intensity than accumulated
soil water, with heavy grazing generally having the highest surface soil water.
Accumulated soil water was affected more by forage type than grazing intensity, as
hypothesized, with large differencss in accumulated soil water between annuil and
perennial forages. Accumulated soil water was lower under perennial than annual
forages until August 1994 and for most of 1995.

Soil water was generally highest in the spring and declined throughout the
summer. Differences in ET at this study site were evicont among forages but not
among grazing intensities. Perennial forages had high evapotranspiration in the spring
but evapotranspiration by annuals was higher from late June to early August, resulting
in similar ASW among forages during this time period.  Expected lower

evapotranspiration under heavy grazing did not occur.

63



References

Abdel-Magid, A H., G.E Schuman and R H. Hart. 1987. Soil bulk density and water
infiltration as affected by grazing systems. J. Range Manage. 30:307-309.

Baron, V.S., H.G. Najda, D.F. SaJmon and A.C. Dick. 1993. Cropping systems for
spring and winter cereals under simulated pasture: yield and yield distribution.
Can. J. Plant Sci. 73:703-712.

Branson, F.A., G.F. Gifford, K.G. Renard and R F. Hadley. 1981. Rangeland
Hydrology. Range Science Series No. 1. Society for Range management.
Kendall/Hunt Publ. Toronto ON. 340 pp.

Buckhous., J.C. and G.B. Coltharp. 1976. Soil moisture response to several levels of
foliage removal on two Utah ranges. J. Range Manage. 29:313-315.

Chanasyk, D.S. and M.A. Naeth. 1988. Measurement of near-surface soil moisture
with a hydrogenously shielded neutron probe. Can. J. Soil Sci. 68:171-176.

Chanasyk, D.S. and M.A Naeth. 1996. Grazing impacts on bulk density and soil
strength in the foothills fescue grasslands of Alberta, Canada. Can. J. Soil Sci.
75:551-557.

Chanasyk, D.S. and C.P. Woytowich. 1987. A study of water erosion in the Peace
River region. Farming for the Future Project No. 83-0145. Final Report.
Edmonton AB. 53 pp.

Corbett, E.S. and R.P. Crouse. 1968. Rainfall interception by annual grass and
chapparal. USDA Forest Serv. Res. Pap. PSW-48. 12 pp.

Couturier, D.E. and E.A Ripley. 1973. Rainfall interception in mixed prairie. Can. J.
Plant Sci. 53:659-663.

Dormaar, JF., S. Smoliak and W. Willms. 1989. Vegetation and soil responses to
short duration grazing on fescue grasslands. J. Range Manage. 42:252-256.

Gill, S. E. 1996. Grazing effects on runoff and erosion in annual and perennial
pastures in the parkland ecoregion of Alberta. M.Sc. Thesis. Department of
Renewable Resources, University of Alberta. Edmonton AB.

Hanson, C.L. and J K. Lewis. 1978. Winter runoff and soil water storage as affected
by range condition. In: Proc. First International. Rangeland Congress. D.N.
Hyder (ed.). Pp. 284-237.



Hillel D. 1982. Introduction to soil physics. Academic Press, New York, NY.
364 pp.

Liacos, JRM . 1962. Water yield as influenced by degree of grazing in the California
winter grasslands. J. Range Mange. 15:34-42.

*laeth, M.A., D.S. Chanasyk, R L. Rothwell and A.W. Bailey. 1990. Grazing impacts
on infiltration in mixed prairie and fescue grassland ecosystems of Alberta.
Can. J. Soil Sci. 70:593-605.

Naeth, M.A,, D.S. Chanasyk, RL. Rothwell and A.W. Bailey. 1991a. Grazing
impacts on soil water in mixed prairie and fescus grassland ecosystems of
Alberta. Can.J. Soil Sci. 71:313-325.

Naeth, M.A., A W. Bailey, D.S. Chanasyk and D.J. Pluth. 1991b. Water holding
capacity of litter and soil organic matter in mixed prairie and fescue grassland
ecosystems of Alberta. J. Range Manage. 44:13-17.

Naeth, M.A. and D.S. Chanasyk. 1996. Grazing effects on soil water in Alberta
Foothills Fescue Grasslands. J. Range Manage. 48:528-534.

Petersen, R.G. 1985. Design and analysis of experiments. Oregon State University,
Corvallis, OR. Marcel Dekker, Inc. Pp. 76-85.

Rauzi, F. 1963. Water intake on rangeland as affected by differential grazing on
rangeland. J. Soil Water Conserv. 18:1 14-116.

Shapiro, S.S. and M.B. Wilk. 1965. An analysis of variance test for normality
(complete samples). Biometrika 52:591-611.

Steel, R.G.D.and J.H. Torrie. 1980. Principles and procedures of statistics: a
biometrical approach. 2nd edition. McGraw-Hill. New York NY. 633 pp.

Warren, S.D., W.H. Blackburn and C.A. Taylor, Jr. 1986. Soil hydrologic response

to number of pastures and stocking density under intensive rotational grazing.
J. Range Manage. 39:500-504.

65



.EEo.muUm,EEEH

dm Erep Suissiu st

() ‘o18p JuswaInSEaW 15V 3ouls uoneNdiald ,

(50°0 S d) AIPIP APUBIGIBLS J0U T8 MOJ SUWES
Y1 UMM puB J1JD1 dues Ay} Aq pemoyjoj (Knsuawut Surzess Jo 28810}) JOIOR] Jwes ) Suows SUBIWN

- - - - - - - - 6 $6-10-v1
oot sopl qQpel J€TL| A6¢l 2¢7T1 B 8¥l q7tl 6 §6-d3S-92
I'tl vopl ®6TI ®BETI|QETEL qLll LERY qe g'tl 1 §6-d3S-T1
0Ll egg]l ®©9Ll ®BOLI| Q0Ll q9L1 e 10t q991 6 $6-3ny-67
s6l BQZZ ®6IT ®LIT| ®BEET 9917 d280C qe 8°7C g8s  $6-3ny-si
Tyl vz6l qoLl qlLl|qe9sl q8Ll ® 0’61 2691 g€ §6-3ny-¢

- - - . - - - - £ S6-In[-81
6Ll egIT qTIT 2961 | BSTC qe 9’17 9q §°0T 2 L6l 9 $6-Inf-01
891 66l ®661 ®861| ®BLOT L3 B ¢4 8 107 q9'L1 8¢  S6-unf-£7
9vl vZiz 9qL8l 4qT6l| ®BLIT q 86l qL6l 29°L1 Iy S6-unf-g
991 vyTC ®vTIT ®6IT| ®B1TL e g1z ® $'TC B $'TT 6  S6-KBN-£T
$8l 80Tz BSIZ ®EIT| BSTU B 807 B LT LB A Y4 0z S6-KBN-6
761 BgGT ®TYL ®TYT| ®OST B 6€T B1LT B peT - $6-1dv-61
LSl spoz ©I8l ®ISI| BLLI Bo6Ll e 66l ® 00T 91 ¥6-PO-11
ot voLl qessl qQsvi| ®I9l e gtl 8691 e 791 £ $6-d9§-9T
091 s.07 ®86l 9qTLI| ®I9SI B 1’61 B L6l ® g6l $9  ve-des-zi

