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Abstract

Physical soil properties created by three mechanical site preparation treatments
(ripper ploughing, disc trenching. and blading) were evaluated to determine which was best
at creating plantable microsites on wet soil conditions on three mixedwood boreal sites. The
objectives of the study were: 1) to look at the success of the difterent mechanical site
preparation treatments in creating plantable microsites in quantity and quality; 2) to analyze
selected microsites in terms of water content and bulk density to determine the most
favourable treatment: and 3) to es:imate potential soil erosion created by cach treatment.

Three locations near Whitccourt, Alberta, with fine textured soils, high water contents,
and similar topographic characteristics were selected for study. Four site preparation
treatments (including a control) were applied at eack Jocaiion, running up and down slopes.
Each treatment was repeated twice per locatic. xr#§ lecated randomly. Microsites created
were surveyed on two 10 x 10m plots in cach trcatment arca (upper and lower slopes).
Number of microsites and soi} disturbance were recorded for cach plot. Undisturbed and
disturbed soil samplcs were taken from the ground surface for laboratory analyscs.

Soil analyses revealed ripper ploughing as the best site preparation trcatment in this
study, using the hinge microsite as the preferred planting spot. All three treatments resulted
in an improvement of physical soil conditions compared to the control, although the
differences among treatments were not as big as expected. More hinge than berm @r trench
microsites were created by ripper ploughing and disc trenching. Hinge werc supcrior
microsites compared to the others and they were charactcrized by a thin organic laycr with
a good mixture with mineral soil. Hinge microsites in ripper ploughing had faster drainage and
better bulk density conditions than those in disc trenching. Berm microsites had a poor

mixture organic matter and mineral soil, resulting in low bulk density, fast drainage, and low



watcr retention capacity. Trench microsites were located on exposed mineral soil and had slow
drainage and sometimes high bulk density values, and were frequently waterlogged after heavy
rainfalls, especially those created by ripper ploughing. Blading produced drier microsites than
the other treatments and wasted plantable space creating the piles. Furthermore, it is not an
easy treatment to perform and miineral soil is often exposed with high risk of soil erasion and
frost hcaving.

More research is needed to relate changes in soil properties due to site preparation
trcatments to scedling survival, root growth, and supply of water and nutrients in both, short-

and long-term pcriods.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

Some of the most common problems affecting seedling establishment and growth in
harvested arcas are watcr stress as a result of poor root-soil contact, frost damage, change in
light regime, high soil moisture, grass competition and insecis. Many of these problems can
be reduced by site preparation practices (Orlander et al., 1990). Mechanical site preparation
is a standard practice for establishment of conifer plantations across Canada. Seventy percent
of the arca reforested by the Alberta Forest Service and Forest Industry (428,634 ha) for the
period 1966-90 received some kind of mechanical site preparation (Reforestation Statistics
1990/91). In 1990/91 97% of the coniferous cutover area in Alberta (34,497 ha) was scarified.
The largest amount of scarification was in the Whitecourt Forest (7,658 ha, or 23% of the
total in Alberta).

The main goals of mechanical site preparation, which exposes, mixes, and elevates
mincral soils, are to increase soil temperatures (Sims, 1975). to increase the rate of
mineralization and nutricnt mobilization, to reduce the effects of soil compaction (Orlander
et al., 1990), to produce better and more uniform water conditions, to control or reduce
competitive plant species, and to improve planter access (McMinn and Hedin, 1990).

It is clear that mechanical site preparation can be beneficial to tree survival and
growth (McMinn and Hedin, 1990; Orlander et al., 1990). Lantagne and Burger (1983) found

tillage treatments improved loblolly pine survival and growth in South Carolina 2nd Georgia
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Piedment by 26 and 50 percent respectively compared to chemical and control trecatments.
Outcalt (1983) found disking significantly increased average tree diamcter and trec height,
and total volume production by 60 percent over that on control plots. However, on many sites
seedling survival and growth were not improved by mechanical sitc preparation (Drew, 1988).
The success of site preparation is dependent on matching sitc conditions and sitc preparation
methods together (Derr and Mann. 1977, cited by Outcalt, 1982).

Mechanical site preparation can have detrimental effects on soil fertility and structure.
Nutrients can be exported from a site by erosion in solution or mass transport. The most
important soil variables affecting soil erosion are: soil cover, slope, texture. and slope length,
though the effect of slope can be strongly mitigated by organic matter cover (Moon, 1988).
So, when mineral soil is exposed by mechanical site preparation, the risk of soil crosion is
increased.

Three mechanical site preparation trecatments commonly used in Alberta are ripper
ploughing, disc trenching, and blading. Ripper ploughing is frequently used in wet sites which
have problems of summer accessibility. Ploughing is usually donc in winter when the soil is
frozen and machines can easily access cutblocks and prepare the soil. It is a drastic trcatment
that produces great soil disturbance by exposing mincral soil in continuous trenches and berms
offering a range of planting spots.

Disc trenching is a popular trcatment used by forest industry. It also creates
continuous trenches and berms, but it is a less severe treatment than ripper ploughing. When
applied in mixedwoods, competing vegctation is not always controled and it can become a
problem.

Blading, on the other hand, exposes mineral soil extensively by removing and piling

the slash and part of the forest floor. It is currently used less than in the past becausc 1) it
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reduces the arca available for reforestation as slash piles can cover up to 25% of a cutblock.
and 2) it requires trained operators to avoid detrimental soil effects (loss of soil, erosion
problems, ectc.).

Mechanical sitc preparation is an expensive silvicultural practice. Average costs per
hectare for blading, ripper ploughing, and disc trenching are $275.00, $250.00, and $156.65
respectively (Daryl D'Amico, personal communication). These costs can become a very
significant part of budgets for reforestation.

Different sitc preparation treatments have different effects on soil properties. Even
the same treatment can have different results depending on the conditions under which it is
donc, such as slope, season, soil characteristics, and equipment and equipment operator. As
site preparation is costly, it is important to choose the most appropriate treatment for cach
particular forest type and soil condition. This is important and necessary to create a good
environment for the establishment and growth of seedlings.

The purpose of this study was to evaluate three site preparation treatments (ripper
ploughing, disc trenching, and blading) to determine which one was best in the first growing
scason after treatment is done for wet soil conditions in the Lower Boreal Cordilleran

ecoregion (Corns and Annas, 1986).

1.2 The ideal microsite

Stathers et al. (1990) defined a microsite as "a portion of a site that is uniform in
microtopography and surface soil materials that can range in size from less than 1 m* to
occasionally over 5 m“." On 2ny given site, several types of microsites can be found, with some

being more suitable for planting than others (Stathers et al.,, 1990). Identification and



selection of plantable microsites can be a difficult task.

The "ideal microsite” can be defined as the optimum environmental conditions for the
establishment and growth of plants. It is very difficult to describe because it is relative and
dependent on many biotic and abiotic factors (Margolis and Brand. 1990). The main
environmental conditions defining and affecting microsites arc ¢lsmate factors, soil propertics,
topography, and biotic factors (Figure 1.1). These factors can be either "limiting factors™ that
prevent seedling establishment and growth, or factors that positively or negatively aftect

seedling performance. All these environmental conditions or factors arc interrclated. and their

Air temperature /‘\5
Precipitation Vegetation cover 2 »‘3
Relative hurmnidity Species Z ‘\. =
Wind A

7 oy
LSS

Bulk density
Soil strength
Soil temperature
Soil moisture
Nutrients availability
Surface soil materials
Pore size distribution

Aspect
Slope
Relative position

Drainage
Aeration
Texture Latitude
Structure Longitude
Organic matter Altitude

Figure 1.1. Environmental conditions that affect and define microsites.
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effects can be increased or decreased by the presence or absence of other factors. In some
situations a factor can be both positive and negative to seedling establishment and growth.
For example, a coarse-textured soil will be more suitable for planting on lower slopes with
north aspect than on upper slopes with south aspect (Corns, 1985).

The combination of all of these factors makes the concept of the "ideal microsite” very

site- and plant-specific.

1.3 Objectives

The response of planted trees to different silvicultural treatments, such as site
preparation, has becen the focus of most silvicultural rescarch. Little research however has
been conducted on the changes in the environment that have caused trees to grow and
respond to site preparation (Margolis and Brand, 1990). There is not much information on
the effect of intensive management practices on physical soil properties other than bulk
density (Gent ct al., 1984). Therc is not much information either that quantifies erosion
caused by mechanical site preparation (Ballard, 1988). This study attempts to describe the
effects of three mechanical site preparation treatments on a wide range of physical soil
propecrties for a better understanding of tree responses to these practices.

The three main objectives in this study were closely related, but they involved

differences in sampling and laboratory analysis. The three objectives were:

1.- To analyze the success of the different mechanical site preparation treatments in creating
plantable microsites. Basically, an evaluation of the quantity and quality of microsites was

conducted in terms of:



- Number of microsites created.

- Soil exposure.

- Organic material on soil (slash and litter laycr).
- Mixing of organic material and mineral soil.

- Drainage of microsites.

Microsites in each treatment were also described in terms of soil moisture. bulk
density, and soil texture. These data were uscd to understand how cffective the treatments
were in creating plantable microsites, if slope position influcnced the effectiveness of the
treatments and the quality of the microsites (i.c. mesic-uppcr slope microsites versus hydric-

lower slope microsites), and if there was any relation between soil exposure and effectiveness

of site preparation.

2.- To analyze selected microsites in each treatment (microsites cconsidered most favourable
within each treatment from objective 1) in terms of water content and bulk density to

determinc the most favourable trcatment for seedling establishment in the study arca.

3.- To estimate potential soil crosion for each treatment bascd on the K (soil erodibility) and
C (cropping management) factors of the Universal Soil Loss Equation (USLE). These results
will show which treatment produces lower potential soil erosion and thercfore is morc

appropriate for the study area, and will help to provide recommendations for soil protection

and conservation.



CHAPTER TWO

STUDY AREA

2.1 Location

Three sites (Judy Creck, Fox Creck, and Ante Creck) situated in the Whitecourt

Forest in west-central Alberta, Canada, were sclected for study (Figure 2.1). The geographic

location of each site is shown in Table 2.1.
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Figure 2.1. Locar’on of the study sites.



Table 2.1. Geographic situation of the study sites.

Judy Creek Fox Creck Ante Creck

Geographic coordinates

Latitude 54° 24" 49" N 54° 15" 16" N 54°29° 10" N

Longitude 115° 40° 58" W 116° 49" 54" W 117° 29 41 W
Alberta township syst.

Meridian W 5t w 5t W 5t

Township 62 -- 63 61 63

Range 12 19 24

Section 35 NE -- 1 8% 7 SE 36 SW, 26 NE,

25 NW

2.2 Geology and Soils

Structurally, the area is part of the broad Alberta Syncline. The bedrock strata are
described under the Paskapoo Formation (Judy and Fox Creck) and its transition to the
Wapiti Group (Ante Creek) (Knapik and Lindsay, 1983; Wynnyk ct al 1969). They arc a
succession of upper Cretaceous- and Tertiary (Paleocene)-aged, nonmarinc deposits consisting
of thick, pale gray, crossbedded sandstones interbedded with gray siltstone, silty mudstone, and
local coal seams.

The entire area was covered with glacial Laurentide ice during the Pleistocene that
originated in the Keewatin area, which eroded and smoothed the landscapc. The surficial
deposits are morainal materials, with some glaciolacustrine sediments in the Ante Creck arca.
Morainal materials consist mostly of till deposited directly from glacial ice onto the landscape.
Till is a heterogeneous material usually clay loam textured, free of salts, with dark brown

color, and a thickness varying from less than 1 m to several meters. The glaciolacustrine



scdiments are dominantly clay and silt-sized and usually contain scattered pebbles.

Soil landscapes in Ante and Féx Creek are dominated by Orthic Gray Luvisols (>40%
of the area) developed on clay loam textured till, with inclusions of poorly drained Gleysolic
soils (20-40% of the area) in the depressional areas. Till is moderately stony and moderately
to slowly permeable. In Judy Creck moderately well drained Crthic Grey Wooded soils
developed on fine textured materials originating from the Paskapoo Formation. Orthic Gray
Wooded (Orthic Gray Luvisol) soils have a general profile with organic surface horizons (L-
H), light-colored illuvial horizons (Ae), and illuvial horizons with accumulations of clay (Bt)

(Canada Soil Survey Committee, Subcommittee on Soil Classification, 1974).

2.3 Climate

The climatc of this area is humid continental, with long cold winters and cool
summers. Mean annual precipitation is 550 to 600 mm, with 350 to 400 mm during the period
May to September. Snowfall averages 150 to 200 cm. The mean annual temperature is 0 °C.
Meun daily temperature for the warmest month (July) is 15°C, and the coldest (January) -14
°C. The frost-free period lasts generally less than 75 days. Annual potential evapotranspiration

ranges from 350 to 450 mm.
2.4 Physiography and topography
The three study sites are situated at elevations between 855 and 1010 m (Table 2.2).

Ante Creek is located on the geomorphological element of the Simonette benchland, Fox

Creek on the Fox Creek benchland, and Judy Creek on the Swan Hills upland. The three
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sites are characterized by a complex, rolling topography, with slopes varying from 3.7¢% to
20% (Table 2.2). Judy Creek has a sigmoid shaped relief with clear differences between upper
and lower slopes (Figure 2.2). Fox and Ante Creek have a more uniform slope. Predominant

aspects of the sites are showed in Table 2.2

@) ®) (©)
AN
AN .
\\ \\
\ S

Figure 2.2. Slope shape of Judy Creck (a), Fox Creck (b), and Ante Creek (c) study sites.

Table 2.2. Topographic characteristics of the study sitcs.

Slope Altitude (m) Aspect
Judy Creek Upper 20%
Lower 3.9% 1010 - 3007
Fox Creck Upper 8.9%
Lower 3.7% 975 27
Ante Creek Upper 7.6%
855 1007

Lower 71%
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2.5 Drainage basins

Judy Creek drains to Carson Creek and the Sakwatamau River, which are tributaries
of the Athabasca River. Fox Creek drains to Smoke Lakz and Ante Creek to Waskakigan
River, with both eventually draining to the Little Smoky river which is a tributary of the

Pcace River.

2.6 Vegetation

The three study sites are located in the Lower Boreal Cordilleran forest ecosystem
association (Corns and Annas, 1986). This ecoregion is a transition zone between the
primarily deciduous Boreal Mixedwood and the coniferous Upper Boreal Cordilleran
ecoregions. The principal trees of the area are aspen (Populus tremuloides Michx.), balsam
poplar (Populus balsamifera L.), white spruce (Picea glauca (Moench) Voss), and lodgepole
pine (Pinus contorta Loudon var. latifolia Engelm.). Other species present in the area are
black spruce (Picea mariana (Mill.) B.S.P.) and fir (Abies balsamea (L) Mill.). The stand
density of the surrounding area is 51 - 70%, with a site index class "good” (20 m + in height
for white spruce. pine, aspen, and balsam poplar, and 12 m + for black spruce) {Forest
inventory 1985). Other characteristic non-arboreal species of the area are Viburnum edule,
Lonicera involucrata, Rosa acicularis, Cornus canadensis, and Calamagrostis canadensis. When
the trees are logged, competing vegetation, especially Calamagrostis canadensis and aspen
suckers, can became a serious problem for planted conifer seedlings (Corns and Annas,

1986).



CHAPTER THREE

SITE PREPARATION TREATMENTS AND MICROSITES

The site preparation methods selected for study were: disc trenching, sipper plowsghing,
and blading. These methods commonly used in the region were compared to a harvested,

untreated control.

3.1 Disc Trenching

3.1.1 Description

The Disc Trencher uses a rotating toothed disc to create two parallel trenches cach
approximately 60 cm wide by 20 cm deep. Surface organic material and mineral soil are mixed
and turned into berms.

The objectives of this treatment are to create a range of planting spots, and to provide
better foot access for planters (Coates and Haeussler, 1987). Planting spots vary from
depressed in mineral soil trenches to elevated in partially overturned and mixed berms (Hunt
and McMinn, 1988). The long, continuous parallel rows minimize machine turning time and
offers planters numerous planting spots within tolcrance limits for a desired spacing (McMinn
and Hedin, 1990).

Disc trenchers are very effective in a wide range of situations, cither for natural
regeneration or planting. The effectiveness of this method varies depending on site factors

(slope, amount of slash, etc.) and the type of disc trencher and settings used (Von der G6nna,
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1992).

3.1.2 Machinery

Disc trenching was done with a Donaren 180D powered disc trencher mounted on a
Johin Deere 640 skidder. It consisted of two toothed disks mounted on two separate,
articulating arms hydraulically activated to vary downward pressure at an angle to the
direction of travel. When the disks turn, the soil surface is ripped and mineral soil is exposed
in a trench bordered un the upper side by a berm (Hunt and McMinn, 1988).

Tie depth and width of the trench can be adjusted by changing the angle of the disks.
the downward pressure, and the travel speed (Von der Gonna, 1992). As the angle of the
disks and the direction of travel increases, the trench is shallower and wider. With lower
speeds and higher downward pressure, the trench is deeper.

Advantages (Bamscy, 1985; Coates and Haeussler, 1987) of disc trenching include: it
is easy to attach and to transport from block to block; it is a simple, rugged machine; it
creates good planting opportunities within prepared soils, particularly on lighter-textured soils;
it is relatively inexpensive to operate.

Disadvantages (Bamsey, 1985) include: heavy slash (>7.5 cm diameter) reduces
effectiveness; it can cause erosion problems on sloped sites. On sites with heavy slash and
deep organic layers, powered trenchers are required. To minimize erosion, trenching should

be intermittent (i.e. avoid long continuous trenches).

3.1.3 Microsites created



14

Disc trenching was expected to create three plantable microsites: Berm. Hinge. and
Trench (Figure 3.1).

The berm is an elevated planting spot with irregular organic material turned over and
partially mixed with mineral soil. Characteristics of this microsite can include:

- highzz soil temperatures that enhance seedling growth and speed mineralization and

therefore nutrient availability (McMinn, 1985);

- lower bulk density, higher porosity and better drainage, which is positive in wet sites

and negative in dry sites (McMinn and Hedin, 1990);

- high fertility since it retains the available nutrients from the surface organic matter;

- control of competing vegetation by the soil disturbance and inverted layers

(McMinn, 1985) or enhancement of compcting vegetation by increase in fertility; and

- logging debris that limits microsite creation.

The hinge is a level planting spot usually located at the junction of the mincral
soil exposed at the furrow and the surface organic layer or edge of the berm. The hinge can
be either a mixture of organic matter and mineral soil or just mineral soil, depending on the
degree of disturbance. Characteristics of this microsite are:

- lower bulk density, higher porosity and good drainagc;

- higher soil temperatures with exposure and mixing of organic matter and mincral

soil;

- control of not very aggressive competing vegetation if the disturbance is intensc

(McMinn, 1985); and

- high fertility.

The hinge is a preferred planting spot in fine-textured soils and sites with intermediatc

moisture regimes because of its micro relief that creates intermediate moisture retention and



the high organic matter content which makes soils less compact
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Microsites

- LITTER LAYER

S  EXCAVATED
MATERIAL
DISC TRENCHING
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&: TRENCH l DO -
,_'940 o P! 1120 cm
SOUTH \60 é‘? .~ NORTH 1
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Figure 3.1. Potential plantable microsites created by Disc Trenching

The Trench is a depressed planting spot located in the bottom of the furrow.
Characteristics of this microsite are:

- higher soil temperatures duc to the exposure of mineral soil and removal of shading
vegetation (McMinn, 1985)

poor drainage and risk of flooding or waterlogging and frost heaving, especially in
fine-textured soils;

- compaction, especially in fine-textured soils; we can find inhibition to root growth
due to soil compaction
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- decrease of evaporation, especially in dry climates, due to the shade provided by the

berms; and

- risk of erosion in sloped sites.

High soil temperatures can speed root growth and roots can reach available nutrients
located far away (McMinn, 1985). On the other hand. scil compaction can inhibit root growth.
The trench is a recommended planting spot on well-drained and dry sites with

medium-textured soils, where moisture conservation is required (McMinn and Hedin, 1990).

3.2 Ripper Ploughing

3.2.1 Description

Ripper ploughing is a drastic mechanical site preparation treatment which can affect
not only the long- and short-term growth of seedlings, but also the flora and fauna of the arca
(Orlander et al. 1990). The purpose of this treatment is to create a continuous trench of bare
mineral soil and berm offering a range of planting spots, and to provide improved microsite
drainage.

A ripper tooth with wings mounted on the rear of a tracked tractor creates a trench
80 cm wide by 30 cm deep, and a berm 40 cm tall. In general, the depth and height of
trenches and berms are greater than those produced by disc trenching. As in disc trenching,
the scarification pattern is a long, continuous row to improve planter access, and to providc

a greater selection of plantable spots.



17
3.2.2 Machinery

Ripper ploughing was done with a modified standard ripper tooth mounted on the
back of a tractor or prime mover used to remove vegetation and organic layers. Ripper
ploughing created extensive soil disturbance forming a deep trench and an overturned berm.
Ripper ploughs are recommended for use in sites with thick duff layers or in wet sites when
the soil is frozen (Von der GOnna, 1992). The ripper tooth digs into the frozen ground and
the plough or wings displace blocks of frozen soil laterally and partially turn them over
creating a berm (Coates and Haeussler, 1987).

Advantages of the ripper plough are (Coates and Haeussler, 1987): it has simple
attachment; it has low maintenance and investment costs; if the treatment is applied on frozen
ground, soil damage will be minimized; and it provides good planter access. Disadvantages
(Bamsey, 1985) are: depth control is difficult; the treatment does not work very well on dry
or nutrient-poor sites (with thin humus layers); and risk of erosion on sloped sites especially
with fine-textured soils. In this case, the treatment should be applied intermittently by lifting

the ripper occasionally.

3.2.3 Microsites created

Microsites expected from ripper ploughing are similar to those of disc trenching:
Berm, Hinge, and Trench (Figure 3.2), but topograghic elevations are more extreme.

The berm is an elevated planting spot with inverted humus partially mixed with
mineral soil. Sometimes a clearly defined berm is not produced (Von der Gdnna, 1992) or it

has too much debris or slash and it is not suitable for planting. Characteristics of this



microsite are:
- high soil temperatures;
- high fertility since nutrients are rapidly liberated from slash and humus;
- low bulk density, higher porosity and aeration, and better drainage: and
- competing vegetation can be cither controlled or enhanced depending on the

severity of the soil disturbance.

The hinge is a level planting spot at the interphase between the mineral soil and the
humus layer. It is similar to the hinge microsite defined in disc trenching. A potential problem
in this microsite is that as the trench is deeper, roots sometimes cannot cross to the other side

of the furrow and seedlings can develop asymmetrical root systems (Von der Gonna, 1992).

Microsites

EXCAVATED
MATERIAL

RIPPER PLOUGHING

BERM

40 cm.

Figure 3.2. Potential plantable microsites created by Ripper Ploughing
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The trench is a depressed planting spot located at the trench or furrow created. It is
defined by mineral soil exposed, and it is similar to that defined in disc trenching but deeper.
Characteristics of this microsite are:

- high soil temperatures, though temperatures may be cooler in some sites where

shading from berms or aspect occur, or moisture collects;

- risk of flooding and frost heaving;

- risk of land erosion on sloped, wet sites; and

- good microsite in dry sites where moisture accumulation is required.

3.3 Blading

3.3.1 Description

Blading removes surface organic material by pushing it into piles using a tracked
tractor. The microsite produced is a level or depressed, scalped spot. The objectives of this
treatment are to expose mineral soil, to suppress grass competition, and to improve planter
access (Bamsey, 1985). Blading is usually a very effective method, but some area is lost for
reforestation since the piles created are not suitable for planting. Piles are located along
contours in windrows, and they are 2 m wide by 20-25 m long by 1.5-2 m tall (Figure 3.3).

This treatment is generally applied in combination with other treatments as a first-

pass treatment to improve their effectiveness (McMinn and Hedin, 1990).

3.3.2 Machinery
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The machinery used to remove slash and surface organic material was a front-mounted
straight blade. It should work deep enough to remove unfavourable litter and duff layers, but
not too deep because nutrients can be removed from planting spots and lost in slash piles.
Advantages of blading are (Bamsey, 1985): it can deal with hcavy slash: competing vegetation
is controlled effectively; equipment is easily available and relativcly cheap: and it is very
effective in exposing mineral soil. Disadvantages are (Bamsey, 1985): risk of soil erosion,
especially on wet sites with fine-textured soils; nutrients are removed from planting spots and
concentrated in slash piles, so seedlings planted in this areas may show poor growth; slash
piles reduce available planting areca: and roots can be placed in an poor-oxygenated

environment on wet sites with fine-textured soils.

3.3.3 Microsites created

Microsites created by blading were defined as thick or thin, as a function of the
surface organic material remaining after treatment (Figure 3.3).

The thin is a depressed planting spot with an organic layer <5 cm decep, which
corresponds with a well-decomposed organic horizon or humus layer, or mineral soil exposed
in at least a 0.16 m? area (40 x 40 cm). In general, removing vegetation and roots, and
reducing surface layér thickness provide increased soil temperatures, more securc moisture
availability, and reduced vegetation competition. There is a high risk of soil erosion and frost
heaving on these microsites, especially in fine-textured soils.

The thick is a level or depressed planting spot with an organic layer 25 cm deep at
least 0.16 m? in area, where some reduction of the surface organic layer occurred. It has

characteristics similar to the thin microsite but is less extreme because of protection from the
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thick organic layer. This microsite also has higher fertility than the thin.

Microsites

. UTTER LAYER
BLADING EXCAVATED

MATERIAL

THIN THICK 7 com. (plled
I l //% ILS zm. ma‘:erial)

Figure 3.3. Potential plantable microsites created by Bladirig.

3.4 Control

A harvested untreated area was used as a control in this study. The harvesting method
used was tree length harvesting and delimbing at roadside. Ground conditions after harvesting
were good. Soil disturbance was minimum and no spots of exposed mineral soil were created.

Two microsites were defined: control and screef (Figure 3.4).



o Ja ]

o

The control ss a planting spot with undisturbed conditions. Well drained clevated or
level spots were considered favourable planting microsites. Low poorly drained spots or

locations very close to stones or with too much slash so the seedlings would not perform (i.c.

survive and grow) were avoided.

Microsites

CONTROL
SCREEF - UTTER LAYER
- | — EXCAVATED
) MATERIAL

CONTROL

Figure 3.4. Potential plantable microsites defined at the control area.

The screef is essentially the same planting spot as thc control microsite where the
surface litter was removed by the planter dragging his boot back and forth across the ground
surface. The screef was a shallow depression which was more moist and dense than the

control.

A summary of the different microsites and their characteristics is shown in Table 3.1.
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CHAPTER FOUR

METHODOLOGY

4.1 Layout

Three sites in the Whitecourt Forest with simtlar topography, soils, and stand types
were selected as the study area. They were clearcut, and four site prizparation treatments were
applied at each site (ripper ploughing, disc trenching, blading and control or undisturbed).
Harvesting was done in fall-winter 1990. All treatments were completed in the winter and
spring of 1990-91. Each treatment was repeated twice per site, and located randomly within
each block. Treatment areas werc about 20 m wide to cnsure that micrositcs were
characteristic for each treatment. The blocks were located side by side so they would have the

same physical characteristics (aspect, similar slope, moisture, ctc) (Figurc 4.1).
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Figure 4.1. Layoul.
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Disc trenching and ripper ploughing were applied running up and down slopes.
Blading was applied by piling slash and surface litter along the contour, creating a pile

approximately every 20 m.

4.2 Sampling

Two sets of samples were taken during the summer of 1991. The first one was used
to describe the success of the treatments in creating plantable microsites, the physical soil
characteristics of the different microsites, and the potential soil erodibility created by the
treatments. The sccond one was used to compare physical soil properties of selected
microsites among treatments. All samples were taken at least two days after rainfall to allow
soils to drain from saturation and reach field capacity (soils did not contain gravitational
water). Sampling at each site was accomplished in one day to avoid the confounding effects
of precipitation and associated differences in soil moisture. The average precipitation in the

summer of 1991 was 367 mm.

