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An experiment was established in 1992 in the central Sierra Nevada Mountains

of California to assess the effects of high levels of surface organic residues, severely

compacted soil, and shrub competition on the development of mixed conifer

plantations. This study was conducted in 1997 to determine if selected combinations

of soil compaction and organic residues affect: 1) the association of available soil

water with mixed shrubs adjacent to saplings of ponderosa pine (Pinus ponderosa

Dougi. Ex Laws); and, 2) the growth response of ponderosa pine saplings to neighbor

vegetation of mixed shrubs. Soil moisture was determined at 15 and 75 cm below the

mineral surface, and adjacent to saplings with a range of neighbor crown cover by

mixed shrubs. Determinations were made on April 30, June 17, June 26, July 3, July

9, July 15, and August 5 in 1997. At both soil depths during this period, the

association of available water with neighbor shrubs was significantly (pO.0001)

dependent on the soil treatment. On average, available water at both soil depths was



significantly (p<O.O5) depleted near saplings with neighbor shrubs on the compacted

soil treatments for most dates. However, on the uncompacted soil treatments, the

average available water for saplings with neighbor shrubs was not significantly

(p>O.O5) lower than saplings without neighbor shrubs, except at 15 cm below the

mineral surface covered with organic residues. Compared to saplings without

neighbor shrubs, the percent change in fifth year stem volume for saplings with

neighbor shrubs was -62.8 for the uncompacted without organic residues, -45.2 for the

compacted without organic residues, -7.1 for the compacted with heavy amounts of

organic residues, and 12.6 for the uncompacted with heavy amounts of organic

residues. Both basal area and stem volume was substantially less for saplings with

neighbor shrubs for soil treatments without organic residues. Sapling growth during

the drought period of 1997 was significantly less (p<O.05) for all soil treatments when

neighbor shrubs were present. The results suggest that the soil condition can affect the

need to control unwanted vegetation in young plantations of ponderosa pine for the

central Sierra Nevada region. In turn, proper management of the soil conditions

during harvesting operations may alter the competitive ability of unwanted vegetation.
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COMPETITIVE RELATIONS FOR SOIL WATER
IN AN EXPERIMENT

OF SOIL COMPACTION AND ORGANIC RESIDUES
IN A YOUNG PONDEROSA PINE-MIXED SHRUB COMMUNITY

1.0 INTRODUCTION

Harvesting with ground-based machinery can result in some degree of soil

compaction, the redistribution of organic residues, and the increased availability of

resources for plant use. Soil compaction may persist for decades (Vanderheyden

1980, Froehlich et al. 1985), and cover up to 25 percent of the harvested area

(Froehlich 1973). Organic residues are often redistributed to make reforestation

efforts easier. Soil compaction and organic residues are known to alter soil water

availability (Greacen and Sands 1980, Archer and Smith 1972, McDonald and

Helgerson 1990), which is the most limiting resource on the westside of the Sierra

Nevada of California (Helms 1995). In addition, these harvesting effects are known to

alter the stem development of ponderosa pine (Pinusponderosa Dougl. Ex Laws) in

the same region (Powers and Fiddler 1997, Helms et al. 1986, McDonald et aT. 1994b).

It is unclear whether such effects affect the ability of shrubs and herbs in this region to

1) deplete the soil water available for ponderosa pine saplings and 2) suppress young

ponderosa pine yield and growth during drought conditions.

Competition between natural vegetation and planted conifers commonly results

in reduced growth by the conifers. When examined mechanistically, competition is

the negative response of a desirable plant to a limited resource that has been

significantly depleted by an undesirable plant(s) (Goldberg 1990, Vandermeer 1989).

This process involves two successive processes requisite for competition to occur.
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The first process is a significant depletion of the most limiting resource by undesirable

plants. The second process is a significantly negative response by the desirable plant

to the depleted resource. Studies that contain research on both processes are limited

(Goldberg 1990, Radosevich et al. 1997).