- - - - - - - - v6  v6-3nv-0¢
S8 epel BT vIEl| BOUI LA VNN LEIR4! LA 44 LS v6-3ny-§i
£s ® 96 qQ8L q1'8 63 B H6 208 BLL 8 p6-8ny-Z
871 96l 4891 q9Ll|qeL8l B 10T q6L1 2¢61 07 bv6inf-61
1’8l BybT Q61T Q1T | B9V q117 3861 LI 74 8L ¥67In[-9
8 s6€l qQpTl qeTElL| ®BOVI qe el QLTI 61l 7€ wEunf-p7
vl sgpl ®9El ®BOVI| BTIVI LR 44! LR 4! ®6C1 €y pe-unf-6
Lel B90Z ®©80CZ ®TIT|210C 5881 Ly AA LR w44 8L $6-KBN-HT
L9 BTl eLIl ®BSTI| ®BTEl e 1el qsil q901 L ¥6-KeN-6
88 vzgl ®LSI ®isl] ®O6I B6LI 8 991 @ 861 - y6-14y-T1
s AABdY Eﬁmo@ W3y Jeq/o[eanul  d[eonwy 2WO0Jq YIOOWs dwoiq mopeaus (uwrws) aRq

oUd Ansuajuj 3u 23810 dd

"§10308} Bul

PUE 93230 [[€ J0j (W) (WD §°£-0) J31eM [I0S 30BHINS B[ £ wQBL



‘ww 9 = D ‘W 6T =dM 8P Suissius st (-) ‘Jep JUIWIINSBIW ISE] JUIS uonendioard ,
(§0°0 S ) uaJaRIP ApuedyiuBis J0u I8 MOI JUIES
Y3 UMM pUE JI)19] dWres Ay} Aq pamofjoj (Ansuaul Surzei8 Jo 33e10j) J010%] JueS Ay} Suoure SUBIN

Ll ® OF ® 8¢ ® 6§ KT Qe 1v qe LE q ¢ 6  S6-P0-¥l
12 LI A7 qLf g8 8¢ LK, ® 6¢ ®B 6€ B G 6  $6-d9S-9C
97 LES e OF LI 4% € 8f o9 Iy q1y 5 8¢ 1 s6-des-T1
8t 19 ®6s BOS | ®BO9 qe 09 9q 96 2§ 6  $6-3nv-67
a4 ® €9 B 6§ B 66 B QL q19 q S q 9§ 8§  S6-Fuy-Sl
vT LR (S LEY LX< XS q 8¢ 2q 51y g€  §6-3nv-€
- ® 6§ 8 6§ 8 GS € 69 q 6§ o 6¥ o 8p €2 S6°Inf-8l
LY ® 69 ® 99 € 69 € gL q oL 5 09 5 8¢ 9 S6-INf-G1
3 8 €9 v 19 8 49 BGL e yL q €S qsy 8¢  S6-unf-£7
1S LETA ® 69 BIL ® /L8 e p8 q 6§ q S ¥ S6-unf-g
S BLL L X7} 8 08 ® 06 e g} QL9 q €9 66  S6-ABIN-£T
9 qe 8L q9L € ¢8 88 Qe ¢8 2 LL 2L 07 S6-ABN-6
£8 Bl ®y6 B66 | ® €0 q® 96 9t 86 q 68 - s6dv-6l
vy 8 L9 qLS q19 ® 9 € €9 ® 09 ® 8¢ 91 $6-00-11
£ 8 89 q 09 q 09 ® L9 e 79 ®19 ® 65 €  v6-d9S-97
9 Bi8 Qe 8 qI8 8 98 e 48 LY LR §9  p6-des-Tl
$9 v LL v 8L B pL ®LL ® 9L eGL ®LL v6  v6-3nV-0€
6v 8 LS B pS B GS LS e LS e LS LAY LS p6-8ny-gi
L1 ® 8¢ q ¢ qQpe | 98 9¢ ® §¢ 2q €€ 3 0¢ 8  v6-3ny-T
9¢ ® 79 q 0S q S ® 19 € 09 q7z$ 5L 0z v6-Inf-61
9 8 Z8 QoL QL ® I8 ® 08 q€L 599 8L v6°Inf-9
o€ ® 79 q1$ q 9§ ® 69 8 69 q 0§ q b € Y6 unf-$T
st v LL q69 QeI ® /8 /8 q19 q9¢ €&  v6-Un[-6
<9 %68 q¢8 4 98 ® €6 ® 16 q 08 Q6L 8L P6-ReN-HT
€€ 8 09 q S %19 % 69 ® 89 q1s qQ9v L v6-KBN-6
9¢ v/8 Q6L qus8 | ©68 ® 98 q 08 qLL - p6udy-zi
AapeqereonUl  dedun UI0Jq YIOOWS dui0iq mopea (ww) areq
28810 dd

"S10158) DUIZEId PUB 95210] ([ 10J (W) (WD O€-0) J918M [I0S PATEINWINOY "q1°€ 3IqEL

67



Y3 UM puR JI139] 3WeS A} £q pamoyjoj (Ausuaw Buzesd 10 a8r10) J0108] e Y} Fuowe SUBIN