Sampie set no. 1

The success of the treatments in creating plantable microsites was evaluated by a
survey. Two plots 10 x 10 m were established randomly in each treatment area, one at the
upper slope and one at the bottom of the slope. This provided 16 plots at each location, for
a total of 48 plots among all the study sites.

The following data were recorded from these plots:

- General data: location, block, treatment, slope position. and plot number.



- Maximum slope.

- Aspect in the direction of the maximum slope.

- Spatial distribution of mineral soil exposed. Three categorics were visually identiticd:

* Continuous: continuous areas occupying > 25 m?

* Discontinuous: patches of 4-25 m? in area.

* Spots: discrete, continuous areas of < 4 m%.
- Amount and type of slash. They were classificd in the following categories by means
of visual identification and the help of a measuring tape when needed:

* Heavy: most logs with diameter 2 7 cm.

* Light: most logs with diameter < 7 cm.

* Abundant: area covered with slash = 50%.

* Scarce: area covered with slash < 50%.

A 2 x 2 m spacing for planted seedlings was assumed as a basis for cvaluating and
sampling the number of microsites created (i.e. a minimum of at lcast 2500 microsites per
hectare). Therefore, each 10 x 10 m plot was subdivided into 25, 2 x 2 m subplots which were
surveyed for the following:

- Absence or presence of all plantable microsites created by cach trcatment (Figures

3.1, 3.2, and 3.3). Therefore, a minimum of 25 microsites of cach type were expected

in each 10 x 10 m plot. 1 microsite of each type was randomly sclected in cach 10 x

10 m plot and physically marked by metal pins for later sampling and description.

- Depth to mineral soil was defined as the depth of the litter layer above the mincral

soil. Measurement was done by inserting a long metal pin into the forest fioor at each

microsite until the mineral soil was reached, and then recording the depth of

penetration of the pin.
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- Soil disturbance. The percent of the total area (4 m?) occupied by exposed mineral
soil, by mixed mineral soil with organic matter, and by undisturbed forest floor
(organic layer) was visually estimated. Soil disturbance was defined as the sum of the

first two components.

The physical soil properties for each microsite were described. Disturbed and
undisturbed soil samples were randomly taken for each type of microsite in each 10 x 10 m
plot. Undisturbed samples were taken with a brass ring (5.4 cm in diameter x 2.9 cm in height
= 66.42 cm®) with the help of a hammer and bulk density soil sampler. Disturbed samples
were excavated with a small shovel.

Sampling was restricted to the surface 0 - 10 cm of the soil, where seedlings were
planted and expected to survive and grow. Substrates sampled varied from mineral soil, mixed
organic matter and mineral soil. to undisturbed forest floor depending on treatment and
microsite (Table 4.1 and Figure 4.2). Undisturbed samples were always taken from the surface
2 - 7 cm depth, and from the first mineral soil horizon below the ground surface to evaluate
treatment effects and microsite locations in the soil profile. Disturbed samples were always
taken in mineral soil at either the ground surface or first mineral horizon depending on
whether or not there was a surface organic layer. This set of soil samples were taken in June
and July 1991 and were used to describe the soil texture, particle size distribution, structure,
organic matter content, drainage, soil water retention capacity, and bulk density of each
microsite. Microsites sampled were:

- Ripper ploughing: trench, hinge, and berm.
- Disc trenching: trench, hinge, and berm.

- Blading: thin and thick.



- Control: control.

Sample set no. 2

A second set of soil sampies were taken in August 1991 to quantify microsite bulk
density and soil moisture content (Figures 5.14 and 5.15). Microsites selected for sampling
were:

- Ripper ploeghing and disc trenching: hinge. which was stratificd by aspect for shaded and
exposed locations.
- Blading: thin and thick.
- Control: control and boot screcf.
Three randomly located, undisturbed samples were taken for each microsite on the

upper and lower slopes of each treatment area. Microsites were sampled once in the growing

season.
BLADING DISC TRENCHING
THIN THICK
. WHGE‘
o G R AL

(.: T

CONTROL

‘s Undisturbed
i Disturbed

Figure 4.2. Soil samples taken from the different microsites.
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Table 4.1. Types of soil samples takc : from the different microsites.

Treatments Microsites Bulk density Disturbed
samples samples
Disc Trenching Berm - mineral soil - mineral soil
- mixture'
Hinge - mineral soil - mineral soil
- mixture
Trench - mineral soil - mineral soil
Ripper Ploughing Berm - mineral soil - mineral soil
- mixture
Hinge - mineral soil - mineral soil
- mixture
Trench - mineral soil - mineral soil
Blading Thin - mineral soil - mineral soil
Thick - mineral soil - mineral soil
- mixture
Control Control - mineral soil - mineral soil
- forest floor
Screef - forest floor

! Mixture of organic matter and mineral soil.
2 If it is created.

4.3 Laboratory Analysis

43.1. Bulk density

Bulk density was determined from undisturbed soil samples obtained in sample rings
2.7 x 2.9 cm. Samples were dried in an oven at 105-110° C for at least 48 hours and weighed.

Bulk density was calculated as (Hillel. 1980):



Bulk density: pg = oven‘cfg{u;eelght

[4-1]

4.3.2. Soil moisture content

Soil moisture content of the 2-7 cm layer of each micrositc was gravimetrically
sampled at least 48 hours after precipitation to allow for drainage and on expression of any
differences in soil water storage between microsites.

Undisturbed soil samples were weighed before and after drying in an oven at 105-110°

C for at least 48 hours. Gravimetric and volumetric soil moisture contents were calculated

Gravimetric water content: 6 = wet weight) - (dry weight)
g dry weight
[(4.2)
Volumetric water content: 0, = 0_x (%9 [4.3]
w

as follows (Hillel, 1980):

where:

p.: density of water. It is usually close to 1 Mg/m®.

4.3.3. Soil structure

Soil structure is "the arrangement and organization of the particles in the soil” (Hillel,
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1980). Soil structure was determined visually and by resistance to compression by fingers. The
following structural classes were defined (Larionov, 1982):

I. Very fine granular®. Particles are loose.

11. Fine granular’. Bonds between grains are weak. Easily crushed by fingers under low
pressure.

III. Medium or coarse granular’. Bonds between grains are stronger. Soil sample
crushed under high pressure (sometimes crushing is not possible).

TV. Massive or blocky’. Bonds between particles have high strength. Soil samples can

be crushed only by hammer blow.

* These structural classes correspond with those used in the nomograph for determining the

soil erodibility factor (K) in the Universal Soil Loss Equation (Wischmeier, 1971).

4.3.4. Organic matter content

Organic matter content was determined by a simple ashing procedure. Soil samples
from the forest floor and mixed substrates had such high organic matter contents that the loss
in weight after burning in a muffle furnace was large enough to be expressed as a gravimetric
percent of organic matter with acceptable accuracy (Storer, 1984). Organic matter of mineral
soil samples was considerably lower. and therefore it was determined by using a calibration
curve relating LECO induction furnace estimates to muffle furnace estimates. Fifty paired
samples were used to develop the calibration curve. Calibration curve was used to economize

on the cost of LECO measurements.
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* LECO.

After mechanical fragmentation of the samples. they were introduced into the LECO
furnace for combustion at 1300° C. Percentage of total carbon was obtained from the amount
of CO, volatilized in the combustion quantified by a gas chromatograph fitted with a flamc

ionization detector (Nelson and Sommers, 1982). Organic matter content was calculated as

follows:

£ O.M. = % total C * Walksman coefficient [4.4]

* Simple ashing procedure.

After mechanical fractionation of the samples, they were dricd in an oven at 105-110°
C overnight, cooled, and weighed. Then. samples were ashed in cruciblcs in a muffle furnace
at 950° C for 7 min. Weight of the samples were recorded after burning. Organic matter
content was calculated as follows:

% O.M. = (dry weight at 105° C) - (dry weight at 950° C)
dry weight at 105° C

x 100

[4.5]

* Calibration curve.

The calibration curve (Figure 4.3) was derived by regression of ashing results on

LECO observations.
The organic matter contents of the samples that were not analyzed by the Leco were

obtained by ashing the samples in the muffle furnace and calculated by the equation:

%$0.M. furnace = 1.28 ($0.M. LECO) + 1.01 [4.6]

with a coefficient of determination r* = 0.73. Loss of accuracy produced by using this



calibration curve was acceptable.
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Figure 4.3. Calibration curve used to estimate organic matter content in mineral samples.

Soil samples were tested for carbonates by adding HCI to them. No signs of soluble

salts content were found.



43.5. Particle size analysis

Particle size analysis was done using the hydrometer method (McKeague, 1978). Large
particles (>0.05 mm) were separated by passing the soil sample in suspension through a sieve
with the help of running water.

Pretreatment dispersion was necessary to break down the aggregates into singlc
particles. The dispersion of the particles was done by the addition of Calgon solution (50 g/L)
and homogenization with an electric mixer (McKeague, 1978).

The soils of this of this area were free of carbonates and iron oxides, so no chemical
pretreatment was necessary for these compounds. Since organic matter content was lower
than 5%, its removal was not necessary (Kalra and Maynard, 1991).

Particle-size distribution curves were described with data from the sicving and

sedimentation procedures. Thev were used to calculate the soil erodibility factor and the

texture of the different microsites.

4.3.6. Water retention capacity

Water retention capacity was expressed as matric potential obtaincd by constructing
soil water desorption curves using a ceramic pressure plate system (McKeague, 1978). With
the use of pressure-plate apparatus, the relationship between water content and matric
potential was easily obtained.

The undisturbed soil samples in the brass rings (66.42 cm®) on the porous ceramic
plate were brought to saturation and then placed in the pressure chamber under a certain

pressure. Following equilibrium, the samples were removed from the pressure platcs,
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weighed, and replaced on the plates to continue measurement under a new pressure. Samples
and plates were saturated together between every determination to ensure better contact
between the soil and the plate. This procedure was repeated for pressures of -0.1, -0.3, -1, -3,
-6, and -15 bars (0.01, 0.03, 0.1, 0.3, 0.6, and 1.5 MPa). The weight of saturated samples and
dried samples at 105 °C after 24 hours were used to determine soil moisture content (see 4.3.2

Soil moisture content).

4.3.7. Drainage

Drainage, or outflow of water from soil, was calculated by bringing the soils to
saturation, letting them drain freely, and recording taeir change in weight over time.

The undisturbed soil samples were covered on the bottom with a plastic screen, fixed
to the ring with a rubber band, to avoid loss of soil. Soil samples were placed into a water
filled vacuum desiccator and brought to saturation. Following saturation of samples, excess
water was removed from the desiccator and soils were allowed to drain. A small volume of
water was left at the bottom of the sealed desiccator to keep a humid atmosphere for the
soils and to avoid losses of water by evaporation. Samples were weighed at saturation and
over a period of 48 hours (assumed time to reach field capacity). Initial weighings (0 to 2
hours) were recorded in short intervals (half an hour) because drainage is faster right after
water addition. Later on, intervals were increased progressively up to 8 hours. The water loss
from the samples was plotted against time.

A drainage index was defined to characterize the drainage capacity of the soils:



36

A
:E AN a
Ry AN
) 2
= g \\

C T

0 8 48
Time (H)
Drainage index = (a) x (b) = (A—;Q) X (-“‘-::—ICB,) [(4.7]

where:

- (a) represents the amount of water lost in the first 8 hours. In most soils examined
more than 70% of free drainage occurred in the first 8 hours. "a" is a measure of the rate of
drainage.

- (b) represents the percentage of water lost in 8 hours out of the total lost in 48
hours.

A soil losing more watcr in 8 hours will have a higher drainage index than another soil
even though it lost the same amount of water in 48 hours (ic. it drained fastcr).

A low index indicates slow drainage, whereas a high index indicates fast drainage.

4.3.8. Potential soil erosion
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Potential soil erosion was estimated with the soil ercdibility (K) and cropping
management (C) factors of the Universal Soil Loss Equation (U.S.L.E.) (Wischmeier and
Smith, 1965). The basic U.S.L.E. equation was developed from experimental data collected

at a large number of sites, and it is expressed as:

A = RxKxLxXSXCxXP [4.8]

where A= soil loss (tones ha'); R= rainfall erosivity factor (J cm m? hour!); K= soil
erodibility factor (tones m? hour ha® J! cm™); L= hillslope-length factor; S= hillslope-
gradient factor; C= cropping management factor; and P= erosion-control factor.

K and C were the only factors considered to be affected by site preparation
treatments. K was calculated using the nomograph created by Wischmeier et al. (1971), and
C was calculated from tables based on the percent of ground covered by decaying compacted
duff or litter (Table 4.2).

The potential soil erosion created by treatments was estimated by calculating the
product of the factors K and C for mineral soil exposed, organic layer undisturbed, and mixing
of organic and mineral material within each 10 x 10 m sampling plots. These factors were

weighted by the area of soil disturbance represented in the treatment areas.

Table 4.2. Cropping-management factor (C) of the Universal Soil Loss Equation for pasture,
rangeland, and idle land. Ground cover at surface is grass, decaying compacted duff, or litter
at least 5 cm deep. (From U.S. Soil Conservation Service, 1975).

Type of canopy Percent ground cover

0 20 40 60 80 95-100

No appreciable canopy 45 20 .10 042 .013 003

E—




CHAPTER FIVE

RESULTS

5.1 Number of microsites and soil disturbance

The number and type of microsites (mcs) created by the different treatments are
shown in Figure 5.1 (page 49). Blading was significantly better in creating microsites than the
other treatments with an average of 2017 mcs/ha. Ripper ploughing and disc trenching were
similar with 1461 and 1389 microsites/ha. respectively (Appendix 1.2). The data for blading
may not be fully representative because the sampling plots, even though randomly located,
did not fully or partially include any slash pile, which covered approximately 109% of the arca.
The adjusted value for blading using only area suitable for planting (excluding slash piles) is
1815 mcs/ha, which is still higher than the other treatments.

Blading was very effective in creating both thin (2167 mcs/ha) and thick microsites
(1867 mcs/ha). The large variability shown (big standard error in Figurc 5.1) for this trcatment
was due to the variability in treatment application. In some areas, the operator lifted the
blade too much and a thick organic la:; left. In these areas the number of thin
microsites was very low. On other areas the cperator set the blade too low and part of the
mineral soil was removed. In these areas the number of thick microsites was very low.
Contrary to what is reflected in Figure 5.1, blading can be a uniform treatment if applied by
a well trained operator.

Discing and ripper ploughing were very successful in producing number of hinge (2050
and 1950 mcs/ha respectively) and trench (1508 and 1383 mcs/ha) microsites, but not very

successful in producing berm microsites (608 and 1050 mcs/ha).
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Criteria for evaluation of the effectiveness of the treatments in creating microsites are
shown in Figure 5.1, where the percentages are of the total number of microsites created per
hectare (2500 mcs/ha), based on an assumed 2 x 2 m spacing of planted seedlings.

Depth of surficial organic and mixed organic-mineral soil layers for microsites by
treatments are shown in Figure 5.2. The surficial organic material for berm microsites in
ripper ploughing and disc trenching were thicker, averaging 35 and 29 cm, compared to the
undisturbed control with an average depth of 23 cm. Surface layers of the hinge microsites
for disc trenching and ripper ploughing were similar in depth, averaging 6 and 5 cm
respectively, but thinner than the control. Thick microsites in blading were also thinner than
the control, with an average depth of 16 cm. The thin (blading) and trench microsites were
primarily bare mineral soil with very little organic material present. Average depth of organic
surface material for these microsites was 0-2 mm.

Soil disturbance, defined as percent of area occupied by exposed mineral soil or mixed
mineral soil with organic matter, was significantly greater in blading than in the other
treatments (Appendix 1.4), followed by ripper ploughing and disc trenching (Figure 5.3). In
blading, the number of passes the machine makes across the soil is higher than in the other
treatments. Soil disturbance from ripper and disc was slightly higher on upper slopes than on
lower slopes, probably duc to a heavier slash accumulation at the bottom of the slopes,
though the differences were not statistically significant (Appendix 1.4). Blading, on the other
hand, created higher soil disturbance on lower slopes, which were more wet and therefore
more susceptible to soil distérbance. Disturbance was less on upper slopes, with organic layers
often left undisturbed. A possible reason for this may be machines had some difficulties
working on steeper slopes (loss of traction). In fact, soil disturbance was least on the upper

slopes at Judy creek which has the steepest slopes of the three study areas. The large
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standard error for blading (Figure 5.3) also may be due to variability in treatment application
between the three study areas.

In general, higher soil disturbance resulted in a greater number of plantable microsites
(Figure 5.4). Regression analysis showed this relation to be weak (r = 0.54, P < 0.01)
probably because of high variability in the data. Differences in treatment application in
different areas produced high variability in soil disturbance and number of plantable
microsites created.

No relations were found, using ANOVA and contingency tables, between the number
of microsites or soil disturbance by the treatments with slope, quantity of slash, or size of
slash, even though they were considered factors that could affcct trcatment application.
Reasons for this might be slash was measured after trcatment instcad of before.
Measurements of slash should have been obtained before treatment application to assess their
potential effects on treatments. After application, slash was distributed in piles or rows and
was not representative of the pre-treatment conditions. To validly determine any relationship
between slash and treatment effectiveness we would have needed more sites to obtain range

of slash conditions, i.c. a different study.

5.2 Organic matter content

Surficial organic matter content was related to the degree of removal and mixing of
organic material and mineral soil. Organic matter content for all the treatments was
significantly lower than the control (Appendix 1.5). The control averaged 76% compared to
26 and 27% for the blading and disc trenching, and 20% for ripper ploughing (Figure 5.5).

These values suggest soil-organic mixing occurred, but do not give much information because
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they are averages of the different microsites for each treatment which are very different from
each other.

Thin and trench microsites had significantly less organic matter content than the other
microsites, averaging 2-3%, because of their mineral nature as a result of the complete
removal of the surface organic layer and surface soil horizons. Hinge microsites had the best
mixing of organic matter and mineral soil, with organic matter contents of 27 and 18% for
disc trenching and ripper ploughing respectively. Maximum organic matter contents occurred
on the thick and berm microsites (between 37 and 51%), showing a poor degree of mixing.

No differences in organic matter content were found between upper and lower slopes,
except for the thick (blading) and berm (ripper ploughing) microsites on the upper slopes
which showed smaller and greater degree of mixing respectively. Reasons for this might be
variability of machinery and operators working on different slopes. Ripper ploughing turned
the mineral soil over the berm more successfully in the upper slope, so the organic matter

content was lower (20%).
5.3 Drainage

Differences in the dfainage index are represented in Figure 5.6. Solid bars represent
sampie- at a depth of 9-10 cm in the first mineral horizon encountered, whereas striped bars
represent samples from the forest floor (2-7 cm of the ground surface) constituted either by
organic matter or by mixture of organic matter and mineral soil. Thin and trench microsites
were classified as deep samples because of their mineral nature but, in fact, they are located
at the surface since there were no organic layers present.

As expected, the control showed the fastest drainage of all the treatments with a
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drainage index of 0.78, followed by blading and ripper ploughing (drainage index of (.66 and

0.62 respectively). Disc trenching showed the slowest drainage with a drainage index of 0.55
(Appendix 1.6).

Surface drainage index for all of the treatments and microsites was less than the
control which had a surface drainage index of 1.08. The best drained microsites were berm
(ripper and disc), thick, and hinge (ripper) with drainage indexces between 0.78 and 0.84.
Poorest drainage occurred on trench (disc and ripper) and hinge (disc) microsites with values
between 0.45 and 0.52. In general, drainage was fastest on microsites characterized by low
disturbance, thick organic layers, and high organic matter content which maintained large
pores and pathways for rapid water flow. Two exceptions to this were the thin microsite, with
a drainage index of 0.70 (greater than that of others with the same mincral nature), and the
hinge (disc) microsite, with an unusual lower drainage index of 0.52.

Mineral soil horizons of thick, hinge, and berm microsites were the least well drained.

They had the lowest drainage index values which ranged between 0.44 and 0.60 (Appendix
1.6).

5.4 Bulk density

All treatments produced higher bulk densities at the surface layers than that of the
control (Figure 5.7), which was 0.15 Mg/m®, because they removed organic surface layers,
mixed organic and mineral material, and exposed denser horizons. Variability in the data was
high. However, the only significant difference in bulk density was between the control (0.15

Mpg/m?) and the hinge-ripper microsite (0.70 Mg/m®) because of the higher mineral content

in the later.
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Bulk densities for the mineral horizons were significantly greater than the surface
layers, with values ranging from 1.14 and 1.39 Mg/m® (Appendix 1.7). No significant
diffcrences were detected in bulk density between the control (1.22 Mg/m?) and the different
microsites. This suggests soils were relatively uniform in bulk density between the different
study sites, and that treatment effects of mixing and disturbance were primarily limited to the
ground surface and treatments did not compact mineral soil.

There were no significant differences in bulk density between upper and lower slopes

(Appendix 1.7).

5.5 Water retention

In general, organic samples (open circles in Figure 5.8) had higher porosity and larger
pores than mineral samples (filled circles), which gave them a lower air-entry suction value
(Hillel, 1980). Thus, soil-moisture desorption curves for organic surface samples start at a
higher volumetric water contents than thcse for mineral samples, but decrease sharply to
lower levels because the large pores empty at high water potentials (i.e. drain fast). After this
point, the slope of the curve is very low until suction is increased so the smaller pores are
emptied. Organic samples have higher porosity and contain more water at saturation. But
under suction, mineral samples retain more water though some of the water is not readily
available for plants because it is held by strong capillary forces (Harris, 1992). This can be
observed in Figure 5.8 where curves for different microsites for mineral samples were
consistently similar in level and shape (slope), as were those for organic samples, but the two
groups werc always significantly different (Appendix 1.8). An exception was the hinge

microsite for ripper ploughing where samples from deep (mineral) and surface (organic mixed
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with mineral) layers showed similar curves in shape and level because of the high mineral
content in the latter layer (sec Figure S.5).

The first inflection point at -0.1 bars (0.01 MPa) (Figure 5.8). was considered to
represent the change from fully water saturated to partially saturated conditions. Here, all
samples from shallow organic horizons, except the thick microsite with a value of 0.33, had
volumetric water contents similar to the control (0.26), with values of 0.27 (berm - disc) to
0.30 (hinge - disc). At the same time, all samples from mineral horizons (deep samples and
samples from thin and trench microsites) had volumetric water content similar to the control
(0.36), with values of 0.34 (thin - blading) to 0.38 (thick - blading). In general, surficial
organic layers had lower volumetric water contents at -0.1 bars than decper mineral layers,
except in the hinge microsite for disc trenching where both layers were similar (Appendix
1.8).

A second inflection point at -6 bars (0.6 MPa) was used as the lower boundary for
available water given the small change in water content with decreasing water potential to -15
bars. There were no significant diffcrences in volumetric water content between microsites
or treatments and controls at -6 bars. Values ranged from 0.13 (hinge-surface - ripper) to 0.20
(thick-surface - blading) (Appendix 1.8).

Available water-storage capacity (AWC), estimated as the difference in water content
between -0.1 and -6 bars, followed a pattern similar to volumetric moisture content at -0.1
bars (Figure 5.9). Samples from surficial organic layers, except hinge-surface - ripper (0.17),
had values of 0.09 (berm-surface - disc) to 0.14 (berm-surface - ripper) (Appendix 1.8).
Samples from deeper mineral layers, including thin and trench microsites, also had similar
AWC with values of 0.18 (trench - ripper) to 0.21 (trench - disc). In general, AWC of surficial

organic layers was lower than that of deecper mincral layers, in disagrecment to what Page-
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Dumroese et al. (1986) found. The reason of this may be the poor degree of mixing of
organic matter with minecral soil which creates many macropores that do not hold water under
negative pressure. U.: .c matter has not improved the soil structure yet, it has just
increaswed porosity with macropores.

Site preparation treatments, by mixing mineral soil with organic matter, should bring
the curves (the ones for deep-mineral layers and the ones for surface-organic layers) close
together to intermediate values. Thus, curves for mineral layers would start at a higher
volumetric water content and have higher slope, so soils would drain faster but still keeping
high available water-storage capacity. Organic layers would have lower volumetric water
content (curves would start at a lower value) and drain slower (curves with higher slopes)
than before treatment effects increasing the available water-storage capacity. This effect is
shown in the curves for the hinge - ripper microsites in Figure 5.8, which were similar with

intermediate values between other curves for mineral and organic layers.

5.6 Potential soil erosion

Potential soil erosion was estimated with the soil erodibility (K) and cropping
management (C) factors of the U.S.L.E. Soil parameters needed to calculate K using the
nomograph created by Wischmeier et al. (1971) are organic matter content, permeability,
structure, and texture (percent of silt plus very fine sand and percent of sand).

Organic matter content for the different microsites sampled at the mineral soil layer
is shown in Figure 5.10. In general, upper slopes had slightly less organic matter than lower
slopes. Microsites in the ripper and disc treatments had lower organic matter content than

the undisturbed control, but the differences between treatments or slope positions were not



statistically significant (Appendix 1.9).

Permeability was assessed with the drainage index (see Section 4.3.7) and the

following guide:
6 - very slow: drainage index values between 0 and 0.3
5 - slow: drainage index values between 0.3 and 0.6
4 - slow to moderate: drainage index values between 0.6 and 0.9
3 - moderate: drainage index values between 0.9 and 1.2
2 - moderate to rapid: drainage index values between 1.2 and 1.5
1 - rapid: drainage index values > 1.5

Permeability of mineral soils for all treatments and microsites was low. Thin (blading)
and hinge and trench (ripper plouvghing) microsites, however, were more variable with samplcs
varying from slow to moderate drainage (Figure 5.11).

Soil structure in control and disc trenching was predominantly blocky or massive
probably because of less soil disturbance. Soil structure in blading and ripper ploughing was
heterogeneous. These treatments caused more disturbance and soil mixing, with samples
including fine granular, medium or coarse granular, and blocky or massive structure (Figure
5.12).

There were significant differences in soil texture between locations (Appendix 1.10).
Fox and Ante Creek areas had silt loam soils, whereas Judy Creck had loamy soils with a
better balance of fine and coarse particles (Table 5.1). However, no textural differences were
found between the treatments and the controls. Hinge microsites for disc trenching had
significarily higher content of clay and lower silt than the trench microsite. On the other
hand, the same hinge microsite for ripper ploughing had a higher percent of coarse particles

and lower percent of medium particles than trench and berm microsites. Thin microsite for
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blading shows lower content of clay than the thick, probably because of a loss of fine material
by soil erosion, though the difference was not statistically significant (Appendix 1.10).
Potential soil erosion (K*C factor) created by the treatments followed the same
pattern as soil disturbance (Figure 5.13). There was no significant differences between slope
positions (Appendix 1.11), however the slope factor (LS) was not included in the potential
soil erosion estimates for this study. Besides, slopes were not big enough to make an
important difference in K*C, especially in Fox and Ante Creek. Blading produced the greatest
potential soil erosion, followed by ripper ploughing and disc trenching. In fact, on areas with
a high percentage of mineral soil exposure (blading and ripper), erosion was a serious
problem. Gullies were created by water erosion in the blading treatment area, especially in
Ante Creek, exposing the roots of the seedlings. In the same location we also found large

amounts of sediment transported by runoff from the trenches in ripper ploughing.

5.7 Bulk density and moisture content for selected microsites

The effects of microsite aspect within ripper ploughing and disc trenching, and boot
screeffing on the controls on bulk density and water content were evaluated, as well as the
blading microsites (Appendices 1.12 and 1.13, Figures 5.14 and 5.15). Results regarding bulk
density in this section are discussed independently from resulis in section 5.4 because
microsites sampled are different (only selected microsites were considered in this section) and
the sample size is larger here (see Sample set no. 2 in section 4.2).

All treatments created higher bulk densities at surface layers than control, which
averaged 0.34 Mg/m>. Ripper ploughing and disc trenching had the greatest bulk densities

(0.96 and 0.95 Mg/m® respectively). followed by blading (0.81 Mg/m®).
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Ripper ploughing and disc trenching had similar bulk density for both microsite
aspects (exposed and shaded) with values averaging between 0.92 and 0.99 Mg/m*. On the
other hand, microsites for blading showed very different values. Thin microsite had the highest
bulk density (1.15 Mg/m®) because of its high mineral content (sec Figure 5.5): whereas thick
microsites had lower bulk density (0.47 Mg/m®) because of their organic nature. Bulk density
of thick microsites were 93% greater than the control (0.24 Mg/m®) which suggested some
degree of compaction of surface organic material occurred. Bulk density in the screef
microsite was 86% higher than in the control, with values ( 0.45 Mg/m*) similar to the thick
microsites. No differences in bulk density were found between slope positions (Appendix
1.12).

