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OVERLAND FLOW AND SEDIMENT PRODUCTION

POTENTIALS IN LOGGED AND NONLOGGED

SITES OF A PONDEROSA PINE FOREST

IN NORTHEASTERN OREGON

INTRODUCTION

The economy of Northeastern Oregon is largely

dependent on crops, livestock, timber production and, to

some lesser extent, tourism. Current economic conditions

and limits of the regions natural resources necessitate

more efficient use of what is available to sustain

traditional industries. Development of tourism in the

region is dependent on maintenance and perhaps improvement

of scenic and wildlife attributes.

Multiple use of forest lands is one method of

increasing efficient use of our natural resources.

Integration of timber harvesting and use of understory

vegetation as forage for livestock production and wildlife

provides a means of generating a continuous income for both

private operators and government land managers.

Optimization of sustained yields requires a thorough

understanding of how the ecosystem functions. The response

of the ecosystem will determine the ultimate success or

failure of multiple use management.

This study consisted of two separate investigations

which were a part of a larger study of how the ecosystem
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will respond to logging and grazing treatments. It was

conducted in a Pinus ponderosa Laws./Svmphoricarpos albus

Laws. (Pipo/ Sval) community; a plant community type found

in north-eastern Oregon, eastern Washington, and adjacent

portions of Idaho (Franklin and Dyrness 1973). An

understanding of how water enters watershed storage is as

necessary as knowledge of basin size and stream length for

flood prediction and water supply (Ruud et al. 1978). The

purpose of these investigations was to increase our

knowledge of on site hydrologic and soil responses to

logging treatments and changes in the vegetation and soil

surface within this community type.

Hydrologic responses to management changes affect an

ever widening circle of economic and ecological systems.

Regionally as much as two-thirds of the water from the

Wallowa-Blue Mountains is used for irrigation (Dunford

1955). Local streams are also important habitat for a

large variety of fish and wildlife. These uses can be

adversely affected by sedimentation.

Streams and rivers in the western United States

originate predominately in the forested mountains.

Increased sediment loads often result from rangeland uses

which include livestock production, logging, and recreation

(Branson et al. 1981). Differentiation between normal and

accelerated sediment yields is difficult and it is

necessary to determine what can and what can not be
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controlled.

Productivity and vigor of vegetation is directly

related to the soil and water components of the ecosystem

(Dunne 1978). Vegetation, in turn, plays a significant

role in the development and maintenance of the soil by its

influence on weathering rates, protection from wind and

water erosion, and by recycling nutrients utilized by

microflora, microfauna, and burrowing animals (Lowdermilk

1934, Horton 1940, Bailey 1948, Copeland 1963, Cromack,

Swanson and Grier 1978). Recognition that many floods and

resultant soil losses are of accelerated proportions due to

the loss of plant cover and are controllable only to the

extent to which the deterioration can be reversed has long

been recognized (Forsling 1928, Bailey 1948).

Finally, an increase in our understanding of watershed

systems leads to the objectives of sound management

practices beneficially affect the quantity, quality, and

timing of water yield.
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LITERATURE REVIEW

General Discussion: Terms and Processes

There are several types of watershed runoff and

erosion studies. One type is the watershed study.

Measurements are made of precipitation input, stream flow,

and sediment output of a watershed to correlate the output

with the management of the watershed. A second type deals

with specific site processes within the watershed. Natural

precipitation or simulated rainfall is used to determine

site infiltration and sediment production characteristics.

Heede (1984) points out the former represents an

integration of all processes within the watershed and does

not provide insight to site specific processes whereas the

latter does not clearly define overland flow, infiltration,

and shallow subsurface flow processes. A discussion of

general hydrologic principles based on small plot and

watershed studies from a variety of regions follows. Small

plot studies will be cited in more specific discussions

directly related to the present study in sections entitled

"Natural Rainfall Event - Overland Flow Research" and

"Simulated Rainfall and Infiltrometer Research".

The theory of infiltration, that uplands receive large

amounts of water which then passes through soil and rock

strata to emerge at lower elevations as stream flow, was
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first explained by the Roman philosopher Vitruvius (Todd

1959). Moisture that reaches the ground in any system

encounters a filter of great importance that influences its

path to a stream channel (Dunne 1978). This filter is

dynamic and characterized by many physical and biological

processes, including rock weathering, soil formation,

soils, and biotic systems, all of which are influenced by

the impact of climate. The best management scenario for a

watershed is based on understanding these dynamic

processes, and being able to understand, see, describe, and

act on the ecological condition and trend. To do so

requires continued edaphic and plant ecology research

(Bailey 1945).

Soils are a major component regulating whether water

infiltrates or becomes overland flow. Important attributes

of soils are texture, structure, and depth (especially to

restrictive layers), porosity, and the percolation rate of

subsurface horizons. Bare soil has been significantly

correlated with runoff but not to sediment yields (Branson

and Owen 1970). Vegetation, the microfauna it supports,

the structural qualities it contributes to the soil, and

the protection from raindrop impact are significant factors

in controlling erosion (Pearse and Woolley 1938, Bailey

1945, Copeland 1963, Dyrness 1967, Meeuwig 1970, Currie and

Gary 1978, Dunne 1978, Rice and Furbish 1984, Blackburn,

Wood, and Dehaven 1986). Collectively, these factors
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determine the infiltration capabilities of a system.

Water that does not infiltrate becomes surface flow or

overland flow. Overland flow is distinct from surface flow

in that it runs over the surface until it enters a stream

whereas surface flow is in some manner interrupted in its

path to a stream and the source may or may not be

precipitation (Hewlett 1982, Heede 1984). Another term

often used to describe water that does not infiltrate is

runoff, which better describes the sum of overland flow,

surface flow, subsurface flow, and streamflow. An example

of this is research conducted by Dunne and Black (1970) in

which runoff from small plots was measured at the ground

surface, the base of the root zone, and in the zone of

perennial groundwater seepage. For the sake of continuity

I have followed Heede's lead and used the term overland

flow in the following discussion with the acknowledgement

that in most plot studies it is not determinable whether or

not surface flow would have continued on to a channel.

Overland flow may result from a variety of processes.

Some of the factors controlling these processes are degree

of soil water saturation, frozen surfaces, and sealing of

the surface layer due to pore plugging. Air may be trapped

and prevent infiltration (Suhr, Jarrett, and Hoover 1984).

The water table may intersect the ground surface,

generating overland flow on small areas of a hillside

(Dunne and Black 1970). Hewlett (1972) identified two
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important factors influencing hydrologic response as the

depth of the solid mantle and soil profile morphology.

Overland flow is most common in arid and semi-arid lands,

and relatively common in humid areas where the original

vegetation and soil structure have been destroyed (Dunne

1978).

Overland flow as the result of frozen soils accounted

for one half of the stream flow during the snowmelt period

in Vermont in 1967 (Dunne and Black 1971). Much of the

flooding and damage caused by flooding in the Pacific

Northwest and Intermountain areas is the result of rainfall

and snowmelt on frozen ground following extended periods of

subfreezing temperatures (Cooley and Robertson 1983).

These processes occur during fall or early winter storms in

the Northwest (Brown and Hickman 1980) and were considered

the major factors in the 1964 Christmas flood on Catherine

Creek in Oregon (USDC 1965, USGS 1965). Duley (1939)

showed on agricultural land bare soils form a thin compact

layer at the surface and that this layer has a greater

effect on infiltration than soil type, slope, moisture

content, or profile characteristics.

Vegetation and microtopography are important factors

in determining overland flow if the soil is frozen (Colbeck

1978). Snowmelt rates are generally lower than most flood

producing rainfall intensities and overland flow as a

result of snowmelt is unlikely unless infiltration
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capacities are reduced because of soil frost (Dunne 1983),

or where soils become locally saturated. Water movement

through snow results from gravitational forces and is

vertical, unless it encounters a layer of ice or frost.

Infiltration of snowmelt water is controlled by layers of

ice in the snow, and ice particles in the soil surface

pores (Colbeck 1978, Kane 1980). Rainfall on concrete

frost results in zero infiltration rates (Trimble et al.

1958). In a study done in the White Mountains of Arizona

concrete frost was found to occur in the open grasslands

but not in the forested areas (Mace 1968). The author

reported that granular frost formed in the forest and

appeared to increase the rate of infiltration and soil

moisture recharge. The formation of an ice rich zone near

the ground surface in wetter soils has been described (Kane

1980). This zone was particularly important in seasonally

frozen soils. Soils that were wet at the onset of freezing

increased in soil moisture content, formed an ice rich zone

in the surface layer of soil, and ultimately reduced

infiltration and saturated hydraulic conductivity. Cooley

and Robertson (1983) found if the upper 23.0 cm of soil

contained greater than 8.0 cm of soil water and the

temperature stayed below zero celsius for eight days or

more, then storage time of rainfall was less than 13% of

thawed conditions. The effects of frost on runoff/

infiltration are generally not well known, and until they
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are snowmelt models are weak (Dunne 1983). Because the

pathway of water through snow is not well understood,

sample plots should be as large as possible to determine

the termination point of snow melt (Kattelmann 1984).

Soil erosion results from the kinetic energy of water,

wind, or ice movement across the soil surface and

detachment of soil particles. Sediment yield is defined as

the quantity of soil material transported away from a site

and measured some distance from where the soil originated

(Copeland 1963, Dyrness 1967). Sediment yields may or may

not equal the amount of erosion on a watershed (Copeland

1963). In some instances geomorphic parameters such as

angle of tributary junctions, mean slope, drainage density,

relief ratio, basin length-width ratio, and watershed area

have been more highly correlated with sediment yields than

with runoff (Kirkby and Chorley 1967, Branson and Owen

1970). From a modeled sediment budget for a small

catchment the average residence time of soil on hillsides

has been estimated to be 20,000 yrs (Dietrich and Dunne

1978). Changes in soil composition and loss of vegetation

and litter due to controlled burns or wild fires are often

followed by increased rates of surface erosion (Dyrness

1967). Sheet erosion in the absence of overland flow under

these circumstances has been attributed splash erosion of

exposed soil (Sartz 1953).
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Forest Hydrological Systems

Infiltration rates in forests are high because

vegetation disperses the energy of rain drops and protects

the soil from being packed or dislodged, and because the

supply of humus and activity of microfauna creates an open

soil structure (Dunne 1978). Precipitation that is

intercepted by the tree canopy may evaporate, become stem

flow, or throughfall. Throughfall occurs at drip points

that produce ponding and overland flow (Zinke 1967, Bonell

et al. 1984). Height and density of forest stands affect

wind patterns and thus evaporation rates and snow

distribution under the canopy. These factors ultimately

have an effect on soil moisture and response to

infiltration rates. The role vegetation plays in

dispersing the energy from rain-drops has been demonstrated

with measurements following a forest fire (Sartz 1953).

The forest floor acts as both soil cover and a water

storage component. Ground cover and debris have been

reported to be more important than tall trees in the

control of erosion (Sreenivas et al. 1947). A pondersosa

pine forest floor with accumulated needles and other

biomass will hold up to 2 cm of water (Clary, and Ffolliott

1969). Due in large part to understory vegetation and

accumulated humus overland flow does not generally occur in

forest watersheds (Hewlett and Hibbert 1967).
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Subsurface stormflow accounts for most of the water

running into stream channels from forested watersheds

(Hewlett 1969, Freeze 1972). Successively deeper layers of

soil are wetted by waves of moisture and subsurface flow

occurs (Dunne 1978). Once the lower layers of soil are

saturated, water is transmitted at a steady rate under a

given rainfall intensity. Macropores, dead and hollow

roots, and rodent burrows which provide the pathways for

this flow are dependent on the dynamics of the forest

ecosystem and change with time. Subsurface flow accounted

for 75 to 937. of the stormflow volumes over a wide range of

antecedent soil moisture conditions on a forested watershed

in Pennsylvania (Corbett 1979).

Logging Effects On Forest Hydrology

The effects of logging on the hydrology and soil

stability of a watershed can be numerous. Road building,

tree falling and removal, and slash burning compact the

soil, remove protective cover, and can lead to accelerated

erosion (Dyrness 1967, Dunne 1978). Overland flow on skid

trails in forests with deep permeable soils is one

consequence of logging (Dunne 1978, Helvey and Fowler

1979). An increase in the harvest method intensity will,

in general, cause a greater increase in stormflow (Swindel

et al. 1983).
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The method of harvesting is crucial to the amount of

soil disturbance that occurs. The amount of soil exposed

by skidder logging was compared to the number of trees

removed from a ponderosa pine forest and to the method of

tree selection for cutting (Haupt 1960). As the number of

trees removed per hectare (ha) increased from 58 to 251,

the area of disturbance increased from 0.5 to 1.8 ha in a

stand where trees were individually selected and from 0.5

to 1.3 ha in an area where trees were group selected. The

area of disturbance also increased with a decrease in tree

density and a corresponding decrease in repeat use of skid

trails and haul roads. A quantitative study of soil loss

from a 277 m long skid trail measured 5.10 mo of soil

washed the year following logging (Heede 1960). This study

also reported that in 1 x 3 m plots on bare mineral soil a

total of 3.63 metric tons per hectare (t/ha) per year was

lost. Research has shown that geologic erosion for

vegetated areas on subartic forest slopes is 0.02 t/ha.