X4 ® 09 B LS B 6§ ® 69 qe 09 qe S q 0$ 6 $6-R0-vl1
87 vgg ®v9S  ®8S |IQ8S 27§ Byl q €9 6  $6-498-9T
113 © L9 ® 19 ® 79 219 J 6§ B 96 q+8 I §6-d2S-71
£9 LY ©£8 ® 8L qLL q1iL LY qe ¢8 6  S6-8ny-67
[AS LY 818 . 08 e 9oL B L B 6L B 69 85  $6-3ny-g]
13 BjL ®¢9 ®BGO | QD9 B 69 qe Z9 qLS s€  s6-3ny-g
- ® 08 € 8L B 8L ® 86 q 8 289 249 € S67In[-81
LS ® £6 B 16 B 68 ® LO] € 86 q18 qLL $9  S6-Inf-01
194 ® 68 LA B |6 ® 601 € L0l qvL q99 8¢  Se-unf-¢£T
SL ® €01 ® 86 ® £01 ® 8Tl e 7l q18 qsL Iy s6-unf-8
LL ® 801 LRI e ell B Itl L | q76 qv8 6  S6-KBN-€T
06 8 el ® 801 ® 0C1 ' LT] ® 7Tl q L0l q 66 07 S6-KBN-6
6Tl B 8¢l 8 gel 8 7yl 861 qe 6¢1 qe Le1 q pCl1 - s6-1dv-61
29 8 $6 88 LY B 96 ® 06 LY € 08 91 $6-R0-11
€9 Bg6 qe 88 qs8 ® 66 ® 76 B 88 e 8 3 $6-d3S-97
26 vzl qeoll 9Ol 44! e oll B ell 8 711 $9  v6-d9S-Tl
88 ® $01 8 $01 B 66 ® S0l e €01 e 101 e [0l v6  v6-3ny-0€
1L L4 ® 08 ® 08 €18 L4 B £8 B 9L LS v6-3ny-S1
9T B 6§ qIs q €S L' 1Y B 6§ qe ¢£§ qLy 8 y6-8ny-7
I € 68 qL qLL € 88 e 88 q9L 2.9 0z Pv6-1nf-61
12'] ARt € 96 B L6 B ZI1 LAV R q 86 JL8 8L 619
144 B 6 Q08 qe 98 ® 701 ® $01 qsL q 99 7€ veun-vT
L9 vyl ® $01 ® 801 ' ¢tl B pel QL8 q08 ¢y p6uUnNf-6
£6 e LT1 e gil 8 €71 L4 B LE] q LO] q $01 8L ¥6-ABN-VT
123 8 96 B L8 B 96 e 0l1 ® 601 qis8 qQZL L v6-ABN-6
98 B¢l 8 611 8 6C1 B Gl B pel q 071 q 811 - y6-1dy-Z1
e Ay  wnpaw Y31 |Adpreqeeoniy  S[ednin 2WO0JQq YIOOWS S0Iq mopeduwt (urur) areq
OUd Ajsuaiu] su 33e10 1dd,

"SI0JOE) DUIZRI3 PUB 93810) [[8 Joj (wr) (WD 0G-G) J918M [I0S paje[nundy 31 JqeL

68



91} UTJUM pUB 13133] dures 3y Aq pamoyjoj (Aysuayut Surzes8 Jo 23e10) JojoL] SUrEs Ay Suowe SUBSIA

i€ ® 78 B6L ®6L | ®L6 qe €8 qe L qQ 99 6 S6POYi
9¢ sog ®gL 8L | ®EG q18 q 6L 9 69 6  $6-d3S-9T
3% v 16 % €8 veg | ®IOI qe ¢8 q €8 q€L 1 s6-des-T1
bL B60I ©®901 ®66 | ®ETI qe 801 29 66 2 06 6€  S6-8nV-67
19 eoll ®vegl ®OOI | BT q 901 99 86 316 8  $6-3ny-G|
8¢ ® $6 e 98 LEY" ® $0l qe Z6 2q 8 2L S€  S6-3ny-¢

- sH0l ®101 ®7T01 | ®BOTI qe 601 24 06 2 €8 €2 S6-Inf-81
L9 egll ®sli ®BEIl | ®LEI L4 q £01 q 96 v9  S6-Inf-01
sS BGil ®III  ®IIl | ®6El ® o¢] qL6 q 48 8€  S6-UN[-€T
L6 Bogl ®€zl w6zl | ®6SI ® 761 q $01 q 46 v se-unf-g
6 BLEl  ®OEl  ®BOVI | ® €9l 8 961 q 811 q 501 66  S6-ABN-£T
ot1 syl ®sgl  vgpl | ®e6St qe 051 59 €l 3121 07 S6-KeN-6
6sl Byl ®ool  ®oLl | ®Z6l qe ZL1 qe ZL1 q Z61 - s6-ady-61
LL BOZI ®L0I ®90l | ®TTI e gl 8 601 ® 001 91  +¥6-¥0-11
08 8¢ZI  9qIIl  qLol | ®sTI ® pll LEAN LR €  $6-des-97
601 eipl qeovl  qQlEl | ®8pl ® opl ® 8¢l LEX3 $9  $6-dS-Tl
Lol B6Z1 %671 ®BITI | ®IEl L4 ® LT] LI44| v6  v6-3ny-0f
6 8601 ®SOI ®© €0l | ®90I 2 901 LA RE ® 86 LS v6-3ny-gi
L sp8 qQTL Q€L | ®I8 LA B gL q 99 8  p6-3ny-T
9 B6ll Q001 qlol | ®6ll LA R q 701 2 88 0z v6Inf-61
$01 Bepl QI QE€TI | Bl ® Ipl q szl 2 801 8L v6Inf-9
8 88ZI QTI1 qe LIl | ®Opl B 7Yl qQ $01 2 68 € v un{-pz
8 sepl  mOEl  ®Ivl | ®BTL e pLl QLI 9 01 & p6-unf-6
Al 8791 ®6bl  ®9sl | ®O08I LE TR q 8¢l q 821 8L V6-ABN-$T
£L BEEl ®6I1 ®OEl | vsy! L q It 9 66 L v6-keN-6
o1l sLL]  ®eSl  ®ILL | ®O8L ® 181 qe 791 q ¢l - p6-3dy-Ti
B3T3 AABY W3 AdpeqeMeonu)  deonu 2W0Jq JIOOWS duwoiq mopeaws |(uur) amq

ANsud azelo0 :
'§10158) 98810J pus Surzesd [ 10§ (W) (WO OL-0) JAIeM [I0S PBIAIUNIY P1°¢ IqEL

69



"§10308} BUI

Sy} UTJIIM PUB JANI3] SUIES 3 Aq pamoijoj (Anisuaut Surzess 3o 98210§) JOJOR] JUIES AR Suoure SUBN

43 Tpil  ®LO1 %P6 ® €€l qe pil qe 66 q€L 6 S6-R0Vl
43 ve01 ®eol vZol | ®ICI qe 801 2q 101 268 6  $6-49§-97
8¢ 89l ®OIl ®901 | ®BOEl qe €11 q 801 q26 1 se-des-zi
68 vggl e®zgl  voTl | BOSI qe 9f1 2q 9Z1 AN 6 S6-3nV-67
9L egel  ®6ZL  ®OEl | ®SI qe vl 2q 61 2 011 8  $6-3ny-Gl
¥s sLil eyl well | BYEL qe £Z1 2q 601 9 £6 g€ S6-dny-f