Soil moisture content was closely related to the degree of soil disturbance and mincral
soil exposure. Samples were taken from the surface layer at least two days after precipitation
to allow gravitational drainage. Undisturbed control and disc trenching had thc highest
volumetric water contents at 32 and 33% respectively, followed by more drastic treatments
such as ripper ploughing (28%) and blading, which created the driest microsites (24%).
Maximum water content occurred in screef (36%) and disc-shaded (35%) microsites. Screef
microsites were moister than the control (29%) because part of the loose surface layer was
removed or compressed thereby improving water retention properties. This difference was
greater on the lower slopes (higher water content) than on the upper slopes. Thin microsites
were the driest (20%) since they are mainly composed by mineral soil and, therefore, had
higher soil temperature and greater evaporation of soil water. In general, microsites at upper
slopes and exposed aspects (in ripper and disc treatments) were drier than microsites at lower

slopes and shaded aspects, but the differences were not statistically significant (Appendix

1.13).
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Figure 5.5. Organic matter content. Standard errors shown are the result of a balanced design

used in the analysis of the data (Appendix 1.5). Standard errvors of the actual data for thin and

trench microsites are smaller than shown.
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Figure 5.11. Frequency distribution of permeability levels (U.S.L.E.) for the different microsites.

1= rapid, 2= moderate to rapid, 3= moderate, 4= slow to moderate, 5= slow, and 6= very

slow.




Number of samples

Number of samples

M WA e N O

-

™3

o

N WA O N O

Control
T 1 Bupper Miower | T T T T T T T T
o iT a’ N
/_—4-/ - i ;
1 2 3 4
Controf
Structure levels
Blading
1 1Oupper Miower |~~~ 7777777

Structure levels

Number of samples

Number of samples

Ripper ploughing

8 o Upper B Lower
71 -
s}’ - :
s - P S
al’ - ” N
A 4-IRE - --HIER - - ¢
2 ° ° - 4 ; '''' ¥
1 ’ k e
o L. e L - v
2 3 4 1 2 3 a 1 2 3 4
Berm Hinge Trench
Structure levels
Disc trenching
e "B upper MLower
; .
6 e S
st 4 @Y
4 S DR (1 | - S b
al " :
2’ B | R .
1 o/
o
2 3 4 1 2 3 & 1.2 3 &
Berm Hinge Trench

Structure levels

Figure 5.12. Frequency distribution of structure levels (U.S.L.E.) for the different microsites. 1=

very fine granular, 2= fine granular, 3= medium or coarse granular, and 4= massive or blocky.




57

Table 5.1. Soil texture of the different locations.

Location Silt (%) Clay (%) Sand (%) Textural class
Judy Creek 46.66 (1.56)° 17.16 (0.90) 36.18 (1.48) loam
Fox Creek 57.73 (1.08; 15.56 (0.64) 26.71 (0.76) silt loam
Ante Creck 55.06 (1.13) 19.61 (1.00) 2533 (0.61) silt loam

Standard crrors arc shown in parenthesis.

Table 5.2. Soil texture for the different microsites.

Treatment Microsite Silt (%) Clay (%) Sand (%)
Ripper plough. Trench 53.89 (1.85)° 17.70 (1.08) 28.42 (1.49)
Hinge 50.24 (1.77) 15.63 (1.04) 34.13 (1.43)
Berm 56.90 (1.79) 16.39 (1.05) 26.71 (1.45)
Disc trenching Trench 56.31 (1.95) 15.07 (1.14) 2863 (1.57)
Hinge 49.56 (1.95) 19.37 (1.14) 31.07 (1.57)
Berm 52.67 (1.95) 17.83 (1.14) 29.51 (1.57)
Blading Thick 52.15 (1.95) 20.18 (1.14) 27.67 (1.57)
Thin 53.43 (1.9v, 17.92 (1.12) 28.65 (1.54)
Control Control 54.28 (1.95) 16.71 (1.14) 29.01 (1.57)

¥Standard crrors are shown in parenthesis.
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CHAPTER SIX

DISCUSSION

6.1 Optimal range of soil properties

It is very difficult to define optimal values of soil propertics for seedling establishment
and growth because they are interrelated with many biotic and abiotic factors (sce Section
1.2). However, many authors agree in general on certain soil requirements for scedling
establishment.

Roots need air and water to survive. Air and water fill the pore volume of the soil.
Air usually fills macropores in the soil whereas water is retained in the micropores. An
appropriate balance between air-filled and water-filled pores gives optimum plant growth
(Kimmins, 1987), and it varies with soil texture. A minimum oxygen content of 10% is
required for normal seedling root growth (Orlander et al., 1990; Pritchett and Fisher, 1987).
Sdderstrdm (1974, 1976, 1977, as cited by Hunt, 1987) reports sandy soils have optimum water
contents at field capacity, whereas finer textured soils need more acration. Water has to be
readily available for plants and should not be retained at low water potentials. Squire et al.
(1987) found a 24% reduction in root growth in seedlings of Pinus radiata at a water
potential of -0.4 bar (0.04 MPa), and 60% reduction at -1.8 bar (0.18 MPa). Other studics
report reduction in root growth for conifers at matric potentials between -1 and -2 bar (0.1
and 0.2 MPa) (Jarvis and Jarvis, 1963; Kaufmann, 1968; cited by Squire et al, 1987).
Approximately 75% of available water has been removed from clay soils at a tension of -5

bars (0.5 MPa) (Singer and Munns, 1987, cited by Harris, 1992).
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Loamy soils have the best texture to provide water and air to a wide variety of plants
(Stathers et al., 1990; Harris, 1992). They have small pores between fine particles which hold
water and large pores between big particles which allow drainage and provide air to the roots.
A well-developed structure can help to solve textural deficiencies either in fine-textured (it
creates more large pores between aggregates) or in coarse-textured (it increases the
percentage of small pores within aggregates) soils (Pritchett and Fisher, 1987). Organic matter
helps to create aggregates and therefore well-structured soils (Hillel, 1980; Stathers et al.,
1990). Also, organic matter in soils provides nutrients to roots and increases water-holding
capacity and thercfore available water. Tree growth has been found to be related to organic
matter levels and available water (e.g. Gilmore et al., 1968; Fernandez and Struchtemeyer,
1985).

Soil drainage is directly related to texture and pore size distribution. Soils with slow
drainagc are easily flooded and have oxygen deficiencies. Soils with very fast drainage lose
water quickly and are usually dry. Optimal drainage values are within the moderate range
(permeability levels of 2, 3, and 4 in section 5.6) where roots have access to water and there

is good acration (Figure 6.1).

E’.C Good
= [s]e]
=% T
g’ = o7 AN
»n .
7 \
Poor / \
Slow Fast
Drainage

Figure 6.1. Hypothetical relationship between drainage and seedling growth.
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Bulk density can be used as a measure of soil compaction, which can increase soil
strength and decrease aeration thereby affecting root growth (Froehlich and McNabb, 1984).
Several authors have found high bulk densities can limit root growth:

- Lull (1959). cited by Gent et al. (1984) found bulk densitics exceeding 1.4 Mg/m®
and 1.6 Mg/m? restricted root growth in fine-textured and coarse-textured soils respectively.

- Froehlich and McNabb (1984) found that an increase in bulk density of 26%
reduced height growth and stem volume of Pinus ponderosa by 17% and 48% respcctively.

- Pritchett and Fisher (1987) found bulk dcnsities greater than 1.75 Mg/m® for sands
and 1.55 Mg/m® for clays may prevent the penetration of trec roots.

- Daddow and Warrington (1983), cited by Morris and Lowery (1988) reported bulk
densities of 1.48-1.5 Mg/m? can limit root growth in loamyjsilt loamy soils (thesc are the
textures we acmally found in this study).

- Alberty et al. (1984), cited by Harris (1992), found root growth was restricted at bulk
densities of 1.4 to 1.6 Mg/m®.

On the other hand, low bulk densities (< 0.7 Mg/m?®) indicate poor soil packing
thereby reducing root-soil contact at planting, resulting in water stress (Orlander ct al., 1990;
Veen et al., 1992). Optimal bulk density for spruce roots was found at values of 1.2 Mg/m*
in fine-textured soils (Sokolovskaya et al, 1977, cited by Orlander et al., 1990).

Retention of some part of the organic forest floor following site preparation is
necessary as it is the main source of nutrients for roots. protects soils from erosional forces
and extremes in temperature and moisture, and provides higher water infiltration rates and
water-holding capacity (Pritchett and Fisher, 1987). Complete retention of a thick organic
forest floor however can be bad for seedling establishment in terms of low soil temperaturcs

and water stress (roots stay in the zone of low bulk density with a poor root-soil contact and



do not reach the mineral soil).

Optimal range of soil propertics are summarized in Table 6.1. Based on the literature,
an "ideal” planting site should have loamy texture, high organic matter content (>5%)
creating an aggregated (well structured) soil, a bulk density of 1.20 Mg/m® and a shallow
organic layer overlying the mineral soil with live roots in the mineral/organic interphase,

modecrate drainage, and a soil moisture content close to field capacity.
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6.2 Control conditions

A comparison of the control conditions in the study to the "optimal soil properties”
indicated the study areas were less than ideal planting sites. Planting sites were characterized
by thick organic surface layers that can inhibit seedling establishment because of their poor
water retention and storage characteristics. However, this was not apparent in the results as
soil moisture in the control was high and similar to the other microsites. The control appeared
to be dry on sampling, which suggests that the water measured was held in the organic matter
and would not be readily available to plants. This organic layer was mainly composed of non-
decomposed debris. It had a low bulk density and high porosity characterized by large
macropores, which created fast drainage and low AWC. The water retention-storage
characteristics of the underlying mineral soils were better, but drainage was rated as slow,
which favoured high soil water contents through the growing season. The combination of the
thick organic layer, low drainage, and high soil water also would contribute to low soil
temperatures and reduced seedling development.

Reduction of organic layer thickness, and some level of organic/soil mixing to improve
v-ater retention and drainage characteristics were the soil parameters to be changed by
mechanical site preparation to create better planting sites.

The boot screef microsite in the controls was judged a relatively good microsite
because it had. by definition, a thinner organic forest floor and higher bulk density
(approximately twice) than the undisturbed control. It had higher soil moisture content than
the control and probably better conditions for seedling growth, although it was not studied

in detail.



6.3 Ripper ploughing

From the overall physical conditions of the microsites and performance of the
treatment in creating microsites (Figure 5.1), the hinge was considered the best micrositc
created by ripper ploughing under the conditions of this study. The hinge microsite had a thin
organic layer (4.9 cm) so roots had access to the mineyal soil where water is stored. This layer
was a source of nutrients for seedlings and protects against direct water evaporation from
mineral soil. It also offered some protection against soil erosion and frost heaving.
Furthermore, this surface layer was usually a mixture of mineral soil and organic matter, which
increased bulk density (0.7 Mg/m® at surface and 1.2 Mg/m® at mincral soil). decreased
drainage (it is slow to moderate), and retained more water in micropores (available water-
storage capacity of 0.17 at surface layer and 0.20 at mineral layer), which could increase soil
temperature and therefore speed mineralization rate. The mincral soil in hinge had less clay
and more sand than the other microsites in this treatment, which created more macropores
and allowed better aeration. The volumetric moisture content was 27.7 %, which was very
close to field capacity (see Figure 5.8).

The berm microsite in comparison to tize hinge had a thick unconsolidated organic
layer (35.7 cm) which can limit root growth and the success of seedling establishment. This
layer provides insulation and protects seedlings against erosion and frost heaving hazards. This
microsite was highly variable in composition and character between different slopes and
ground conditions. On steeper, upper slopes the organic matter content of berms for the
surficial layer was 20%, which indicated a good mixing of organic matter and mineral soil. The
bulk density here was 0.68 (Mg/m®). On the other hand, on flatter, lower slopes organic

matter content increased because of poor soil mixing, which decreased bulk density (0.31



67

Mg/m?). These low bulk densities together with the soil-moisture characteristic curve, which
was very similar to the one for undisturbed organic mat ;. .ontrol), indicated a high porosity
constituted mainly by macropores. Available water-storage capacity averaged 0.14, and was
statistically similar to the untreated control (0.09). Since the soil was loose, poor root-soil
contact could be a problem for seedling establishment, especially on lower slopes where the
thick organic layer could prevent roots from reaching mineral soil where water is held. The
content of mineral particles mixed with the organic matter decreased the total porosity
compared to the control, delayed drainage, and retained some water in the micropores. but
it was not enough to solve the poor root-soil contact.

The trench was considered the poorest or least desirable microsite because of its bare
mineral surface. Total infiltration of water into the mineral soil probably was greater than on
the other microsites because of reduction in water storage in the litter and interception losses.
However, at the same time available water was less because of losses in water by direct
evaporation from the soil and low matric potentials. Bulk density for the trench (1.28 Mg/m?®)
was higher than the other two microsites (hinge and berm), but it is far from levels that
reported to reduce root growth. Trench microsites had a high erosion potential and chance

of frost heaving.

6.4 Disc trenching

The best microsite created by disc trenching in terms of numbers and soil properties
was the hinge. The hinge microsite created by this treatment was very similar to that created
by ripper ploughing. The organic layer was 6.14 cm thick, which allowed roots to grow in

both. mineral and organic soil, and at the same time offered some protection against soil
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erosion and frost heaving. This layer was characterized by a good mixture of mincral and
organic matter, which contributed to better drainage than pure mineral soil and higher water
retention than in a pure organic layer. It also was a good source of nutrients for the roots.
Bulk density of the underlying mineral soil was higher than optimal values, but still far from
values that can reduce root growth. Volumetric moisture content was close to field capacity.

Disc trenching created a low number of berm microsites, but they were similar on
both upper and lower slopes. The berm microsites had a thick (29.7 cm) organic layer which
was not well mixed with mineral soil. As a result, bulk density in the root zone (organic zonc)
was low and drainage was faster than in any other microsite. Soil-moisture curves were very
similar to that of undisturbed organic layer in the control, so available water-storage capacity
was not improved by site preparation (0.09). Poor root-soil contact would be expected making
seedlings suffer from water stress and preventing roots from reaching mineral soil.

The trench was the pooiest microsite in this treatment. It was similar in its propertics
to the trench in ripper ploughing. Bulk density was 1.39 Mg/m®, which was higher than on any
other microsite, and is close to reported values that can reduce root growth. This might be
due to compaction from the machinery working on wet soils. Trench microsites were also

under erosion and frost heaving risks and had slow drainage.

6.5 Blading

The thick microsite with its organic layer was considered the best for this treatment.
The thick microsite had an organic layer 16.26 cm thick (Figure 5.2) which protected scedlings
from soil erosion and frost heaving problems, but planted seedling roots were still able to

reach the mineral layer. This layer was also a better source of nutrients than the barc mincral
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soil of the thin microsite (it usually did not had any organic layer), and also prevented
evaporation of water from underlying mineral soil. The thick organic iayer however indicated
that soil mixing was very low. As a result, bulk density at surface was low, but not low enough
to be limiting for seedling establishment and growth. This microsite had geod drainage that
provided aeration, but at the same time it held a little more water at field capacity than the
other microsites. Volumetric water content found for this microsite was 27.76% (Figure 5.15),
which was still lower than field capacity.

Blading was very effective in creating microsites in quantity, especially thin microsites.
The thin microsite had. on average, a very thin organic layer (0.27 cm) which was not enough
to prevent soil erosion. Soils in these areas (especially in Judy Creek) contained a balanced
mixture of coarse and fine particles and had well developed structure. When exposed, soil
structure broke down easily by with raindrop splash which appeared to seal soil pores and
cnhance surface runoft and erosion. Bulk density values found in this microsite were close to
optimal reported values. The organic matter content in mineral horizons was higher than the
other microsites (except thick, which has similar values) but may not be an adequate source
of nutrients because of erosion processes which remove soil and expose seedling roots.
Drainage values were high for the mineral layer, which provided aeration and was good for
root development. Available water was less on this microsite because of higher clay content,
high drainage, and higher potential for soil water evaporation. Volumetric moisture content
was 19.89% (Figurc 5.15) which was far lower than field capacity. Therefore, seedlings on

these microsites probably will suffer from water stress.

6.6 Microsite summary



70

A comparison of all microsites together (Tablc 6.2) was made bazed on "optimal” soil
properties in Table 6.1 and on site observations. Physical conditions of the different microsites
were ranked from 1 (very poor) to 5 (very good) as they negatively or positively affect
seedling establishment and growth. The highest ranked microsites were the hinge for ripper
ploughing and disc trenching, followed by the thick and thin microsites for blading. The lowest
ranked microsites were the trench for ripper ploughing and disc trenching. An averaging of
microsites by treatment suggested that all three treatments were equally effective in creating
acceptable microsites. If several treatments have the capability to produce similar soil
conditions for planting, the treatment that creates the least soil disturbance and is lcast costly
is recommended.

The ranking system and Table 6.1 werc mecant to only evaluate the microsites in this
study. and they are not applicable to other conditions. This ranking system only evaluates soil
properties in an additive fashion and does not consider them as limiting factors, nor does it
accurately reflect interaction between them, nor does it account for site variability. For
example, if one factor for a microsite was completely limiting on seedling success, then that
microsite would be unsuitable regardles: of the condition of other factors. An example might
be high soil moisture on lower slopes, that prevents seedling establishment. Furthermore the
ranking system does not explicitly consider such things as tempecrature, topography, ctc.,
although the rank assigned to microsites for each soil property is based on what is best for

seedling establishment and growth in that particular environmental conditions.
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CHAPTER SEVEN

CONCLUSIONS AND RECOMMENDATIONS

These conclusions and recommendations should be carefully assessed and not
extrapolated beyond the scope of this study. The results of the study show significant changes
in physical soil paratizters between the different treatments and microsites. However it is very
difficult to translate these results into conclusions and recommendations that will identify
treatment and microsite success over a wide range of site conditions. The ranking system used
subjectively considers the microsites in terms of a relatively small sct of soil properties, and

does not directly include other factors such as temperature, nutricnts, topography, etc into

the rankings.

1. All three treatments resulted in an improvement of physical soil conditions
compared to the control. The differences among treatments were not as big as expected.
Reasons for this might be treatments were not performed properly (did not create expected
potential piantable microsites) or consistently between study sites, or the right soil properties
were not chosan for evaluation.

2. The most suitable planting spots for the different treatments were thick in blading
and hinge in both ripper ploughing and disc trenching. This ranking was bascd on a review
of "optimal soil conditions" in the litcrature and on site observations, and should not be
applied to other circumstances.

3. Ripper ploughing, based on the physical soi! conditions analyzed and particular
conditions of this study, was judged the best choice of sitc preparation trcatment, using the

hinge microsite as the preferred planting spot. Ripper ploughing can be applicd on frozen
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ground minimizing soil damage caused by heavy equipment operating on wet soil. The hinge
microsite in ripper ploughing also had slightly better conditions in terms of drainage and bulk
density than the hinge in disc trenching.

4. The thick microsite in blading was considered in this study an inferior microsite
compared to the hinges in ripper ploughing and disc trenching because it was the driest.
Furthcrmore, it was not an easy treatment to perform (different results were obtained in
differcnt sites and slope positions), and mineral soil often exposed a high risk of soil erosion.

5. The boot screef microsites tested in the control produced favourable results, but
only two physical soil properties, bulk density and soil moisture content, were tested. Further
research should be done on this particular microsite to determine if it creates good planting
conditions similar to other more expensive site preparation treatments.

6. Small differences were found in treatment performance between upper and lower
slope positions, probably due to some difficulties the machinery had working on steeper slopes
(loss of traction). The differences were not significant but followed anticipated trends. In
gencral :

- Blading produced less soil disturbance on steeper (upper) slopes, leaving a
reduced organic layer intact.

- Ripper ploughing created a beiter degree of mixing for berm microsites on
upper slopes.

- Microsites on lower slopes and shaded aspects were wetter than microsites
on upper slopes and exposed aspects.

7. Blading was the most effective treatment in the number of microsites created under
the specific conditions of this study, followed by ripper ploughing and disc trenching. The

number of microsites created was weakly related to soil disturbance produced by the
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treatments.

8. No relationships were found between number of microsites created and slope,
quantity of slash, or size of slash. These results were not conclusive since experimental design
was not intended for testing slope and slash effects on site preparation. Treatment effects
should be tested on a wider range of slopes and amounts and sizes of slash. Slash
characteristics should be described before as well as after treatments applications.

9. The potential for soil erosion was increased by all threce trcatments. The potential
for increased soil erosion was related to soil disturbance or mineral soil exposurc, and it was
high for blading followed by ripper ploughing and disc trenching. Increased erosion potential
appeared to be related to a loss of soil structure from raindrop impact on bare mincral
surfaces, followed by increased overland flow and soil washing.

10. Soil erosion in ripper ploughing could be reduced if the trcatment was applicd
intermittently, not in long continuous furrows, or by following contours instcad of running up
and down slopes.

11. This study was an evaluation of the short term effects of mechanical site
preparation on physical soil properties. Longer term responses nced to be monitored, as well
as their interactive effects on other soil properties such as temperature, chemistry, and
biology. For example, a study of the subsidence of berm microsites might show them to be
better planting spots 2-3 years after treatment.

12. For a complete evaluation of mechanical site preparation all the effects of site
preparation need to be related to seedling establishment, survival, and growth. Natural
systems and the management schemes. applied to them are complex and highly variablc in

time and space, making them difficult to evaluate.



75

More research into soil properties and microsite conditions is needed to relate
changes in soil properties due to site preparation treatments to water and nutrients, seedling
survival, and root growth. In this sense, benefits attributable to changes in soil factors should
be separated from benefits resulting from land clearing and competition control (Morris and

Lowery, 1988).
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Appendix 1.1. Statistical Analysis

All variables except soil-moisture characteristic curves arc analyvzed using the statistical
package SAS. particularly the GLM procedurce (SAS Institute Inc.. 1988). A strip-plot analvsis of
vaniance design is used (Milliken and Johnson. 1984). where treatment and slopce are the main

factors and microsite is nested within treatments. The ANOVA table used is:

Source df

Location 2 = (3-1)

Block(L ocation) 3 = (2-1)3

Slope 1 = (2-1)
Slope*Location 2 = (2-1)3-1)
Slope*Block(Location) 3 = (2-1)(2-1)3
Treatment 3 = (4-1)
Treatment*Location 6 = (4-1)(3-1)
Treatment*Block(Loecation)? 9 = (4-1)(2-1)3
Treatment*Slope 3 = (4-1)2-1)
Treatment*Slope*Location 6 = (4-1)(2-1)(3-1)
Treat*Slope*Block(Location) 9 = ($-1)2-1)(2-1)3
Microsite(Treatment) (m-1)

Slope*Mi crosite(Treatment) (2-1)(m-1)
Locaiion*Microsite(Treatment) (3-1)(m-1)
Location*Slope*Micros(Treat) B-1)2-1)m-1)

Error' (3-1)(2-1)(m-1)(2-1)3

The error term used to test for diffecrences between microsites within the same treatment was the
general error of the model ('), while the error term used to look for the diffcrences in microsites
between treatments was trecatment*block(location) (3).

In the analyses where empty cells are found (Appendix 1.5, 1.6, and 1.7), the factor

location is removed if there arc no differences among locations since it is not the objective of
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this study.

Soil-moisture characteristic curves are analyzed pairwise with nonlinear regression
comparisons using the statistical package SPSS. A third degree polynomial is assigned to each
curve. A function [fis crcated subtracting one curve from the other. The null hyvpothesis is =

0, i.c. there arc no differences between the two curves.
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Appendix 1.2. Number of microsites per hectare created by each treatment.
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Test 2 of Myp-heses using the Type I1] ME for BLOTSSIOP*TFEA(LAOCA;
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Appendix 1.3. Depth of the organic layer above the mineral soil.

General Linear Mlels Provedure
Class level Informacion

Dependent Variable: AVEDEPTH

Class Levels Values
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HOTE: To enizure overall protect ion level,
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22.8700000 1.2702772 0.0001 3
29.736577) 1.2702773 0.0001 4
€.1424%9° 1.2702773 0.0001 £
0.0055%%6 1.2702773 0.9%el €
35.695%4¢€0€ . 23027723 0.0001 7
4.3748450 1.27602773 6.000¢ e
Q.G2E3RAY 1.2702773 0.9%8:6 <
Pr > (T! HO: LSMEAN(i)=LSMEAN(3)

3 4 S € 7 8 @
0.0004 0.0001 0.0001 0.0001 0.0G001 0,0001 0.0671
0.00C)1 ©0.000} 0.0027 ©.8819 0.0001 0,0151 0.8%06

- ©.001% 06.0001 0.00651 0.00621 0.0001 0.0001
V.0015 - 0,000 0.0001 0.0024 0.0001 ©.06001
0.0001 0.,.606) . G.0018 G.000C1 0.8%60 0.00C1%
0.0001 0_0001 C©€.0G1G . 0.0001 0.0106 0.9%08
Q.000] C.0024 ©.000] 0.0001 . 0.000] 0.0001
0.0600)1  0.0001 ©.§%60 (,.010€ C¢.DC01 . 0.0610%
0.0 0,0001 0,018 G.9%0& 0,000 0D.010% .

only probabilities asscciated with pre-planned

General Linear Modelr Procedure
Least Squares Mearns

comgariscns should be used,

Standard Errore and Frotatilitier calculated using the Type 121 MS for BLOCK*TREAT(LOCATIO) as an Error term

‘DQ#OU’"UNN?'

MICROS

THICK
THIN
COHTROL
BERM

HINGE
TRENCH
BEFM
HINGE
TRENCH

4 1

¢.0001
0.0008
¢.0001
0.0001
C.aa0}
0.0001
0.0001
0.0001

TREAT

BLADE
BLADE
CONTROL
DI1SC
DIsSC
PISC
KIPPER
RIPPER
RIPPER

0.000;

¢c.conl
6.0001
0.0029
G, Ba72
U.0001
0.0111
0.8681

AVEDEPTH Std Err Pr > IT: LSMEAN

LSMEAN LSMEAN HO:LSMEAN=0  Number
1€.2550297 1.0261833 0.0C01 1
0.274823% 1.6G2B1€833 0.7953 2
23.4700006 1.0281833 6.0003 3
29.7365771 1.0281832 ©.00G1 q
6.1824595 1.028162323 0.0002 5
0.005%5%%¢6 1.02816823 0.995%2 [
3%.6%S400e 1.02e1833 0.0001 ki
4.904445¢ 1.0281833 6.0010 8
U.0263689 1.0281822 9.98901 o

Pr > ITI HO: LSMEAN(i)=LSMEAN (3)

3 L3 5 6 7 8 Q
©.0008 0.0001 ©0.000! 0.0061 ©.0001 0.0061 0.0001
0.0001 0.0001 0.0029 C©.8572 9.0001 (€.011)1 0.868i

. 6.0620 0.0001 0©,0001 0.0061 0.000i 0.9001
0.0020 . 0.0001 0.0001 0.0C27 C€.9001 0©.0001
0.6G01  0.0001 - 0.0022 0.0001 ©.4166 0©.0023
0.00601 0.40C1 0.06022 . 0.0001 0.0083 0.9889
0.0001 0.0027 0.0001 ©0.6001 - 0.0001 0.0001
0.0001 0.0001 0.8166 0.0083 0.0001 . 0.008%
0.0001 0.0001 ©.0023 0©0.9889 6.0001 0.008% .

Means with the same lettar are not significantly different.

MICROSITE

Berm
Berm
control
Thick
Hinge
Hinge
Thin
Trench
Trench

TREATMENT

Ripper
Tiac
Control
Blading
Disc
Ripper
Blading
Ripper
Disc

MEAN

GROUPING

»>

[0

comparisons should be used.



Appendix 1.4. Soil disturbance.