Removal of trees alone did not increase this rate

significantly (Aldrich and Slaughter 1983). The variables

of slope, extent of bare soil, and soil texture were

examined to determine the source of storm flow and sediment

production following skidder logging. No single variable

or combination of variables accounted for more than 25% of

the stormflow and less than 25% of sediment production

(Dickerson 1975).
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Buckhouse and Gaither (1982) reported sediment

production of 183 kg/ha from an undisturbed ponderosa pine

(Pinus ponderosa) forest. Although it is difficult to

compare, Rothacher et al. (1967) seldom measured suspended

sediments greater than 200 ppm and concentrations only

exceeded 10 ppm from 1 to 2% of the time for storms

exceeding 135 ft /sec /mil from an undisturbed Douglas-fir

(Pseudotsuqa menziesii (Mirb.) Franco ) forest.

Sites that have permeable layers overlying an

impermeable layer are sensitive to management activities

because of the potential to produce rapid subsurface flow

on the upper slopes and overland flow near stream channels

(Beasley 1976).

Water yield increases have been reported in several

studies where ponderosa pine forests have been cut (Baker

1986). This may be the result of decreased evapo-

transpiration or a combination of increased overland and

subsurface flow.

There have been a number of studies conducted in

western Oregon to determine the influence of logging

equipment on soil characteristics (Dyrness 1965, Johnson

and Beschta 1980, Sidle and Drlica 1981). Bulk density

changes due to logging in central and eastern Oregon

forests have been examined (Froehlich 1979, Snider and

Miller 1985). Froehlich (1979) reported significant

differences in soil bulk density between skid trails and
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undisturbed soil 16 years after the logging in a ponderosa

pine forest. Besides the possible effect increased bulk

density may have on infiltration rates, it also inhibits

tree growth (Froehlich 1979). In a mixed fir forest Snider

and Miller (1985) reported no differences 6 years after

logging in bulk density between logged and control areas.

The need for grass seeding to prevent soil erosion

following logging in eastern and central Oregon was

examined in a grand fir (Abies cirandis Lindl.)/forb

community type (Helvey and Fowler 1979). They found no

conclusive evidence that seeded sites had less erosion than

sites not seeded. Soil surface heights, vertical

displacement, variability between plots and between

treatments were measured. The variability between plots

within treatments was greater than between treatments. The

maximum downslope soil movement measured over a 20 month

period was 240 cm.

An increase in soil elevation as a result of

aggregation of organic material was reported in a ponderosa

pine/bunchgrass community in central Colorado (Currie and

Gary 1978). This occurred after winter logging followed by

35-years of grazing. The average increase in profile

elevation for the logged area was 1.5 cm, only 0.4 cm more

than in the nonlogged control. The soils in this study

were sandy loam or sandy clay loam with low fertility and

moderate amounts of organic matter, porous when wet and
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very hard when dry, and rated highly erodible when plant

cover, litter, and humus are removed or damaged (Currie and

Gary 1978).

The most recent statement on the effect of logging on

forest hydrology comes from Heede (1987; p. 206) who states

that " ...overland flow and sediment delivery from forest

watersheds are negligible, unless impacted by unplanned or

poorly managed harvest operation".

Natural Rainfall Event - Overland Flow Research

Forest overland flow research has been conducted in a

wide range geographic regions. Although much of this

information is not directly applicable to management

decisions in the ponderosa pine forests of northeastern

Oregon they are interesting for comparison purposes. A

review of findings from research conducted in semi-arid anq

arid ecosystems to measure natural events will be

presented.

A five year study of plots was conducted in a pinyon-

juniper (Pinus edulis Torr.- Juniperus osteosperma Torr.)

communities near Minersville (Milford site) and Blanding,

Utah (Gifford 1973). The soil texture varied from sandy

loam to loam, with bare soil composing from 30% to 60% of

the area. Treatments evaluated were chained-with-debris-

windrowed, chained-with-debris-in-place, and natural
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woodland. In the natural woodland plots, overland flow

only occurred in two out of five years of the research. At

the Milford sites only four storms produced surface flow:

Storm
Size (cm)

Overland
Flow (cm)

Percent Sediment
of Rainfall Yield (kg)

4.19 1.96 47% No record
1.52 0.30 20% No record
1.78 0.05 3% No record
3.73 0.18 5% 0.5

(Gifford 1973)

At the Blanding sites seven storms occurred which produced
overland flow during the same period:

Storm
Size (cm)

Surface
Flow (cm)

Percent
of Rainfall

Sediment
Yield (kg)

1.14 0.05 4% 0.0
1.14 0.08 7% 0.0
3.68 1.07 29% 26.6
3.23 0.13 4% 0.8
2.06 0.30 15% No record
2.54 0.38 15% 8.4
1.90 0.41 22% No record

(Gifford 1973)

The larger overland flow events were attributed to

large storms which followed a period of lesser storms which

pre-moistened the soil (Gifford 1973).

A four year study. pear Flagstaff Arizona studied

overland flow and sediment delivery in a ponderosa pine

forest (Heede 1984). The soil texture was cobbly

montmorillonite clay loam. Study site slopes ranged from 7%

to 27%, with all but one of the slopes greater than 18%.

Annual precipitation varied from 5.40 cm to 11.00 cm during

the four years of the study. The site was logged 42 years
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previous to the study. Plot boundaries were defined by

topographic characteristics thus area was variable.

Overland flow and soil erosion were measured where roads or

erosion pavements were included in subdrainages. Where

undisturbed forest floor lay between the source areas of

overland flow and the collectors significantly less

overland flow was measured, indicating that the undisturbed

site had higher infiltration rates and plots of undisturbed

forest floor registered extremely small amounts of overland

flow. From June to October the plots produced an average

overland flow of 0.02 cm and 0.99 kg/ha sediment and from

November to May 0.20 cm overland flow and 0.53 kg/ha

sediment. The increased overland flow and soil erosion in

the winter months was attributed to snow melt on frozen

surfaces (Heede 1984).

These studies both show a large amount of variability

in the amount of overland flow and soil erosion that may

occur as the result of natural storm events. In a

subsequent Arizona study Heede (1987) found much the same

results from subdrainage channels that had been calibrated.

Factors such as soil texture, ground cover condition,

percent of overstory cover, type of disturbance, or slope

had no apparent relationship to the variability. The

author suggested that climatic factors such precipitation

distribution, antecedent sail moisture, and differences in

shading during snowmelt may be the controlling factors.
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Two small plot studies relying on natural precipita-

tion events that were conducted outside of the arid and

semi-arid geographic scope of this discussion but the

reader may find interesting were in Alaska (Aldrich and

Slaughter 1983) and in Germany (Heede 1960). The only

research of this kind that has been conducted in north-

eastern Oregon was conducted in tilled fields by the

Agricultural Research Service at Pendleton (Zuzel et al.

1982)

Simulated Rainfall and Infiltrometer Research

The literature for simulated rainfall research is

extensive (Buckhouse and Gaither 1981, Branson et al. 1981)

and has been conducted over a wide range of geographic

regions. A sample of this literature from studies

conducted in semi-arid and arid ecosystems will be

discussed. Because of the wide range of plant communities

and the manner in which this research is conducted a

summary is given (Table 1).

One of the earliest infiltration studies was conducted

in the National Forest land of the Boise River watershed in

southwestern Idaho (Pearse and Woolley 1938). A comparison

was made between plots with vegetation removed, plots with

fibrous-rooted species, plots with tap-rooted species, and

plots with a combination of both. There was a close



Table 1. Summary of Referenced Research Studies

Idaho

Pearse & Hooley 1938

Plot
Size ma

Rainfall
(cmdehr)

0.09

Packer 1951 0.56 9.11

Oevaurs & Gifford 1981 0.37 6.35
12.70

Johnson, Savabi, & Loonis 1981 32.50 6.00

Johnson & Gordon 1986 0.81 12.70
0.95

Johnson & Gordon 1986 32.50 12.70

Johnson & Blackburn 1987 32.50 6.35

Utah

Williams, Gifford, & Coltharp 1972 0.25 7.62

Blackburn & Skau 1971 0.81 7.62

Lyons & Gifford 1980 0.05 8.20

Hart 1981 10.11 2.80
5.59

Nevada

Blackburn 1975 0.81 7.62

Oregon

Buckhouse & Gaither 1982 10.00 0.23

Gaither & Buckhouse 1983 10.00 0.23

Swanson & Buckhouse 1986 12.60 0.23

Slope Soil Texture Infil. Erosion Community Type
CO Class (cm\hr) (kg/ha)

sandy loan 5 to 12 Forb, Grass

33 to 66 granite derived 3 to 9 0 to 616 Grass

3 to 6 --- 2 to 20 Shrub, Forb, Grass

3 to 9 fine clay <1 to 8 1 to 30,370 Shrub, Forb, Grass

6 clayey skeletal 1 to 11 1 to 2,013 Shrub, Forb, Grass

3 to 50 granite, basalt,
rhyolite derived

10 to 680 Shrub, Forb, Grass

6 to 10 loamy & 4 to 12 0 to 9,051 Shrub, Forb, Grass
sandy loan

Pinyon-Juniper

Various slopes and soils 2 to 7 1 to 271 Various types sampled

sandy loam 2 to 5 1,217 to Pinyon-Juniper
I silt loan 5,260

10 to 32 silt loan 2 to 3 10 to 10,790 Shrub, Grass
2 to 5 20 to 29,100

Various slopes and soils 2 to 7 1 to 113 Various types sampled

Various slopes and soils 15 to 1572 Various types sampled

Various slopes and soils 6 to 9 Various types sampled

Various slopes and soils 3 to 12 Shrub, Grass
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relationship between infiltration rates and the presence

and type of plant cover. Infiltration rates in plots with

fibrous rooted plants, tap-rooted plants, and a combination

were 127%, 527., and 71%, respectively, faster than plots

without cover. Thus, in this early study findings were

produced to support the hypothesis that plant cover

provides protection from erosion and aids in the

conservation of water for plant growth (Pearse and Woolley

1938).

Packer (1951) conducted research in the upper drainage

basins of the Boise, Payette, and Salmon Rivers in south-

central Idaho. Infiltrometer runs were made on both

clipped and nonclipped plots. Splash erosion moved soil

particles up to 0.60 meters. Cover density in communities

examined was the most significant factor related to soil

erosion. Overland flow was related to root abundance, soil

depth, and lack of ground cover while erosion was related

to ground cover density and soil depth in bluebunch and

wheatgrass communities. Erosion pavement, soil depth, root

abundance, and lack of ground cover were related to

overland flow. Characteristics related to erosion were

ground cover density, root abundance, and soil depth in the

cheatgrass sites. Litter was about as effective in

controlling overland flow and erosion on the clipped plots

as was litter and plant cover on the nonclipped plots.

Slope gradient was not a factor in overland flow or
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erosion. Overland flow occurred as sheet flow with no

noticeable concentration of runoff or rilling. Ground

cover density and maximum bare opening were the site

characteristics which exerted the most dominate influence

on overland flow and erosion in both communities. Overland

flow and erosion were at a minimum when ground cover was

90% or greater and bare ground was less than 25 cm2 (Packer

1951).

The variability within larger infiltrometer plots was

studied in the Reynolds Creek Watershed (Devaurs and

Gifford 1984). A rainfall simulator was used to collect

data on overland flow from small the plots located within

32.5 m2 plot boundaries. Infiltration rates and soil

physical properties varied significantly on what were

considered homogeneous sites. Overland flow varied from

none to considerable in the subplots. The investigators

examined vegetation, antecedent moisture, bulk density,

soil texture, and organic matter to determine causation of

this response and concluded that these parameters alone or

grouped could not explain the variation. Their final

conclusion was that inherent variability must be examined

if individual parameters were to be used to describe larger

areas (Devaurs and Gifford 1984).

Little or no overland flow has also been reported on

non-grazed plots with slopes ranging from 3 to 9% in the

Reynolds Creek watershed (Johnson, Savabi, and Loomis
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1984). Overland flow varied from 0 to 9% of the simulated

rain applied and produced from 0.01 t/ha (splash erosion)

to 0.03 t/ha soil erosion. Less erosion was measured in

plots with the greatest slopes. Ponding was observed on

the plots that had little or no overland flow. Johnson and

Gordon (1986) measured from 0.01 to 0.12 t/ha erosion yield

from sites that had been protected for 10 years. Similar

results came from two plots examined with a treatment in

which all vegetation had been clipped and removed. Some of

the clipped plots, however, did have overland flow - up to

50% of the applied rain with 3.47 t/ha soil yielded

(Johnson, Savabi, and Loomis 1984).