- vegzl ee€zl  eHZL | E8Yl ® ¥l q €Il q 86 £2  S6°IM[-81
S8 sppl %yl BOPL | BOLI ® 961 q L2l q LIl 9  S6-In[-01
vL sopi  ®sel ®yvl | BLIL ® 891 q 71 q €01 8¢  S6-unf-€7
74 s/sI ®oOSl ®LST | ®BO6L ® /8] q 621 qzll v s6unf-g
Lt vgol ®LSI ®6E9l | BS6L ® 681 q Spl q 971 6€ S6-ABN-E€T
1€l vzLl  e¥9l  ®BLLL | ®BLSI ® €81 qe .91 q Lyl 0T S6-ABN-6
961 2807 ®90Z ®OIT | BLTT B 602 8 ZIT LE4 ] - g6-idy-61
86 sopl ®Zel ®6TI | B8Vl ® Ol ® el e 1Z1 91 $6-WO0-11
zot wzgl eLgl vzEl | ®TSL e £yl ® Ovl LEYA| €  ¥6-d9s-9T
cel spLl soLl  ®osl | ®HLl ® 691 ® L9] ® 961 $9  v6-498-T1
621 w.s1 ®o09l ®LvL | ®BYOL ® 961 ® pS1 8 gpl b6  p6-Bny-0f
oll el€l eyel ®6TI | 9B ELL qe 9€1 LA 84! q ZTl LS ¥6-3uy-sl
9 vlIl 99 996 ® 011 ® 011 ® 101 q¢8 8  v6-3ny-T
88 vesl  qlel qeel | BSSI LAY q £€1 2 111 0z v6-Inf-61
€€l vgLl Q091 qLSl | ®B¥8I ® 781 q 81 5 €€1 8L  v6-Inf-9
6L Bgo] ®epl BESI | BISI ® 881 q 611 q vl € Y6-unf-pT
LO1 w81 ®pLl 8Ll | BEIT 8 027 q €51 o> Z€l £ P6-UNf-6
8tl vspooz ©88l ®p6l | ®BITL ® 7T qLL] 5 LS1 8L v6-KBN-tT
€6 epLl w8l ©®69l | ®88I ® 761 q LS1 2 1€l L Y6-KeN-6
£v. gz  vwgor ®8IT | ¥ ST ® €T Q@ LIT q L6l - _y6udy-zl
NS Kaeay E&Wﬁ W@ |Aspreqednul  Sednii 2WOJq Ylo0ws 3oiq mopesuw (unu) Qg

u a8eIo 1dd

pue 95e10j |8 Joj (unu) (W 06-0) Ja1eM [108 pargnunXY ‘3¢ 3[qBL

70



“gjep Buissiw st ()
(50°0 S d) udsaPIp APuLdYUBIS J0U I8 MO JUIES A UIIM Joy19] aures 3y} Aq pamoj|oj suedj

- - - - - - - - - - - [s6P0¥1
PPzl PIL Qpl PAEl 2yl B9l oGPl 9PEl  Qpl Ayl 311 |s6-des-or
vl ezl ®sl  ®el  ®ll ®L Byl ®SI ®gl  BEl Byl |Geds-zl

poqsl PGl GEO0T PSI  PSI  ®IC  GIT OGBSl PogLl  POLL POl |S6BRV-6C

517 OQEL OMEEL O®ET OG@EL WEE 00T 20T B¥T W Iz [s6-Bv-o
ppLl PLI G0z PoSl POSI  ®OZ P48l PAsl P8I PLL 31 |seBy-e
- - - - - - - - - - - |s6-In-81

— Ny —— —

T 998 ZT 2907 €T Oqe 7T qe €7 B €T 9qe (T P8l 998 [T PIOT P 81 |S6°INf-01
T e 6l Liya4 L 174 L4 L3 ¥4 BT 9qe 6l qe 0T 291 B 0T 3q L1 |S6-urf-¢£T
1 P26l 9qe |T vy P61 qe € 2qe 7T 9q 0T A 9q1Z 9Ll 3 91 jc6-unf-8
[4 L3 ¥4 L A4 Ly A4 ' ¢ ® ZT ® ¢T e $T L X174 L Y4 L A4 B €2 |S6-ARN-€T
4 L1 LI ¥ LI A ® $T ' T -3 74 ® (0T ' 0 B TT L. ¥4 ® 72 |S6-AeN-6
Z |- ¥4 LA X4 LEYARN S 4 L. Y4 L. J\Y4 L Y4 L ¥4 LB Y4 L 74 e 17 |6-1dy-6]
1 B 9] ® 07 LW B L] LA e $T e 6l Ll Ly A4 B 6l 8 61 |¥6-1P0-11
'l 291 ¢l eyl 3q 91 3q 91 ' QT 2q 9] 241 qe 81 9qe LI 3 p1 |p6-das-9T
iT

Q07 9981 W& Q0T 291 BEZ Qe 0T 591 GQeOZ 9807 9961 [p6-ddS-TI
- - - - - - - - - - |v6-3ny-0¢
4| 571 QST 99¢€l 271 < T e9] 9qe p| A A 271 2 Z1 |v6-Bav-si
) %6 v 0l s 01 eg L 8 01 ®L €9 LA ® L el |p6Bny-T
T P98l BEZ QqeIZ POQSI 9P LI QB IT PO Ll PO LI Jvt P S1 |p6Inf-61
2 oqfZ Gy GeST GqeSz qepz qesz  Fyel JPOT P PO 8 L1 |p6In[-9
;1 PQEl qe Sl LX) BGl eyl QB I P11l Poge €1  9qe ¥l PIl POl |p6unf-vC
31 ey Byl vl 751 L X9 B 9] B £l e gl e pl ® €] e Z1 |p6-unf-6
51 381 9p6l 9p2q 0T g A7 PO 0T 9q8 ZT PIqe TT BgZ PGB IZ BEZ Qe €2 |V6-KBN-¥C
£l P Tl BGl POQEl oysgl  qeyl 9pdTI Il pIL 3P 3 0l 3 01 |p6-AeIN-6
Rl 8 9[ u__mu LN YA A v ® 8] B ¢] B 8] 8 /] 3 9] ® y] lp6-1dv-Ti
Y WnIpIW [ AARy  wnipow zm__ Kaeay  wmipow  Wai  AAesy wnipdw sy aeq
B5 C31IEq/a[eon ] 3W01q Yjoouis .