Tests of

Tests of

Tests of

General linear Models Procedure
Class Level Information

Classx Levels Values

LOCATION 3 Ante Fox Judy
BLOLA Ny 111

SLOPE N lomer upper
TREAT 3 Blade Disc Ripper

Nurrer of observations in data set = e

General lLinear Models Procedure

Dependent Variable: DISTURS

Source Df Sum of Squares HMean Square
Model 26 CA3IRB.RCLEHGET 6880 04t ap0
Ercer € 17w, 13832533 SeLpbdust e
Corrected Total 3y J3567,9BN00000

P-S3uars C.v. KOOt MSE

0.992709 11.181023 $.46137934n
Source DF Type 1 SS Maan Sguare
LOCATICN 2 3174.68€66667 15A7,3433334
BLOCK { LOCATION) 3 2B2.36666667 @qQ.122000e0
SLOPE 1 2.8300¢ 2.8800000N0
LOCATION® SLOFE s 2€1.808666667 THO,74333343
BLOCK®* SLOPE(LOTATIO) 2 339,765%55596
TREAT =y 512%,9308333
LOCATION® TREAT L] 212748666067
BLOCK®* TREAT(1-TCATIO) € 43.278055%%¢
SLOPE* TREAT < 179,742%0000
LOCATION® SLOPE*TREAT q 36, 3283333
Source DF Sype 1.1 s8 Mean Squarte
LOCATION 2 3174.6B666667 1987, 2433232
BLOCK { LOCATIONY 3 2B2.36666667 9q 12200200
SLOPE 1 2.8%200000 2,890000040
LOCATION® SLOPE 2 3€1.4866€6€7 160G,783323323
BLOCK * SLOPE (LOTATIO) 3 10489.29666667 389.76L555%¢
TREAT F 10251.861€6667 5125.9308322:3
LOCATION® TFEAT 4 8509.70666€67 SID2TR26RGGED
BLOCK* TREAT (LOCATIO) € 259.6683313233 83,27805%%¢
SLOPE* TREAT < 191096 cuuU 129, 90% i,
LOCATION® SLOPE*TREAT ] 14%,.31233222 36,32833%

Hypotheses using the Type I11 MS for BLOCK(LOCATION) as an errer term
Scurce CF Type 111 83 Méan Square
LOCATION 2 3174.€6666647 1487.3833% 3

Hypotheses using the Type 111 MS for BLOCK"SLOPE(LOCATIO) as an errer rerm

Source DF Type 111 SE Mesan Lguale
SLOPE 1 2.8%000000 LLHRLONGG Y,
LOCATION® SLOPE 2 361.48B6€6667 185, 1883333

General Linear Models Pr-cedure
Dependent Variable: DISTURE

Hypotheses using the Type III MS for BLOCK*TREATILOCATIO) a® an error term

Source DF Type 113 sS Mean Square
TREAT 2 1024%1.686166€6¢7 $12%5,93082323
LOCATION® TREAT 4 8518 . 70GEELET 2127.42€6€€€7

General Linear Mcdels Procedure
Least Squares Means

F Value

Ju.T

F Value

IO 4
LI B3
u, 10
Y1)

11,70

PR U |

k2
1.4%

LHN

s
1

F Valtue

14,84

F Va,us

f1.ul
G.%2

F Value

1168.44
45.1¢

LU

[T

DISTURN Maan

QH . Hovohow?

v - F

TR
[ NTNIN
(U4 FTP9
0,404
. 00Lg
0,00y
[ TTIITY Y
U, 331y
O g
30983

Pt -t

[T
Hotrore,
D, T6G
O,
T L0008
QL 0Ny
L
0.t
[V PIY X'
(AT X

LA

[T Y

P - F

O.%21
0.6814

#r - F

0.0041
Q.06

Standard Errors and Probabilities calculatea using the Type 111 MS tor BLOCY*SINFE(LOCATIO! a= an Ercor vterm

SIOPE DISTURBE Std Err Pr » IT:
LSMEA LSMEAY HO: LSMERN=1
lower 49.150 " 4.408108¢ G.06G1Y

upper 48.5622223 4.ang1084 G.U01E

L



Gerieral lLinear Mudels Procedure
Least fquares= Means

Standard Errcrs and Probabilities calculated using the Type 111 MS fcr BLOCK*TREAT (LOCATIS: a= ar

TREAT LISTURE Std Err Pr - 4T
LEMEAN LEMEAN HO: LSMEAN=C
Blacs T1.96€6E€7 1.8%%079% 5.0601
Disr 3l 1z50420 1.89%079% 0.0%01
Pipper 42.%082312 1.89%079% 0.000:

Gerneral Linear Models Procedure
least Squares Means

Stardard Errore and Probabllities calculatea using the Type 1I1 MS for BLOCK (LOCATION) as an Error term

LOCTATION DISTURB Std Err Pr > IT1 Pr > ITt HO: LSMEAN(1)=LSMEAN(}}
LSMEAN LSMEAN HO : LSMEAN=( i’3 1 < 2

At SEB. 1000000 2.8006282 0.0002 1 . 0.2%36 C.0112

vex $2.5%1664 BQUEQRE N.0003 2 0.2%33% . 0.02¢0

Judy 35, 982238 BOUSZES 0.0010 3 0.0113 0.0:5uw .

NOTE: To enfture overall pt-

wte devel, conly probabilities assoclated with pre-plannes comparisons should be used.

Means with the same letter are nost significantly different.

LOCATION Mean GROUPING
Ante SB. 100 A
For SZ.517 A

Juddy 35.983 B



Appendix 1.5. Organic matter content.

Tests of

Tests of

Tests of

General linear Mogels Frovedute
Class level Informataion

Class Leve s Valurs

BLOCK N P

SLOFE < lower wppe:

TEEAT 3 Blade Control Disc Ripper

MICROS © berm control hinge thick thin tiench

Number ot observations in data set « ju3?

General Linear Madels Procedure

Dependent Variable: oM

Source DF Sum of Squares Mean Square
Model 2¢ IT3BRL.AGBI6TS douh, st
Iror €1 31€00.087803¢0 300, 128% shi,
Corrected Total 106 10E2EE. 05002040

F-fquare c.v. Koot MSE

$.710098 [ T-Sr F - 19,7614 T0g "
Source DF Type 1 S& Méan Squarge
SLOPE 1 1850.€13%15449 18%0.61251%4
TREAT 2 33833.3295217) 11148.4421734un0
BLOCTY 1 232.73% 3 T30 TSGR0
SLOPE*TREAT 3 2311.0%8% AC2. 68620118
BLOCK*SLOFE 1 S3.8B074% 4> 23.40078% 4k
BLOCK*TREAT 3 B99,825960A 29% . BOHOSY I
BLOCK*SLOPE® TREAT 3 1063.01%072.8) 354 . 23989008
MICROS ( TREAT) b 33613.5%B1R20 TR B AR ¥- )
SLOPE*MICROS(TFEAT) & 30825175200 - ©1li.74507)
Source DF Type I11 &8 Meat Squarpe
SLOPE 1 289.9511R33. LRS- LR Y 94
TREAT 3 26BL7.390127¢7 HOLL . 4623700
BLOCHK by 24913800600 J49.18B00600
SLOPEYTREAT 3 2488.01187372 B29.32729124
BLOCK*SLOPE 1 0.47161&76 [ I R 8B RN 1]
BLOCK*TR.EAT E} 798.93549528 26b.311831 70
BLOCK.* SLOPE® TREAT 3 R74.3318048R8 328 .16 R00
MICTROS ( TREAT? 5 33797 . 60884304 6459 . S3BGHG]
SLOPE*MICROS (TREAT! < IDHE.T1TINIEL2 €11.74:5n731
Hypotheses using the Type 111 MS for BLOCK SLOPE as an errcr term
Source DF Type I11 SS Meal, Square
SLOPE 1 364.5%118342 ELEE LS D § 27 4
Hypotheses using the Type 111 MS fcr BLINCK*TREAT as an error term
Scurce DF Type 111 s< Mearn Squate
TREAT 3 268%7.39013767 B RELET .,
Hypotheses using the Type 111 MS for BLOCK®SLOPE*THEAT as an errar term
Source UF Type 111 S Mearn Square
SLOPE*TREAT 3 2486.01187372 029.33729124

General Linear Models Procedure
Lea=t Squares Means

F Value

TLun

O Mean

T TETL I S

F Value

B

F Valie

Yoo, 8

P Yalue

F Yalue

[X)
o
S

Standard Errors and Prcbabilities calculated using the Type 111 MS for BLOCKY*THEAT as ar Erez..r verm

TREAT oM Sud Ere Pr - 1T

LEMEAN LEMEAN HOU: LEMEAN ¢
Blade 25.80842° ¢ 221114% D.004Y
Control 76.10€23222 0.00108
il=zc 2€.912307, G.0ueYy
Fipper 19.43€631% BLO0Y%E

Pro- b

w,ontry
wL ey
034
LI I )
[ERCIIT Y
[T ST
T
NI

n,l 'ng
LA S 3

H,oa g
a,un0y
[P PR
Nty
LI OIS
LI B
LE AN
H,0uty
LR AT |

G, Gtk s

br ~ F

G,.2300
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MICE THEAT
thiw Blade
thin Blade
control control
berm Disc
hinge Disc
trench Disc
berm Ripper
hinge Ripper
trench Ripper -
iz 1 2
1 . 0.6001
2 0.000) .
32 00,0014 0.0001
4 0.7351 0.0001
S 0.015% 0.005%8
6 0.000) 0.90289
T 0..940 6.0001
8 o,0009 G.0792
4 0.000! ¢.9369

General Linear Models= Procedure
Least Squares Mears

oM Std Err Pr > ITy LSMEAR

LSMEAN LSMEAN HO; LSMEAN=( Number
f8.4€20000 S.7617873 U.0002 1
3.1%685%0¢% 5.7017873 0.5813 2
76.1063333 6.11448%6 0.0001} 3
51.197%000 5.70178713 0.0002 4
27.23908167 6.374792¢C 0.0001 S
2.1694C5%0 5.7017872 0.7046 €
37.9000000 5.7017873 0.0001 ki
17.8707689% 5.9985298 0,0038 8
2.5291269 5.2994639 0.6321 9

Pr > IT| HC: LSMEAN{1)=LSMEAN{])

3 ] S 6 7 8 s
¢.0014 0.7351 0.01%% 0.0001 0,1940 0.9004 0.0001
0.000: 0.0001 0.00%8 0.9028 0.0001 0.0792 (0.936%
0.6038 0.0001 0.0001 0,000 0.0601 0.0001
¢.0067 0.0001 0.1030 0.0001 0.0001
0.0042 0.2227 0.280C 00,0036
0.0003 0.0614 0.962%

0.003¢ .
0.0001 0.0067 .
0.0001 0.0001 ©0.0042 .
0.0001 0.1030 0.2227 0.0001 . 0.0178 0.000G.
0.0001 0.000] 9.2800 0.0614 0©.0178 - 0.05e4
0.0001 0.0001 92,0036 0©.9622 0.0001 0.0585% .

BOTE: To ensuré cverall protection level, conly probabilities associated with Fre-planned comparisons should be used.

General Linear Models Procedure
Least Squares Means

Standard Errors and Probabjlities calculated using the Type 111 MS for BLOCK*TREAT as an Error term

WO DR E WY

MI1CROS

thick
thin
contrel
berm
hinge
trench
berm
hinge
trench

1

~
.

0.0065
0.0280
0.7087
0.058%
0.0061
0.2111
0.0208
0.0057

TREAT

Blade
Blade
centrol
Disc
Dis:
Disc
Ripper
Ripper
Ripper

0.005%

0.0018
0.005%
0.0316
0.8916
0.0137
0.120%
0.929%

oM Std Err Pr > [TI LSMEAN

LEMEAN LSMEAN HO:LSMEAN=0 Number
§8.4600000 4.7103078 0.o020 1
3.1568508 4.7109078 0.5%08 2
76€.1063333 $.051885¢ N.0006 3
51.197500¢C 4.7109078 0.0017 4
27.2904167 5.2669551 0.01z28 S
<.1693050 4.720907e 0.6765 €
37.9000000 4.710%078 0.0080 7
17.8707684% 4.95%60813 0.0366 e
Z.5392126% 4.2785019 0.e0z7 @

Pr > [T} HO: LSMEAN(i)=LSMEAN(3)

3 4 s 6 7 8 9
0.0280 0.7087 0.058% 0.0061 0.2111 0.0208 0.0057
0.0018 0.09%5 0.0416 0.8916 0.0137 ©€.1205 0.929%5
0.0366 6.006% 0.0017 0.0116 0.0038 0.0016
0.0434 0.005%2 0.139%99 0.0165 0.0048
0.0376 0.2337 0.279¢ 0.0360
. 0.0127 0.1053 0.9578
0.0116 0.139%9 0.2337 0.0127 . 0.0610 0.0118
0.0036 0.0165 0.2796 0.1053 0,061C B 0.1027
0.0016 0.0048 0.0360 0.9578 ©.0118 0.1027 .

0.0366 .
0.0069 0.0433 .
©.0017 0.0052 0.0376

NOTE: To ensure overall protection level, only probabilities associated with pre-planned comparisons should be used.

SLOPE

lomwer
lower
upper
upper
lower
upper
lower
lower
lower
upper
upper
upper
lower
lower
lower
upper
upper
upper

MICROS

thick
thin
thick
thin
control
control
berm
hinge
trench
berm
hinge
trench
berm
hinge
trench
berm
hinge
trench

General Linear Models Procedure
Least Squares Means

TREAT oM std Err Pr > ITI
LSMEAN LSMEAN  H0:LSMEAN=0
Blade 37.4383333 8.0635449 9.0001
Blade 3.5286883 8.0635449 0.6628
Blade $9.4816667 8.0625449 0.0001
Blade 2.7850133 8.0635449 0.7307
Control 83.1676667 7.2122538 0.0001
Centrol 69.0850000 9.8757852 0.0001
Disc 52.7266667 8.0635449 0.0001
Lisc 26.6633333 8.0635449 0.0014
Disc 2.4872850 8.0635449 0.7585
Disc $9.6683333 8.0635449 0.0001
Disc 28.1175000 9.8757852 0.0056
Disc 1.8515250 8.0635449 0.8190
Ripper 55.7366667 8.0/15440 0.0001
Ripper 20.1816667 8.0.35442 0.0145
Ripper 2.9192702 7.4936166 0.6979
Ripper 20.0633333 8.0635849 0.014¢9
Ripper 15.5998712 9.8930560 0.0828
Ripper 2.1589837 7.4955309 0.7731

Means with the same letter are not significantly different.

MICROSITE

control
Berm
Thick

TREATMENT
control
Disc
Blading

MEAN

K]
4

6.11
1.20
8.46

GROUPING

A
A B
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Berm
Hinge
Hinge
Thin
Trench
Trench

Ripper
Disc
Ripper
Blading
Ripper
Disc

lodo AoRe N 4

kA



Appendix 1.6. Drainage.

Tests of

Tests of

‘Tests of

General Linear Moniels Procedure
Clas® level Informaticn

Class lLevein Valuex

LoCATIm 3 Arte Foxu Jur

BLOCY. 2 1 2z

SLOKE Z lemer upper .

TREAT (] bBlade Control Disec Ripper

MICRNS 10 Berm-dee¢ Berm-sur Deep Hinge-de Hinge-su Surtace Thick-de Thick-su Thin-dee Trench-d

Number of observations in data set « 16}

General Linear Mociels Procedure

Dependent Variabile: AVIDRAIN

Source GE Sum ¢t Squates Mean SqQuare
HMoude 37 6.2%74%38% 0.17182307
Esros 123 7.392802348% 0.06010400
Courrectad Total 160 13.7502%690

R-Square c.Vv, Roct MSE

0,80623%2 Au.23287 0.2491613¢
Scurce DF Type 1 8§ Mean Square
BLOCK 1 0.075194814 0.G67519434
SLOPE 1 6.0198803) 0.01988002
BLOCK~S1AFE ) 0.00624367 0.00B24 362
TREAT 3 0.765717342 G.e5%52%781
BLOCK* TREAT 3 0.124412%7 ¢. 04147086
SLOPE® TREAT 3 0.0661285¢ D.02210952
BLOCK * SLOPE*® TREAT 3 c.o0n2141C2 0.00071394
M1CROS (TREAT) 11 5.02910180g 0.4571992%
SLOPE*MICROS (TREAT) 11 0.2662e€70 0.024207g8
Source DF Type 111 S¢ Mean Square
BLOCK 1 0.112257%¢ 0.112257%54
SLOrF 1 0.01492078 0.01492074
BLOC: * SLOPE 1 0.022934812 0.0229%24412
TREAT 3 0.9065862% 0.30223610
BLOTK® TRIUAT 3 0.09335087 0.03111694
SLOPE® TREAT 3 0.12913413 0.083044a7)
BIOCK*SLOPE®* TREAT 3 ¢.01501312 0.00500437
MICROS I TREAT) 11 9.05364724¢ 0.4594224¢€
SLOPE*MICROS (TREAT) i1 0.26628670 0.02420788

Hypotheses using the Type 113 MS for BLOCK'SLOPE as an error term

Source DF Type I1I Ss Mean Square
S1OPE 1 0.01492073 0.01452074
Hypotheses using the Type III MS for BLOCK*TREAT as an error term

Source DF Type 111 Ss Mean Square
TREAT 3 0.80658629 0.30219610
Hypothases using the Type 111 MS for BLOCK*SLOPESTREAT as an error term

Sour.e DF Type 115 Ss Mean Square

SLOPE™ TREAT 3 0.12913413 0.04304471

General Linear Mcdels Procedure
Least Squares Mgans

“Value

2.8B¢€

F Value

1.2%

0.40

F value

0.65

F value

9.71

F Value

6.60

Pr > F

0,000}

AVEDRAIN Meéan
0.62489086

Pr > F

0.265%
0.5663
0.7116
0.0068
0,85¢%¢
0.77€3
0.9982
0.0001
0.052¢
Pr > F
0.1742
0.6182
0.5278
0.002%
0.6709
0.544)
0.9690
0.0001
0.9526

Pr » F

0.5660

Pr > F

0.0470

Pr > F
0.0552

Standard Errors and Probabilities calculated using the Type Ill MS for BLOCK*TREAT as an Error term

TREAT AVEDRAIN Std Err Pr > |TI
LSMEAN LSMEAN HO:LSMEAN=Q
Blade 0.66323444 0.62939%99 0.0002

control 0.78331922 0.03659418 0.0002
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QWD JRAUD e b

NOTE: To

VOO UEWN -

NOTE: To ensure overall protection level, only probabilities associated with pPre-planned

~
.

Micras
Thick-de
Thick-au
Thin-dee
Deep
Surface
Berm-dee
Berm-sur
Hinge-de
Hinge-asu
Trench-~3
Berm-dee
Berm-zur
Hinge-de
Hinge-=u
Trench-d
1 2 3 4
. 0.0061 0.0%12 0.8B23g
0.0061 . 0.4136 0.0031
0.0512 0.413¢ . 0.0303
0.8238 0.0031 0.0303 -
0.0001 ©.0041 00,0002 0.000)
0.7583 0.0024 0.0285 0.9322
0.0011 O0.572% 0.1682 0.000%
0.6451 0.0015%5 0.0165 ©.€118
0.%173 0.0401 Q.1541 0.7812
0.573% 0.0011 0,012¢ 0.73234
0.5052 0.0009 0 2108 0.6520
0.007% 0.9984 0.4243 0.00238
0.3823 0.092% 0.3%03 0.2812
0.0106 0.8144 0.3547 0.0062
0.6157 0.0020 ©0.01%0 0.7716
ensure overall protecticn level,

~

Standard Error: and Probabilities calculated using the Type I11 MS for BLOCK® TREAT

MICROS
Thick-de
Thick-su
Thin-dee
Deep
Surface
Berm-dee
Berm-sur
Hings=-de
Hinge-su
Trench-d
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench-d
3 1 2 3 [}
. 0.0304 C€.0716 0.7768
0.0304 . 0.3370 0©.0248
0.0716 0.3370 . 0.055¢
0.7768 0.0248 0.05%¢ .
0.0043 0.0268 0.0180 0.0039%
0.6971 0.0221 0.0507 0.%122
0.0166 0.48%4 0.149¢ 0.01%6
0.5667 0.0203 0.0432 0.7620
0.8942 0.0533 0,1403 0.7247
0.4905 0.0186 0.,038% 0.6682
0.4215 0.0181 0.0369 0.5753%
0.0324 0.9979 0.3463 0.026%
0.3101 0.1000 0.283% 0.2296
0.0366 0.7591 0.2871 0,0206
0.53847 0.0219 ©0.0857 0.7130

Tisc
Ripper

TREAT

Blade
Blade
Blade
Control
control

Rippet
Ripper
Rippers
Ripper
Ripper

5
0. 000)
0.0081
0.0003
0.0001

0.0001
0.0192)
0.0001
G.o001
0.0001
0.0001
0.0051
0.0001
G.025%
0,001

N B L]
V0. E1651178

[\ L Il S
0,02641000

[N\
(UL

General Linear Models Procedure

Least Squares Moans

AVEDRAIN std Err Pr ~ 1T LEMEAN

LSMEAN LSMEAN  HO:ILSMEAN=)  Nufte:
0.508%0082 0.0707719% 0.0 1
0.78367183 0.0r07 7100 [\REANO N
0.7015€067 0.07077199 o000 2
0.482168%0 0.07077199 0.000] N
1.08846994 0.07460023 Q0001 B
0.47363482 .07 40 ¢Lo00 N
¢. 84024967 0.07077109 Q000 *
0.45028417 0.007 7108 AU 8
0.51782861 0.106811.7 0. 0001 Q

0.44B07267 v.0072199 0. 000y 1

0.43587311 0.07439u11 [N UMY 1

¢.783868128 0.07840784 a.o0nm 10

0.50072%7y V.0B238%60 [MPRAIRINRS 12

0.811%2244 0.08487799 U 14

0.345155408 0.07786%8) [UPS US| 1
Pr > ITi HO: LSMEAN(i)=LSMEAN(1)

6 7 e @ 1u 11 N 1
0.7583 (. 0011 0.,64%1 Q,9173 0.5739  0.404%  u.ouly .00
0.0024 0.5729 ©,001% 00,0401 0.0011 ¢,¢0008  6_uapg [USEIRY R
0.0245 0.168B2 ©0.ul6% 0.1% 1 0.0176 0,008 o, 429) 0. 3% 7
0.9322  0.000% ¢.8118 0.7812 0.733%  0,6%0¢ v, 0uae [T
0.0001  0.0181 nN,000]  0,0001 oO.an0l O, 000) 0081 OLuenl LN

. 0.0004 0 .BTHEE  0,7307 0,768 0,7137 0,003 U288 0, 00N
0.0004 . D.O002  G.0131 0.0001 L0001 0, %R4L 0,080 U, Buye
0.8784 0O.0002 . 0.6430  0.918% L R Te U, 00618 G 19%0 b, 0034
0.7307 0.0121 w.06d3u . o.u87l u,.% 3w U,ugl (! (IR B R
0.7988  0.000)1 0,913 0,587} . 0, 90h, 000148 0,00
0.71237  0.A0C] ULAZTE 0.5301 0LY0% . (U RV BN [P
0. 00u31  0.5841 0.0019% 0,0431 0.0018 O,u01, . 0. 0997 v, Hins
0.24979 (L0286 13,19%0  0,.9449% 0.1u51 n.1417 Govan? . (UL B Y
0.0051 0U.HUB6 V.0030 V. O81W  0.0020G U000 L. HIBY  u.uwei) .
0.8341 0.0003 0.949%] 0.6170 0.8737 O, REE] 0, 000%  0.1907  n.ongp

©nly probabilities asscciated with pre-planned

TREAT

Blade
Blade
Blade
Control
Control
Disc
Disc
Disc
Disc
Disc
Ripper
Ripper
Ripper
Ripper
Ripper

S
0.0043
0.0268
0.0140
0.003%

0.0037
0.0457
¢.0035%5
0.0091
0.0033
0.0034
0.0287
6.0090
0.051%
0.0039

General Linear Models procedure

comparisons shoulad be used.

Least Squares Means
a? ah Ertcr term
AVEDRAIN std Err Pro oo T LsMEN,
LSMEAN LSMEAN HO: LSMEAN =~/ Humt.a.
0.50850003 0.05092220 0.0000 1
0.78367163 0.06%092228 O.00uy N
0.70156067 0, 0509000 O.G0ng 3
0.48216850 0.0409200k (O 1P q
1.084846994 0.0536767% 0.00063 4
0.47363483 0.0%0%92228 0.002¢ 6
0.848024967 0.05092228 0.06004 K
0.45828417 0.05092028 0.002% 8
0.51782866) 0.07685247 0.6067 4
0.448B07287 0.05092228 ©.0031 jo
0.435873]1 0.05%353208 0. 0039 11
0.78388328 0.053%3841 0.0007 12
6.59972579 0.05%927861 G.0021 J3
0.811%2244 (.0682628% .00 14
0.4515%408 0.0%602€48 0.0040 1%
Pr > IT{ HO; LSMEAN(i)~LSMEAM(j)

6 7 8 k-] 10 1] 13 14
0.6971 0.01B6 0.5667 0,.8942 0.490% 0.421% 0_ 0324 0.3101 0.0366
0.0221) 0.4R894 0.0263 0.0633 ¢.018C 0.0186) G,9%79 0.1060 0,164}
0.0507 0.14%%  0.063 06,1402 0.038% 0.02¢% G_ 3468 0.2K3% 0,287}
0.5132 0.01%6 0.7620 UL.7287 0.6682 0.%7% 0.2296 10,0306
0.0037 0.0457 0.003% 06,0091 0.0033 0.00634 O.00%0  0,0%)Y

. 0.0147 0.8449 0G.6€4S 0.7461 (.€484% 0 _0286 6.20% 0,.0286
0.0147 - ©.0121 0.03% 0.0122 0.0120 0.%010 G.0%42 0.7%¢)
0.8449 0.013) . 0.5684 0.896C 6,781% 00,0217 G.1GBO 0,02%%
0.€645 0.0D29€ 0,%644 . 0.%0483 0.44960 0,0€%€ 0.8608 0.0647
0.7461 0.0122 ©.B962 0.5%0832 . 0.87%3  0,0200 0.1876¢ G.D236
0.6445 0.0120 ©¢.781% 0.8460 0.8792 . 0.0194 0.1320 0,0224
0.0246 0.5010 0.0217 0.06% G.0200 0.01%§ . 0.104% 6,7702
0.2050 0.05%42 0.1680 0.4608 0.1476 0.1320 00,1049 . 0.100]
0.0286 0.7581 0.025%% 0.0647 0.0236 00,0224 0,772 0.1001 .
0.7896 0.0142 0.9348 0.5360 0.9662 0.8523 0.0232 0.1663 0,026

comparisons should be used.

1
[
G, 00
Contlug
oL
G0
[UNIRY B
[URUTTONS
[TPRY U3
u.nltu
wL R
(OIS g
Wty
[LPR AU
[T

1%
0.%347
H.021%
0.08%7
H.27130
0.0U0%Y
0. 749
G.N142
0,934%
0.%360
0906,
0,8%23
0.0232
6,166
0.0263




SIOFE

dower
lower
lower
upper
upper
upper
lover
lower
upper
upper
lcaer
lower
lower
lower
lower
Upper
upper
upper
upper
upper
lower
lower
lower
lower
lomer
LEper
uppet
upper
upper
UF et

MITRDS

Thick-de
Thizk-su
Thin-dee
Thick-de
Thick-2u
Thin-dee
Deep
Surface
Deep
Surface
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench-d
Berm-dee
Berm-sur
Hinyge-de
Hinge-su
Trench-d
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench-a
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench-d

General Linear Models

least Squaze: Means

TREAT

Blade
Blade
Blade
Blaae
Blaae
Blaze
Control
Control
Control
control
Di=c

Mean= with the same letter are not significantly differernt.