The most recent research done in southwest Idaho was

also conducted in the Reynolds Creek watershed (Johnson and

Blackburn 1987). There were no significant differences

between control- and clipped-plots in overland flow and

soil erosion for dry- and subsequent-wet runs. With the

application of a third run both responses were 18% greater.

Bare plots yielded three times the overland flow than the

control or clipped plots for both dry and wet runs, but had

less than twice as much for the very wet runs. Mean soil

losses were similar in the control and clipped plots. Bare

plots produced roughly 20 times more soil loss than the

control or clipped plots. All plots produced from two to

three times more sediment from the very wet runs than from

dry or wet runs. The investigators concluded that this was
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the result of high intensity simulated rain. A summary of

their data is presented below:

Treatment
Dry run Wet run Very wet run

Rain Runoff Soil
(cm) (cm) (t/ha)

Control

Rain Runoff Soil
(cm) (cm) (t/ha)

Rain Runoff Soil
(cm) (cm) (t/ha)

5.95 0.58 0.12 3.02 0.49 0.11 4.59 1.57 0.52
Clipped

5.74 0.56 0.16 3.11 0.46 0.06 4.71 1.86 0.37
Bare

5.79 1.87 2.57 3.04 1.22 2.00 4.68 2.93 6.09

(Johnson and Blackburn 1987)

The importance of cover, soil texture, antecedent soil

moisture, and the percent and distribution of rocks in the

upper soil profile have been described for pinyon-juniper

and single leaf/Utah juniper communities in Utah (Gifford

and Skau 1967, Williams, Gifford, Coltharp 1972, Blackburn

and Skau 1974).

In other research done in two Utah pinyon-juniper

communities infiltration rates were measured at 7.6 cm

incremental surface soil depths (Lyons and Gifford 1980).

Neither site showed any significant difference in

infiltration capacity in the upper 15.3 cm of the soil and

differences below that where attributed to a calcareous

hardpan. The investigators also found no significant

differences for potential soil erosion between the two soil

types or between depths at individual sites (Lyons and

Gifford 1980).

Paired infiltrometer runs were conducted in the

Wasatch Mountains in Utah (Hart 1984). On plots devoid of
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vegetation 237. of the simulated rain became overland flow

and produced 10.79 t/ha erosion yield. On the control

plots a 0.66% of the rain applied became overland flow and

produced 0.01 t/ha erosion yield (Hart 1984).

Infiltration rates and sediment production were

studied for a wide range of plant communities in central

and eastern Nevada (Blackburn 1975). The investigator

found that infiltration rates and sediment production in

the various plant communities were controlled by the extent

and surface morphology of dune interspace soils. Vesicular

soil horizons are common in this region. They are believed

to form as the result of air bubbles forming in saturated

soil which hardens in the vesicular structure as the soil

drys. When wet they become instable and break down leading

to decreased infiltration rates and increased soil erosion

(Blackburn 1975). This is supported by research conducted

in various sage/steppe communities (Artemisia sp Laws.) in

central and eastern Oregon (Swanson and Buckhouse 1986).

In this later study other factors that were significantly

correlated with infiltration rates were the combination of

organic ground cover and medium and coarse sands, percent

bare ground, and composition of fines in the soil texture.

In the Blue Mountains in northeastern Oregon,

infiltration rates and saturated hydraulic conductivity

rates where examined after logging (Snider and Miller

1985). This research was conducted in a mixed conifer-
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pinegrass community (Pinus ponderosa Laws. Abies arandis

(Dougl.) Lindl., Pseudotsupa menziesii (Mirb.) Franco/

Calamaarostis rubescens Buckl., Carex oeyeri Boott, Arnica

cordifolia Hook.). The investigators reported that both

the infiltration rates and hydraulic conductivity in both

the disturbed and control areas were high in relation to

the projected storm intensities for the region (Snider and

Miller 1985). Buckhouse and Gaither (1982) and Gaither and

Buckhouse (1983) reported infiltration rates of 6.0 cm/hr

and a potential soil loss of 183 kg/ha soil yield was for

ponderosa pine forests in the Blue Mountains.

A number of general conclusions can be drawn from

these studies. The components that most influence

infiltration, overland flow, and soil erosion are ground

cover, antecedent soil moisture, accumulated organic

matter, and soil depth and structure. This is irrespective

of geographic area or plant community type. Slope is not

always a significant factor in controlling these processes

(Blackburn 1975, Heede 1984, Johnson and Gordon 1986).

Response variability in watersheds and within research

plots is the rule rather than the exception due the

heterogeneity of natural systems.
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THE STUDY AREA

The research site was on the Hall Ranch, a part of the

Eastern Oregon Agricultural Research Center (EOARC) -

Union, Oregon (Figure 1). The Hall Ranch is approximately

19 km southeast of Union, in the southern foothills of the

Wallowa Mountains. Geographic location of the research

site was longitude 117°53' W. and latitude 45° 12' N., SE/4

SW/4 of section 7 and NE/4 NW' /4 of section 18, Township 5 S.,

Range 41 E. The elevation at the site was 1060 meters.

The Hall Ranch was homesteaded from early in the

1900's until 1936. At that time EOARC leased the property

and used it for summer range for the station's sheep and

cattle. The property was purchased by the Research Center

in 1941. A formal range survey by the Soil Conservation

Service initiated in 1956 gave the ranch a poor range

condition rating. A second survey some twenty years later

indicated the range condition was improving, likely due to

changes in grazing management.

Livestock and forest management studies have been

conducted on the Hall Ranch since the middle 1950's.

Grazing research has been conducted with respect to

logging, forage production, and riparian area studies

(Krueger and Vavra 1986).

The climate is a dry mid-latitude climate -semiarid

group, which is controlled by tropical and polar air masses
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Fig. 1. The Hall Ranch, location of research site.
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(Strahler and Strahler 1983). The nearest large body of

water is the Pacific Ocean, approximately 500 km to the

west, the effects of which are ameliorated by a combination

of distance and the Cascade and Blue mountain ranges.

Pressure systems further influence the climate and vary

from winter to summer. During the winter a low pressure

system dominates the northern Pacific ocean with a high

pressure system sitting off the coast just south of 40°

latitude. This high extends up into the north Pacific and

Gulf of Alaska during the summer. Westerlies are the

dominate winds with lesser influences by polar outbreaks.

Based on monthly maximum and minimum records from 1963 to

1987 the average annual air temperature at the research

site was 7.7 °C; three months of the year the mean

temperature is below freezing and only July is typically

frost free (Figure 2). Annual potential evaporation ranges

from 65 cm to 70 cm (Strahler and Strahler 1983).

Storms move into the area predominately from the west/

southwest, and in lesser frequency from the north/north-

west, south and east. Those coming out of the west/south-

west are marine warm fronts and expend most of their

moisture while crossing the Cascades and Blue Mountains.

Storms out of the north-northwest develop in the Gulf of

Alaska. Storms out of the east and north are the result of

arctic or continental polar air masses and are dry and

extremely cold. Late summer and early fall storms may be
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30

either convectional or frontal. The average annual

precipitation from 1963 to 1987 was 60.50 cm. Average

precipitation intensity for the preceding 18 months has

been 0.32 cm/6 hr period with a maximum of 1.65 cm/6 hr

period. Average monthly snow depth is 23.2 cm from October

through March (appendix A, Table 1, pg. 93).

The site is located on a east slope and thus is

somewhat protected from strong west winds. The immediate

topography has little apparent orographic effect on rain

storms resulting from warm wet fronts from the southwest or

west. Cold winter storms from the north move unimpeded up

the Catherine Creek drainage.

The plant community of the study area is a Pinus

ponderosa Laws./Symphoricarpos albus Laws. community type

common in northeastern Oregon, eastern Washington, and

adjacent portions of Idaho (Franklin and Dyrness 1973).

The soil on the study site is an inclusion of the Tolo

series found within the 19E-Hall Ranch stony loam,

occurring on 2 to 35% slopes (Dyksterhuis and High 1984).

Descriptions of two soil profiles are given in appendix A,

Table 2, pg. 94. The Tolo series is classified as a medial

over loamy, mixed, frigid Typic Vitrandepts. A random

sampling of slope measurements across the site showed the

gradient varies from 4 to 38% (appendix A, Table 3, pg.

95).
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WATERSHED PLOT DESIGN

The watershed plot design was a scaled down simplified

version of plots used by the Agricultural Research Service

(ARS) at Pendleton, Oregon for overland flow and sediment

studies conducted on cultivated fields (Mutchler 1963,

Zuzel et al. 1982). A plot size of 5 In° (1 x 5 m) was used

(Figure 3). Within this area all understory vegetation

species were represented. This size of plot also insured

availability of a large number of plot locations. A

shorter plot length was not in order to insure adequate

distance for generation of overland flow.

/4-1. III --I/
5 cm

"-Soil Surface

Slope
) Contour

*---------Soil Interface

4-----,ollection I rough

3 m
4-110 cm PCY Pipe

tr-- 75 liter Garbage Can

13 liter Bucket

Fig. 3. Watershed plot design.
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Constant area and slope were maintained by using a

3/16ths inch steel round-bar template. It was placed on

the hillside and the slope within it was measured with a

clinometer. Position of the plot was determined by moving

the template until both the top and bottom were level with

the contour of the hillside.

Each plot was delineated from the rest of the hillside

by borders constructed with preservative treated 2.5 x 10.2

cm (1 x 4 inch) fir and larch boards. These were buried

approximately 5 cm below the surface of the soil, with

approximately 5 cm left above the surface. The boards were

held in place on the inside of the plot by a straight cut

face in the soil. This cut face and space for the board

was made by using a 1 m x 15 cm piece of 4.8 mm flat steel

with a sharpened edge and used as a knife to make two

parallel cuts approximately 2.5 cm apart in the earth. A

hook-knife device made from a 2.5 cm wide piece of steel

was used to cut off any roots in between the cuts and lift

the soil out. This produced a relatively straight and

undisturbed face against which to place the boards.

Surveyor stakes driven into the ground held the boards in

place. Excess soil from excavations for the collection

trough, pipe, and garbage can was tamped in as back-fill

behind the board on the outside of the plot to insure

stability and prevent formation of a channel for water to

flow.
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At the bottom of each plot a soil interface was driven

into the ground (Figure 4). The interface was constructed

from 14 gauge sheet metal and resembled a three dimensional

"H" placed on the ground. The horizontal arm follows the

contour of the hillside and the vertical arms are

positioned perpendicularly to the contour.

A sledge hammer and a wooden platform were used to

drive the interface into the soil until the horizontal arm

was an average 5 cm below the surface of the soil and

level. To further facilitate this process the leading edge

Fig. 4. Soil interface design.
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of the interface was sharpened so as to cut through the

soil instead of pushing into it.

Beneath the interface was a 1 m length of metal storm

gutter used for a collection trough and supported by a box

constructed with treated 2.5 x 10.2 cm boards. The box was

constructed so that when it was placed under the interface

the gutter had a 2.5% slope along the contour of the

hillside.

A cover constructed of treated 2.5 x 30.5 cm (1 x 12

inch) boards prevented the trough from directly

intercepting rainfall. The space between the cover and the

soil above the inter-face was about 5 cm. Hardware cloth

with a 0.64 cm ('4 inch) mesh covered this opening to

prevent the gutter from filling with pine needles and grass

and to discourage curious rodents.

The trough emptied into a 10 cm (4 inch) diameter

polyvinyl chloride (PVC) storm drain pipe which extended

down hill 3 m to a 75 liter garbage can. The end of this

pipe was also covered with 0.64 cm mesh hardware cloth to

prevent any rodents which found their way into the trough

from going down to the end of the pipe and falling into and

drowning in the bucket. The PVC pipe and garbage can were

buried for protection and to insulate samples against

freezing temperatures. In the garbage can was a 19 liter

plastic bucket. The bucket could easily be removed to

measure the overland flow. The gutter, PVC pipe, and
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garbage can were all protected from elk and cattle

trampling by a three strand barbed-wire fence.

A 1.25 m length of PVC pipe with a cap glued onto the

end of it was wired on a fence post to collect rainfall at

the plot. Each collection bucket and rain gage were

charged with anti-freeze and mineral oil to prevent

freezing or evaporation.
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EXPERIMENT I

Introduction

Watershed plot studies in forest and rangelands

typically utilize simulated rainfall. There has been

little research of natural events in these systems. Dunne

and Black (1970) looked at large areas of a hillside in

northeastern Vermont. Gifford (1973) conducted research in

the pinyon-juniper communities of Utah using large

watershed plots. The only small plot research in ponderosa

pine forests has been conducted by Heede (1984, 1987) in

Arizona. He was able to use plots defined by natural

topography in the early study and expanded the second to

include small subdrainages. There has not been any similar

research conducted in the ponderosa pine forests of the

northwest.