71



(5005 d) WP ApueogmuBis 10U 38 MO JUKES

U} UNIM 131 AuIes A £q POmOJI0) SUBIN

Tec  ®ev oy evp Bsp B8 ® €f By e IE Biy  ®67 [S6POPI
PEE POGEE  ®Lb dPA6E Sy PAETY JP 9E P2 8¢ PP 9¢ dPQ 6¢ J ¢ ls6-daS-92
pPof PqIy vES Py GRLY PARYY PO 8C PqQ sy PIASE POy P SE [$6-09S-TL
poqgs 9409 ®vL d@T9  GBT9 PALS P2g9S Poqss PO0S Pq8s P8Py §6-3nV-62
PPSS PGB EY  BEL qEOL 348 99 3P 09 JIS PPP9S PSS P19 P TS s6-8nv-1
PpIy PGESy  ®6S POQR TS OB €6 A Ly PP PPISY Py PP J LE |s6-8ny-¢
5qQ€S qQv6S T OL B9 ®BOL O99Is 246y 299 248 240 2 ¢p |s6-Inf-81
opoqp9 PGB OL 9E9L  B6L  B6L 3AASY JP8S PLS JP6S I €9 3 s {s6-Inr-01
q99 ®6L GTL GSL BLL 2SS 20§ 2 S o8p 21§ o gp |S6uUnf-£2T
qLL ®06 v68 qezs El6e 219 PALS PP8S PILS PIS8S P IS |s6-unf-8
epg ®p6 v 16 vl8 ®Z6 QL9 qv9 qoL 9479 Q€9 Q9 |S6-ABN-ET
. poq8L QqeO06 2q8S8 eS8 BO6 PIE 6L POL 9q8¢8 PIL POL P2 bL |S6-ABN-6
" "e1e ®col ®col ®os ®Rol ®QOl EBS6 BUO ® 06 B 16 8 o8 |c6-1dy-61
) e8s ®99 0L 800 ©99 ®BE9 8 G ® 9¢ ® €9 ® 9§ ® £ |P6-P0-11
) poq6s oq®g9 ®IL oqez9 qE89  BIL  POOS PPLS Oq@ PO o €9 P TS |v6-d9S-9T
, ®pg ®egs ®I6 €8 B8 806 BO8 B6L ©f§8 ® 68 e 8, |p6-doS-T1
e, ®9, ®gL ®Og BOL  B8L B 0L B9L ®LL 8 98 8 0L |v6-3nV-0€
. BGS ®BLS ®I9  BIS B LS LIS LN B LS 8 Z§ ® GS ® 6v |p6-Bnv-S1
, poqyE qE6E ®TP POIE  949E e LE  PIIE ppee PIE PIE  PST |p6Bnv-C
) JPES 9979 ®IL JPPTIS PA6S PILS Spoep SPPIS JPES Hoy  Buv |veIn-6l
} 9 yL P 6L 06 OpOSL PP6L 92918 B9 PPEL PPIL 8.9 809 |P6-MM-O
) Poq6s QB L9 ®EL POLS IBSH 3PS Spocy JpIs PPIS  Hevy  Boy |b6UNMPT
3 uvgg ©gy  ©8S Bgg B06 QL9 POSS P09 2979 PSS PIS y6-unf-6
5 Ppqsgs qev6 ®S6 o816 B9 P8 SpL P18 9278 dP6L 3 L |v6-AeN-+T
. 9979 ®EL 96 qe99 BIL PITE  PLY pPYys  POS PSy Py |v6-KBN-6
\ poge €8 Nn.._mK-n_
AAB3y  wnIpdW 1 areq
oEo.—. 0 .E o:.-o._. OpE

1Zeld x 93eJ0} |[8 10§ (Wd 0¢-0) (wur) 1918M [108 vo~u==§< L AL LA

72



(50°0'S d) WasPIp APUedYIUSIS 10U SJ8 MO JUILS Y} UM IONI] JUres S £q pamo[j0} SUBSIN

%05 9S0  SO0L €8 ©69 ®6s ®LY BLS BHp BI9  EEY |S6WOVI
2q1S Ooqe 19 ®BOL S9BZ9 qB69 OqBE9 O®PS OqEOC  Iq IS :E I §6-das-9T
Boc 89 ®6, BOL ®HL BO9 BLS BO9 ®HS BO9  BOS §6-d9S-T1
PqOs PGPS BEOl Qe E6 G I6 PPQI8 POQOL PAQEL  PO89 PXGEER P £9 $6-3nV-67
PQSL oqR98 ®66 €96 qel6 POqEEs  PIOL PNYL  POIL PAEIS  PL9 s6-8ny-g1
P2Q09 O IL ®E8 qeOL gqBLL POEL9 PAG6S P9 POLS PAE9  PIS s6-Sny-¢
PQEL dG88s GeO6 ©86 ©66 POIL P8 PS9  PT9 MIL PO S6-Inf-81
o868 QeZOl qepOl  ®OIl  BIIL 99L8 98L 9Ll 2/, 99L8 989 |S6 (-0l
q96 ®LII Qep0l qee0l qQeEll  dLL d0L OvL 299 L D19 |s6UM-ET
Qell  ®EEl QvLZI QUIZl BYElL 968 PA8L P6L PLL  POIS P89 [S6UNS
0zl %®S8El °®IEl ®9UI ©Ofl AQ¥6 QL8 49 48 Q98 q¢8 S6-KeN-€T
PG PIl  SpEl qEvZl qeyZl  ®Ecl PQIIL P96 POAEVIL P86  P266 PO 66 S6-ABN-5
B 1f] 8 0¢] LA\ B |1 B Q9] L4 4l B If] 8 gel] ® o7] 8 6C1 e o1 lgh28y ¢t
B $8 % 6 ® 701 v I6 ® S6 8 66 B 8L ® 8L LA LA % ZL 196-10~11
oqe(8 OqBI6 ©SOl Qev6 qe66  BHOl 9QI8 9408 OGO O®I6 AL #6-d3S-9T
oIl ®EIl ®OEl ®LII ®8Il  ®STI  BBOI ®SOI  ®BOIl EBEZl  ®HOI $6-49S-21
® 101 % 101 ® £01 € 801 ® £01 ® 601 8 96 ® TO01 ® 101 L AR ® 16 |p6-BnvV-0€
®jg ‘%®¢g ®©v/8 ®5. ®veg ®vOg ®BIg ®eg BH. ®vI®  EBIL p6-8ny-¢1
P ES qBT9  ©99 9P3Q IS PSS PGB ES PO 0S PNQTS P OS ek LY y6-3ny-7
SpogL OS®E8 Ol 9POSL PS8 POES PPIL PPIL PPHL  RLY  I19 |pEINM6I
PP 101 59801 ®HZI PO S0l PIA9L 29601 8P 16 PO S6 I €6 8es BsL |¥6IN[-9
2966 qe80l SIII 29b6 qe€Ol POI8 P8  PSL 9PpL P9 385 |PEUNHT
/71 vscl wEEl ®6Zl ®OEL Q96 POIS PGS 988 PA08 P TL [P6UNL6
quszl ®eyl ®Tvl vl ®vepl OQ€ll 2001 2801 2QIIl 3401 296 Y6-ABN-T
QL6 ®S8Il 9qeOIl qesol gqevil PO€8  PSL PS8 P6L  PIL PULO ¥6-KCIN-6
L 44| ] v ] ] ] ] % 171 ® 611 L] Nn.ﬁ.n_
i wnipaw I aea