MICROSITE

SurTace

Berm-sur
Hinge-su
Berm-~-sur
Thick-su

Minge-de
Hinge-su
Tnick-de
Deep

Berm-des
Hinge- e
Trench-d
Trench-a
Nerm-dee

TREATMERT

Ccontrel
Disc
Riapper
Rippe:
Blading
Blading
Ripper
Disc
Blaaing
Control
Disc
Ripper
Disc
Ripper

MEAN

1.08
O.84
0.81
0.7e
0.78
0.70
C.6l
0.5
0.50
o.4e
0.47

0.43

AVEDFAIN
LEMEAN

C.46286083
0.82533417
C.7€316100
0.%8614083
0.74200850
0.€3%94032
0.462840117
0.9%5826067
C.48193583
1.17857920
0.4815%5832
0.89281933
0.46441267
0.68129122
G.84B1%822
0.4€272133
0.767€8000
0.45215%€7
0.3542€67
0.44603700
0.44545167
0.78€10240C
0.5817%662
0.824031%0
0.5029%€4 0
0.42629%455
0.78166217
0.€17€589%
G.79501338&
G.40025175

GROUPING

PP¥ry>

mmpEw D

Prozedure

Std Err

0.10006€71
0.10008€71
€.10008€71
0.10008€71
0.10608B671
0.10008€71
0.10008671
G.10008672
0.100086€71
0.11065002
0.10%08€71
0.10008671
0.10008671
0.12483006
0.10008671
CLICDLBETY
0.10008€71
0.10008€71
0.17325%2¢
¢.10008671
6.1000BE7}
0,1101207%
¢.1225806¢
0.18259950
0.11613079
0.11010704
06.100068671
0.11016704
0.1251725%23
6.110310704

nnnnon

Pr » IT:

HO: LSMEAN=(

[eNoludnleluReRulo]

0.0001
0.0001
0.0¢C.
6.0001
3.0001
0.6C01
0.0001
€.G6001
0-.0601
0.0001
0.0002
0.0002
0.0002
0.0002
0.0002
©.0002
0.0001
0.0002
5.0822
0.90001
0.0001
G.0001
€.0001
0.0¢01
C.0C0l
G.0unl
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Appendix 1.7. Bulk density.

Tests of

Test:

of

Tests of

General Linear Models Procedure

Clasy Level Information

Class levels “Yalues

BLOCK < 12

S1OPE by loever upper

TREAT L] Blade Contrel Dis: Ripper
MICRQS 10

Number of cdservations in data

set = 165

General lLinear Models Procedure

Dependent Variarle: DENSITY
Scurce CF Sum of Squeres
Model 37 33.10113633
Error 12?2 9.3862¢79%
Corrected Total by -1 42.448950427
R-Square C.V.
C.772777 29.13%2%
Source DF Type 1 SE
SLOPE b 0.10017922
TREAT 3 1.519€1€8%
BLOCK 1 0.284181:2
SLOPE® TREAT 3 0.00193347
BLOCK*SLOPE 1 0.000%2041
BLOCK® TREAT 3 0.3060553)
BLOCK* SLOPE®* TREAT 3 0.0e7881°°
MICROS (TREAT; il 29.977432%¢
SLOPE*MICROS (TREAT}) 11 0.823134¢€5%
Source DF Type I!1 £5
SLOPE b 0.02324%67
TREAT 3 1.82€2979%
BLOCK 1 0.23224724
SLOPE® TREAT 3 0.0248178%
BLOCK* SLOPE 1 0.00167163
BLOCK® TREAT 3 0.33094958
BLOCK® SIOPE® TREAT 3 0.01610773
MICROS (TREATY) 11 29.56102268
SLOPE*MICROS { TREAT 1l D.823134€%

Hypotheses uzing the Type IIl MS for BLOJK*SLOPE as an error term

Source DF Type 111 SS

SLOPE 1 0.03329%¢7

Hypotheses using the Type II1 MS for BLACK*TREAT as an €rior term
Source DF Type 111 €&

TREAT 3 1.4262979%

Hypotheses using the Type I1I1 MS for BLOCK®SLOPE*TREAT a3 an erfor t
Source DF Type 111 S

SLOPE® TREAT 3 @.0248178%

Mean Squars
G.698u2231

0.07360820¢

koot MSE

[SPue S B SLH 8

Mean Square

0.10017w2l
0.50660%6:
G.26818110
0.00068302
0.000%2041
0.10201844
N.02929376
2.72%22118
0.07863042
Mean Square
6.063324967
0.47%0326%
0.23224134
0.0082726,
0.0¢1€72€
0.110316%3
0.00%369248
2.6BT36E6]
n.n7383082

Mean Square

0.C3324%€7

Mearn Square
0.47%432¢%

erm

Mean Square

G.ou827Z62

General Linear Moudels Procedur~

Least Squares Means

Standard Errors and Probabilities calculated using the Type 1
TREAT DENSITY Std Errc

LSMEAN LSMEAR

Blade 0.91824053 C.05535€%%

Control 5.68641574 U.0696%547

Disc 0.901174%2 0.08RGAEGED

Ripper 0.988%2197 0.0876776€

II MS § @ Gl
Pr > 1T
HO: LSMEAN=".

0.600%
G. %022
G.0003
0.0U02

el

Berm-dee Berm-sur Cont-dee Cont-sur Minge-de Hinge-su Thick-de Thick-su Thin Trench

F Value Pt - F
1o.1% [UNTITITS
DENSITY Mean

@ .@a1l04r8

t Value Pr » F
1.30 (UM 223
6.8H U, no0L
i.8ée v.0%16
n.e1 C.9%89

u. 0l ©.933]
1.39 6.2%01
040 0.7%47
31,62 O, 0001
1.02 0.43%7

F Value P =~ F
0.4% 6,027
6.46 0.5008
3.16 G,0T6)
0.11 0.9%27
0.02 0.880%
1.%n0 0,216
0.07 0.9744
36.%1 u.boc)
1.0l ¢, 825

F Value br - F
19.989 G.1404

F Value Pr - F
4.31 0.1306

F Value vr - F
1.54 0,365

a3 an Errcs term
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KROTE:

NOTE:

General Linear Models Procedure

Least Squares Means

MICROS TREAT DENSITY Sta Ers Pr > ITH LSMEAN
LSMEAN LSMEAN HO: LSMEAN=Q Number
Thick-de Blade 1.14284200 0.07832049 0.0001 1
Thick-=u Blade 0.41108142 0.07832049 0.0001 z
Thin Blade 1.20082217 6.0TEe32049 0.0001 3
Ccont-dee Control 1.21968167 0.07832049 0.0001 %
Cont-sur Control 0.15%31€981 0.0825%70% 0.0656 S
Berm-dee Disc 1.20020%2% 0.076832049 0.0001 6
Berm-sur Disc 0.23377758 0.07832045%9 0.003¢ 7
Hinge-de Disc 1.31900133 ©.0783204% 0.0001 -]
Hinge-su Disc 0.36319683 0.11820371 6.0026 8
Trench Disc 1.3896%1%8 0.078232049% 0.0001 10
Berm-cdee Ripper 1.26603401 0.07571878 0.0001 11
Berm-sur Ripper 0.492%1142 09.07832049 0.0001 12
Hinge-de Ripper 1.20698102 0.0861413% €.0001 13
Hinge-au Ripper 0.69%564€001 0.10692357 0.0001 13
Trench Ripper 1.27962339 0.08233448 0.c001 15
Pr > IT| RO: LEMEAN(i)=LSMEAN(j)
7)) 1 2 3 4 S5 [ 7 e 9 i0 11 12 13 1§
1 - 6.0001 0.86016 0.48%3 0.0001 0.60%¢ 0.0001 0.1142 ©.0001 0.0276 0.272§4 0.0001 0.5827 G.0009
2 0.0001 . 06.0001 ©0.0001 0.0251 0.0001 0.111% 0.0001 0.7361 ©0.6001 0.0N01 0.4581 0.0001 0.0311
3 0.601¢ 0.0001 . U.RE5E 0.0001 0.9%5¢ 0.0001 0.2BBC 0.0001 0.0906 (.5606 0.0001 0,9579 0.0002
¢ 0.4893 0.0001 0.865%% . 0.0002 0.€61¢ 0.0001 0.3714 ©0.0001 ©0.127. 0.6788 0.0001 0©0.9136 0.0001
S 0.6001 ©.0251 0.0001 00,0001 . 0.0003 0.4801 0.0001 0.1477 0.0061 (¢.0001 0.0033 0.0001 0.0001
6 U.6054 0.0003 0.99% C€.B€10 0.0002 . 0.0001 0.2855 0.0001 0.089 0.955%6% 0.0001 0.9537 0.0002
7 0.0u01 ©,1119 (©.000] ° 0001 0.4801 0.0001 . 0.000) 0.3631 0.0001 0,0001 ©0.0206 0.0001 0.090€
6 0.1142 0.0001 5.2880 v.3718 0.0001 0.285% 9.0001 - 0.0003 0.524% 0.62€2 0.0001 0.3376 0.0001
9 0.0041 0.7261 0©.0003 6.000! 06,1477 ©¥.0001 .2631 ¢.0001 . 0.0001 0.0001 0.359%% 0.0001 0.036%
10 0.0276 0.0001 0.0906 0.1272 0.0001 06.089 0.0001 0.5285 0.0001 . 9.2706 0.0001 ©€.1191 0©0.0001
11 0.2724 0©.000]1 0.560¢ 0.6785 ©.0001 0.5%69 0.0001 0.6363 0.0003 0.2706 . 0.0001 ©0.6144 0.0001
2 0.0001 0.4%81 0.0091 0.0001 0.0033 0.0001 0.0206 0.0001 0.3596 0.0001 0.0001 - 0.0001 0.1236
13 0.5827 0.0001 ©0.957% 0©.%136 0.0001 0.9537 0.0001 0.3378 0.0001} ¢.1391 0.61484 0.0001 . 0.0003
14 0.0009 G.0311 0.0002 0.0001 0.0001 0.0002 0,0006 0.0001 0.0269 0.0001 0.0001 0.1236 0.0003 -
15 0.2310 0.0001 ©0.4893 ©.596%5 0.0001 0.4859 0.0001 6.7295 O0.0001 0.338€ ©.9056 0.0001 0.5423 0.06003
To envure overall protection level, only protabilities associated with pre-planned compariasons should be used.
General Linear Mcdels Procedure
Least Squares Means
Standard Errors and Probabilities calculated using the Type I1I MS for BLOCK®* TREAT as an Error term
MICROS TREAY DENSITY Std Err Pr > Tt LSMEAN
LSMEAN LSMEAN HO: LSMEAN®0 Number
Thick-de Blade 1.314284200 0.0958803¢6 0.0013 1
Thick-su Blade 0.41108142 0.295%88%3¢€ .02 <
Thin Blade 1.20082217 0.09588036 0.0011 3
cont -dee Contrcl l1.21964167 0.09586036 0.0010 4
cont-sur Contrel 0.153169%€1 0.10106678 0.2268 S
Be:im-dee Disc 1.20020%2% 0.09588036 0.0031 &
Boarm-sur Disc 0.23377758 0.09588036 0.0826 7
Finge-de Disc 1.31900133 0.09%5e8036 H.0008 6
hinge-su Disc 0.36319683 0.14470560 0.0P6% °
Trench Disc 1.3896%21%58 0.095€8036 0.0907% i0
Berm-dee Ripper 1.26603401 0.09759215 0.0010 11
Berm-sur Ripper 0.493%51142 0.0%9588036 0.0142 12
Hinge-de Ripper 1.20698102 0.1054547% 0.00:% 13
Hinge-su  Ripper 0.6964 6001 0.128484799 0.0123 14
Trench aipper 1.27962339 0.10079421 0.0911 1s
Pr > ITI HoO: LSMSAN(X)-LSHEAN(j)
irs} 1 o 3 4 S 6 ? 8 -] 10 11 12 13 14
1 - 0.0125 0.6978 0.6107 0.0057 0,.7008 0.0068 0.2847 0.0206 0.1662 0.4342 0.0173 ©.6832 0.0687
2 0.012% . 0.0101 ©0.0094 0.1612 0.0101 0.2822 0.0068 0.8006 O0.005% 0.0082 0.5862 0.0113 0.1730
3 0.6%978 0.0103 . ©0.898¢ 0.0049 0.9967 0.0057 0.4476 06.0170 0.2579 0.6662 0.0137 0.9682 0.0514
4 0.6107 0.002¢ 0©.8964 . 0.C046 0.8951 0.00%4 0.5168 0.0160 0.2986 0.7569 0.0127 0.9348 0.0870
S 0.0057 90.1612 0.0049 0.0086 . 0.004% 0.6035 0.0036 0.3197 0.0030¢ 0.0042 0.0923 0.0055 0.084%
& 0.7008 0.0101 05.9967 0.89%51 0.0049 . 0.0057 0,445% 0.0170 0.2567 0,6633 0.0137 0.5651 0.0516
7 0.0068 0.2822 0.0057 0.005% 0.603% 0.0057 . 0.0041 f.5100 0.0034 O0.0048 0,1513 0.0064 0.0632
8 0.2847 0.0068 0.4476 0.5168 0.6036 0.445% 0.0041 - 0.0318 0.6382 0.7245 0.008¢ 0.4893 0.0302
9 0.0206 0.8006 0.0170 ©0.0160 0.3197 0.0170 0.5100 0.0118 . 0.2097 0.0140 0.5073 0.0181 0.183%5
10 0.1662 0.005% 0.2%79 0.2986 0.0030 0.2%67 0.0034 0.6382 0.0097 . 0.4327 0.0871 0.2900 0.0228
11 0.4342 0.0083 ©0.6662 0.7569 0.0042 0.6633 0.0088 0.7245 0.0140 0.4327 . 0.0110 ©0.7077 0.0384
12 0.0173 0.%862 0.0137 20,0127 0.0923 0.0137 0.1513 0.00B9 O0.5073 0.0071 0,0110 . 0.0153 0.2948
13 0.6832 0.0113 0.9682 0.9348 0.0055 0.9651 0.0064 0.86893 0.0181 0.2900 0.7077 0.0153 - 0.0543
14 0.0687 0.1730 0.0514 0.0470 0.0449 0.0516 0.0632 9.0302 0.183% 0.0228 0.0384 0.2548 0.0%543 .
15 0.3980 0.0083 0.€6107 0.6954 0.0082 0.60B0 0.0049 0.795%5 0.0138 0.4866 0.9288 0.0110 0.6520 0.03731
To ensure overall protection level, only probabilities associated with pre-planned comparisons should be ysed.
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1g
.e310
0.0001
0.48%3
0.5985%
0.0001
0.485¢9
0.0C01
0.729%
0.0001
©.3346
0.905¢
0.0001
0.5423
0.0001

13
0.3980
0.0083
0.6107
0.6954
0.0042
0.6080
0.004%
0.7955
0.0128
0.4866
0.92688
0.0110
0.6520
0.0371



M2ans with the same letter are

MICROSITE

Trench
Hinge-de
Trench
Berm-dee
Cont -dee
Hinge-de
Thin
Berm-dee
Thick-dee
Hinge-su
Berm-sur
Thick-su
Hinge-su
Berm-sur
Cont-sur

TREATMENT

Disc
Disc
Ripper
Ripper
Control
Ripper
Blading
Disc
Blading
Ripper
Ripper
Blading
~SC
Disc
Control

S10FE

lower
lower
lower
upper
upper
upper
lower
lower
upper
upper
lower
lower
lower
lower
lower
upper
upper
upper
upper
upper
lower
lower
lower
lower
lower
upper
upper
upper
upper
upper

MICROS

Trhick-de
Thick-su
Thin
Thick-de
Thick-su
Thin
Cont -dee
Cont -sur
Cont ~dee
Cont-sur
Berm-dee
Berm-sur
Ringe-de
Hinge-su
Trench
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench

MEAN

1.39
1.32

General Linear Models Procedure

Least sSquares Means

TREAT

Blade
Blade
Blade
Blade
Blade
Blade
Contrel
Control
Control
Control
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Disc
Ripper
Ripper
Ripper
Ripper
Ripper
Ripper
Ripper
Ripper
Ripper
Ripper

not significantly different.

DENSITY
LSMEAN

1.0e881167
0.4B075717
1.1623895%0
1.23687232
0.34140567
1.23925881
1.234865000
0.11691667
1.20863333
0.18946296
1.26253933
£.2459%7333
1.31970400
0.37090917
1.31317933
1.13787117
0.22158183
1.31829867
©.35548350
1.466203863
1.33824104
0.30672533
1.19048066
0.76%4765%6
1.188%8600
1.19382698
0.68029750
1.22348116
0.62384828¢
1.37026078

GRQUPING

gouogn >y REIIPr»

[ R

Std Err
LSMEAN

0.1107619¢
€.11076190
0.1107619¢C
0.11076190
0.1107619%0
0.11076150C
0.11076190
0.11076190
0.11076190
0.12245189
0.11076190
0.11076190
0.1107619¢0
0.130144837
0.11076190
0.1107619¢
0.11076190
0.1107619%0
0.191848525
0.110761%0
0.102082347
0.11076190
0.12179364
0.1%5762962
0.11076190
0.12185100
0.11076190
0.12185100
0.1385233%
0.12185100

nenon

Pr > T
HO: LSMEAN=Q

0.0002
[UTCATLDY
0.0001
0.0001
0.002%
0.0001
Q. 0001
0.2932
0.0002
0.1243
0.0001
0.0281
0.0001
0.0082
0.0001
0.0001
0.0476
0.000G1
0.0660
0.0001
0.000]
0.006%
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
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Appendix 1.8. Soil-moisture desorption curves.

Comparisons between different treatments and microsites were made to see if soil-
moisture desorption curves were similar or different (Table 1). Only two of these comparisons

are shown as an example.

Ripper ploughing: hinge deep vs. hinge surface

Nonlinear Fegression Summary Statistics Dependent Variable BAK
Source DF Sum cf Squares Mean Sguare
Regrezsion 8 9.74784 1.2184%

Residual 94 .79993 8.590%911E-0G7%
Uncorrected Total 102 10.54717
(Corrected Total) 101 2.3930¢
R squared = 1 - Residual SS5 / Corrected §S = .66573

Asymptotic 95 ¢t

Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
BO .46l6l2zz¢ .0173851¢6€3 -427093578 .496130874
Bl -1.540467129 .192807635 -1.923291208 -1.157643051
B2 .006506186 .017385164 -.028012464 .041024637
B3 -.270103155% .425013960 -1,113978334 .573772025
B4 106777248 .249306578 ~-.3662268607 .6017813C2
BS 2.465581585 .425013980 1.62170634% 3.309456785
B6 =1.23804795%¢ 749306592 -1.733052040 ~-.7430438753
B7 .159757627 .192807632 -.2230(€44¢€ .542581700

Asymptotic Correlation Matrix of the Parametar Estimates

BO Bl B2 B3 B4 B5 Bé B7
BO 1.0000 ~-.7042 -.1747 -.0855 .0621 .56865 -.4.94 21174
Bl ~.7042 1.0000 1174 .1271 ~-.0932 -.9578 -8793 -.1543
Bz -.1747 .1174 1.0000 .5685 -.4794 -.0B285 .5621 -.7042
83 -.085% .1271 .5685 1.0000 -.975% -.1060 .0707 -.9578
B4 .0621 -.0932 -.4794 -.9755 1.0050 .0707 -.0316 .8793
BS .5685 -.9578 -.0855 -.1060 L0107 1.0000 -.9755% .1271
Bé -.4794 .8793 .0621 L0707 -.0316 -.9755 1.0000 ~-.0932
B? .1174 -.1543 -.7042 ~.9578 -8793 .1271 -.0932 1.0000

Control: deep vs. surface

Nonlinear Regression Summary Statistics Dependent Variable BAR
Source DF  Sum of Squares Mean Sguare
Regression 8 14.65347 1.831638
Residual 130 1.41712 .010%0
Uncorrected Total 138 16.07059
{Corrected Total) 137 3.765623

R squared = 1 - Residual $S / Corrected S§ = .62367



101

Asymptotic 3% %

Asymptotic Confidence Interval
Parameter Estimate Std. Error Lower Upper
BO -4391176540 .015657366 .456221934 -524131147
Bl -1.717357034 .1843935089 -2.082160664 -1.352553403
B2 -.030191854 .016657367 -.063146462 .0027627%4
B3 «~1.2498€1139 -405759469 -2.052607723 -.44711455¢
B4 .664360711 237026456 .19543221¢  1.133789207
BS 2.785080647 -405759428 1.982334145 3.587627149
B6 -1.367994944 .237026439 -1.836923406 ~-.B99066482
B7 .5997294324 .184395108 .232490655 .962097993

Asymptotic Correlation Matrix of the Parameter Estimates

BO Bl B2 B3 B4 85 Bé B?
BO 1.0000 ~.7040 =.0433 -.023¢ 01 .5690 ~.4812 .0301
Bl -.7040 1.0000 .0301 .0383 -.0333 -.9585 .8617 -.0417
B2 -.0433 .G301 1.0000 .5690 -.4812 -.0235 .0191 =-.7040
B3 -.0235 .0383 .5690 1.0000 -.8761 -.0378 .0342 -.9585
B4 .0191 -.0333 ~.4812 -.9761 1.0000 L0342 -.031¢ L8817
BS .5690 ~.25585 =-.023% -.0378 .0342 1.0000 -.917¢1 L0383
B6 -.4812 .8817 .0191 .0342 -.031e -.97¢1 1.0000 -.0333
B7 .0301 -.0417 -.7040 -.958% .8817 .0383 -.0333 1.0000

Table 1. Significant differences in slopes and intercepts of the soil-moisture dcsorption curves for the
different treatments and microsites. d = significantly different. s = similar.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 - d/s s/s s/s s/s s/s | d/d s/s d/s s/s s/s d/d s/s s/s | d/s

2 - s/s | s/s | dis | dis | s/s | dis | sis |dis|dis|sis | dis | dris | sis
3 - s/s | s/s | s/s | d/s | s/s | s/s | sts | s/s | s/d | sls | sts | di/s
4 - s/s | s/s | s/s | sls | s/s | dis | sis | s/d | sts ! s/s | sls
5 - s/s | d/d | s/s | did | s/s | s/s { d/id ]| s/s | s/s | did
6 - did | s/s | did | s/s | s/s | did | s/is | s/s | d/Ad
7 - d/d | s/s | d/d | dis | s/s | d/d | d/d | s/s
8 - d/id | s/s | s/s { d/id | s/s | s/s | d/d
9 - d/d | d/s | s/s | d/d | d/s | s/s
10 - | s/s |did | sis | s/s | d/d
11 - d/s | s/s | s/s | d/s
12 - d/d | d/d | s/s
13 - s/s | d/d
14 - d/s

15 -




1 - Riper ploughing/Berm/deep 9 - Disc trenching/Hinge/surface

2 - Ripper ploughing/Berm/surface

10 - Disc trenching/Trench

3 - Ripper ploughing/Hinge/decp 11 - Blading/Thick/deep

4 - Ripper ploughing/Hinge/surface 12 - Blading/Thick/surface
5 - Ripper ploughing/Trench 13 - Blading/Thin

6 - Disc trenching/Berm/deep 14 - Control/deep

7 - Disc trenching/Berm/surface 15 - Control/surface

8

Disc trenching/Hinge/dcep

Volumetric water content at -0.1 bar matric potential.

Tests of

Tests of

General Linear Models Procedure
Clazs Level Information

Class Levels Values

LOCATION 3 Ante Fox Judy

BLACYK. 2 12

SLOPE 2 lower upper

TREAT L} Blade Contrel Disc Ripper

MICROS 10 deep surface Berm-dee Berm-sur Hinge-de Hinge-su Thick-de Thick-su Thin-de Trench-d

Number ¢f observations irn data set = 16%

General Linear Mcdels Procedure

Dependent Variable: BAKO1

Source DF Sum of Squares Mean Square F Value
Model a7 0.312278061 0.0084839%% 1.90
Error 127 ¢.96320923 0.0044425¢
Corrected Total 1€4 ¢.87648723

R-Square c.v. Root MSE

0.35%6284 20.165%03 0.06665277
Source DF Type 1 5SS Mean Square F Value
BLOCK 1 0.0142829% 0.01428294 3.22
SLOPE 1 0.03231560 0.03231560 7.27
BLOCK® SLOPE 1 0.00126778 0.00126778 g.2¢
TREAT 3 0.02019282 0.00673094 1.52
BLOCK* TREAT 3 0.00365842 0.001219348 0.27
SLOPE® TREAT 3 0.010%0927 0.0036365% 0.82
BLOCK®* SLOPE® TREAT 3 0.009791249 0.00326276 0.73
MICROS (TREAT) 11 0.20024193 0.01820381 %.10
SLOPE*MICROS (TREAT) 11 ©.01961744 0.00178240 0.40
Source DF Type 111 Ss Mean Square F Value
BLOCK 1 0.00599399% 0.0059%399 1.35
SLOPE b 0.03620386 0.03620386 8.15
BLOCK* SLOPE 1 0.00061161 0.00061161 0.14
TREAT 3 0.024902779 0.0080092¢6 1.80
BLOCY* TREAT 3 ¢.00457731 0.001%25%77 0.34
SLOPE*TREAT 3 0.01445174 0.00481725 1.08
BLOCK®* SLOPE®* TREAT 3 0.01279586 0.004826529 0.96
M1ICROS (TREAT!) 11 0.2006205¢4 0.01823823 4.11
SLOPE*MICROS (TREAT) 11 0.01961744 0.00178340 0.40
Hypotheses using the Type 1II MS for BLOCK*SLOPE as an error term
Source DF Type IIl1 SS§ Mean Square F Value
SLOPE 1 0.03620386 0.03620386 $9.19
Hypotheses using the Type IIl M5 for BLOCK*TREAT as an error term

Source DF Type I!1 Ss Meafi Square F Value

Pr > F
0.0046

BARO1 Mean
0.23053639

Pr > F

0.0753
€.0079
0.53351
0.2128
0.84237
0.4859
0.5332
0.0001
9.9532

Pr > F

0.2476
0.0050
0.7112
0.1500
0.7939
0.3583
0.4138
0.0001
¢.9532

Pr > F
0.0823

Pr > F
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Tests of

NOTE:

[N RN ST PR S ol

To

TREAT

Dependent Variable: BARO1

3

103

J.0280277% 0.008009276 5.2% Q.10

Hypotneses using the Type III MS for BLOCK*SLOPE*TREAT as an error term

Source

SLOPE® TREAT

1

~
.

0.0494
2.0861
0.3921
0.0001
0.0936
0.0001
0.114%
U.0283
0.3793
0.7443
0.0005
0.2410
0.0012
0.2€31

ensure overall protection level,

DF

3

Type 11 SS Mean Square F Va.ue Pr > F

0.0143%178 0.0048172% 1.13 Q.ield

General Linear Models Procedure
Least Squares Meanx

Standard Errors and Probabilities calculated using the Type 11! MS for BLOCK*TREAT as an Error term

2
0.0494

0.799%6
0.2626
0.0194
0.7687
0.044E
0.6925
0.4670
0.2727
0.1036
0.1131
0.4793
0.1063
0.3937

MICROS

Thick-de
Thick-su
Thin-de

deep

surface
Berm-dee
Berm-sur

Hinge-de

3
0.0H81
0.79%428

0.38%5
¢.0100
0.9679
0.02482
0.6874
0.3550
0.3984
0.1678
0.0666
0.6410
0.067¢
0.5344

0.
0.
0.

0.
0.
0.
.
C.
o.
0.
Q.
0.
0.
0.