The general consensus has been that overland flow does

not occur in undisturbed forest systems. This may change

if the forest understory vegetation and soils are severely

disturbed. The purpose of this research was to determine

if overland flow occurs in a Pipo/Syal vegetation community

type in northeastern Oregon. Hypotheses were designed to

test if overland flow and sediment production differ

significantly between a nonlogged site and a logged site.
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Trees were selectively removed leaving a density of

one stem per 68 me. This was done during the winter of

1986 while snow covered the ground. Before removal the

trees were limbed and cut to commercial saw log length; all

limbs were left on site and the tree tops were removed and

piled outside of the treatment area. Smaller, excess trees

were felled in July and August 1986 and left in place.

Watershed Plot Location

The locations of the watershed plots were chosen

subjectively and based on the constraints that each have

the same percentage slope (20±2.5%) and in groups of three

to meet the requirements of a future study. Further

constraints on watershed plot location were necessary to

avoid disturbance of other research projects and to prevent

inclusion of slash piles, rock outcroppings, and trees.

Microtopographic aspect was dependent on space available

with the desired slope.
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Experimental Design

The purpose of this experiment was to determine if

differences in overland flow and sediment production exist

between logged and nonlogged sites in a Pipo/Sval

community. The study site was 5 ha in size, half of which

was logged per prescription and the other half was left

nonlogged to serve as the control. During August, 1986

thirty watershed plots were installed: 15 in the logged and

15 in the nonlogged sites. All installation traffic was

outside of the plots and disturbance due to border

installation was limited to 1 cm within the plot. The

plots were 1 x 5 m, with a collection trough at the bottom

which carried overland flow into a collection bucket. A 1

m length, 10 cm diameter plastic pipe was located at each

plot to measure precipitation. Mineral oil to prevent

evaporation and ethyl alcohol to prevent freezing were

placed in the collection buckets and rain gages. The

purposes of these plots were to measure precipitation,

overland flow, and sediment production that resulted from

natural weather events.

Data Collection

Overland flow measurements began in September, one

month after final installation of plots, were made on
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November 15, 1986, and at the beginning of each month from

January through May, 1987. Additional measurements were

made from June 16 and then after every storm through the

summer until the end of September. Thereafter, monthly

measurements where recorded until December, 1987. From

September, 1986 through July 3, 1987 overland flow

measurements were made with a meter stick graduated into

0.1 cm increments. Depth of water in collection buckets

was recorded to the nearest 0.05 cm. After July 3, 1987

all overland flow accumulation was drawn out from under the

mineral oil with a syringe and measured in a graduated

cylinder.

Samples of overland flow were collected in January,

July, and thereafter following each storm to determine

sediment accumulation. The sample size was dependent on

the amount of overland flow collected. A '4 liter sample

was saved from plots where sufficient overland flow had

.collected. Often the volume collected was only several

milliliters, in which case all of it was saved.

Sediment samples were filtered with a Buchner funnel

through Whatman 1 Qualitative 11 pm crystalline retention

size filter paper. The paper and residue were washed with

acetate to wash off residual mineral oil and facilitate

drying. Twenty papers were weighed, wetted with mineral

oil and antifreeze, washed with acetate, and reweighed to

determine the effectiveness of this wash process and a
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correction factor was determined to account for residual

mineral oil. Filter papers were weighed prior to and after

filtering and the weight difference calculated. The

difference was adjusted by a correction factor to account

for residual oil on the sample and paper.

Descriptive Measurements

Descriptive measurements were made for the purposes of

describing the research site area in a manner that would

facilitate predictions for similar areas and to offer

insight into the acceptance or rejection of the null

hypothesis.

A permanent weather station, in place since 1963 and

consisting of a standard nonrecording rain gage and

maximum/minimum thermometers, was located within 50 m of

the research site. Two recording gages were placed at the

same site during the research period. Each ran thirty day

charts with 6 hour increments and were changed at or near

the first of each month when the weather station was

serviced by an experiment station employee. Plot gages

were measured at the same time as overland flow catch

buckets. Measurements were made with a meter stick

graduated into 0.1 cm increments and recorded to the

nearest 0.05 cm. These data were compared to data from the

weighing gages and the weather station gage for the water
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year 1986 and for the period of this research. Weather

station precipitation records since 1963 from the Union

Agricultural Research Center and the Hall Ranch were

compared to help in establishing precipitation rate and

frequency of return for major storms. The rate and

frequency recorded by the recording gages at the site and

at Union were compared for the period of this research.

A clinometer was used to measure slope and aspect at

each plot.

Canopy cover over the center of each plot was

photographed in October, 1987 using a 35 mm camera with a

fish eye lens (Lakso 1976, Jones and Campbell 1979).

Canopy cover and potential annual diffuse radiation were

calculated by computing the proportions of clear sky and

canopy above the point location of each photograph (Chan et

al. 1986).

Soil bulk density was measured during the second field

season. The samples were collected from the top-center of

each plot at 10 cm and 45 cm depths using a slide hammer

bulk density core sampler. Known volumes from each depth

were then oven dried and weighed. Ten penetrometer

readings were recorded on each plot to use as a surface

stability comparison between treatments. These readings

were collected in a random stratified manner, beginning at

the upper end of each plot and alternating sides left to

right to the bottom end (Davidson 1965).
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Each plot was divided into twenty V.1 m subplots.

Percent of ground cover and the cover class of current

years growth and composition - shrub, forbs and graminoids

were recorded. Nine cover classes were used, the

classes were; <1%, 1% - 5%, 6% - 15%, 16% - 30%,' 31% 50%,

51% - 70%, 71% 85%, 86% - 95%, and >957.. The organic

("0") horizon was measured in each plot at the point where

soil bulk density was measured.

Objectives and Analysis

Data were analyzed using a one way analysis of

variance (ANOVA) using the F test statistic. The null

hypotheses (H) was rejected at a S 0.05 (Neter, Wasserman,

and Kutner 1983). This test of population means is

appropriate under certain conditions (Sincich 1985). Two

assumptions must be satisfied for the test to be valid.

The first is population probability distributions are

normal. The second the population variances are equal.

The first condition is assumed to be correct. To satisfy

the second all data were tested using Hartley's equality of

variance test:

H,: Tz, = 02a Sample population variances were not

different between treatments.

H..: U21 <> Cr2m They were different.
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Research Objectives

Objectives of the experiment were to test the

hypotheses:

H.: a, . a. Data means for overland flow between

treatments were not different.

H.: a. <> a. They were different.

and:

H.: a, = a. Data means for sediment production

between treatments were not different.

H.: a. <> a. They were different.

Data from each sediment sample period and the

accumulated totals were tested. Linear regression analysis

was used to determine the relationship between overland

flow and sediment production using R2 as the predictability

value for the resulting equation.

Descriptive Data Analysis

The objective of the descriptive data collection and

tests was to describe the environment in which the research

objectives were tested. These tests were based on:

H.: a. = a. There were no differences between site

means for the given parameter.

H.,,: al <> a. There were differences.

Site means for precipitation per sediment collection
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period, total accumulated precipitation, slope, aspect,

ground cover, canopy cover, bulk density, penetrometer

readings, and depth of "0" horizon were tested using a one

way ANOVA (Neter 1983). Linear regression analysis was

used to determine relationships between these parameters

and the total accumulated overland flow using R2 as the

predictability value of the resulting equation. Cover

class material was tested using a Chi-Squared statistic to

determine if there was a relationship between treatments.

Other Data Analysis

Return frequency of maximum storm intensities at the

Agricultural Research Center at Union were calculated.

Linear regression and a statistical summary of data

from the filter paper test were used to determine a

correction factor for sediment data.

Results

Data for precipitation, overland flow, and sediment

production from plots 1 through 14 in the logged site and

plots 17 through 30 were analyzed. Plots 15 and 16 were

damaged and produced no data.

Total accumulated overland flow, sediment production,

and precipitation at individual plots for the period from
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September, 1986 through December 1987 is given in appendix

8, Table 1, page 96. Accumulated totals for the entire

collection period of overland flow, sediment production,

and precipitation are graphically shown in Figure 5.

A comparison of precipitation data from Union, the

weather station at the site, the recording gages, and the

averages across treatments is given in appendix 13, Table 2,

page 97. The maximum rate of precipitation for the last 40

years at Union was 2.59 cm/hr. The next largest storm,

1.91 cm/hr, is expected to occur every 13 to 20 years. A

statistical summary of a comparison of recording gage data

from Union and the research site from September, 1986

through August, 1987 is given in appendix 131 Table 3, page

98. The maximum precipitation rate at the research site

was 1.65 cm/6-hr from total of 120 six hour periods

recording precipitation.

Results from the equality of means tests are given in

Table 2. Only data for overland flow consistently met the

criteria that variance be equal necessary for valid means

testing.

There was no significant difference in overland flow

and no apparent difference in sediment production between

sites. R2 values from regression analysis for each period

indicate insignificant relationships between precipitation

and overland flow or overland flow and sediment production

for any period (Table 3). A summary of analysis results
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Table 2. Tests for Difference Between Treatment Means in
Natural Event Plots by Sediment Collection Period

1987
Means

Logged Nonlocmed
Difference
Between Means

January 3

Precipitation (cm) 14.51 11.94 Yes'

Overland Flow (cm) 0.03 0.03 No

Sediment (kg/ha) 0.10 0.30 No

July 3

Precipitation (cm) 12.57 11.07 No

Overland Flow (cm) 0.05 0.05 No

Sediment (kg/ha) 0.06 0.07 No

July 10

Precipitation (cm) 0.45 0.45 Yes'

Overland Flow (cm) trace trace No

Sediment (kg/ha) 0.04 0.03 No

July 23

Precipitation (cm) 1.80 1.35 Yes'

Overland Flow (cm) trace trace No

Sediment (kg/ha) 0.04 0.03 No

July 28

Precipitation (cm) 0.28 0.29 No

Overland Flow (cm) trace trace No

Sediment (kg/ha) 0.01 0.01 No

Units of precipitation and overland flow in centimeters
(cm) and sediment in kilograms per hectare (kg/ha). Trace
indicates less than 0.01 cm. ' indicates significant
differences between mean variances, thus conclusion may not
be valid. All tests conducted at a = 0.05 level, 95%
confidence interval.
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Table 3. Regression Analysis of Natural Event Plots by
Sediment Collection Period

Standard Standard
Error X Co- Error of

1987 Constant of Y efficient Coefficient R2

January 3
Overland Flow

vs
0.05 5.80 0.00 0.00 0.05

Precipitation

Sediment
vs

0.08 0.13 -0.53 0.47 0.05

Overland Flow

July 3
Overland Flow

vs
0.00 0.06 0.00 0.00 0.06

Precipitation

Sediment
vs

0.08 0.07 -0.44 0.22 0.14

Overland Flow

July 10
Overland Flow

vs
0.00 0.00 0.00 0.00 0.04

Precipitation

Sediment
vs

0.01 0.06 80.08 18.61 0.42

Overland Flow

July 23
Overland Flow

vs
0.00 0.00 0.00 0.00 0.01

Precipitation

Sediment
vs

0.08 0.08 -5.51 3.35 0.09

Overland Flow

July 28
Overland Flow

vs
0.00 0.00 0.00 0.00 0.08

Precipitation

Sediment
vs

0.00 0.05 67.43 14.05 0.47

Overland Flow
R2 determined at 95% confidence level.



49

are given in appendix B, Tables 4, 5a and 5b, pages 99,

100, and 101.

Results from the equality of means tests are shown in

Table 4. Mean tests are valid for overland flow, canopy

cover, "0" horizon, potential solar radiation, and

penetrometer data between sites and bulk density data for

depth comparison in the nonlogged site. Summaries of the

analysis results are given in appendix B, Tables 6, 7a, and

7b, pages 102, 103, and 104.

There was no significant difference in overland flow

and no apparent difference in sediment production between

sites. There were significant differences in the means of

the following descriptive data: canopy cover, potential

solar radiation, the bulk density between depths in the

nonlogged site, penetrometer measurements, and depth of "0"

horizon. Chi square analysis of the cover class data

showed a relationship between current years growth, shrubs,

and graminoids to the logging treatment (Table 5). This

relationship was expressed by more current years growth

making up the ground cover in the logged treatment and

greater shrub and graminoid composition of the understory

vegetation. There was no relationship between the amount

of forbs in the current years growth and the logging

treatment.