73



(S0°0 S d) WAIAPIP APUEOGIUBIS 10U I8 MOJ SUIES I3 UM J3N3] RUES AR Aq pamofjoj sussy

B OL v 68 % L6 € 66 ey B8 K, 8 9L ® 8¢ ®Z8 B LS |S6-00-P1
PPIL Oqe €8 366 qess ep6 Ges8s PAGEL PXQASL PI69 8L P 09 |56-d9S-9T
v/, ®.8 %vs0l ®©8 BE6 BI6 ® 8L B 6L BEL € 08 € 99 |$6-d9S-T1
qe ZOI Poqe 801  ® 1€l QB £21 98 L1 PO9® LOL P24 L6 poQ g6 PO L8 PR 0L P 08 |S6-BnV-6T
2q¢6 qezIl vLZl EsZl qesil gqeoll 2416 A €6 9906 201 978 [S6-3ny-cl
Q{8 9896 © 601 G €01 Qe [0l 4B T6 P 6L PqQ 6L PISL POge T8 P 9 |s6-8nv-¢
PQS6 O@LII qvIl GEST'  B6TIPGEL6 P06 I8 308 916 2 9, |s6-Inf-81
qe €11 qeZEl qeIEL  EOvl  4e 6F1 PGB SIT PI66 P9 P96 P2q801 P ¥8 |S6-Inf-O1
2q¢zl ®ISL qubri qeopl Qe eyl PP SOl P T6 P L6 p L8 9P 68 3 LL |S6-uUnf-€T
qopl ®LI91 @esl qeesl qesol  v¢ll PP66 PO 66 p286 P10l P €8 [s6-un(-8
.yl ®ZLI €9l essl ®89l 299 201l I6ll 9.01 2901 O 101]S6-ABN-€CT
eIyl ®L91 ®sSl  EOSI  ®BSOl @Epvl  Qlzl qEOvl qQ¥Zl  QIZ1 9 611|S6-ABN-6
701 %®lel epel e8] ®loz ©ysj ®Ol BZLl E09I 8 /C] _® Opllc6-1dy-61
%901 ©LIl °©6z1 ¢®sil ©®8ll ®8Il ®OOI P66 880l ¢ev0l ©88 [v6-R0-1I
v60l oIl veel ®vozl BTl ®eEl ®pol ElOl ®Ell vZIl ©68 |v6-d9S-9T
261 ©OFl uSST eyl ®ipl  ®osl  ®miel  ®LTl  ®El vopl  ® 1Z1|v6-dasS-Tl
®czl ®szZI ®OEl  ®sgl  w.TI ®yEl v EBSIL B vzl eHEl  ® 801 |p6-Sny-0f
860l ®90l &7l BG6 voo] ®©8Il ®©gl ®©L0l ®L6 BLOL ®I6 y6-3ny-g1
Xq® pL Oq8 ¢8 ®Z POqRSL POqES.L qe68 PXQIL PQIL _POOL P89 P 65 |v6-Bny-T
3p2 G0 998 OZI  © SEL 29 601 3p2q TII PAAE 911 SppLe BPs6 pse  Fss 8 6L |v6-Inf-61
PqIEl QU bl ®8ST O s€l PoA9El  GETHL JOP 911 3P 81l Jop0 LIL J601 396 |v6-INf-9
Qeogl ®6bl ®e6pl quet]l ®Bovl 99611 P96 Po00I PO 101 PLS P 8L |pv6-unf-pT
epol w8l  ®zLl ®e91  ®oLl  Qo€l Poge0l PQTIL AOIl P 01 P €6 {v6-unN-6
@Ol ®ssl ®o8i ©8Ll  ®E€8l 9qLbl PI6TZl PO LEL P9 6El P2 LZ1 P LI1|p6-ABN-¥T
poq 1€l  ®6SI 9B 8Pl Oqe €pl 9B TSI P2 0TI JOP 901 P2 611 JoP Il P96 3 06 |v6-AeN-6
] ] 8 OR1 LE7Al e 881 ® ZL1 € (¥l ] ] ] ] Nm.._ﬁ.n_
wnipow ] 83y yay Aoy wnipow zm__ ﬁs; _wmpoul mmm_ g

OEG.— ( a S

74



(50°0 S d) WosapIp ApuroyBIS J0U I8 MO JUIES 3} UM JII] AUTEs 3t} £q pamoj|oJ sueapy