Hinge-su
Trench-d
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench-a

4
3921
2626
3855

0007
4078
0020
4674
1102
9813
6011
0074
7187
0111
8100

TREAT BARO1 stad Errc Pr > IT!
LSMEAN LSMEAN HO : LSMEAN=O
Blade 0.34954135%¢ 0 00651018 0.0001
Control 0.31146238 0.00819180 0.0001
Disc 0.32288586 0.00565050 0.0001
Ripper 0.32703169 0.00563063 0.0001

General Linear Mcdels Procedure
Least Squares Means

TREAT BARO1 sta Err Pr > ITI LSMEAN
LSMEAN LSMEAN HO: LSMEAN=(O Number
Blade 0.238322617 0.01973100 0.0001 1
Blade 06.32928033 0.01928100 CLo00Y 2
Blade 0.33616317 0.01924100 0.0001 3
Jontrol 0.35986008 0.01924100 0.0001 q
Control 0.263063¢E8 0.0202817¢ 0.000l L)
Disc 0.33726067 N.01924100 0.0001 ©
Disc 0.2780027% 0.01924100 0.0001 7
Disc 0.34002600 0.01924100 0.0001 ]
Disc 0.30382246 0.0290391) 0.0001 Qe
Disc 0.3%92194°C2 0.01925100 G.Q00) 10
Ripper 0.373251%5¢ 0.019%8452 0.0001 11
Ripper 0.28%82)83 0.01924100 0.060] 12
Ripper ¢.3854534814 0.02116236 0.0u01 13
Ripper 0.27€91725% 0.025776%8 0.000] 14
Ripper 0.3%312336¢€ 6.02022711 0.0001 19

Pr > 1T{ HO: LSMEAN(i)~LSMEAN(3])

S 6 7 8 4 lu 11 12 13 14
0.6001 0.0%36 0.0001 6.1189 0.0243 0.3792 0.7443 0.0005 0.2410 0O.0012
0.0194 0.7667 0.0848 0.6925 0.4€70 0.2727 0.1036 00,1131 0,47%3 0.1333
0.0100 ¢.967% ©.0242 0.8874 0.3550 0.39684 0.1678 0.0606 0.6410 0.0678
0.0007 0.307¢ 0.0020C ©.1102 0.9813 0.6011 ©.0074 0.7187 0.0111
0.0090 0.,6937 0.25%20 0©0,0008 0.0001 ©0.4172 0.0038 0.€673%
0.0219 0.9197 0.338% 0.4212 6.1803 0.061u 0.66H6 0.0630
6,0168  0.39%9%1 00,0022 0.0004 0.6674 0 0098 0.9302
¢G.3007  0.481% 0.2146 0.048% 0.7401 0.0520
0.1193 0,086 U.6ULL U .JUNG L. 48%0
0.%8%0  0,007% 0.73%% 0.06117
0.0016 0.3912 0,0031
0.0277 ©.70824
0.0310

0.00%0 .
0.6937 0.021¢ .
0.0068 0.9192 0©.0168 .
¢.2%20 0.33B9 ©0.2951 0.3007 .
0.0608 ©0.4212 0.0022 0.4819 0.1143 .
0.0001 0.1803 0.0004 0.2148 O0.04€% 0.5%850 .
0.4172 0.0610 0.6674 0.0485 0.60€2 0,007% 0.0016 .
¢.0038 0.668€ 0.009¢ ©0.740¢1 0.205%6 0.73%% 0.39%12 0.0277 .
0.6735 0.0630 0.93C3 0.0%20 0.48%6 0.0117 0.0031 0.7624 0.0310 .
0.0021 0.5706 0.00% 0.6325 0.165% 0©.8278 0.4%3% 0.0173 0.9%021 0.0210

only probabilities associated with pre-planned comparisons should be used.

General Linear Models Procedure
Least Squares Mean=

Standard Errors and Probabilities calculated using the Type 111 MS for BLOCK*TREAT as an Error term

MICROS

Thick-de
Thick-su
Thin-de
deep
surface
Berm-dee

Berm-sur

Hinge-de
Hinge-szu
Trench-d
Berm-dee
Berm-sur
Hinge-de
Hinge-su
Trench-d

TREAT BARO} 5tg Err Pr > ITI LSMEAN
LSMEAN LSMEAN HO: LSMEANO Number
Blade V¥.38322617 0.0112749%7 ¢.0001 1
Blade 0.32924023 0.01127%97 0.0001 2
Blade 0.33616417 0.01127%97 0.0uT] 3
Control ©.35986008 0.01127%97 6. 000 q
control 0,.263064860 0.01186%92 V.20 )
Disc 0.33725067 0.011275%97 00003 [
Disc 0.2748099%75 0.01127%97 00092 7
Dis=c 0.34G02600 0.01127%597 0.0001 8
Disc 0.30382348 0.01701804 0.0908 9
Disc 0.35921942 0.0131275%97 0.0063 10
Ripper 0.3742%1%¢ 0.01187728 0.0001 11
Ripper 0,28582183 0.01127%97 0.6001 12
Ripper 0.349534814 0.0124019¢€ 0.0001 13
Ripper 0.27€9172% 0.015310607 G.0004 14
Ripper $.35313366 0.0118%387 0.0001 1%

15
.2831
0.3937
0.%844
a.A00
0,002}
0.%70¢
0,00%4
0.629%
V. 1%y
0.82M8
0.8%3%
0.03173
0.9021
0,0210
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Pr > I1TI HO: LSMEAN(i)=LSMEAN(]))

/73 1 2 3 4 -3 € ki 8 9 10 11 12 13 14 15
. 0.0429 0.0600 0.2391 0.0052 6.0634 0.0064 0.0732 0.0301 0.2293 0.6159 0.0088 0.3380 0.0110 0.1631
0.0429 0.6%3% 0.1%06 0.0273 0.64%6 0.0407 0.5473 0.3015 0.1567 0.0680 0.0724 0.3127 0.0692 0.24803

0.0600 0.69%3% .
0.2391 0.1%06 0.2340 .
0.00%2 ©0.0273 0.021¢ 0.0097 .
0.0634 0.6496 0.9495 0.2%14 0.0201 .
0.0064 0.0407 0.0301 0.0126 0.5488 0.0287 .
0.0732 0.5473 0.8243 0.3019 0.0182 0.8734 0.02%7 .
0.0301 0.3015 0.2113 0.0710 0©0.1444 0.2000 0.2414 0.1743 .
10 0.2293 0.1567 0.2440 0.9705 0.0099 0.2623 0.0129 0.3151 0.0729 .
11 0.615% 0.0680 0.0988 0.4370 0.0067 0.1051 0.0084 0.1233 0.041% 0.4191 .
12 0,0086 0.0724 0.C%10 0.0188 0.2590 0.0484 0.5155 0.0425 0.4428 0.0193 0.0119 .
13 0.1380 0.3127 0.4834 0.5815 0.0151 0.5170 0.0205 0.6102 0.1184 0.6039 0.2383 0.0320

0.2340 0.0210 0.9495 0.0301 0.8243 0.2113 0.2440 0.0988 0.0510 0.8834 0.0515 0.3759
0.0097 0.25%14 0.0126 0.3019 0.0710 0.970% 0.4370 ©0.0188 0.501% 0.0218 ©.7086
0.0201 0.5488 0.0182 0.1444 0.009% 0.0067 0.2590 0.0151 0.5232 0.0127
0.0287 0.8734 0.200C 0.2623 0.1051 0.04B4 0.5170 0.0493 0.4035
0.0257 0.2414 0.0129 0.0084 0.5155 0.0205 0.8%07 0.0169
0.1743 0.3151 0.1233 0.0825 0.6102 0.0441 0.4816
0.0729 0.0415 0.4428 0.1184 0.3222 ©.0978
0.4191 0.0193 0.6039 0.0222 0.7346
0.0119 0.2383 0.0142 0.28%6
0.0320 0.6689 0.0260
0.0338 0.8469

WO d AP ® WA -

1¢ 0.0110 0.0692 0.051% 0.0218 0.5232 0.0493 0.8907 0.0441 0.3222 0.0222 0.0142 0.668% 0:0338 - 0.0282
15 0.163)1 0.2403 0.3755 0.7086 0.0127 0©0.4035 0.0169 0.4816 0.0978 0.7346 0.2896 0.0260 0.8469 0.0282 -
NOTEZ: To ensure overall protection level, cnly probabilities associated with pre-planned comparisons should te used.
Means with the same letter are not significantly aifferent.
MICROSITE TREATMENT MEAN GROUPING
Thick-de Blading c.38 A
Ripper 0.37 A b
Control 0.36 A B [of
Disc 0.36 A B [
Ripper 0.3% A B [
Ripper 6.3% A B <
Disc 0.34 A B (o
Disc 0.34 A B o4
Blading 0.348 A B [ D
Blading 0.33 B c D
Disc 0.30 E c D
Ripper 0.29 E D
Ripper 0.28 E D
Disc 0.27 E
Surface Control 0.26 E
- - - -
Volumetric moisture content at -6 bar matric potential.
General Linear Mwdeéls Procedure
Class Level Information
Class Levels Values
LOCATION 3 Ante Fox Judy
BLOCK 2 T2
SLOPE 2 lower upper
TREAT 4 Blade Control Disc Ripper
MICROS 10 deep surface Berm-dee Berm-sur Hinge-de Hinge-su Thick-de Thick-su Thin-de Trench-d
Number of observations in data set = 16%
General Linear Models Procedure
Dependent Variable: BAR6
Source DF Sum of Squares Mean Square F Value Pr > F
Model 37 0.19294271 0.00521467 1.01 0.4630
Error 127 0.65850156 0.00515356
Corrected Total 168 0.84744427
R-Square C.V. Root MSE BAR6 Mean
0.227676 43.93336 0.07178827 0.16340265
Source DF Type 1 SS Mean Square F Value Pr > F
BLOCK 1 0.00904222 0.00904222 1.75% 0.1877
SLOPE 1 0.03897522 0.03897522 7.56 0.0068
BLOCK®* S1OPE 1 0.00000803 0.00000803 .00 0.9686
TREAT 3 0.01021608 0.00340536 0.66 0.5777
SLOCK®* TREAT 3 0.00932685%5 0.00310952 0.60 0.6140
SLOPE® TREAT 3 0.01099467 0.00366489 0.71 0.5471
BLOCX* SLOPE* TREAT 3 0.0225%7298 0.00752433 l1.46 0.2286
MICROS (TREAT) 11 0.05726382 0.00520580 1.01 0.4413
SLOPE*MICROS (TREAT) 1 0.03353113 0.00312010 0.61 0.8182



Scurce DF Type 1I1 Ss Mean Square F Value Pr > r
BLOCK 1 0.004214%90 0,00421480 0.82 0.3¢7Y
SLOPE 1 0.03229913 0.03229913 27 0.0136
BLOCK®* SLOPE 1 0.00005917 0.00005917 0.01 0.9148
TREAT 3 0.0076443123 0.0025%880% 0.49 0.6868
BLOCK~YTREAT 3 0.01068120 0.003%6040 0.69 QL5592
SLOPE*TREAT 3 0.01166620 0.00388940 0.7 0,516
BLOCK*SLOPE* TREAT 3 7.02408131 0.00802710 1.5%6 0. 2030
MICROS (TREAT) 11 0.05868062 0.00%33460 1.04 0.4197
SLAOPE*MICROS { TREAT) 11 0.034858112 0.00314010 ¢.61 ¢.0182
Tests of HPPOBBESOs using the TYPOIIII MS for BOOCKSILOPE as an error term
Source DF Type 111 SS Mean Square F Value Pt > F
S1OPE 1 0.03229913 0.032299113 545,87 0.0272
Tests of Hypotheses using the Type I11 MS for BLOCK*TREAT as an error term
Source DF Type 111 Ss Mean Square F Value Pr > F
TRE!% 3 0.00764413 0.002%4804 0.72 0. 6050
Tests of Hypotheses using the Type 111 MS for BLOCK*SLOPE*TREAT as an error term
Source DF Type 111 SS Mean Square F Value Pr > F
SLOPE® TREAT 3 0.01166820 0.00388930 0.48 0. 716%
General Linear Mcdels Procedure
Least Squares Means
Standard Errors and Probabilities calculated using the Type II1 MS for BLOCK®*THEAT as an Error term
TREAT BARG Std Err Pr > ITy
LSMEAN LSMEAN HO 2 LSMEAN=Q
Blade 0.173483514 0.0099348Y G.0004
control G.17264009 0.01251366 0.0008
Disc 0.1575698% 0.00863161 d.0008
Ripper 0.15998855 0,00860126 0.0003
General Linear Models Procedure
Least Squarss Means
MICROS TREAT BARS std Err Pr > ITH
LSMEAN LSMEAN HO: LSMEAN=U
Thick-de Blade 0.18836300 0.02072389 0.000} 1
Thick-su Blade 0.203334917 0.02072349 0.0001 2
Thin-de Blade 0.1285082% 0.02072349 0.0001 3
deep Control 0.17270€83 0.02072339 0.0001 4
surface Control 0.17257334 2.021B8447 0.0001) 5
Berm-dee Disc 0.14528900 0.02072349 V.0001 Y
Berm-sur Disc 0.18127500 0.02072349 0.0001 7
Hinge-de Disc 0.14659633 0.02072339 0.0001 8
Hinge-su Disc 0.16483716 0.03127653 0.0001 @
Trench-d Disc 0.1498%175 0.02072349 0.0001 10
Berm-dee Ripper 0.174802637 0.0210%347 0.0001 11
Berm-sur Ripper 0.15173050 0.02072349 0.0001 12
Hinge-de Ripper 0.16907218 0,.0227928% 0.0001 13
Hinge-su Ripper 0.13325108 0.02776262 0.0001 14
Trench-d Ripper 0.171686163 0.02178%%8 0.0001 15
3 3
Available water-storage capacity (0.1 - 6bars).
General Linear Models Procedure
Class Level Information
Class Levels Values
LOCATION 3 Ante Fox Judy
BLOCK 2 12
SLOPE 2 lower upper
TREAT 4 Blade Control Disc Ripper
MICROS 10 deep surface Berm-dee¢ Berm-sur Hinge-de Hinge-su Thick-de Thick-su Thin-de Trench-d

Number of observations in data set = 169



Tests of

Tests of

Deperdernt Variable: AWlE
Source DF
Model %6
Exrror 108
Corrected Total 164
R-Square
0.639%889
Source DF
LOCATI1ON 2
BLOCK (LOCATION) 3
TREAT 3
LOCATION® TREAT 3
SLOCYK.* TREAT (LOCATIO) 9
MICROS (TREAT) 11
LOCATI*MICROS {TREAT) 22
Source DF
LOCATION 2
BLOCK (LOCATION) 3
TREAT 3
LOCATION® TREAT 6
BLOCK* TREAT { LOCATIO) 9
MICROS (TREAT) 11
LOCATI*MICROS (TREAT) 22

Hypotheses using the Type !I1 MS for BLOCK (LOCATION)

Saurce

LOCATION

DF
2

General Linear Mcdels Procedure

Sum of Squares

0.53441996
0.30114503
0.83556899
c.v.
31.59473

Type 1 SS

0.14888274
0.00671943
0.02580090
0.00651895
0.02748B212
0.24509527
0.0719205%

Type 111 SS

0.11787474
0.00312333
0.02380634
0.00794844
0.02906415
0.23877317
0.0719205%

Type 111 SS
0.11787374

M

M

Fo !

as an error term

M

ean SqQuare
0.00954321
0.00278842

Root MSE
0.052B054¢€

ean Square

0.074431137
€.00223381
0.G0BEOO02C
0.00141962
0.00305357
0.02228B139
0.00326212

ean Square

0.05893737
0.001048211
0.007935485
0.00132474
0.00322935%
0.021706€5
0.00326912

ean Square

0.05892737

Hypotheses using the Type III MS for BLOCK®TREAT (LOCATIO) as an error term

Source

TREAT
LOCATION® TREAT

DF

3
6

Type 111 SS

0.02380634
0.00794844¢

M

ean Square

0.00793538%
0.00132474

General Linear Models Procedure
Least Squares Means

F Value Pr > F
3.42 0.00012
AW16 Mean

0.16713376

F Value Pr > F
26.70 0.0001
0.80 0.4957
3.08 G.0304
0.51 0.6003
1.10 0.3726
7.99 0.0001
1.17 0.2878

F Va. ue Pr > F
21.14 0.0001
0.37 0.7721
2.85 0.0410
0.48 0.8256
1.16 0.329%2
7.78 0.0001
1.17 0.2876

F Value Pr > F
56.56 0.0042

F Value Pr > F
2.46 0.1286
0.41 0.85%e

Standard Errors and Probabilities calculated using the Type I1I1 MS for B.OCK*TREAT(LOCATIO) as an Error term

MICROS

Thick-de
Thick-su
Thin-de
deep
surface
Berm-cdee
Berm-sur
Hinge-de
Hinge-su
Trench-d
Berm-dee
Berm-sur
Hinge-de
Hinge-su

TREAT

Blade
control
Disc
Ripper

TREAT

Blade
Blade
Blade
Control
Control
Disc
Disc
Disc
Disc
Disc
Ripper
Ripper
Ripper
Ripper

AW16
LSMEAN

0.17610853
0.14072846
0.16188033
0.17958259

sta Err
LSMEAN

0.009497123
0.01198026
0.00838771
0.01093256

Pr > |T¢
HO, LSMEAN=U

0.0001
0.0001
0.0001
0.0001

General Linear Models Procedure
Least Squares Means

AW16
LSMEAN

0.19476325
0.12590617
0.20765617
0.18715342
0.09430350
0.19197175%
0.09282458
0.193482967
0.12180815
0.20936750
0.20820435
0.13879354
0.19839103
0.17218242

sStd Err
LSMEAN

0.01524362
0.01524362
0.01524362
0.01524362
0.01622808
0.01524362
0.01524362
0.01524362
0.02427383
0.01524362
0.01580140
0.01560140
0.02253¢€00
0.02489273

Pr > |TI
HO:LSMEAN=0

0.0001
0.0001
0.0001
0.0001
0.0001
0.0701
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

LSMEAN
Number



WO JOU SN

NOTE: To

WAL ™ N

NOTE: To ensure overall protection level,

~
w

1

0.0018
0.5510
0.7248
0.0001
0.8972
0.0001
0.950%
0.0123
0.49%6
0.5417
0.0122
0.8%42
0.44309
0.552%

ensure Overall protection level,

2
0.001€@

0.0002
0.0054
0.1587
0.0028
0.1278
0.0022
0.8866
0.0002
0.0003
0.5584
0.0089
0.1158
0.0265

3
0.5510
0.,0002

0.34337
0.0001
0.4685
0.0001
0.5%5107
0.0034
0.9369
0.9801
0.0022
0.7341
0.2269
0.2614

Trench-d

4
0.7248
0.0054
0.3437

0.0001
0.8236
0.0001
0.7715
0.0236
0.3051
0.3398
0.0297
0.6804¢
0.6091
0.7788

Ripper

0.0001
0.1587
0.000]1
0.0001

0.0001
0.9472
0.0001
0.3482
0.0001
0.0001
0.0521
0.0003
0.010Q0
Q.0008

0.1803¢163 0.01878721 [UN
Pr > IT1 HO: LSMEAN(i)=LSMEAN(})

[ 7 8 Q 10
0.8472 (.0001 0.9508 0.0123 0.499%6
0.0028 ©.1278 0.0022 0.8866 0,0002
V. 46685 0.0001 0.5107 0.0030 0.9369
0.R23€ 0.0001 0.7715 0.0246 0,305
0.0001 0.%472 0,0001 0.3883 0.0001

. 0.0001 0.9462 0.0160 10,8215
0.0001 N 0.0001 0.3142 0,0001
0.9462 0,0001 . 0.0140 0.461)
0.0160 0,3142 o0,0140 . a.00re
0.4215 0Q.0001 0.4613 0.0028 .
0.4€13 0,0001 0.5024 0.0035 0,9577
0.0171 0,0386 0.0144 0.9%88 0.0017
0.8139 00,0002 0.8%56 0.022 0.6874
0.4992 0.0076 0.4682 0.1503 0,2054
0.6317 0.0005 0.5996 0.0592 0.2329

only probabilities associated with pre-plannea

General Linear Models Procedure
Least Squares Means

[AMAD 1%

11 12 1) 14
0.5817  0,0122 Q.894. 0.44809
0.000) 0.5584 0.000% O.1158
0.9801 0.0022 0.7341 0.2269
0.3398 0,0297 0.6B04 0,609}
Q.0001 00521 0,000} O.0100
0.4613 0.0171 0,.8139 00,4997
0.0001 0.0386 0©.0002 0.007%
0.5024  0.0144 0.89%6 0O.46H]
0.0035  0.5%B8 0,022 Q1500
C.9%78 0.0017 0,6874 0.20%1

. 0.0021  0.7149 0.2140
0.0021 . V.08 0. 249
0.7149  0.0282 . 0.411?
0.2140 0.2492 0.4117 .
0.2428  Q.Q827  0.30498  0.7TRON

compariscons should be used.

Standard Errors and Probabilities calculated using the Type 111 MS tor BLOCKSTREAT(LOCATION as an Error term

/3 1

0.0158
0.5919
0.7504
0.0023
0.9069
0.0017
0.9554
0.0422
0.5847
0.5834
0.0420
0.9031
0.4905
0.5931

2
0.0158

0.0065
0.0269
0.2198
0.0192
0.1876
0.0173
0.8972
0.0058
0.0069
0.5987
0.035%2
0.1748
0.0661

3
0.5919
0.006%

0.3998
0.0011
0.5160
0.0008
0.553¢2
0.0213
0.92428
©.9820
0.0172
0.7589
0.2880
0.3215

MICROS TREAT AW16 std Err Pr > T LSMEAN
LSMEAN LSMEAN  HU: LSMEAN=C Humbes
Thick-de  Blade 0.1947€325 0.016408¢CY 0. 0001 1
Thick-su Blade 0.12590€17 0,01640486% UL 0001 P
Thin-de Blade 0.20765617 0.0164046% [NUINSY 3
deep Control 0.18715342 0.0168080% 0.0u01 [
surface Control 0.09430350 0.01796408 0.0004 &
Berm-dee Disc 0.1918717% 0.01643046% 0.000] [3
Berm-sur  Disc 0.09282458 0.01640465 0.0003 ki
Hinge-de  Disc 0.19352967 0.0164046% 0.0001 a
Hinge-su Disc 0.12180815 0.02612264 0.0012 9
Trench-d Disc 0.20936750 0.01640465 0.0001 10
Berm-dee Ripper 0.20820435 ¢.01700491 0.0001 11
Berm-sur Ripper 0,138793%3 0.01700491 0.0001 12
Hinge-de Ripper 0.19839103 0.0242%244 0.0001 13
Hinge-su Ripper 0.17218242 0.0267R868 0,0001 14
Trench-d Ripper 0.18034163 0.02021813 0,0001 1%
Pr > ITi HO: LSMEAN(i)=LSMEAN{})
4 S 6 7 8 Q 10 11 4 13 14
0.7504 0.0023 0.906% 0.0017 0.9554 0.0422 0,%487 0.5834 0.0420 0.9031 0©,q90%
0.026% 0.2198 0.0192 0.1876 0.0173 0.8972 0.00%8 06.0069 0.%987 0,031%2 O0.1748
0.3998 0.0011 0.5160 0.0008 0.5549 0.0213 0,9428 0.%620 0.0172 0.75%89 L2880
. 0.0G26 N.8801 (.00ZE8 U.0632 0.3632 0.39C: 6G.0710 0.7100 0.645%G
0.0038 . L0028 0,952 0.4042 0,001 0.0012 0.1013 0.0069 ©,0377
0.8501 G.002¢ . 06,0021 0.049 ©.372% 0,%0%F 0,0%09 0,6314 0.548484
0.+u28 0.9%2) ¢ ,0021 . 0.3720 0.0007 0.0009 0.083¢ 0,007 0.0324
0.792% 0.C¢02 ©.951: 0,001% .0853 0.%094 0.%473 0.086] 0,86%2 0,5%51%0
0.3632 0.40%. 6.0489C ©,.3720 . 0.0198 0.0217 €.%9%0 0.0602 0.211}
0.3633 0.091: (.472% 0.0007 0.0194 . 0.9615 0,013 00,7168 0.264b
0.3%62 0.0012 0.5094 0.0009 0.0217 0.9618 . 0,0168 U,7814 0,27%3
0.0710 0.1013 0.0%0% 0.082¢ 0.%990  0,01%% 0.0168 . 0.0687 0.309%7
0.7100 ©0.0069% 6.8314 0,.00%7 0.0602 0.7164 0.7414 0.,0687 . 0.4G34
0.6450 0,0277 0.5344 10,0324 0.2111 0.2668 0.27%3 0,3097 0.4634
0.7995 0.0105 0.6657 0.0084 0.6273 ©.1102 0.2938 0.303% 0.138]1 0.%%37 0,80148

Means with the same letter are not significantly different.

MICROSITE

Trench-d
Berm-dee
Thin-de
Hinge-de
Thick~de
Hinge-de
Berm-cee
Deep
Trench-d
Hinge-su
Berm-sur
Thick-su
Hinge-su
Surface
Berm-sur

TREATMENT

Disc
Ripper
Blading
Ripper
Blading
Disc
Disc
Control

MEAN

0.21
0.21
0.21
0.20
0.19
0.19
8.19
0.19
0.18
0.17
0.14
0.13
0.12
0.09
0.09

PRI IIIY

GROUPING

TwoT®

nannon

ooooOO

only prebabilities associated with pre-planned

comparisons should be used.
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1%
0.5%24¢
Q. 0J6%
0.2014
0,718n
LRVIAIAL ]
0,601
Q.000%
[UP1 10
[UPRAL A
Q.39
0,230
o087
QL Hh00
07808

1%
0.5%931
0,6661
0. 321%
G.199%
0.010%
0.66%7
c.o0B8
0,627
0.1102
0,.25%38
H.303°%
0,141
0,L%%37
0.0014
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Appendix 1.9. Organic matter content of mineral layers for the K factor of

Tests of

Tests of

Teats of

the U.S.L.E.

General Linear Mcdels Procedure
Class Level Informaticr

Class Levels Values

LOCAT 10N 3 Ante Fox Judy

BLOCK 2 I 11

SLOPE 2 lower uppe:

TREAT 4 Blading Control Disc Ripper

MICROS & Berm Control Hinge Thick Thin Trench

Number of observations in data set = 112
General Linear Model=r Procedure
Dependent Variablu: OM
Scurce DF Sum ©f Squares Mean Sguare
Model 77 95.36%7972¢ 1.2385€85¢0
Ersor 34 23.065226492 0.707821¢€¢€
Corrected Total 111 119,43573368
R-Square c.V. Root MSE
C.798503 22.32270 0.84132138

Source DF Type 1 S Mean Square
LOCATION 2 3.06996645 1.53498322
BLOCK ( LOCATION) 3 3.10481960 1.03493987
SLOPE 1 4.36223129 4.36223129
LOCATION® SLOPE 2 2.812814826 1.40620712
BLOCK* SLOPE (LOCAT1O) 3 3.75135446 1.25045%149
TREAT 3 16.36877249 5.458625750
LOCATION® TREAT € 1.876605%7 1.246100%6
BLOCK® TREAT (LOCAT10) 9 15.696794234 1.78308826
S1OPE* TREAT 3 2.09314889 0.€65771630
LOCATION® SLOPE* TREAT € 3.21%01677 0.53650280
BLOC* SLOP* TREA { LOCA) 9 17.60496891 1.95610766
MICROS {TREAT) L} 6,09245022 1.21849004
SLOPE*MICROS (TREAT) S 2.89780838 0.57956168
LOCATI*MICROS (TREAT) 10 0.54766335 0.054876632
LOCASSLOP*MICR(TREA) 10 6.27178211 0.62717821
Source DF Type 111 SS Mean Square
LOCATION 2 2.50219484 1.25109742
BLOCK (LOCATION) 3 3.98371499 1.32790498
SLOPE 1 $.22362186 5.22362186
LOCATION®SLOPE 2 3.7058%671 1.85256283%
BLOCK* SLOPE ( LOCATIO) E 5.61708221 1.872360743
TREAT 3 14.48583876 4.82861292
LOCATION®* TREAT () 7.87452610 1.24575835
BLOCK® TREAT (LOCAT10) a 14.981887921 1.66465421
SLOPE* TREAT 3 1.77786117 0.59262039
LOCATION®* SLOPE® TREAT [ 3.04577209 0.50762868
BLOC* SLOP* TREA{LOCA) 9 17.606750488 1.95630561
MICROS (TREAT) S 5.82931704 1.16586341
SLOPE*M1CROS (TREAT) S 2.94909371 0.58981874
LOCAT1*MICROS (TREAT) 10 0.65112271 0.06511227
LOCA®* SLOP*MICR(TREA) 10 6.27176211 0.62717821

General Linear Models Procedure
Dependent Variable: OM
Hypotheses using the Type I!1 MS for BLOCK(LOCATION) as an error term
Source DF Type I11 SS Mean Square
LOCATION 2 2.50219484 1.25109742
Hypotheses using the Type I1I MS for BLOCK®*SLOPE(LOCATIO) as an error term

Source DF Type 111 SS Mean Sguare
SLOPE 1 5.22362186 $.223562186
LOCATION® SLOPE 2 3.7058%671) 1.8529283%

Hypotheses using the Type 111 MS for BLOCK*TREAT(LOCATIO) as an error term

F Value

2.17
1.46
6.16
1.99
1.77
7.7
1.76
2.46
0.99
0.76
2.76
1.72
0.82
0.08
0.89

F Value

F Value

0.94

F Value

2.79%
0.99

Pr > F
0.03€0

OM Mean
2.60288110

Pr > F

0.1299
0.2822
0.0181
0.1528
0.1721
0.0%.05
0.1271
0.0277
0.4111
0.6077
0.0153
0.1563
0.5448
0.9999
0.5552

Pr > F

0.1861
0.1522
0.0103
0.0876
6.0648
0.0010C
0.1372
0.0347
0.482%
0.6384
0.0153
0.1742
0.5352
0.9998
0.55%52

Pr > F

0.4814

Pr > F

0.1935
0.4677



Tests of

Source DF
TREAT K}
LOCATION® TREAT 6

Type 111 Ss

16.4858167¢
T.47450010

Mean Square

4.82801230

L LRS- TR

Hypotheses using the Type I1l MS for BLOC'SLOF®* TREA(LOCA) as an error term

Source DF
SLOPE*TREAT 3
LOCATION®SLOPE® TREAT 6

Type 111 S&

1.77786117
3.045%77209

Mean Square

0.592620%
Q.5076286 4

General Linear Models Procedure
Least Squares Means

F Value

BTN
NP

F Value

(AR N
[A Y

Standard Errors and Probabilities calculated using the Type 111 M5 for BLOCK*TREAT (LOCATIO  as an

MICROS

Thick
Thin
Control
Berm
dinge
Trench
Berm
Hinge
Trench

TREAT

Blading
Control
Disc
Ripper

TREAT

Blading
Blading
Control
Disc
Disc
Disc
Ripper
Ripper
Ripper

OM
LSMEAN

3.13767817
3.04504017
2.5518588
2.23319787

Std Err
LSMEAN

0.26336399
0.3724529)
0.21503580
0.20866969

Pr > 1Ty
HO : LSMEAN=Q

0.0001
0.0001
0.000)
0. 0001

General Linear Models Procedure
Least Square=s Means

OM
LSMEAN

1.11849725
3.1%68%108
3.04504017
3.03788950
2.44828217
2.16940500
2.16987443
2.06753780
2.46212138

Stad Err
LSMEAN

0.2828684%6
0.24086856
¢.292BE8SE
0.232B6856G
0.24286856
0.242868%¢6

. 2386030
0.23660360
0.23028680

Pr > 1T
HO: LSMEANe(

0. 0001
0,000]
0,001
0. 0001
0,0001
0.0001
0.0601
0.0001
0.0001

LSMEAN
Numt et

LTI -

LU

Vonag
(AP g U

Erroer term

109



Appendix 1.10. Soil texture.