Regression analysis of accumulated totals and

descriptive data results are given in Table 6. All of
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Table 4. Tests for Difference Between Treatment Means in
Natural Event Plots

Means Difference
Parameter Logged Nonloaaed Between Means

Overland Flow (cm) 0.08 0.09 No

Sediment (kg/ha) 0.31 0.17 No'*

Precipitation (cm) 36.99 30.51 Yes*

Canopy Cover (%) 39.24 61.35 Yes-*

Slope (Y.) 20.87 20.53 No

Aspect (°) 101.73 99.33 No

Ground Cover (%) 98.57 99.29 Na *

"0" Horizon (cm) 3.62 7.13 Yes

Potential Solar 0.64 0.40 Yes

Bulk Density (g /cma)
10 cm depth 1.07 0.73 No'*

45 cm depth

Logged
10 cm vs 45 cm

Non logged
10 cm vs 45 cm

Penetrometer

0.96 0.90 Nam*

1.07 0.96 No*

0.73 0.90 Yes

1.55 0.83 Yes

Units: centimeters (cm), kilograms per hectare (kg/ha),
percent (%), degrees (°), and grams per cubic centimeter
(g/cm".3). Trace indicates less than 0.01 cm. ** indicates
significant differences between treatment variances, thus
conclusion may not be valid. All tests conducted at a =
0.05 level, 95% confidence interval.
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Table 5. Cover Class Analysis: Natural Event Plots

Chi Min Cells
Parameter Square D.F. EF Sig. EF <5 Relationship

Years Growth 8.38 2 2.5 0.02 4 of 6 Yes

Shrubs 9.86 4 0.5 0.04 8 of 10 Yes

Graminoid 17.19 4 0.5 0.00 8 of 10 Yes

Forbs 1.93 4 0.5 0.75 6 of 10 No

All tests conducted at a = 0.05 level, 95% confidence
interval. Chi Square tested to show existence of
relationship between treatments and cover class. Expected
Frequency (EF).
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Table 6. Regression Analysis: Natural Event Plots
Accumulated Totals from September, 1986 through
December, 1987.

Standard Standard
Error X Co- Error of

Constant of Y efficient Coefficient R2

Precipitation
vs

Canopy Cover 46.51 5.80 -0.25 0.09 0.23

Overland Flow
vs

Precipitation 0.04 0.09 0.00 0.00 0.01

Sediment
vs

Overland Flow 0.26 0.20 -0.20 0.42 0.01

Overland Flow
vs

Slope 0.15 0.09 0.00 0.01 0.00

Aspect 0.12 0.09 0.00 0.00 0.00

Ground Cover 0.23 0.09 0.00 0.00 0.01

"0" Horizon 0.09 0.09 0.00 0.01 0.00

Bulk Density
10 cm depth 0.10 0.09 -0.02 0.02 0.02

45 cm depth 0.08 0.09 0.01 0.08 0.00

Penetrometer 0.03 0.09 0.05 0.03 0.12

R2 at 95% confidence level.
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these values were low and indicate insignificant

relationships between the descriptive parameters and

overland flow or sediment production.

Regression analysis of data for the filter papers

wetted with mineral oil and washed with acetate showed that

there was an insignificant relationship (R2 = 0.12) between

pre-wetted paper weight and washed and dried weight. The

average increase in weight was 0.0628 grams (appendix 13,

Table 8. pg. 105) and this value was used for the

correction factor in determination of sediment weight.

Discussion

Data support the null hypothesis that there is no

significant difference in overland flow between logged and

nonlogged sites in this Pipo /Syal community. Disturbance

of vegetation and soil in this research was minimized by

logging on snow and frozen soil. This contributed to a

lack of differences in overland flow between the logged and

nonlogged sites (Figure 6).

There was not a significant difference in sediment

production (Figure 7). This was also due in part to the

lack of severe soil and vegetation disturbance. The Tolo

series has a severe rating for erosion. Lacking vegetative

cover it is subject to rill and gully formation and to

sloughing (Dyksterhuis and High 1985). Sediment production
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Logged Nonlogged

Fig. 6. Means and standard error bars for total
accumulated overland flow.

Logged

Fig. 7. Means and standard error bars for total
accumulated sediment.

I

Nonlogged
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is the result of dislodgment and entrainment of soil

particles and typically corresponds to overland flow.

A discussion of the results of descriptive

measurements and how they relate to forest hydrology will

help in understanding these results.

Overland flow will occur when the rainfall rate

exceeds: a) infiltration capacity of the soil, or b)

percolation and/or subsurface flow rates following

saturation of a given horizon or the entire soil profile.

Gaither and Buckhouse (1983) reported an infiltration rate

of 6.0 cm/hr in a ponderosa pine forest in the Blue

Mountains of northeastern Oregon. Union is the nearest

location where hourly rate of rainfall rates are recorded.

These records date back to 1948. The maximum rainfall rate

in the last 40 years has been 2.59 cm/hr, well below the

potential infiltration rate. The maximum rate of rainfall

at the Hall Ranch for the research period from September,

1986 to December, 1987 did not approach the recorded

maximum at Union. Recording gages used in this research

operated on 30 day charts divided into in 6 hour periods

and the maximum rate recorded at the research site for a 6-

hour period was 1.65 cm. During the same period, the

largest 6-hour accumulation at Union was 0.89 cm. Both

yearly total precipitation and maximum rate are higher at

the research site than at Union. Even if the maximum

rainfall rate at the research site were twice that of the



56

40 year maximum recorded at Union, as was the case for the

period of research, it is questionable whether or not it

would exceed the infiltration rate in either the nonlogged

or logged sites. Furthermore, the soil at the site was

deep (greater than 1 m), typical of the Tolo series, and

well drained. The average available water holding capacity

for the Tolo series is 32 cm (Dyksterhuis and High 1985).

Potential evaporation exceeds 65 cm (Strahler and Strahler

1983). Precipitation at the site for the water year 1986

was between 25 cm and 46 cm, depending on the gage read,

and only 10 cm for the period from October through

December, 1987. Assuming that the soil profile was at

field capcity at the beginning of the study and using the

above information for a rough calculation of the site water

balance, the available water at the end of the study would

have been 6.75 cm, or 21% of field capacity. It is

doubtful that the entire soil profile ever reached

saturation during the period of research.

Total precipitation recorded in the logged and

nonlogged sites was different (Figure 8). This may have

been the result of interception due to the greater canopy

cover in the nonlogged site. The R2 value (0.23) from the

regression analysis of precipitation and canopy cover does

not support this explanation, however, perhaps in large

part because of a large variation in amount of throughfall

in the nonlogged site. All gages were positioned at the
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lower right had corner of the plots and thus did not

exclude the possibility that gages were under snow drop and

rain drip points.

Plots were positioned to minimize response variation

due to the effect of slope. The plot slopes were within a

7% range and the means between sites were similar. The R2

value (0.00) from the regression analysis indicates there

was no relation between slope and overland flow within this

narrow range. This is similar to findings by others

(Packer 1951, Blackburn 1975, Heede 1984).
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The aspect of all plots was similar. The R2 value

(0.00) indicates there was no relation between aspect and

overland flow. Variation in the plots in the nonlogged

site can be attributed to microtopography. The influence

that aspect may have had on overland flow would have been

due to differences in potential solar radiation and thus

soil thaw rates and snow melt rates. Potential radiation

at this site is apparently more a function of the general

aspect of the study site and degree of canopy cover.

Canopy cover was significantly greater and the potential

solar radiation was significantly less in the nonlogged

site.

Ground cover was measured by determining the percent

of mineral soil that was covered by live and dead biomass

and rocks that protected mineral soil from direct impact of

raindrops. Ground cover has been cited in numerous studies

as one of the most important factors controlling

infiltration rates and overland flow (Sreenivas et al.

1947, Packer 1951, Hewlett and Hibbert 1967, Heede 1984,

Johnson and Blackburn 1987). Ground cover ranged from 77

to 100% and site means were similar. Lack of ground cover

was the result of rodent activity in both logged and

nonlogged sites. The larger variation in the logged site

was the result of an increase in rodent activity. If soil

had been exposed by the logging process it had overgrown by

June, 1986. All plots had a strip of vegetation,
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undisturbed by rodents, between any bare soil present and

the accumulation trough, further reducing the likelihood of

overland flow or erosion. The R2 value (0.01) from the

regression analysis of overland flow and ground cover

indicates that there was an insignificant relationship

between the two.

Although there was no significant difference between

ground cover in the two site there was a difference in the

composition of the understory. There was a greater amount

of current years growth of shrub and graminoid species in

the logged site. The greater graminoid growth also

produced a fibrous root mass which further stabilized the

soil. The forb component was similar between treatments.

Figure 9 is a graphic representation of the composition of

individual plots.

The depth of the "0" horizon plays an important role

in infiltration capacity by maintaining a porous interface

between the atmosphere and mineral soil. In the nonlogged

site it was significantly greater than in the logged site.

The R2 value (0.00) indicates an insignificant relationship

between the recorded overland flow and depth of "0"

horizon.

There was not a significant difference in bulk density

in the upper 10 cm and 45 cm depths of the soil profile.

Increased bulk density results from activities that break

down the soil structure, crushing pore space, which in turn
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Fig. 9. Plant composition of natural event plots.
V

can lead to decreased infiltration rates. As soil depth

increases bulk density typically does also. This was the

case in the nonlogged site where there was a significant

difference between the 10 cm and 45 cm depth was made.

There was no significant difference between bulk density at

the two depths in the logged site, which indicates an

increase in bulk density in the upper part of the profile,

and was apparently the result of the logging activity.

There was a large variation in the density data from the

logged site may be attributed to location of some plots in

skid trails or where trees fell when cut. By the time

positions for the plots were chosen all signs of these

activities, such as berms from soil displacement, were
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gone. Based on the lack of difference in overland flow

between the two sites, the degree to which bulk density was

increased was not deleterious to the infiltration rates.

This supports the contention of Snider and Miller (1985)

that logging does not always severely alter a site.

The mean of penetrometer readings from the logged site

was significantly greater than the one from the nonlogged

site. This may be explained in two ways. The penetrometer

measures structural stability. If the soil has been

compacted in the logged site as the difference in bulk

density suggests, then the pressure required to penetrate

the soil would increase. An alternate explanation for the

difference is the development of a greater gramminoid

component and the denser fibrous root mass than was found

in the nonlogged site. The R2 value (0.12) from regression

analysis of penetrometer readings and overland flow does

not indicate a relationship between the two.

Several questions about the data need to be addressed.

First is the occurrence of overland flow. Overland flow

was unlikely to occur in either treatment given the

environmental conditions. Vegetation and soil in the

logged site were not severely disturbed, precipitation

rates did not reach the potential infiltration capacity,

and the soil was unlikely to ever have reached saturation.

There are at least three explanations that may account for

the discrepancy in what may have been expected and what was
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measured: 1) Overland flow did occur; as the result of rain

on snow events, lateral flow of snow melt due to ice layers

within the snow, or snow melt or rainfall flow over frozen

soil. When any of these processes occur in major

proportions floods generally result. Although there were

no floods during the period of this study there is a

possibility that several minor events did occur. I noticed

that the soil subsurface thawed earlier on winter days in

the logged site than in the nonlogged site. Soils in the

logged site would be thawing by midday, whereas the soil in

the nonlogged site would remain frozen. Rainstorms may

have occurred when these conditions were present with the

result that rain falling on the logged site infiltrated to

a greater degree than in the nonlogged site and a small

amount of overland or shallow subsurface flow ran into the

troughs in both sites. 2) Because the covers over the

accumulation troughs originally only extended to bottom of

the plots, precipitation could be blown in and measured as

overland flow. Covers were extended 10 cm into the plots

by placing a 2.5 x 30.5 cm (1 x 12 inch) board over the

existing cover in the latter part of August, 1987. After

this, even though precipitation occurred in amounts greater

than that previously producing overland flow, no overland

flow occurred in either logged or nonlogged sites (Figure

10 and Figure 11). 3) The design of the original covers

was flawed. They were constructed with two 2.5 x 10.2 cm
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(1 x 4 inch) boards with a butt joint between them which

was sealed with silicon caulking. Covers were resealed

after the boards had dried in the spring and cracks became

evident, but it is quite likely that cracks not readily

visible had earlier in the year and were allowing snow melt

and rainfall to flow directly into the collection troughs.

This potential problem was also eliminated with the

addition of the wider board. Based on the lack of overland

flow after the correction was made to the collection

covers, my opinion is that the third explanation accounted

for the bulk of the data collected.

There are several possible explanations for the

inverse relationship between sediment production and

overland flow: 1) Sediment samples from plots with large

amounts of overland flow were diluted, whereas many plots

had produced overland flow in quantities to small to

accurately measure sediment and may actually have had

concentrated sediment samples. 2) The catch buckets also

caught more than water. Insects trapped in the mineral oil

and ethyl alcohol mix made all but the greatest

accumulations of water a thick slurry. By the time

sediment samples were collected the insects had begun to

decompose and the degree that measured sediment was

composed of bug detritus is indeterminable. 3) The final

question about the sediment measurements is if there was

actually any sediment produced from the plot. The question
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of whether or not there was any overland flow to cause

erosion has been addressed. There was no apparent rill or

sheet erosion in the plots. Worm castings were present in

the troughs when the trough covers were removed for

maintenance. If water either blew in or ran through the

cover, these could account for some, if not all, of the

sediment measured.