qv6 oqe Lzl  evibl  BESI PMARE OB HTL PO €8 PI 06 PeEd P16 P 9 |S6-RP0V1
Wog PO ZIT B €Tl e8Il ®ITI PGB €11 3Pq 96 3P £6 3 €8 POGe 701 9 €8 [$6-09S-9T
®zol ®SII ®HEl  ®TEL ®HTI  BOZL BEOL BIOL BB BG0l ®¢8 |s6-das-Z1
egzl ®zyl ®O09! B8Pl ®EeEpyl BOEl  ®BHZL  BLIL  BSOL ®e6TI  ®TOI §6-3ny-6T
®8Zl Qqesy! ® €Ol Q® GSI POGE il POqR THI 9PO 601 3p2q €21 3 101 POqE §Z1 3P 901 $6-3ny-g1
.0l ®zZEl ®BLEL BPEl  eOEl  ®LII  ®BLOL  BZOI ®SB v L0l ®/8 |S6-Bny-¢
RBOEI ®ZSI  ®ISI qeopl  ®BSI OQe €Z1 dqB 11l 94401 9.6 5e 11 998 |S6-In(-81
®ZPI ®601 GREOl ®BSLL  BZLL OgR Iyl Q4TI dSIL dvil aqe pel 9 pO1|S6-Inf-01
@IS ©e8l QB €91 Qe L9l QBILI O9qsel  PIIL PIGIL P66 PEIl PL6 [S6°UN-ET
QLI ®60C 98681 Q9681 C®€6l PALPL dPSII P HTZI SPOIL 9P 9Z1 9 Z01)S6-unf-8
@eLl ®OIZ qes6l qevel 56l poassl  PoOEl PAILpL PLZL PLTL PSTI S6-KBIN-€T
®Z/l ©®p0C @©<S8l ®BO8 ®l6l ey8l ®OyI ®BTLl B8Pl BISI BTV $6-ABN-6
8O0Z ® 77z ®Of7 ®IT ®efr BT ® LOT Bpoz ©O8 ©861 B 601 g6-1dy-61
0el  ©®syl ©9s1 ®spl ®opl ®BLST eHTl BIZL BLZL BOUL ® 601|¥6-320-11
vogl ®epl ®IOl ®BZSI ®opyl  vs9l w7l eszl ezl mLEl  BIN 6-d2§-97
vwgol ®o9f e/l ®BO8L ®E9l ®vO6l ®eESI ®ISL  BSST  ®ILL  EBENL v6-d3§-21
®col ®vesl ®Z91 ®LLI ®IST ®€9l Bepbl  ®OSI  BLWI  BESL  EBOEL y6-8ny-0c
spel  ®gel ®IHl  eIEl  BQCl  BOSI vog] ®ZEL eIl BGEL BOILI v6-3nv-g1
Qe 10l qeOIl ®ZTI PG 90! POqe €01 B OZI 3PO 16 9P 16 3P 88 3P L8 3 ¢/ |v6-Bny-Z
qespl BE9l  ®OLI 998 6p1 PIQR OGPl Qe pST APAq STI PO ITI 9P 0TI 9801 3 £01 v6IN[-61
queol ®<8l ®Z6l ©L81 qRELl  ®8Sl PG Oyl PGSl PAOpl PO LEL P €L P69
QELl ®O00Z QES8l Qe8I GeSLI 998Sl POEEl PO8ZI  POTL  PIIL P POLIV6-UN-4T
%07 ®IEL ®80Z ®SIT ®SIT QELl Ol 945yl 29kl D1l I 6LIY6UM6
qe Q07 S LET QULIZ QU EIZ QR ZZT PAAI6l P 991 dPI LI P OLL  ILSL Al v6-ABN-HT
wqELl  ®IIT 998 L81 oG8 L81 Qe 061 PXQILI P 9pl dp €SI P eyl I8l LTl v6-KBN-6
L B ® 8 ] y6-3dy-Z1
1 Aeq
.E..—.EJ.N\ |
SJUSUNEaI) [e 10 (WD 06-0) (W) J3TeM [IOS PIIB[MUNIOY '37'€ JJqEL

e 14



sonendiald + 18P Surpaocaid pue uonsanb U1 18P URMIIQ J3TEM [10S polE[nUNOIE UL 0UARGP) = uonendsuenodeag
‘pouad JO pess 38 (WD 0G-0) JIIBM [10S pale[UNOIE S 'MS 918P JUIWIINSEA ISE| 2ours uonendixald o
290 9§ 8¢0 8% B G0 |85 B¢0 TS Bp0 VL LD €9 890 |6 $6-R0-v1
B0 19 ®01 TS B60 {19 ®60 SS 21l 96 ®©60 ¥8 BG6O |6 $6-d35-9Z
Qpl €8 . 8L ATl L ® 91 1L B9l 66 Qqe¢El ¢8 Q71 |1 §6-daS-Z1
, egT I8 8§97 08 6T 9L LT EL ® 8T 6L LT 69 ®6T |6E $6-8ny-67
‘ BLE S9 A&z 5 Bog |79 ®BLE 69 ®HE T9 BLE LS ege |85 [s6-Bny-Sl
. eLT 8L ®O0€E S, ®vOE |86 qeltE 12} BpE 89 9967T 9 2.7 |s€ |[s6-3nv-€
, BCHP 16 ®I9¥ 68 egy [LOI ®BO9P 8 ®BTP I8 By LL  ®SY |ET |S6Nf-81
, ®BOE L8 ®SE 16 ®6E |60l EBEW 01 98¢ bvL qse 99 s1'¢ [¥9 |S6-In[-01
M ®pE 8 vEE €1 ®vee (8l 4a GE Il ®®E I8 dq¢ee SL 27¢ |8€ |S6-unf-£T
M 86T sol ®o€ €Il ®T¢E |IEl @67 LIl 98T T6 qeOt V8 BI'E {Iy |s6Unf-8
1 ®1€ 80l ®O0€ OTl ®EE LTI O $7 zZ1 96T LOI Q€€ 66 ®RE |6 S6-ARN-€T
‘1 ®zZ €€1 ®TT Tpl ®IT |IS] Bl 661 ®TT LEI BOT HTI  ®TT |0C S6-KeN-6

) sEl 88 Byl S8 Bl {66 BRIl T6 el 88 BEl 48 el |91 (6011
1 ®wgl ol ®ZZ Ol ®0CT [zZ1 ®OT oIl ®81 €1l ®81 TIL BIT )¢ y6-43S-97
| ®LE 01 ®I¥ 66 ©TH |s0b ®BOY €01 ®LE 101 vEE 101 EBTY |99 p6-49S-T1
; ®gy 08 ©®Op 08 ©OS[I8 96y I8 MLy €8 BOS O OS5 V6 6-8nv-0€
- wgz IS vTT €5 ®ET |8 BT 65 EOT € BTT Ly BLT IS p6-8ny-61
. ®LT VL QTT LL Q€T |88 ®B9T 88 ®B8T 9L QfT L9 D078 p6-3nV-T
(1 ®¢e 96 ®€e L6 Qg [Tl ®TE Ol ®BEE 8 BTE L8 ®OE 0T p6-In[-61
s qo¢ 08 QTS 98 89S (Z0l ®O9 vOI BLS SL 40§ 99 A48 8L v6-In(-9
1 Qe 01 ¥LE 801 QeO€ [€€1 ®Iv vEl ®BTY L8 Q€ 08 OIIE L€ |W6UNMT
/1 weg 811 ®SE €21 BOE |Ipl 96T LEl OTE LOL Q9E YOI TV [V W6NG
6 ®zE L8 ®IE 9 ®LE[OIl ®BEE 601 ®IE 18 ®vEE TL BIE 8L p6-KeN-¥T
€l w9l 611 ®¢1 671 ®I sl ozl vl 2¢l ozl Q91 8l B61L YL v6-KBN-6
WS KAy 'MS WNIpOW 'MS 3N |'MS HEQANI 'MS 9[OuLl 'MS 3woigs ‘MS awoiqu () areq
F 0&@.—0 Iwnhrll
. AB pIIRJMO[ED "€ € JJqBL

76



(i) Dates with high soil moisture content
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(ii) Dates with low soil moisture content
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Figure 3.1a. Profile volumetric moisture content (cm*/cm® x 100) under meadow
bromegrass treatments: (i) dates with high soil moisture content; (ii)
dates with low soil moisture content.
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(i) Dates with high soil moisture content
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_ Profile volumetric moisture content (cm*/cm’ x 100) under smooth
bromegrass treatments: (i) dates with high soil moisture content; (ii)
dates with low soil moisture content.