Tests of

Tests of

Tests of

Dependent Variable: CLAY

Sousce OF
Mote] 77
Errog (14
Currected Total 117

h-Square

G.B30&7C0
Scurce DF
LOCATION 2
BLOCK (LOCATION) 2
SLOPE 1
LOCATION® SLOVE by
BLOCK®* SLOPE ¢ LOCATIO) 3
TREAT 3
LOCATION® TREAT L)
BLOCK® TREAT ( LOCATIO) G
SLOPE*TREAT 3
LOCATION®SLOPE® TREAT ©
BLOC*SLOP®* TREA (LOCA?Y 9
MICROS {TREAT) -3
SLOPE*MICROS (TREAT) S
LOCATI*MICROS (TREAT) 10
LOCA®*SILOP*MICR{TKEA) 10
Source DF
LOCATI: -
BLOCK { LOCATION) k)
SLOPE 1
LOCATION® SLOFE 2
BLOCK*SLOPE (LOCATIO) 3
TREAT 3
LOCATION® TREAT 6
BLOCK®* TREAT ( LOCATIO) @
SLOPE®* TREAT 3
LOCATION®SLOPE® TREAT €
BLOC® SLOP* TREA { LOCA) 9
MICROS ( TREAT) S
SLOPE*MICROS (TREAT) 5
LOCATI*MICROS (TREATY 1o
LOCA® SLOP*MICR(TREA) 10

Dependent Variable: CLAY

Clas=
LOCATION
BLOCY.
SLOPE
TREAT

MICROS

General lLinear Models Procecure
Class Level Irnformation

Levels Values
3 Ante Fon Judy
2 1 1z
2 lower upper
4 Blading Contrcl Disc Ripper
€ Berm Control Hinge Thick Thin Trench

Rumber cf cbservationz in data set = 118

General Linear Models Procedure

Sum of Squarers Mean Square F Value Pr > F
30T SEVEZTEE 3%.981&382¢ 2.5% ¢.0006
627.5%195672 15.68879837

3706. 13779661

c.v. Roo% MSE CLAY Mear.
22.7118% 2.96092E8¢ 17.43%83082
Type 1 sf Mean Sguare F Value Pr > F
323.6296411€ 1€2.314820%8 10.2% a, 0002
9G.937414112 30.31287137 1.9:2 0.13%¢%
306.7146284: 30.714c2482 1.96 v.1695
92.18771317% 46€.093B€587 2.9¢8 0.063¢%
712.67214237 237.55738079 1.14 0.0031
$2.78739342 30.92913114 1.%97 0.1327
21.46095%9¢64% 20.24349327 1.2 ¢.2837
2863.94806322 31.549784€3 <.31 0.0834
323.0%053602 107.68351203 €.86 0.000F
166.260894340 27.71018%07 1.77 ¢.130%
106.14104387 12.01567165 Mrard 0.637¢
179.388%6€734 35.87771387 2.2% 0.0€42
175.31322601 34.0€2635%20 2.17 0.07é¢
149.95695513 14.99569551 0.9%¢€ 0.43%2
232.13664398 23.213€8840 l1.8¢ ¢.182%
Type 111 SS Mean Square F Valiue Pr : F
LU UST331T¢R 127.02¢6%0884% é.l0 0.0033
€8.95586648 21.€519554¢€ 1.38 0.2628
70.17742232 70.17782232 4.47 G.0807
$1.3%8%4650 25.6772732% 1.68 0.2074
476.662,72320 159.68757440 10.19 0.0001
100.88061328 33.62687109 2.15% 6.1049
118.54384927 19.75724088 1.26 0.2%78
282,5463587) 31.393023941 2.00 9.0880
314.13913003 104.71304334 6.67 0.0002
162.24782486 27.04130414 1.72 0.14806
105.8494838%7 11.76104877 0.7% 0.6€19
175.810848052 35.16216810 2.24 0.0668
177.11563¢5%9 35.42316610 2.26 6.0€71
151.40348909 15.14034891 .97 0.4878
232.136642398 23.21366440 l.48 0.1829

General Linear Models Procedure

Hypotheses using the Type IIl MS for BLOCKILOCATION) as an error term

Source DF

LOCATION <

Type 111 55 Mean Square F Value Pr > F
294 .0%33376% 127.02666688 5.87 0.091%

Hypotheses using the Type 1II MS for BLOCK*SLOPE (LOCATIO) as an error term

Souzce DF
SLOPE 1
LOCATION® SLOPE -

Type 111 SS Mean Square P Value Pr > F
70.17742222 70.17742232 0.44 0.5550
51.3%4%4650 2%.6772732% 0.16 0.8585

Nypotheses using the Type 111 MS for BLOCK'TREAT(LOCATIO) as an error term

Source DF

Type 111 §S Mean Square F Value Pr > F
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Tests of

Tests

Tests

Tests

Tests

of

of

of

of

TREAT 3 100.880€1326 33.62687109
LOCATION® TREAT € 116.%838852" 18.75724086
Hypotheses using the Type III MS for BLOC*SLOP*TREA(LOCA' as an error term

Source oF Type III Ss Mean Square
S1OPE™ TREAT 3 318.13913003 108.71204334
LOCATION® SLOPE® TREAT [ 162.28782486 27.041304018

General LlLinear Models Procedure

Dependent Variable: SILT

Source TF Sum Of Squares Mean Square
Model 7 B25%.12184061% 107,.26232266
Error 4C 16821.796B7240 4%.53892181
Correczed Total 117 10080.21B716%7

R-Square c.v, ROOT MSE

0.619283 12.71073 6.748697792
Seurce DF Type 1 £S5 Mean Square
LOCATION 2 2641.36013222 1320.6B006612
BLOCK { LOCATICON: 3 216.58186549 72.19382163
SLOPE 1 71.38902860 71.34902460
LOCATION®"SLOPE 2 33.26465018 16.6323250%
BLOTK*S10PE (LOCTATIC! 3 1659.21721%4% 553.072405%1é
TREAT 3 22.12082142 7.37360714%
LOCATION® TREAT & 154.88221603 25.81370267
BLOCK®™ TREAT (LOCATIO) 9 526.66B899242) 58.%409993¢6
SLOPE* TREAT 3 259.3492159% 86.48%73865
LOCATION® SLOPE® TREAT 3 94.3154982¢ 15.71924971
BLOC* SLOP* TREA ({ LOCA) -] 750.485%2400 83.38728083%
MICROS (TREAT) S 537.59421172 107.5168842348
SLOPE*MICROS {TREAT) 5 151.90537633 30.38107527
LOCATI*MICROS (TREAT) 10 676.2822%116 €7.82823%2 0
LOCA*SLOP*MICR(TREA) it 461.58514911 2€.158%1491
Source ol 3 Type 111 S5 Mean Square
LOCATION 2 2544 .9382350% 1272.4€691675%4
BLOCK (LOCATION) 3 101.18313¢€6% 323.72701222
SLOPE 1 4.959209]12¢ 4.5%520912%
LOCATION®S10OPE 2 43.38002210 21.6700110%
BLOCK* SLOPE (LOCATIO) 3 1277,.5%030322% 25.8383641:
TREAT 2 21.1920%72) 10.3973%240
LOCATION® TREAT ] 166.48749170 27.74791%526
BLOCK* TREAT {LOCATIO) -] $58.4%4%106% €2.05058%62
SLOPE* TREAT 3 273.95C077064 91.3169235%
LOCATION® SLOPE® TREAT 6 82.7312%02¢ 13.788%4172
BLOC* SLOP* TREA(LOCA) S 748.08280%02 83.11%97823%
MICROS (TREAT) s €07.195E8S0Y 121.4399270C
SLOPE*MICROS ( TREAT) s 176.3982092% 3%.299€316¢€
XOCATI*MICROS (TREAT) ic 725.86887464 T2.56R6474 ¢
LOCA® SLOP*MICR{TREA) 10 R6€1.96514%11 $€.1565%1491

Genetss Lilwal Mudels Froceduse
Dependent Variable: SILT
Hypotheses using the Type 111 MS for BLOCK(LOCATION, as an €rror term
Source CF Type iil s€ Mean Square
IOCATION 2 2544.93832%0% 1272.4691€7%8

‘iypotheszes using the Type 111 MS for BLOCK'SLOPE(LUCATIO) a= af erfor term

Source DF Type III SS Muan Square
SLOPE 1 4.5920%129 4.59209129
LOCATION® SLOPE 2 43.34002210 21.6760110%

Hypotheses using the Type 111 MS for BLOCK®TREAT (LOCATIO) a= an erior term

Source DF Type 111 Ss Mearn Square
TREAT 3 31.1920572) 106.3973%247%
LOCATION® TREAT € 166.88749170 27.78791%2%

Hypotheses using the Type 111 ME for BLOC*SLOP*TREA(LOCA: as an error term

Source DF Type 11l <5 Mean Square
SLOPE* TREAT 3 273.9%577664 $1.31€923%%
LOCATION® SLOPE®* TREAT € 82.7312%03¢ 13,.7868%4172

General Linear Mcdels FProcedure
Dependent Variable: SAND

F

F

F

-

-

1.07
.62

Value

8, o0
.30

Value

2.3¢

Value

29,00
1.9%
1.97
0.37

12,18
.16
0.97
1.2
1.90
G.3%

Valus

37.73

Value

0.01
0.0%

Value

©.17
G.8%

Vaiue

1.10
0,17

U.4089
O.TO0N

PFr > F

o oM
CL1lé6p

Pr > F

a.v01a

SILT Mean
53.0%448200

Pr > F

0,000
0.2080
0.2180
0n.6964
u.oval
v.9218
0.75%481
0.218%
0.14%8
0. 9085
0.092¢
V.0%74
v.6%e
©.179)
0.449¢8

Pr > F
0.0001
U538
O.7%2%
o.G4y
0,000}
O RTCL

0,1449
0.8494

Pr > F

G.00T7%

Pr - F

0.92%0
G.9%12

Pr > r

0.91%6
G.8302

LI 4

0, 3988
U.9798
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Tests

Tests

Tests

Teats

of

ot

of

of

Source OF
Model 77
Error L 1]
Correcteq Total 117
P-Square

0.6882990

2}
>4

Source

LOCATION

BLOCK {LOCATION)
SLOPE

LOCATION® SLOPE

BLOCY > SLOPE (LOCAT190)
TREAT

LOCATION® TREAT
BLOCK.* TREAT (LOCAT1O)}
SLOPE® TREAT
LOCATION® SIOPE® TREAT
BLOC® SLOP* TREA (LOCA)
MICROS (TREAT)
SLOPE*MICROS { TREAT)
LOCATI®*MICROS {(TREAT;
LOCA* SLOP'MICRI(THEA)

-
CQOVULLOLWVDAWWMNSWN

=]
-

Source

LOCATION

BLOCK (LOCATION)
SLOPE

LOCATION®SLOPE
BLOCK® SLOPE { LOCATIO)
TREAT

LOCATION® TREAT
BLOCK® TREAT { LOCAT1O)
SLOPE* TREAT
LOCATION®* SLOPE® TREAT
BLOC® SLOP* TREA {LOCA)
MICROS (TREAT)
SLOPE*MICROS { TREAT)
LOCATI*MICROS (TREAT)
LOCA® SLOP*MICR (TREA)

COUVLVLLAWOVORIWWNNMWLN

s

Dependent Variable: SAND

Hypotheses using the Type III MS
Source OF
LOCATION 2
Hypotheses using the Type 111 MS
Source DF
SLOPE 1
LOCATION®SLOPE 2
Hypotheses using the Type 111 MS
Source DF
TREAT 3
LOCATION® TREAT [
Hypotheses using the Type 111 MS
Source DF
SLOPE®* TREAT 3
LOCATION® SLOPE® TREAT [

Sum of Squares Mean Square

€3187.819984136 82.95%870110
1189.7%683811 29.7439205%
7L77.%7682287
c.V. Root MSE
18.%08%u 5.4%379876
Type I SS Mean Sguare
2762.93502272 1381.46751136
79.6086685%9 26.53622286
195.6689681%8 195.68968158
90.7485%408% 45.37447042
309.228135313 103.07611771
61.617018448 20.53900615
110.98423814¢€ 16.49739691
261 .405%0428 40.1%616714%
65.310067119 21.77002373
187.09202%11 31.182004819
€%3.68973607 72.63219290
399.40101580 79.88020316
132.87968836 26.57593767
€09.389759488 €0.9389759%
367.8401172% 36.78401172

Type 111 SsS Mean Square

2508.218908€5 1252.109485232
43.63287583 14.54425194
110.67277977 110.6€7277977
52.2143%243 26.10719621
363.92996842 121.30999614%
48.23050640 16.07682537

109.6045B08%
394.21522493

18.26743024
43.80170277

€8.77539146 22.92%31304¢%
203.14961290 33.8%82688C2
647.52458646 71.9838717627
481.36988022 96.27397€05
185.99658501 37.19931700

63€.68163330¢€
367.84011729

€3 €8163331
30.78401173

General Linear Mc.del® Procedure

fo1 BLOCK(LOCATION] a® an errcor term
Type 111 &5 Mean Square
2504.2189046€5 1252.10945232
for BLOCK'SLOPE(LOCATIO) as an error tern
Type 111 S8 Mean Square
110.67277077 110.67277877
58.21483%233 26.10719621
for BLOCK*TREATI(LOCATIO!) as an error term
Type 11! SS Mean Square
46.230650640 16.07683547
109.60458085% 18.26743014
for BLOC*SLOP*TREA(LOCA) as an error term

Type 111 Ss Mean Square

22.92513049
33.8%826882

€8.77539146
203.14961290

General Linear Models Procedure
Multivariate Analysis of Variance

Characteristic Roots and Vectors of: E Inverse * H,

H = Type Il SS&4CP Matrix for TREAT

Characteristic
Root

0.3979173511
0.0323624322

Manova Test Criteria ana F Approximations for the Hypothesis of no Overall TREAT Effect

H = Type III SS4CP Matrix foOr TREAT E = Type 111 SS&CP Matrix for BLOCK®*TREAT (LOCATIO)

Percent Characteristic Vector
CLAY SILT

92.48 0,06959658 0.01711293
7.52 0.0162387% 0.04822973

F Value

2.73

1.24

F value
82.10
0.89%
3.72
0.88
4.08

0.54
0.61

F Value

86.09

F Value

0.91
0.22

F Value

¢.37
€.82

F Value

0.32
0.47

E = Type 111 SS&CP Matrix !Or BXDCK'TREAT(IQCATIO)

ViEV=1
SAND

0 00000000
0.00000000

Pr > F
0.0GC3

SAND Maan
29.4 86566729

z > F

0.0001
0.8525
0.0142
0.2299
0.0239
0.5€32
0.7216
0.2831
0.5331

0.0434
0.2983

Pr > F
0.0022

Pr > F

0.810¢
0.8178

Pr > F

0.7

0.8 7

Pr > F

0.8118
0.8144
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tatistic

Wilks* Lampda
Pillai’s Trace
Hotelling-Lawley Trace
ROY's Greatest Root

Value

0.£69252513
0.31%599806
0.4302797%
0387417338

(8- % 2:-T)
0.5620
2.5050
1.1336

Numx DF Den DF
€ 16
€ 18
B 14
3 Q

BOTE: £ Statistic for Roy's Greatest Root is an upper bound,

NOTE:

TREAT

Blading
Contrel
Disc
Riprer

Standara Errors and Propabilities cal

TREAT

Blading
Contrel
Disc
Ripper

Standard Errors and Prcbabilities cal

TREAT
Blading
Control
Di=c
ripper
MICROS TREAT
Thick Blading
Thin Blading
Control Control
Berm Disc
Hinge Disc
Trench Disc
Berm Ripper
Hings Ripper
Trench Ripper
© i3 1 2
1 . 0.6390
2 0.63%0 .
3 0.4426 0.7566
4 0.85%1% 0.7794%
5 0.3536 0.1626
6 0.1388 0.2973
7 0.0804 0.1927
8 0.4733 0.2263
9 0.5%202 0.8687
MICROS TREAT
Thick Blading
Thin Blading
Control control
Berm Disc
Hinge Disc
Trench Disc
Berm Ripper
Hinga Ripper
Trench Ripper
i’s3 1 2
1 . 0.6€00
2 0.6€00 .
3 0.5511 0.869%€
4 0.8127 0.696%

¥ Sratistic for Wilks®

Laiekala is exact.

Ganeral Linear Molels Procedure
Least Squar€s Maans

CLAY
LSMEAN

19.0523810
16.7083333
17.41934548
16.57338689

culated using the Typs 111 MS for BLOCKCTREAT(LOCASICY as an Error term

s
LSMEAN
~2.7901190
~,2632817
3. 8450000
53.6752848

culated using the

sta Erc
LSMEAN

1.1360177
1.617457%
C.9336357
0.8751898

s5td Ere
LSMEAN

1.588672¢%
2.2739566
1.3120€9%
1.230431239

Type 111 MS for BLOCKTTREAT (LOCATIC)

Pr > iT)
HO: LSMEARN=Q

6.0001
0.0001
c.0001
0.000]

P > TS
HO 2 LSMEAN=(

2.0001
Q.000)
Q. 060
0.0001

Pr > F

[ b s
0.7532
D.7968
0.3652

tandard Exrors and Probabilities calculated using the Type III M5 for BLOCK*TREAT(LOCATIO) a3 an Error term

SAND std Err Pr > 1Ty
LSMEAN LSMEAN HO : LSMEAN=D
28.1%75%000 1.3347722 0.0001
29.,0068250 1.910534% L0001
29.735595%6 1.1030876¢ 0.0001
29.7%13167 1.0337706 0.0002
General Linear Models Procedure
Least Squares Means
SILT Sta Err Pr > ITI LSMEAN
LSMEAN LSMEAN HO: LSMEAN=O Humber
$2.1466667 1.9481812 0.00603 1
$3.4225714% 1.9012302 0.00012 >
54.2832417 1.9481812 0.0001 3
52.6€65%8333 1.94e10812 0.0001 q
49.5608333 1.9481812 0.0001 S
$6.3083333 1.9481812 0.0003 [
5€.8969852 1.7939808 0.0001 7
50.2409130 1.7702177 0.0001 8
53.8879852 1.88¢€1142 0.0001 <
Pr > IT! HO: LSMEAN(i)=LSMEAN’1)
4 E [ 7 ] 9
0.4426 0.851% OC.3%3€ 0.1388 0.0608 0.8733 0,.%202
06,7566 ©.7794 0.1626 0.2973 6.1927 0.2262 0.8647
. 0.5605 ©0.0943 0.466€ 0.329€ 0.122% 00,8817
0.560% - 0.26€5 0.1937 0.1180 0.3€2% 0.65%13
0.0943 0.266% - 0.018#8 0.008Y ©.79%97% 0.114%
0.4666 0.1937 0©.0188 - 0.82%2 0.0G268 €.372¢
0.3296 0.1180 2.008% 0.82%2 . 0.011z2 0.24€9
0.132% 0.362% 0.797% 0.0264 0.0112 . 0.31%%0
0.8837 0.6512 0.1188 0.3726 0.2469 0.15%%0 .
General Linear Models Procedure
Least Squares Means
SAND stg Ers Pr > 1T LSMEAN
LSMEAN LSMEAN HOG: LSMEAN=Q Numbrer
27.6700000 1.%7437€1 0.0001 1
26.6450000 1.9364337 0.0001 2
29.0088250 1.5743761 0.000: 3
29.5091667 1.%974376) 0.0003 4
31.0725000 1.57437€1 0.0001} <
28.6250000 1.5743761 0.0001 6
26.7115519 1.4897627 0.0001 ?
34.1254%74 1.4306399% 0.0603 8
28.4169%9407 1.4918931 0.0001 9
Pr > {TI HO: LSMEAN(i)=LSMEAN(])

3 q < 6 7 8 9
0.5511 0.4137 6.1342 (.6703 U0.6%€7 0.00382 §,7324
0.8696 0.€965 0.2764 0.9928 0.3€*% 0N.N127 0.91%7

. 0.8232 0.3%9% 0.8641 0.2896 0,0209% 0.786%
6.8232 . O.4667 0.6938 0.198€ G.03E0 . €172

as an Error term
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0.1342
6.6702
0.6567
0.6ud2
0.7324

wodaw

NOTE: Te ensure overall protectiorn level,

0.2764
0.9928
0.3635
0.0147
0.9157

0.3%9%
0.8641
0.289%6
0.0209
0.786%

G.4867
0.6918
0.1986
C.03€0
0.6173

0.z2782
0.0482
0.1590
0.2280

0.2782

0.3766
0.0135
0 9211

0.0482
0.3766

0.0007
0.4145

only probabilities associated with pre-planned

General Linear Models Procedure
Least Squares Means

0.1590
0.012%
0.0007

0.0G82

6.2280
0.3241
0 4148
0.0082

comparisons should be used.

Standard Errors and Probabilities calculated using the Type 111 MS for BLOCK®*TREAT(LOCATIO)} as an Error term

MICROS

Thick
Thin
Control
Berm
Hinge
Trench
Berm
Hinge
Trench

1

~
[

0.6949
0.5231
0.8753
0.4421
0.2278
0.1587
0.550%
0.5919

WD AL SN -

TREAT

Blading
Blading
Control
Disc
Disc
Disc
Ripper
Ripper
Ripper

2
0.&989

0.7952
0.8149%
0.2539
0.38%2
0.28%6
0.3198
0.8864

S1LT

LSMEAN

$2.1466667
$3.4325714
54.2832517
52.66583232
49.5608233
5€.30833z2
$6.8969852
50.2409130
$3.88798%2

std Err
LSMEAN

2.2739566
2.,2191545
2,273956¢€
2.2739%566
2.2739566
2.2739566
2.0939708
2.0663507
2.1588220

Pr > IT! HO: LSMEAN (i)=LSMEAN(3)

3
0.5231
0.795Z2

0.6271
0.1760
0.54845
0.4197
0.2208
0.90z4

4
0.8752
0.6145
0.6271

0.359S
0.20€6
0.2043
0.4503
0.7055

S
0.44521
0.29%39
0.1769
0.3%95

¢.0E53
0.0317
0.8298

.2005

6
0.2278
0.3892
0.5445
0.2866
0.06%53

0.8532
0.0757
0.45%6

Pr > 1T LSMEAN
HO: LSMEAN=0 Number
0.0001 1
0.0001 2
0.0001 3
0.0001 4
0.0G01 5
0.60001 [
0.0001 ?
0.0001 8
0.0001 e
7 [} °
0.1587 0.5505 0.5°1%
0.28%6 0.3198 0.8864
0.4197 0.2208 ©0.9024
0.2043 0.4502 0.7055
0.0817 0.8298 0.200%
0.85%522 0.0797 0.459%6
. 0.0887 0.33804
0.0487 . 0.2500
0.3808 0.2500 .

General Linear Modsls Procedure
Least SqQuares Means

Standard Errors and Probabilities calculated using the Type 111 MS for BLOCK®TREAT ({LOCATIO)

MICROS

Thick
Thin
Control
Berm
Hinge
Trench
Berm
Hinge
Trench

~
.

0.723¢
0.6322
0.5132
0.2396
0.7319
0.7206
0.0338
0.7830

COLAP® WK

TKEAT

Blading
Blading
control
Disc
Disc
Disc
Ripper
Ripper
Ripper

2
0.7238

0.8947
0.7%36
0.3969
0.9%42
0.4700
0.0599
0.9320

SAND

LSMEAN

27.6700000C
28.6450000
29.0084250
29.50916€7
31.072%000

28.62

$0000

26.71159%9160
34.1254274
28.481€9307

Std Err
LSMEAN

1.9105345%
1.8644907
1.9105343%
1.9105345
1.9105345
1.9105335
1.7593138
1.7361080
1.81083%8

Pr > 1T) HO: LSMEAN(i)=LSMEAN(])

3
0.6322
0.8947

0.857}2
0.4645
0.8903
0.3995
0.0768
0.8272

4
0.5%132
0.7536
0.8571

0.5770
0.7510
0.3094
0.1074
0.6879

]
0.2396
0.3869
0.4645
0.5770

0.3886
0.1274
0.2673
0.3394

[
0.7319
0.9942
0.8903
0.7510
0.3886

0.4800
0.0615
0.9387

Pr > IT} LSMEAN

HO: LSMEAN=Q Number
0.0001 1
0.0001 2
0.0001 3
0.0001 4
0.0001 E]
0,.0001 [
0.000) 7
0,0001 e
0.0001 @

7 8 9
0.7206 0.0338 o0.783¢C
0.4700 0.0599 0.9320
0.399% 0.0788 C¢.8272
0.3094 0.1074 0.6879
0.1274 0.2673 0.3394
0.4800 0.0619 0.,9387

. 0.014% 0.5142
0.0145 . 0.0877
0.5142 0.0477 -

NOTE: To ensure overall protection level, only probabilities associated with pre-planned

SLOPE MICROS

lower Thick
lower Thin
upper Thick
upper Thin
lower control
upper control
lower Berm
lower Hinge
lower Trench
upper Berm

General Linear Models Procedure
Least Squares Means

TREAT

Blading
Blading
Blading
Blading
Control
Coatrol
Disc
Disc
Disc
Disc

CLAY

LSMEAN

17.0666667
18.1428571
23.3000009
17.7000000
18.9500000
14.4666667
21.9500000
20.0666667
18.4833333
13.7¢00000

St

d Err

LSMEAN

1.61
1.53
1.61
1.61
1.61
1.61
1.€1
1.61
1.61
1.61

70343
81064
70343
70343
70343
70343
703423
70343
70343
70333

as an Ecror term

comparisons should be used.