Experiment I Conclusion

This research supports the hypotheses that there are

no differences in overland flow or sediment production

between logged and nonlogged sites with this particular

logging treatment on this particular site. This supports

previous findings that overland flow in undisturbed

forested systems is rare and should not occur where logging

systems create minimal on-site disturbance (Hewlett and

Hibbert 1967, Dunne 1978, Heede 1984, Heede 1987). Thus,

if timber harvests in vegetation community types with

similar environmental conditions are modelled after these

logging practices (on snow cover, frozen soils, and

prescribed skid trails) the chances for overland flow and

soil erosion will be diminished.
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EXPERIMENT II

Introduction

Simulated rainfall research has been conducted on many

of the rangelands of the western United States (Table 1).

Few studies have been conducted in the ponderosa pine

forests of the northwest. Buckhouse and Gaither (1982) and

Gaither and Buckhouse (1983) tested potential sediment

production and infiltration rates in a variety of community

types in northeastern Oregon, of which one community was a

ponderosa pine forest. Their research, however, did not

address the potential impact of purposeful manipulation on

these systems or the role litter and vegetative cover play

in the hydrologic processes.

The purpose of this research was to increase our

knowledge of the hydrologic processes that occur in a

Pipo/Syal community type on the Hall Ranch in northeastern

Oregon. Hypotheses were designed to test for differences

in overland flow and sediment production at different

levels of understory disturbance in logged and nonlogged

sites in this community type.
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Trees were selectively logged from a 0.11 ha site

leaving a density of one stem per 132.25 mo. This was done

during the winter of 1986 while snow covered the ground.

Before removal the trees were limbed and cut to commercial

saw log length; all limbs were left on site and the tree

tops were removed and piled outside of the treatment area.

Smaller, excess trees were felled in July and August 1986

and left in place.

Watershed Plot Location

The location of each plot was chosen on a site available

basis and then by subjectively finding sites with a similar

slope of about 30%. Further constraints on watershed plot

location were necessary to avoid disturbance of other

experimental plots and to prevent inclusion of slash piles,

rock outcroppings, and trees. Plots were located in a

nonlogged site 200 meters from the logged site. This area

was outside the general study area and was grazed during

the fall 1986 whereas the logged site was fenced and had

not been grazed since the fall of 1985. This area was

chosen because it was the nearest nonlogged site with road
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access for infiltrometer equipment.

Experimental Design

Twelve watershed plots were installed: half in a

logged site and half in a nonlogged control area. They

were installed in September, 1986 and August, 1987. The

plots were 1 x 5 m, with a collection trough at the bottom

which carried overland flow into a collection bucket. All

installation traffic was outside of the plots. Disturbance

was limited to 1 cm within the plot due to border

placement. Each plot was subjected to three treatments and

one simulated rainfall run of 28 minutes was applied to

each treatment with a 10 day period between runs. The

three treatments were: 1) undisturbed understory

vegetation, 2) understory vegetation on all plots clipped

to a 2.5 cm stubble height and the clippings removed, and

3) remaining vegetation and the "0" horizon were removed by

shovel and all loose biomass removed from the plots leaving

bare mineral soil. Infiltration runs were initiated onto

dry soil to duplicate conditions which occur with the first

storms in fall following a summer dry period. The plots

were covered with plastic between each infiltrometer run to

prevent uncontrolled wetting and possible unrecorded

overland flow and sediment production. Each treatment was

replicated 6 times.



69

Data Collection

Rainfall was simulated for a period of 28 minutes on

each plot using a sprinkler system consisting of three

sprinkler heads distributing water in a rectangular pattern

with an average delivery rate of 2.86 cm/hr. Overland flow

was collected and measured with a graduated cylinder

according to the same time sequence. Sediment samples were

filtered with a Buchner funnel through Whatman 1

Qualitative 11 pm crystalline retention size filter paper.

Descriptive Measurements

Rainfall was applied with a sprinkling system

consisting of three Rainbird*) directional lawn sprinklers

heads. Each sprinkler head produced a rectangular pattern,

two of the heads from the side of the plot and the third

from the center of the plot. Average rate of application

of rainfall was measured at 3 minutes and every subsequent

5 minute interval up to 28 minutes by using an open topped

PVC pipe gutter which ran full length of the plot and

emptied into a container at the bottom of the plot. This

information was used to make adjustments in nozzle pressure

to maintain a constant rate of application throughout the

28 minute run. Distribution of precipitation in the plot

was determined by placing 8 three pound coffee cans (15.2

cm diameter x 17.2 cm depth) in 1/8th subplots within the
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watershed plots and measured at the end of the run.

Distribution data was used to determine final application

rate of rainfall.

Descriptive measurements were made of the following

environmental parameters: slope, ground cover, the "0"

horizon, bulk density at depths of 10 cm and 45 cm, and

surface stability. Differences in measurements between the

logged and nonlogged site cannot be attributed to logging

because all descriptive data were collected after logging

had taken place.

A clinometer was used to measure slope at each plot.

Soil bulk density was measured during the second field

season. Samples were collected from the top-center of each

plot at 10 cm and 45 cm depths using a slide hammer bulk

density core sampler. Known volumes from each depth were

then oven dried and weighed. Ten penetrometer readings

were recorded on each plot to use as a surface stability

comparison between treatments. These measurements were

made in a random stratified manner, beginning at the upper

end of each plot and alternating sides left to right to the

bottom end (Davidson 1965).

Each plot was divided into 20, 141 m subplots and

percent ground cover was recorded. Also, the cover class

of current years growth and composition - shrub, forbs and

graminoids - were recorded. Nine cover classes were used,

the classes were; <1%, 1% - 5%, 6% 15%, 16% - 30%, 31%
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50%, 51% 70%, 71% - 85%, 86% 95%, and >95%. The "0"

horizon was measured in each plot at the point where soil

bulk density was measured.

Objectives and Analysis

Data were analyzed using a one way analysis of

variance (ANOVA) using the F test statistic. The null

hypotheses (14,) was rejected at a S 0.05 (Neter, Wasserman,

and Kutner 1983). Hartley's equality of variance test was

be used to test data to support the validity of the means

tests:

a21 = a2m There were no differences in

variances between sample populations from the two

treatments.

H.: a21 <> 0'2E= There were differences.

Research Objectives

The objectives of the experiment were to test the

hypotheses:

H,,: al = am Data means for overland flow between

treatments were not different at varying degrees of

vegetation and ground cover removed.

H.,,: a,. <> They were different.

and:
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H.: a. = a. Data means for sediment production

between treatments were not different at varying

degrees of vegetation and ground cover removed.

H.: a. <> am They were different.

Descriptive Data Analysis

The purpose of analyzing the rainfall data was to test

the evenness of distribution. The following tests were

conducted:

H.: a. = a. The amount of rainfall applied was not

different among plots.

H.: a. <> ae It was different.

H.: a. = (3m. The rainfall measured within plots was

not different among subplots.

H.: a. <> ae It was different.

H.: (h = ae The rainfall measured per run was not

different among runs.

H.: a. <> a. It was different.

H.: a. = a. The rainfall measured in the plots was

not different among runs.

H.: a. <> ran, It was different.

The objective of the descriptive data collection and
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tests was to describe the environment in which the research

objectives were tested. These tests were based on:

ai am There were no differences between

treatment means for the given parameter.

H.: ai <> a. There were differences.

Slope, ground cover, canopy cover, bulk density,

penetrometer readings, and depth of "0" horizon were

tested. Cover class material was tested using a Chi-

Squared statistic to determine if there was a relationship

between treatments. Fisher's two tail exact test was used

to test cover class data where expected frequencies were

not accepted for computed Chi-Squared analysis (Steel and

Torrie 1980).

Results

Overland flow, and thus sediment production, did not

occur in any of the runs for any of the treatments.

Data for rate of rainfall application and distribution

was analyzed and the results are given in appendix C, Table

1, page 106. Rainfall application was not significantly

different between plots, runs, or among plots between runs.

There were significant differences in the distribution of

rainfall within the plots.

The results of the equality of means tests are given

in Table 7. There were no significant differences in any
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Table 7. Tests for Difference Between Treatment Means in
Simulated Rainfall Plots

Parameter

Slope (7.)

Ground Cover

"0" Horizon

Bulk Density
10 cm depth

45 cm depth

Logged
10 cm vs 45

Nonlogged
10 cm vs 45

Penetrometer

Means
Logged Nonlogged

Difference
Between Means

(7.)

29.67

96.25

29.83

98.59

No

No**

(cm) 4.83 6.67 No."

(g/cm°)
0.95 0.89 No

0.94 0.93 Nom'

cm 0.95 0.94 No

cm 0.89 0.93 No

3.73 3.83 No

Units: centimeter (cm), percent (%), and grams per cubic
centimeter (g/cm3). "' indicates significant difference
between treatment variances, thus conclusion may not be
valid. All tests conducted at a = 0.05 level, 95%
confidence interval.
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of the parameters tested. Chi square analysis results are

given in Table 8. Current years growth and the forb

component show a relationship to the logging treatment.

There was no relationship between the shrub or gramminoid

components with the logging treatment. Summaries of

analysis are given in appendix C, Tables 2 and 3, pages 107

and 108.

Discussion

There was no overland flow or sediment produced from

any of the plots, regardless of logging or manipulation

treatment. Similar results have been reported for plots

which had been grazed, protected from grazing, or clipped

in a sagebrush site (Devaurs and Gifford 1984, and Johnson,

Savabi, and Loomis 1984). An explanation for these results

is not difficult in a forest setting where the vegetation

is intact or clipped. Gaither and Buckhouse (1983)

reported a potential infiltration rate of 6 cm/hr in a

similar ponderosa pine forest in northeastern Oregon.

Rainfall simulated in this research did not approach this

rate. It ranged from 2.01 to 4.73 cm/hr and averaged 2.89

cm/hr with an average total application of 1.35 cm.

Furthermore, site conditions had not been significantly

disturbed in the logged site, (in that below ground biomass

was intact and compaction was limited due to winter logging
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Table B. Cover Class Analysis: Simulated Rainfall Plots

Chi Min Cells
Parameter Square D.F. EF gig EF <5 Relationship

Shrubs 0.40 2 1.0 0.81 6 of 6 No

Graminoid 0.00 2 2.0 1.00 6 of 6 No

Fisher's
Exact Test Two Tail

Years Growth

Forbs

0.55

1.00

Yes

Yes

All tests conducted at a = 0.05 level, 95% confidence
interval. Chi Square tested to show existence of
relationship between treatments and cover class. Expected
frequency (EF).
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conditions), and were conducive to high infiltration rates

across both sites. Ground cover has often been cited as a

major controlling factor of overland flow in other systems

(Pearse and Woolley 1938, Packer 1951, Gifford and Skau

1967, and Johnson and Gordon 1986). Ground cover in our

plots averaged 977., well in excess of the lower limit of

707. suggested by Packer (1951) for optimum control. The

"0" horizon was well developed, averaging about 6 cm. This

layer alone had the potential for absorbing 2 cm of

rainfall (Clary and Ffolliott 1969). Vegetation on both

sites was composed of greater than 50% gramminoid species

(Figure 12) with the result that the subsurface soil

horizon had a well developed fibrous root component. Bulk

density was typical of the Tolo soil series which is

normally well drained. Finally, it is doubtful that the

soil profile came near to reaching a saturation level

necessary for overland flow. The Tolo series has an

average water holding capacity (AWHC) of 32 cm (Dyksterhuis

and High 1985). The potential for evaporation in this

climate exceeds 65 cm (Strahler and Strahler 1983) and

precipitation at the site, recorded by a standard rain

gage, was only 46 cm for the previous 12 months. Given that

the soil profile was at field capacity at the beginning of

the previous year the available water would only have been

40% of AWHC and would have required an additional 13 cm to

bring it near saturation level.
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Fig. 12. Vegetative composition of simulated rainfall
plots.

ihe surprising outcome was that after all of the

vegetation and loose organic material were removed and

rainfall was applied to bare soil, no overland flow

occurred. Rainfall striking a bare soil surface is

generally acknowledged to dislodge soil particles, creating

splash erosion which plugs the soil pores and eventually

lead to overland flow. When not protected by a vegetative

cover the Tolo soil series is prone to rill and gully

erosion (Dyksterhuis and High 1985).

These results may be explained by the lack of

disturbance to the soil structure. With only the

vegetation and "0" horizon removed, and given that the site



79

originally had a potential infiltration capacity of 6

cm/hr, then the conditions of soil structure, texture and

antecedent moisture may still have been adequate to

maintain a higher rate of infiltration than the applied

rate of rainfall.

A second explanation is that the size and velocity of

the raindrops produced were not great enough to have the

kinetic energy required to dislodge soil particles. Thus

infiltration would have continued to be controlled by soil

structure and antecedent soil moisture.

There is a likelihood that overland flow would have

occurred if the rate of application been greater.

Distribution of rain-fall was uneven with the result that

ponding and some flow did occur where the rate of delivery

was the greatest. This occurred in a very localized area,

not exceeding 0.13 m2, and was most often observed in the

upper right hand corners of the plots where rate of

delivery averaged 3.29 cm/hr.