(i) Dates with high scil moisture content
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(ii) Date with low soil nioisture content
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Figure 3.1c. Profile volumetric moisture content (cm*/cm® x 100) under triticale
treatments: (i) dates with high soil moisture content; (i) dates with low
soil moisture content.
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(i) Dates with high soil moisture content
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(i) Date with low soil moisture content
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Figure 3.1d. Profile volumetric moisture content (cm®*/cm’ x 100) under
triticale/barley treatments: (i) dates with high soil moisture content, (ii)
dates with low soil moisture content.
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Meadow Brome
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. Profile volumetric moisture content (cm*cm® x 100) for all treatments on

June 9, 1994
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Meadow Brome Smooth Brome
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Figure 3.2b. Profile volumetric moisture content (cm*/cm’ x 100) for all treatments on
June 8, 1995.
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IV. SYNTHESIS

This study was designed to determine the hydrologic impact of short-duration-
intensive grazing (SDIG) in central Alberta under both annual and perennial forages.
Few researchers have compared the hydrologic response of grazed annual forages to
that of perennial forages. Most changes in soil and vegetation caused by grazing occur
at or just below the soil surface. Near-surface bulk density and soil water
measurements were used to help characterize hydrologic changes from SDIG on

annual and perennial pastures.

Near-Surface Compaction

Grazing rompacted soils in all treatments. Bulk density (DB) increased linearly
with compactive energy (as proxied by cow-hours of grazing) over the first season of
qrazing under both annual and perennial forages. Cow-days, averaged over 2 years,
under heavily grazed perennials were almost twice those of medium and lightly grazed
perennials. DB under annual forages increased at a similar rate as perennial forages
under a given amount of cow-days. However, soil under perennial forages compacted
more than those under annual forages in total. DB was well correlated to both first-
year cow-days and the two-year average cow-days. DB under heavily grazed annual
forages appeared to be mitigated most by cultivation compared to that under lightly

and medium grazed annuals, although cultivation in general reduced DB only very

slightly.
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DB was expected to decrease from the mitigating action of freeze/thaw cycles.
Instead, DB increased over-winter, which could suggest a deterioration of soil
structure from grazing, especially under annual forages since bulk density increased
most over-winter under annual forages. Soil structure may have deteriorated more
under annual forages compared to perennial forages. Over-winter bulk density also
increased most under meuium grazing.

DB declined over the second summer likely from root penetration among all
forages but most under annual forages and more under smooth bromegrass compared
to meadow bromegrass. Root penetration and cultivation mitigated increases in DB
brought on by grazing but only under medium and lightly grazed treatments. Heavy
grazing may have limited rootApenetration. Another possible explanation could be that
the land initially deteriorated under the shock of a new landuse scheme, but stabilized

in the second season.

Soil Water Regime

Surface soil water was often higher under heavy grazing than under light and
medium grazing. Interception was likely less under heavy grazing so more
precipitation reached the soil. Generally, surface soil water was highest under heavy
grazing but these total season results contradict these for only the spring and fall. In
the spring and after the first fall, surface soil moisture was lowest under heavily grazed
treatments. Since surface soil moisture in the DB study was only measured in the

spring and fall of both years, differences in surface soil water trends among studies are
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and fall may not reflect actual trends over time between the two measurement dates.

Differences in soil water among treatments were attributed to differences in
interception, evapotranspiration and .depth of water uptake by plants. More bare
ground and less evapotransgiration under annual forages in April, May and June likely
caused higher spring-summer soil water compared to perennial forages. Until early
June of both years, soil water under perennial forages was lower than that under
annual forages. Soil water under annual forages remained higher than under perennial
forages until mid August even though ET was generally higher under annual forages
until mid August. ET among forages was similar for the rest of the summer, yet in
1995 soil water under annual forages still remained higher than under meadow
bromegrass. More bare ground under annual forages likely caused more water to
infiltrate through less interception compared to perennial forages late in the summer
causing higher soil water under annual forages even in the fall. It had been
hypothesized that soil water would not be affected by reduced ET due to defoliation of
vegetation and the study confirmed these results. Differences due to defoliation are
likely masked by the larger differences among forage types.

Perennial forages could use soil water during vigorous growth in early summer
and use less soil water as growth diminishes later in the season. Also, higher soil

water under triticale/barley than under a monocrop of triticale could indicate lower

productivity under the mix.
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LAI and litter. Even late in the summer, wetting fronts appeared larger under annual
forages compared to perennial forages. Annuals had bare space between rows and Gill
(1996) also reported much more bare ground under annual forages than under
perennial forages. On most measurement dates, profile soil water trends among
forages were similar in that meadow bromegrass always used soil water deeper in the
profile and used more soil water overall than all other forages. Smooth bromegrass
extracted water close to the soil surface and annual forages seemed to use water from
30-50 cm.

Soil water under the benchmark site was always lower than  under all
treatments either because it was further away irom a wind break, interception played a
huge role, or numerous gopher holes resulting in unrepresentive readings. Soil water
under the benchmark site was often near wilting point compared to all treatments. It
almost appears the benchmark has reached a particular species compostion which uses
all available soil water but only to the extent contributed to by precipitation.

This study provides an important contribution to the literature as management
regimes change from the use of long-term pastures to the flexibility of short term
pastures manipulated under short duration intensive grazing. Grazing annual forages
appears to be a productive and viable management practice especially under triticale.
DB under heavily grazed annual fo-rages was slightly mitigated by cultivation but

increased more per cow-day than perennials. Smooth bromegrass seemed to mitigate
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of smooth bromegrass was in the zone of greatest compaction.

Future Research Needs

This study was only 2 years in duration and represented the early phases of
SDIG. A longer term study is required to assess the full impact of SDIG on
sustainablity and productivity of rangelands.

Continued soil water monitoring would permit researchers to gain more
information about the hydrologic changes from SDIG and which parameters influence
soil water most. Equilibrium has likely not been reached after only 2 years.

DB should continue to be measured to monitor possible clues to the
deterioration of soil quality and influences to hydrology. Depth of measurement can
remain 0-10 cm but greater resolution could be achieved through small depth
increment coring to define zones of greatest compaction.  Also, the depth of

compaction may change as the study continues and this change should be monitored.

Model Development

The hydrologic response of grazing in this study did not specifically differ from
that found in past research, instead it provided researchers valuable high resolution
data on the interaction of climate, vegetation, soil and grazing intensity. The large
data set would allow researchers to validate simulation models. The study is valuable
for sensitivity analysis in mode! development and it provides information which can

help researchers better understand how parameters interact. Many multifaceted
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provide th~ required data. The INOrMALION IN I} KUGY MUK WIL tias us s (27 7V

and AAFC Lacombe provide a large information s. - for modeling.
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