Pr > ITH

HO:LSMEAN=0

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
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upper

lower
lower
lowses
upper
upper
upper

SLOPE

lower
lower
upper
upper
lower
upper
lower
lower
lower
upper
upper
upper
lower
lower
lower
upper
upper
upper

SLOPE

lower
lower
upper
upper
lower
upper
lower
lower
lower
upper
upper
upper
lower
lower
lower
upper
upper
upper

Hinge
Trénch
Berm
Hinge
Trench
Berm
Hinge
Trench

MICROS

Centrol
Berm
Hinge
Trench
Berm
Hinge
Trench
Berm
Hinge
Trench
Berm
Hinge
Trench

MICROS

Thick
Thin
Thick
Thin
Control
Control
Berm
Hinge
Trench
Berm
Hinge
Trench
Berm
Kinge
Trench
Berm
Hinge
Trench

Disc

Disc

Ripper
Ripper
Ripper
Ripper
Ripper
Ripper

TREAT

Blading
Blading
Blading
Blading
CTentrol
Centrel
Disc
Disc
Disc
Disc
Disc
Disc
Ripper
Ripper
Ripper
Ripper
Ripper
Ripper

TREATY

Blading
Blading
Blading
Blading
control
Contrecl
Disc
Disc
Disc
Disc
Disc
Disc
Ripper
Ripper
Riprer
Ripper
Ripper
Ripper

18.6666667
11.6500000
15.6420000
16.76€3333
17.2086667
17.14002%9
14.50002%9
18.1814815

SILT
LSMEAN

54.8766667
54.73214829
49.4166667
52.1350000
51.6083333
$6.9581500
51.1316667
51.1416667
54.0583333
54.1900000
47.9800000
5$8.5583333
58.8372667
53.0175667
$3.7139333
54 .95€7037
47.4642593
$4.0620370

SAND
LSMEAN

28.05€€667
27.1250000
27.2833333
30.165%0000
29.8316667
28.5751833
26.90821333
28.7916667
27.458131333
32.1100000
33.3%533233
29.7916€67
2%.5207333
30.2161000
29.0774n00
27.9023708
38.0348148
27.756481%

1.6170342
1.6170343
1.5321583
1.4035013
1.5321583
1.44468485
1.5324743
1.53247%)

Std Err
LSMEAN

2.7551442
2.6206650
2.7551443
2.75%1483
2.75514483
2.75%1443
2.7551442
2.7551443
2.75514843
2.7551482
£.7551843
2.7551443
2.6105306
2.3%13214
2.6105306
2.4614222
2.6110690
2.61106%0

Std Err
LSMEAN

2.2265%040
2.1178278
2.2265040

.2265%080
2.226%080
2. 32275040
2,22¢5040
2.2.6%0480
2.22865040
2.2265040
2.2265080
2.2265040
2.10%6279
1.93249892
2.1096327%
1.983139%
2.110073¢

.110C730

-
&

0.0008
©.Qq001
o.00M
0.0001
0.000)
0.0001}
0.Q00}
0.000}

Pr > IT)
HO: LSMEAN=(

0.0001)
0.0001
0.000}
0.0001
0.0001
0.0001
0.0001
0.0001
0.0003
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.000]1

Pr > ITI
HO: LSMEAN=(

0.000]
6.0001
0.0001
0.000
0.0001
6.0001
0.0G01
0.00Q0]1
0.0001
6.0001
6.0001
0.000}
0.0001
0.0001
. 0001
0.000}
0.0001
6.000]
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Appendix 1.11. Potential soil erosion: K*C factor.

Tests of

Tests of

Tests of

General Linear Models Procedure
Class Level Informarion

Class Levels Values

LOCATION 3 Ante Fox Judy

BLOCK 2 111

S1OPE 2 lower upper

TREAT 4 Blading Control Disc Ripper

Nymber of ™. servations in data set = 4@

General Linear Mocel’ Procedure
Dependent Variable: KCW

Source DF Sum of Squarwes Mean Squase
Model 38 0.100350%6 0.00265660
Error @ 0.00807%60 0.0011CRe0
Corrected Total 47 0.110%2€5%

R-Square c.v. Roor MSE

0.%10070 76.807€3 6.03329263
Source DF Tyge I S Mean Square
LOCATION 2 ¢.01%8%021 0.00794510
BLOCYK. ( LOCATION) 3 0.00c12718 0.0007123%
SLOPE 1 0.00005%51 0.000055%1
LOCATION®SLOPE < 0,00125427 0.00062749
BLOCY.* SLOPE ( LOCATIO) 2 0.00520%01 0.0017363%
TREAT 3 0.05045111 0.01681704
LOCATION" TREAT 6 0.0198ETT( 0.00333128
BLOCK® TREAT ( LOCATIO) 9 L.00228014 0.00044224
SLOPE® TREAT 3 0.0012528% 0.00085096
LOCATION® SLOPE®* TREAT [ 0.0006322% 0.00010537
Source DF Type 111 SS Mean Square
LOCATION 2 0.0158%021 6.00794510
BLOCK ( LOCATION) 3 0.00213718 0.00071239%
S1OPE 1 0.00005551 0.000055¢
AQOCATION®*SLOPE 2 0.00125497 0.00062749
BLOCK® SLOFE { LOCATIOQ) 3 0.0052096G1 0.00173634
TREAT 3 0.05045111 0.01681704
LOCATION® TREAT 6 ¢.01998770 0.00333128
BLOCK®* TREAT ({ LOCATIO) 9 0.00398014 0.00044224
SLOPE* TREAT 3 0.0013528% 0.00085096
LOCATION® SLOPE®* TREAT 3 0.0006322% 0.00010537

Hypotheses using the Type 111 MS for BLOCK (LOCATION) as an error term

Source DF Type 1II sS Mean Square

LOCATION 2 0.01589021 0.00794510

Hypotheses using the Type I1I MS for BLOCK®SLOPE(LOCATIO) as an error term

Source DF Type 111 S5 Mean Square
SLOPE 1 0.00005%51 0.00005551
LOCATION®SLOPE 2 0.0012%347 0.0006274%

Hypotheses using the Type 111 MS for BLOCK*TREAT(LOCATIO) as an error term

Source DF Type III SS Mean Square
TREAT 3 0.05045111 0.01681704
LOCATION® TREAT 6 0.01988770 0.00333128

General Linear Models Procedure
Least Squares Means

F Value Pr > F
2.4 0.0822
KCW Mearn

0.04234%48

F Value Pr > F
7.17 0.0127
Q.64 0.6066
0.05 0.8279
0.57 0.5867
1.57 0.2682
15.17 0.00G7
3.01 0.0674
c.30 0.2064
0.41 0.751%
0.10 0.9952

F Value Pr > F
7.17 0.0127
0.64 0.60¢€6
G.0% 0.e279
0.%7 0.5%867
1.97 0.2642
15.17 0.0007
3.01 0.0674
0.40 0.9064
0.41 0.751%
0.10 0.99¢c2

F Value Pr > F
11.1% 0.0408
F Value Pr > F
0.03 0.869%
0.36 0.7234

F Value Pr > F
38.03 0.0001
7.53 0.0041

Standard Errors and Probabilities calculated using the Type III MS for BLOCK®*SLOPE(LOCATIO) as an Error term

SLOPE KCw
LSMEAN

Std Err Pr > ITY
LSMEAN HO: LSMEAN=0
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lower 0
upper 0

General Linear Models Procedure

.Q4227006 o
.08842087 Q

+00850%72
00850572

Least Squares Means

0.0157
0.0137

Standard Errors and Probabilities calculated using the Type II1 MS for BLOCK*TREAT(LOCATIO! as an Error term

General Linear Models Procedure

TREAT

Blading

control

Disc

Ripper
SLOPE TREAT
lower Blading
lower Control
lower Disc
lower Ripper
upper Blading
upper Contzcl
upper Di=c
upper Ripper

Standard Errors and Probabilities calculated

LOCATION KCwW

LSMEAR
Ante 0.0578406%
Fox 0.05450943
Judy 0.017€8B&31

NOTE: To ensure overall protection level, only probabilities asssciated wit

KW
LEMEAN

0.0902312%
0.00132250

Std Err

Pr > ITI

LSMEAN HO:LSMEAN=O

0.00607068
0.00607068

0.0302487% 0.00607068
0.05156642 0.00607068

Least Squares Means

KCW
LSMEAN

0.09741517
0.00122500
0.02379817
0.04664200
0.08306735
0.00142000
(.03670132
0.05649463

sta Err
LSMEAN

0.013%9166
0.013%59166
0.01399166
0.013%%9166
0.01359166
0.013%%166
0.0135%9166
0.013%9166

0.0001
0.8324
0.0008
0.c001

Pr > ITI
HO: LSMEAN=Q

¢.0001
9.9302
0.1139
0.007%
0.0002
0.919
0.02¢4
©.002%

General Linear Mcdels Procedure

s

¢.00
0.060
0.00

Least Squa

td Err Pr

res Means

LSMEAN HO:LSMEAN=0 /3

BE7267
€672€7
€E€T267

Means with the same letter are not significantly different.

LOCATION MEAN GROUPING
Ante 0.058 A
Fox 0.05% A

Judy 0.018

using the Type III MS for BLOCK{LOCATION) as an Ertor term

> IT) Pr > ITI HO: LSMEAN(1)=LSMEAN(})
i73 1 > 3

0.0032 . 0.7874 vV.0J38

0.0038 0.7474 . 0.0299

1
2

0.0770 3 0.0238 0.02%9
h

pre-

planned comparisans should be used,
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Appendix 1.12. Bulk density of selected microsites.

Tests of

Teats of

Tests of

General Linear Models Procedure
Class Level Information

Class Levels Values

LOCATION 3 ABC

BLOCK Z 12

S1LOPE 2 lower upper

TREAT 4 Blade Control Disc Ripper

MICROS [ Control Exposed Screef Shaded Thick Thin

Number ©f observations in data set = 96

General Linear Models Procedure

Uependent Variable: AVEDENS

Source DF Sum of Squares Mean Square
Mcolel ) 13.32990850 0.18774%19°
Error 24 0.89092127 0.02085547
Corrected Total 25 13.82083977

R-Sguare Cc.v. Root MSE

0.%64479 18.6525¢€ 0.14302262
Source DF Type I S8 Mean Square
LOCATION 2 0.97352408 0.48676204
BLOCK { LOCATION) 3 .201494%¢C 0.0871645:2
SLOPE 1 0.01184647 0.011846€47
LOCATION® S1OPE 2 0.11042510 0.0552125%%5
BLOCK* SLOPE ( LOCATIO) 3 0.04063318 0.013%54473
TREAT 3 6.06873211 2.02291070
LOCATION® TREAT 6 0.71330793 0.1188846%
BLOCK® TREAT (LOCAT10) 9 0.50473331 0.05608148
SLOPE® TREAT 3 0.1166723% 0.03885078
LOCATION® SLOPE® TREAT 6 0.33088198 0.05%14700
BLOC*®* SLOP® TREA { LCCA) 9 6.29773397 0.0330815%
MICROS (TREAT) 4 3.15598137 0.78899704
S1OPE*MICROS (TREAT) L} 0.12480994% 0.03102486
LOCATI*MICROS (TREAT) 8 0.46452899 0.05806612
LAOCA* SLOP*MICR (TREA) -] 0.21520271 0.02691283
Source DF Type 11l SS Mean square
LOCATION 2 0.97352408 0.48676204
BLOCK (LOCATION) 3 0.20149850 0.06716482
SLOPE 1 0.01184647 0.01184647
LOCATION® SLOPE 2 0.131042%10 0.05%212%%
BLOCK®* SLOPE (LOCATIO) 3 0.048063318 0.013538473
TREAT 3 6.06873211 2.02291070
LOCATION® TREAT € 0.71330793 0.1188646%
BLOCK* TREAT (LOCATIO) 9 0.504873331 0.05608148
SLOPE®* TREAT 3 0.11667235 0.038689078
LOCATION® SLOPE® TREAT 6 0.33088198 0.05%14700
BLOC* SLOP* TREA ( LOCA) e 0.29773397 0.0330815%5
MICROS (TREAT?} 4 3.15589137 0.78899784
SLOPE*MICROS { TREAT) 4 0.124099495 0.03102486
LOCAT1*MICROS { TREAT) 8 0.46452899 0.05806612
LOCA* SLOP*MICR{TREA) [:] 0.21530271 0.02691284

General Linear Models Procedure
Dependent Variable: AVEDENS
Hypotheses using the Type 1I1 MS for BLOCK(LOCATION) as an error term
Source DF Type 111 Ss Mean Square
LOCATION 2 0.97352408 0.48676204
Hypotheses using the Type 1II M5 for BLOCK®SLOPE(LOCATIO) as an error term

Source DF Type 11l SS Mean Square
SLOPE b 0.011646487 0.01184647
LOCATION® SLOPE 2 0.110482510 0.05521255%

Hypotheses using the Type III M5 for BLOCK™® TREAT (LOCATIO) as an error term

Source DF Type 111 SS Mean sSquare

F Value

e.18

F Value

23.80

1.32

F value
7.2%

F value

©.87
4.08

F value

Pr > F
0.0001

AVEDENE Mearn
0.76677226

Pr > F

0.0001
0.0381
0.4541
0.0876
0.5834
0.0001
0.0007
0.0233
0.1564
0.0382
0.1665
0.0001
0.2289%
0.0227
0.2829

Pr > F

0.0001
0.0381
C.4531
0.0876
0.5834
0.0001
G.0007
0.0234
0.1564
0.0382
0.1665
0.0001
0.2289
0.0227
0.2829

Pr > F
0.0710

Pr > F

0.8167
0.139%

Pr > F
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Tests of

MICROS

Thick
Thin
Control
Screef
Exposed
Shadecd
Exposed
Shaded

TREAT
LOCAIION®T

REAT

6.06873211
0.71330793

022931070
11888369

e
0.

Hypothesem using the Type III MS for BLOC'SLOP*TREA(LOCA) as an error term

Source

el 3

SLOPE®* TREAT

LOCATION'S

LOPE* TREAT

Type 113 s¢

0.11667235
0.3308819¢

Mean Square

0.03889078
0.05518700

General lLinear Models Procedure
Léast Squares Means

Standard Errors and Probabilities calculated using the Type 111

Standard Errors and Probabilities calculated using the Type 111 MS for BLOCK*TREAT(LOCATIO) as an Error

TREAT

Blade
Blade
Control
Control
Disc
Disc
Ripper
Ripper

AVEDENS
LSMEAN

0.46552111
1.1%483800
0.28075682
0.44680%61)
0.92026108
0.96850032%5
0.99314242
0.92776561

SLOPE

lower
upper

TREAT

Blade
control
Disc
Ripper

std Err
LSMEAN

0.04128707
0.038128707
0.03128707
0.03128707
0.04128707
0.04128707
0.041287¢7
0.04128707

AVEDENS
LSMEAN

0.75566367
0.7778808%

Std Err
LSMEAN

0.01679827
0.01679827

MS for BLOCK*SLOPE(LOCATIO)

Pr > IT}
HO: LSMEAN=O

0.0001%
0.0001

General Linear Models Procedure
Least Squares Means

AVEDENS
LSMEAN

0.81021956
0.34378332
0.95263217
0.96045401

Std Err
LSMEAN

0.04833972
0.08833972
0.04633972
0,04833972

Pr > TI
HQ: LSMEAN=Q

0.0001
0.0001
.00
0.0001

General Linear Models Procedure
Least Squares Means

Pr > 1T}
HO: LSMEAN=(

0.0001
0,000
0.0001
0.0001
0.0001
0.000
0.0001
0.0001

Pr > Tl HO:
i’} 1

1 . Q
2 0.0001

3 0.0006 ¢
a4 0.75%0% 0O
S 0.0001 O
6 0.0001 O
7 0.000} O
8 0.0001 0O

LSMEAN (1) =LSMEAN (§)
2 3 q
.0001 0.0008 0.7505
. 0.0001 0,000
L0001 . 0.0017
-0001 0.0017 .
.000% 0.0001 0.000}
.0077 0.0001 0.0001
-.0107 0.0001 0.0001
.0007 ©.0001 0.0001

36,07

2.2

F Value

1.18
1.67

S

0.0001
0. 00605
0.0001
0.0001

0.278%
0.2240
0.8988

A3 an Errot

6

0.000)
0.0077
0.0001}
0.0001
0.278%

0.8903
0.3367

[A\RRUGND]
0. 1490

term

term

7

0.0001
0.0107
[UPPIVIEDY
0.0001
6.2230
0.8%03

6.2719

NOTE: To ensure overall protection level, conly probabilities associated with pre-planned comparisons should be used.

MICROS

Thick
Thin
Control
Screef
Exposed
Shaded
Exposed
Shaded

Standard Errors and Prcobabilities calculated using the Type 111 MS for BLOCK'TREAT (LOCAT!O) as

TREAT

Blade
Blade
Control
Control
Disc
Disc
Ripper
Ripper

AVEDENS
LSMEAN

0.46559111
1.15484800
0.24075683
0.44660981
0.92026108
0.98500325%
0.99313242
0.,927765€1

std Err
LSMEAN

0.06836268
0.06836268
0.0683626€8
0.06e362¢8
0.068362¢6¢€
0.0€836268
0.0€836268
0.06836268

General Linear Models Procedure
Least Squares Means

Pr > ITy
HO:LSMEAN=D

0.00901
6.r%ay
Q. it
0.0 %
0.0001
0.000)
0.0001
0.0001

Pr > ITI HO:
/3

1 . o
2 0.0001

3 0.0451 0
4 0.85%03 0O
S 0.0011 ©
€ 0.c003 o
7 0.0008 0
5 0.001G O

LSMEAN{i)=LSMEAN(j}
Zl 3 4

.000F 0.035%1)
. 0.0001
.0001 .

.0001  0.0619
.0382 0.0001
.1128 0.0001
<1287 0.0001
L0838 0.000)

0.8503
0.60601
0.061%

0.000%
0.0063
0.6060%
0.6000

H

¢.0011
0.03682
0.0003
0.0009

0:5199
n.Q702
0.93%6

an

6

0.0003
0.1128
0.000])
6,000
N,%199

0:?:‘0
0.5684

Etror term

5

0.0004
0.1287
0,0001
0.0003
Q.4702
0.9338

0.515%

NOTE: To ensure ovezall protection level, only probabilities associated with pre-planned comparisons should be used.

Means with the same letter are not significantly different.

MICROSITE

Thin
Exposed
Shaded
Shaded
Exposed
Thick
Screef
Control

TREATMENT

Blading
Ripper
Disc
Ripper
Disc
Blading
control
cControl

MEAN

1.15%
0.99
0.99

GROUPINRG

A
A
A

worr
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[

0.0001
0. 0007
[ Y{1:31
©,.000]
0.H988
[N Y
G, 2734

]

O.0010
6,.08348
0.000)
60008
G.93%98
0,%683
n.%1%%



Appendix 1.13. Soil moisture content of selected microsites.

Tests of

Tests of

Tests of

General Linear Models procedure
Class Level Information

Class Levels Values

LOCATION 3 ABC

BLOCK 2 12

SLOPE 2 lower upper

TREAT 4 Blade Control Disc Ripper

MICROS 6 Control Exposed Screef Shaded Thick Thin

Number of observations in data set = 96

General Linear Models procedure

Dependent Variable: AVEWATER

Source
Model
Error

Corrected Total

DF
7
24
95

R-Square

0.916003

Source

LOCATION
BLOCK { LOCATION)
SLOPE
LOCATION®*SLOPE
BLOCK*SLOPE { LOCAT10)
TREAT

LOCATION® TREAT
BLOCK® TREAT ( LOCATIO)
SLOPE*TREAT
LOCATION® SLOPE® TREAT
BLOC* SLOP*TREA (LOCA)
MICROS (TREAT)
SLOPE*MICROS (TREAT)
LOCAT1*MICROS (TREAT)
LOCA* SLOP*MICR (TREA)

Source

LOCATION

BLOCK (LOCATION)
SLOPE
LOCATION®SLOPE
BLOCK* SLOPE ( LOCATIO)
TREAT

LOCATION® TREAT
BLOCK®* TREAT { LOCATIO)
SLOPE*TREAT
LOCATION® SLOPE® TREAT
BLOC* SLOP*TREA (LOCA)
MICROS ( TREAT)
SLOPE*MICROS {TREAT)
LOCATI*MICROS (TREAT)
LOCA®* SLOP*MICR (TREA)

o o
T ODELORAWOVOWWNHWN W

DOBEOOWOAWWNWN

Dependent Variable: AVEWATER

Sum of Squares
10007.0527208%
817.642254851
10924.69497536
c.v.

21.25418

Type 1 Ss

£151.690%0119
217.01484022
372.38970947
761.39249614
646.01080000
1245.78023689
996.33731091
320.80942500
36.46346955
245.251480654
306.34978966
1079.97591661
146.25370363
930.56261475
346.67049979

Type 111 SS

2151.69090119
417.01484022
372.38970997
761.39249614
646.01040000

1249.78023689
996.33731091
320.80942500

36.46346955
245.35140654
306.34978966

1075.97591661
136.25370363
930.56261475
346.67049979

Mean Square
140.944480352
38.23509394

Root MSE
6.18345329

Mean Square

1075.84545059
139.00494674
372.38970997
380.6%96240807
215.33680000
416.593481230
166.05621848

35.64549167
12,15448985
40.89190109%
34.03886552
269.99397915
36.563425091
116.32032684
43.333681247

Mean Square

1075.84545059
139.004948674
372.38970997
380.69624807
215.33680000
$16.59341230
166.05621848

35.64%4%167
12.15248985
40.89190109
34.05886552
269.99397815
36.56342591
116.32032684
43.33381247

General Linear Models Procedure

Hypotheses using the Type II1 MS for BLOCK(LOCATION) as an error term

Source

LOCATION

DF
2

Type I11 SS
2151.62090119

Mean Squara

1075.8454505¢

Hypotheses using the Type IIl MS for BLOCK*SLOPE(LOCATIO) as an error term

Source

SLOPE
LOCATION® SLOPE

DF

) -

Type 111 SS

372.38970997
761.39249614

Mean square

372.38970997
380.659624807

Hypotheses using the Type II1 MS for BLOCK*TREAT(LOCATIO) as an error term

source

DF

Type 111 SS

Mean Square

F Value
3.69

F Value
7.74

F Value

1.73
1.77

F Value

Pr > F
0.0004

AVEWATER Mean
29.09287958

Pr > F

0.0002
0.0271
0.0046
0.0007
0.0045
0.0001
0.0042
0.5158
0.8123
0.4078
0.5479
0.0007
0.4392
0.0164
0.39748

Pr > F

0.0001
0.0271
0.0046
0.0007
0.0045
0.0001
0.0042
0.5158
0.8123
0.4078
0.5479
6.0007
0.4492
0.0164
0.3774

Pr > F
0.0654

Pr > F

0.2800
0.3110

Pr > F
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Tests of

MICROS

Thick
Thin
control
Screef
Exposed
Shaded
Exposed
Shaded

TREAT 3 1249.78023689
LOCATION® TREAT 6 996.33731091

Source DF Type Ill SS
SLOPE®* TREAT 3 36.46346955
LOCATION®*SLOPE®* TREAT [ 245.351406548

416.59341230
166.05621648

Hypotheses using the Type I1II MS for BLO.*SLOP*TREA(LOCA) as an error term

Mean

Square

12.15448%85
40.89190109

General Linear Models Procedure
Least Squares Means

11.69
4.66

F value

¢.36
1.20

.08
0.019%

Pr » F

0.785%
0. 3860

Standard Errors and Probabilities calculated using the Type 1I1 MS for BLOCK®*SLOPE(LOCATIO) a% an Error term

SLOPE AVEWATER Std Err P
LSMEAN LSMEAN HoO:

lower 31.062912% 2.1180€12

upper 27.1233466 2.1180612

General Linear Models ®rctedure
Least Squares M&uus

r > IT|
LSMEAN=O

0.0007
0.0010

Standard Errors and Probabilities calculated using the Type 111 MS for BLOCK®TKEAT (LOCATIO) a3 an Error term

TREAT AVEWATER

LSMEAN
Blade 23.823%5248
Control 32.1641372
Disc 32.687888B6
Ripper 27.6959%677

std
LSM

1.2186
1.2186
1.2186
1.2186

Erc
EAN HO

96
996
996
996

General Linear Models Procedure
Least Squares Means

TREAT AVEWATER std Err Pr > |TI Pr
LSMEAN LSMEAN HO:LSMEAN=O irzj
Blade 27.761733% 1.7850092 0.0001 1
Blade 19.86853156 1.7850092 0.0001 2
Control 28.5312742 1.7850092 0.0001 3
Lontrol 35.79705603 1.7850092 0.0001 4
Pisc 29.9248025 1.7850082 0.0001 5
Dise 35.450%747 1.7850092 0.0001 6
Ripper 24.7536614 1.7850092 0.0001 7
Ripper 30.6382740 2.7850092 0.0001 ]

> T

0.0047
0.7631
6.0080
0.4000
0.0056
0.245%51
0.2657

0.0087

0,0022
0,000}
0.0006
0.0001
0,065%7
0.0003

Pr > |ITH
¢ LSMEAN=0Q

0.0001
0.000)
0.000]
0.000]

0.7631
0.0022

0.00P3
0.5860
0.0114
0.1476
0.4121

HO: LSMEAN (3)=LSMEAN ()
1 2 1 ]

0.00%0
0.0001
0.0083

¢.0288
0.8921
0.¢002
0.0521

5

0.8000
0.0006
0.5860
0.0288

0.0386
0.0%16
0,779

6

0.0056
0.0001
0.0114
0,8921
0.0386

0.000)
0.0666

7

2851
0.06%7
0.1476
0.0002
06,0516
0,0003

0.028%

NOTE: To ensure overall protection level, only probabilities associated with pre-planned comparisons should be usaed.

MICROS

Thick
Thin
control
Screet
Exposed
Shaded
Exposed
Shaded

General Linecar Models P
Least Squares Means

Standard Errors and Probabilities calculated using the Type II1 MS for BLOCK®TREAT(LOCATIO) as

rocedure

TREAT AVEWATER Std Err Pr > ITH Pr > |T! HO: LSMEAN (1)=LSMEAN (j)
LSMEAN LSMEAN HO: LSMEAN=0 i7j 1 2 3 4
Blade 27.7617339 1.7235016 0.0001 1 . 0,.0103 ©.79%24 0.0093
Blade 19.8853156 1.7235%016 0.0001 2 0.0103 . 0.0062 0.0001
control 28.5312742 1.723501¢ 0.0001 3 0.75%% v.00¢E2 . G.01%4
control 35.7970003 1.7235016 0.0001 4 0.0093 0.0001 0.0154 .
Disc 29.9288025 1.7235016 0.0001 5 0.3979 0.0026 0.%81% 0.0293
Disc 35.4509747 1.7235016 0.0001 6 0.0116 0.0001 0.0194 0.g902
Ripper 24.7536614 1.7235016 G.0001 7 0.2484 0.0769 0.19%6€ 0.0014
Ripper 30.6382740 1.723%016 0.0001 8 0.268B2 0.0017 0.409%98 0.0634

5

0.39Y%9
0.0026
0.%815
0.0393

0.0496
0.0629
6.7768

an Error term

6

0.0116
0.0001
0.0194
0.8902
0.0496

0.0017
0.0798

?

0.2464
0.0769
0.1%%6
0,0014
0.0629
0.00)7

0.0390

NOTE: To ensure overall protection level, only probabilities associated with pre-planned comparisons should be used.

Means with
MICROSITE

Screef
Shaded
Shaded
Exposed
control
Thick
Exposed
Thin

the same letter are not significantly different,.

TREATMENT MEAN GROUPING
Control 35.80 A

Disc 35.45 A

Ripper 30.64 A

Disc 29.92

Control 28.53

Blading 27.76

Ripper 29.75 D
Blading 19.89 D

weww

nnno

121

]

0.26%7
0.000)
0.412

0.0%21
0.779%
0.06H8G
0.020%

]

0.2682
0.00317
0.4098
N.0634
0.7764
0.067%6
0.0390