An attempt was made to reach an end point of the

infiltration capacity of the site. A single run was made

that continued until the water supply was exhausted. A

total of 8.42 cm of rainfall was applied to the plot at an

average rate of 3.89 cm/hr. After 2 hours and 10 minutes

no overland flow was produced outside of the localized flow

in the upper right hand corner of the plot. This lack of

measured overland flow and sediment production attests to



80

the residual soil structure and well developed root mass in

the soil profile.

Experiment II Conclusion

This research supports the hypotheses that there were

no differences in overland flow or sediment production

between logged (on snow cover, frozen soils, and prescribed

skid trails) and nonlogged sites at three different levels

of ground cover disturbance within the first year following

logging. In this research average rate of rainfall

application was in excess of the 40 year average (0.10

cm/hr) and maximum (2.59 cm/hr) recorded at Union, Oregon,

the nearest source of intensity records. A lack of

overland flow under these conditions may be more the result

of a substantial root mass below the "0" horizon than the

presence of standing vegetation.
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RESEARCH IMPROVEMENT POSSIBILITIES

Improvements in future research of this type are

possible if the following changes are made: 1) Watershed

plots installed prior to tree harvest would enable

determination of changes that result from logging activity.

Statistical strength would be improved with a pre-treatment

calibration period. This would also provide time to insure

the plots are functional during the calibration period.

For example, similar plots in tilled field research at the

Agricultural Research Station near Pendleton, Oregon

required a debugging period of 6 or 7 years. 2) A more

detailed understanding of the hydrologic process would be

possible if measurements were made after every storm. This

would include constant monitoring of the soil and air

temperatures to separate overland flow from flow over

frozen surfaces. 3) The process of choosing plot location

to test treatment effects could be improved. Plots

installed in and outside of planned skid trails could be

used to describe the effects of logging more completely.

This would be equivalent to sampling three different

treatments, nonlogged, logged undisturbed, and logged

disturbed. Paired plots make sense in this scenario. 4)

The accumulation of insects in plot rain gages and

collection buckets created problems in accurate

measurements. This could be eliminated by fitting gages
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and buckets with a removable fine mesh screen. 5) The

simulated rainfall could include a fourth treatment in

which the plots were rototilled to disturb the upper root

zone (Devaurs and Gifford 1984, Johnson, Savabi, and Loomis

1984, Johnson and Gordon 1986).
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CONCLUSION

This research furthers our knowledge of the hydrology

of the a ponderosa pine stand on the Hall Ranch by

demonstrating that if soil and vegetation disturbances are

minimized by appropriate logging practices the basic

hydrologic processes of overland flow and sediment

production need not be altered. The results from both

natural event and simulated rainfall experiments support

the hypotheses that there are no differences in these

processes between the logged (on snow cover, frozen soil,

and prescribed skid trails) and nonlogged sites. The lack

of differences can be attributed to environmental

similarities in the sites. In the nonlogged site almost

complete ground cover, a deep organic horizon, and well

drained soils limited or prevented overland flow. Without

severe disturbance of these environmental factors one would

expect the same results in the logged site. The lack of

disturbance can be attributed largely to the method and

season of logging. If the tree harvest procedures are

repeated in similar sites similar results may be expected.
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Appendix A. THE STUDY AREA

Table 1. Monthly Recorded Snow Depths at Hall Ranch (cm)

Wateryear Oct Nov Dec Jan Feb March

1963 0.0 0.0 14.0 45.7 45.7 9.1
1964 0.0 0.0 21.6 25.4 10.2 0.0
1965 0.0 0.0 19.1 8.9 25.4 0.0
1966 0.0 0.0 7.6 0.0 0.0 0.0
1967 0.0 8.9 15.2 20.3 0.0 0.0
1968 0.0 0.0 25.4 27.9 20.3 0.0
1969 0.0 0.0 12.7 0.0 20.3 0.0
1970 0.0 8.9 5.8 0.0 20.3 0.0
1971 20.3 15.2 49.5 58.4 35.6 0.0
1972 0.0 0.0 12.7 0.0 2.5 0.0
1973 0.0 12.7 40.6 5.1 2.3 0.0
1974 0.0 0.0 58.4 48.3 50.8 10.2
1975 0.0 30.5 33.0 22.9 38.1 16.5
1976 0.0 0.0 10.2 27.9 39.4 0.0
1977 0.0 5.1 0.0 30.5 0.0 0.0
1978 0.0 12.7 33.0 71.1 43.2 5.1
1979 0.0 27.9 11.4 15.2 0.0 0.0
1980 0.0 5.1 33.0 5.1 0.0 0.1

1981 0.0 16.5 33.0 55.9 10.2 0.0
1982 0.0 0.6 17.8 0.0 0.0 0.0
1983 0.0 6.4 58.4 43.2 55.9 0.0
1984 0.1 25.4 47.0 53.3 45.7 0.0
1985 0.0 30.5 26.7 21.6 0.0 0.0
1986 0.0 30.5 0.0 25.4 5.1 0.0
1987 0.0 0.0 2.5

Average Annual Accumulation 23.2 cm.
Units: Centimeter (cm).



Table 2. Data Collected from Soil Pits

Logged
Depth Color Particle-size estimate (X wt)

No. Horizon (cm) Dry Wet Mottles Texture Sand Silt Clay
1 Oe 4-0
2 R 0-10 10YR4/3 1OYR3 /1 No SiL w <20 60 25
3 E 10-45 7.5YR5/4 10YR3/3 No SiCL 10 50 40
4 EB 45-72 1OYR4 /3 7.5YR3/4 F, f. d SiC 10 45 45
5 8 72-92 1OYR5 /4 1OYR3 /4 F, f. d SiCL 10 60 30
6 C >92 LOYR6/3 10YR3/4 No SiL 10 70 20

Consistence
No. Structure Dry
2 2, F, sbk sh
3 2, m, sbk so

4 1, m, abk sh

5 1. m, abk h

6 h

Non logged

No. Horizon
Depth
(cm)

1 Oe 8-0
2 A 0-13
3 E 13-30
4 BE 30-54
5 a 54-82
6 C >82

Moist Wet pH Pores Roots Boundry
vfr
fi

SS
s

5.8
6.3

vl, m
2, vf,
con, ran

3,
2,

of g
f & m g

Fi s 6.4 2, vf,
dis, ver

2, f & m g

vfi s 6.4 1, of
dis, ver

1, m & co g

vfi s 6.6 1, of
dis, ver

3, m& co g

Color
Dry Wet Mottles Texture Sand Silt Clay

10YR4/3 10YR2/2 No SiL 5 80 15
7.5YR1/3 10YR2/2 No SiL 5 80 15
10YR5/3 10YR2/2 No SiL 5 75 20
1OYR5 /4 1OYR3 /3 No SiL <5 75 25
1OYR5 /6 5YR3/3 No SiC <5 50 45

Particle-size estimate (X eat)

Consistence
No. Structure Dry Moist Wet pH Pores Roots Boundry
2 3, m, sbk so vfr so, po 6.2 2, mi. dis 2, F & m c

ran, in, si
3 2, m, sbk so vfr so, po 6.2 2, mi, dis 2, F & m g

ran, in, si
4 2, m, sbk so vfr so, po 6.4 vl, mi, dis 2, F & m c

ran, in, si
5 2, m, abk sh Fr so, po 6.6 vl, mi, dis 1, m & co c

ran, in, si
6 3, abk sh Fi ss. ps 6.6 vl, mi -fi, 3, m & co a

dis, vert, in, si -0
4*

w abbreviations follow standard nomenclature for soil taxanomy
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Appendix A. THE STUDY AREA

Table 3. Random Slope Measurements Across Research Site

Toe Slope Mid Slope Upper Slope

19 21 23

16 15 29

13 12 20

4 10 23

7 13 28

17 15 26

12 26 27

10 22 32

6 20 38

6 20 29

Average 11 17 28

Slope (%)
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Appendix B. EXPERIMENT I

Table 1. Total Accumulated Precipitation, Overland Flow,
and Sediment Production: September, 1986 through
December, 1987.

Logged Nonlocibed

Plot Ppt. O.F. Sed. Plot Ppt. O.F. Sed.
(cm) (cm) (kq /ha) (cm) (cm) (ko/ha)

1 37.35 0.03 0.10 17 33.90 0.97 0.00

2 40.80 0.10 0.20 18 29.35 0.36 0.16

3 43.00 0.09 0.51 19 20.75 0.02 0.01

4 32.30 0.37 0.09 20 32.00 0.10 0.18

5 39.45 0.05 0.49 21 30.40 0.11 0.21

6 38.10 0.04 0.85 22 35.70 0.17 0.13

7 36.20 0.05 0.42 23 41.50 0.18 0.13

8 34.80 0.04 0.47 24 36.30 0.06 0.34

9 37.10 0.08 0.06 25 24.35 0.02 0.18

10 36.30 0.02 0.00 26 28.50 0.12 0.28

11 38.85 0.16 0.56 27 44.20 0.06 0.01

12 36.35 0.07 0.21 28 22.50 0.03 0.17

13 33.70 0.02 0.07 29 18.65 0.03 0.23

14 33.60 0.01 0.02 30 29.10 0.04 0.28

Precipitation (Ppt), overland flow (O.F.), and sediment
(Sed.). Units: Centimeter (cm) and kilogram per hectare
(kg/ha).
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Appendix B. EXPERIMENT I

Table 2. Comparison of Recorded Precipitation

Period Recording Station Precipitation (cm)

Water Year 1986

Union 18.34

Hall Ranch 46.48

Site Recording Gage 26.29

Logged Site 29.40

Nonlogged Site 24.85

September, 1986 through December, 1987

Union 22.97

Hall Ranch 57.40

Site Recording Gage 38.74

Logged Site 36.99

Nonlogged Site 30.51
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Appendix B. EXPERIMENT I

Table 3. Summary of Statistics for Six Hour Precipitation
Rate at Union, Oregon and the Hall Ranch

Variable Union Hall Ranch

Sample Size

Precipitation (cm)

98 90

Average 0.2013 0.3429

Median 0.1270 0.2540

Mode 0.0508 0.2540

Variance 0.0336 0.0682

Standard Deviation 0.1832 0.2593

Standard Error 0.0185 0.0273

Minimum 0.0100 0.1270

Maximum 0.8890 1.6510

Range 0.8790 1.5240

Lower Quartile 0.0508 0.1270

Upper Quartile 0.3048 0.3810

Interquartile Range 0.2540 0.2540

Centimeter (cm)



Table 4. Analysis Results: Natural Event Plots for Sediment Collection Periods

One-way Analysis of Varience Range Test - Confidence Interval:

Source of Variation
Sum of Squares Degrees of Freedom

Between Within Between Within
1987 Groups Groups Total Groups Groups Total

January 3

Confidence level: 95

Mean Square
Between Within
Groups Groups

F-ratio P value

Precipitation 46.2857 113.6214 159.9071 1 26 27 46.2857 4.3701 10.5920 0.0031

Overland Flow 2.2E-05 0.0717 0.0717 1 26 27 2.2E-05 0.0028 0.0080 0.9313

Sediment 0.0299 0.4087 0.4385 1 26 27 0.0299 0.0157 1.9000 0.1798
July 3
Precipitation 15.6901 284.6180 300.3080 1 26 27 15.6901 10.9468 1.4330 0.2420

Overland Flow 1.2E-06 0.0992 0.0992 1 26 27 1.2E-06 0.0038 0.0000 0.9861

Sediment 0.0014 0.1371 0.1385 1 26 27 0.0014 0.0053 0.2590 0.6208
July 10
Precipitation 4.4800 18.4646 22.9446 1 26 27 4.4800 0.7102 6.3080 0.0186

Overland Flow 4.7E-07 9.1E-06 9.6E-06 1 26 27 4.7E-07 3.5E-07 1.3370 0.2580

Sediment 0.0004 0.1471 0.1475 1 26 27 0.0004 0.0057 0.0730 0.7915
July 23
Precipitation 1.4175 3.1497 4.5671 1 26 27 1.4175 0.1211 11.7010 0.0021

Overland Flow 2.3E-06 0.0004 0.0005 1 26 27 2.4E-06 2.1E-05 0.1150 0.7404

Sediment 0.0150 0.1750 0.1900 1 26 27 0.0150 0.0067 2.2280 0.1476
July 28
Precipitation 0.0008 1.0323 1.0331 1 26 27 0.0008 0.0397 0.0200 0.8895

Overland Flow 7.4E-08 1.0E-05 1.1E-05 1 26 27 7.4E-08 4.0E-07 0.1840 0.6764

Sediment 0.0084 0.0939 0.1023 1 26 27 0.0084 0.0036 2.3120 0.1404

Precipitation and overland flow measurements recorded in centimeters (cm).
Sediment measurements recorded in kilograms per hectare (kg/ha).



Table 5a. Means Analysis: Natural Event Plots for Sediment Collection Period

1987
January 3

Level Count Average
Stnd. Error Stnd. Error 95 Percent Confidence
(internal) (pooled s) interval for mean

Precipitation Logged 14 14.5071 0.2708 0.5587 13.3584 15.6558
(cm) Nonlogged 14 11.9357 0.7423 0.5587 10.7870 13.0844

Overland Flow Logged 14 0.0326 0.0158 0.0140 0.0038 0.0615
(cm) Nonlogged 14 0.0344 0.0121 0.0140 0.0055 0.0632

Sediment Logged 14 0.0957 0.0451 0.0335 0.0268 0.1646
(kg/ha) Nonlogged 14 0.0304 0.0145 0.0335 -0.0385 0.0993

July 3
Precipitation Logged 14 12.5722 0.4137 0.8843 10.7541 14.3902

(cm) Nonlogged 14 11.0750 1.1801 0.8843 9.2569 12.8931

Overland Flow Logged 14 0.0500 0.0196 0.0165 0.0190 0.0839
(cm) Nonlogged 14 0.0496 0.0127 0.0165 0.0156 0.0835

Sediment Logged 14 0.0561 0.0176 0.0194 0.0162 0.0960
(kg/ha) Nonlogged 14 0.0700 0.0210 0.0194 0.0301 0.1099

July 10
Precipitation Logged 14 0.4536 0.0299 0.2252 -0.0095 0.9166

(cm) Nonlogged 14 1.2536 0.3171 0.2252 0.7905 1.7166

Overland Flow Logged 14 0.0004 0.0002 0.0020 0.0001 0.0007
(cm) Nonlogged 14 0.0001 0.0001 0.0002 -0.0002 0.0004

Sediment Logged 14 0.0379 0.0232 0.0201 -0.0031 0.0792
(cm) Nonlogged 14 0.0302 0.0164 0.0201 -0.0111 0.0715

Units: Centimeter (cm) and kilogram per hectare (kg/ha).



Table 5b. Means Analysis: Natural Event Plots for Sediment Collection Period

1987
July 23

Level Count Average
Stnd. Error Stnd. Error 95 Percent Confidence
(internal) (pooled s) interval for mean

Precipitation Logged 14 1.8036 0.0553 0.0930 1.6123 1.9948
(cm) Nonlogged 14 1.3536 0.1193 0.0930 1.1623 1.5338

Overland Flow Logged 14 0.0034 0.0010 0.0012 0.0009 0.0059
(cm) Nonlogged 14 0.0040 0.0014 0.0012 0.0015 0.0065

Sediment Logged 14 0.0793 0.0272 0.0219 0.0342 0.1244
(kg/ha) Nonlogged 14 0.0330 0.0148 0.0219 -0.0121 0.0781

July 28
Precipitation Logged 14 0.2821 0.0431 0.0533 0.1727 0.3916

(cm) Nonlogged 14 0.2929 0.0618 0.0533 0.1863 0.4023

Overland Flow Logged 14 0.0003 0.0002 0.0002 0.0000 0.0007
(cm) Nonlogged 14 0.0002 0.0002 0.0002 -0.0001 0.0006

Sediment Logged 14 0.0408 0.0218 0.0161 0.0078 0.0739
(kg/ha) Nonlogged 14 0.0063 0.0063 0.0161 -0.0267 0.0393

Units: Centimeter (cm) and kilogram per hectare (kg/ha).



Table 6. Analysis Results: Natural Event Plots for Research Period from September, 1986 to December, 1987

One-way Analysis of Varience Range Test - Confidence Interval:

Source of Variation
Parameter Sum of Squares Degrees of Freedom

Between Within Between Within
Groups Groups Total Groups Groups Total

Confidence level: 95

Mean Square
Between Within
Groups Groups

F-ratio P value

Overland Flow 0.0014 0.2257 0.2271 1 26 27 0.0014 0.0087 0.1590 0.6977

Sediment 0.1370 0.9353 1.0722 1 26 27 0.1370 0.0360 3.8080 0.0619

Precipitaton 293.2204 839.7247 1132.9451 1 26 27 293.2204 32.2971 9.0790 0.0057

Canopy Cover 3666.6119 716.1183 4382.7301 1 28 29 3666.6119 25.5757 143.3630 0.0000

Slope 0.8333 93.4667 94.3000 1 28 29 0.8333 3.3381 0.2500 0.6265
Aspect 43.2000 8420.2667 8463.4667 1 28 29 43.2000 300.7238 0.1440 0.7115

Ground Cover 3.9241 206.3433 210.2674 1 28 29 3.9241 7.3694 0.5320 0.4794

"0" Horizon 92.7521 131.5917 224.3438 1 28 29 92.7521 1.6997 19.7360 0.0001

Potential Solar 0.4210 0.1023 0.5233 1 28 29 0.4210 0.0037 115.2300 0.0000

Bulk Density
10cm depth 0.8486 16.9091 17.7576 1 28 29 0.8486 0.6039 1.4050 0.2458

45cm depth 0.0275 1.3855 1.4130 1 28 29 0.0275 0.0495 0.5560 0.4702Logged
10cm vs 45cm 0.0887 17.9570 18.0456 1 28 29 0.0887 0.6413 0.1380 0.7168Non logged
10cm vs 45cm 0.2094 0.3376 0.5470 1 28 29 0.6745 0.0121 17.3670 0.0003

Penetrometer 3.8987 6.5478 10.4465 1 28 29 3.8987 0.2339 16.6720 0.0003

Units used for recording measurements: Overland flow, precipitation, "0" horizon in centimeters, slope and
and ground cover in percent, aspect in degrees. and bulk density in grams per cubic centimeter.



Table 7a. Means Analysis: Natural Event Plots from September, 1986 to December, 1987

Parameter Level Count Average
Stnd. Error Stnd. Error 95 Percent Confidence
(internal) (pooled s) interval for mean

Overland Flow Logged 14 0.0798 0.0250 0.0249 0.0286 0.1309
(cm) Nonlogged 14 0.0938 0.0248 0.0249 0.1426 0.1450

Sediment Logged 14 0.3098 0.0670 0.0507 0.2056 0.4140
(kg/ha) Nonlogged 14 0.1699 0.0256 0.0507 0.0657 0.2741

Precipitation Logged 14 36.9864 0.7843 1.5189 33.8636 40.1092
(cm) Nonlogged 14 30.5134 1.9996 1.5189 27.3915 33.6371

Canopy Cover Logged 15 39.2433 0.8984 1.3058 36.5679 41.9187
( ) Nonlogged 15 61.3540 1.6134 1.3058 58.6787 64.0294

Slope Logged 15 20.8667 0.6464 0.4717 19.9001 21.8332
(7) Nonlogged 15 20.5333 0.1652 0.4717 19.5668 21.4999

Aspect Logged 15 101.7333 1.3362 4.4775 92.5594 110.9073
(degree) Nonlogged 15 99.3333 6.1896 4.4775 90.1594 108.5073

Ground Cover Logged 15 98.5700 0.9161 0.7009 97.1339 100.0061
(7) Nonlogged 15 99.2933 0.3787 0.7009 97.8572 100.7295

"0" Horizon Logged 15 3.6167 0.4622 0.5597 2.4698 4.7635
(cm) Nonlogged 15 7.1333 0.6427 0.5597 5.9865 8.2802

Units: Centimeter (cm), kilogram per hectare (kg/ha), percent M.



Table 7b. Means Analysis: Natural Event Plots from September, 1986 to December, 1987

Stnd. Error Stnd. Error 95 Percent Confidence
Parameter Level Count Average (internal) (pooled s) interval for mean

Pot. Solar Logged 15 0.6353 0.0156 0.0156 0.6033 0.6673
Nonlogged 15 0.3984 0.0152 0.0156 0.3664 0.4304

Bulk Density grams per cubic centimeter)
10cm depth Logged 15 1.0690 0.2819 0.2006 0.6579 1.4801

Nonlogged 15 0.7326 0.0323 0.2006 0.3215 1.1437

45cm depth Logged 15 0.9603 0.0777 0.0574 0.8426 1.0779
Nonlogged 15 0.8997 0.0237 0.0574 0.7820 1.0174

Logged Logged 15 1.0690 0.2819 0.2068 0.6453 1.4926
10cm vs 45cm Nonlogged 15 0.9603 0.0777 0.2068 0.5366 1.3839

Nonlogged Logged 15 0.7326 0.0323 0.0284 0.6745 0.7907
10cm vs 45cm Nonlogged 15 0.8997 0.0237 0.0284 0.8416 0.9578

Penetrometer Logged 15 1.5518 0.1371 0.1249 1.2960 1.8077
Nonlogged 15 0.8308 0.1113 0.1249 0.5750 1.0867
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Appendix B. EXPERIMENT I

Table 8. Statistical Summary for Filter Paper Test

Dry

Sample Size

Weight of Paper (grams)

Average

Mode

Variance

20

0.7745

0.7658

0.0013

20

0.8373

0.8417

0.0029

Standard Deviation 0.0355 0.0535

Standard Error 0.0079 0.0120

Minimum 0.7372 0.7187

Maximum 0.9077 0.9287

Lower Quartile 0.7594 0.8293

Upper Quartile 0.7809 0.8605

Interquartile Range 0.0215 0.0312

Average Increase 0.0628
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Appendix C. EXPERIMENT II

Table 1. Analysis of Variance for Simulated Rainfall

H.. Hypothesis
Parameter F ratio P value No Difference

Among Plots 0.0578 1.0000 Accept

Among Runs 2.6186 0.0955 Accept

Among Subplots 28.5800 0.0000 Reject

Plots by Runs 1.4646 >0.0500 Accept

All tests conducted at a = 0.05 level, 95% confidence

interval.



Table 2. Analysis Results: Simulated Rainfall Plots

One-way Analysis of Varience Range Test Confidence Interval:

Source of Variation
Parameter Sum of Squares Degrees of Freedom

Between Within Between Within
Groups Groups Total Groups Groups Total

Confidence level: 95

Mean Square
Between Within
Groups Groups

F-ratio P value

Slope 0.8333 14.1667 14.2500 1 10 11 0.8333 1.4167 0.0590 0.8158
Ground Cover 16.4502 41.9471 58.3973 1 10 11 16.4502 4.1947 3.9220 0.0758
"0" Horizon 10.0833 28.1667 38.2500 1 10 11 10.0833 2.8167 3.5800 0.0678
Bulk Density
10cm depth 0.0120 0.0482 0.0602 1 10 11 0.0120 0.0048 2.4840 0.1461
45cm depth 0.0005 0.0298 0.0298 1 10 11 0.0005 0.0030 0.0170 0.9009Logged
10cm vs 45cm 0.0004 0.0522 0.0526 1 10 11 0.0043 0.0052 0.0830 0.7824Monlogged
10cm vs 45cm 0.0066 0.0258 0.0324 1 10 11 0.0066 0.0026 2.5820 0.1392

Penetrometer 0.0280 3.9458' 3.9738 1 10 11 0.0280 0.3946 0.0710 0.7983

Units used for recording measurements: Slope and ground cover in percent, "0" horizon in centimeter,and bulk density in grams per cubic centimeter.



Table 3. Means Analysis: Simulated Rainfall Plots

Stnd. Error Stnd. Error 95 Percent Confidence
Parameter Level Count Average (internal) (pooled s) interval for mean

Slope Logged 6 29.6667 0.6146 0.4859 28.5837 30.7496
(cm) Nonlogged 6 29.8333 0.3073 0.4859 28.7504 30.9163

Ground Cover Logged 6 96.2500 1.0948 0.8361 97.1339 94.3865
Nonlogged 6 98.5917 0.4467 0.8361 97.8572 96.7282

"0" Horizon Logged 6 4.8333 0.3073 0.6852 3.3063 6.3604
(cm) Nonlogged 6 6.6667 0.9189 0.6852 5.1396 8.1937

Bulk Density (grams per cubic centimeter)
10cm depth Logged 6 0.9479 0.0302 0.0283 0.8847 1.0110

Nonlogged 6 0.8847 0.0263 0.0283 0.8215 0.9479

45cm depth Logged 6 0.9359 0.0287 0.0223 0.8862 0.9855
Nonlogged 6 0.9318 0.0129 0.0223 0.8821 0.9814

Logged Logged 6 0.9478 0.0302 0.0249 0.8821 1.0136
10cm vs 45cm Nonlogged 6 0.9359 0.0287 0.0249 0.8701 1.0016

Nonlogged Logged 6 0.8847 0.0263 0.0207 0.8385 0.9309
10cm vs 45cm Nonlogged 6 0.9318 0.0129 0.0207 0.8856 0.9780

Penetrometer Logged 6 3.7302 0.2715 0.2564 3.1587 4.3018
Nonlogged 6 3.8268 0.2404 0.2564 3.2552 4.3983

Units: Centimeter (cm) and percent M.