The presence of shrubs and herbs can result in the lack of soil water for use by

preferred conifers. Numerous studies, conducted on the western slopes of the Sierra

Nevada, have determined that native shrub species significantly deplete the

availability of soil water (Tappeiner and Radosevich 1982, Shainsky and Radosevich

1986, Powers and Ferrell 1996). Ground-based logging was used to establish the

treatment designs on two of these studies (Shainsky and Radosevich 1986, Powers and

Ferrell 1996). This method of logging often results in variable levels of soil

compaction within the operation area (Froehlich 1973). The associated change in soil

properties may also affect the ability of native shrubs and herbs to deplete soil water.

Competition between young ponderosa pine and associated vegetation is

conm-ion in the Sierra Nevada. Studies conducted on brush fields, determined that

ponderosa pine saplings growing in the presence of shrubs were 22 to 36 percent

shorter in height and 33 to 49 percent smaller in diameter than saplings free of

neighbor vegetation (McDonald et al. 1994a, McDonald and Fiddler 1995, McDonald

et al. 1994b). White and Newton (1989) determined that saplings of ponderosa pine

were 49 percent less in stem volume when shrubs were present. These studies

substantiate the competitive response by ponderosa pine when associated vegetation is

present. However, these studies were also conducted on mechanically cleared areas.
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When such areas contain variable soil compaction and redistributed debris, the

competitive response by ponderosa pine may change.

Based on an agreement between Dr. James R. Boyle (Forest Resources,

Oregon State University) and Dr. Robert F. Powers (USDA-Pacific Southwest

Research Station), the central Sierra Nevada in California was chosen as the region for

this study on competitive relations in plants as they relate to changes in soil

conditions. Dr. Robert F. Powers established the study sites as part of a national study

on Long Term Soil Productivity (LTSP) (Powers et al. 1990). Current results from

this national study include the affects of soil compaction and organic residues on tree

growth, competitive ability of weeds, and soil hydrothermal dynamics (Powers and

Fiddler 1997, Troncoso 1997).

1.1 Objectives

The central question is 'Do mixed shrubs have the same competitive affect on

young ponderosa pine for different soil conditions?' This question is partitioned in the

chapters to correspond to the mechanisms of "competitive relationships" as defined by

Goldberg (1990). The first part is a study to assess the effects of neighbor vegetation

on soil moisture, the most limiting resource for plant growth in the Sierra Nevada.

The second part is a study to assess the effects of neighbor vegetation on ponderosa

pine stem growth during drought conditions and stem volume, basal area, and height

five years after plantation establishment. The corresponding objectives for these parts

are, respectively,:

1. Determine if the presence of mixed shrubs results in the same competitive

condition for available soil water for different soil conditions.



2. Determine if different soil conditions will have the same affect on the growth

of ponderosa pine saplings in the presence of neighbor vegetation.

1.2 Review of the Literature

Neighbor shrubs and herbs can substantially reduce soil water available for

young conifer growth (Shainsky and Radosevich 1986, Petersen and Maxwell 1987,

Powers and Ferrell 1996). When these non-coniferous plants are present depletion can

significantly vary by depth in the soil (Tappeiner and Radosevich 1982, Powers and

Ferrell 1996, Conard et.al 1997), vegetation composition (Conard et.al 1997, Newton

and Preest 1988, Petersen and Maxwell 1987, Kramer and Kozlowski 1979), and the

time of year (Mitchell et.al 1993, Conard et al. 1997). Such depletion may result in

the development of a competitive condition, which Goldberg (1990) defined as a

condition in which neighbor vegetation significantly reduces the most limiting

environmental resource. Competitive conditions often result in depressed growth by

young conifers.

Soil compaction research has also shown an affect of increasing bulk density

on forest tree growth (Greacen and Sands 1980, Tuttle et al. 1988, Helms et al. 1986).

In North America, soil compaction has resulted in a growth reduction of numerous

economically important conifer species (Greacen and Sands 1980, Helms and Hipkin

1986, Cochran and Brock 1985). In the Pacific Northwest, height growth of conifer

seedlings has been reduced by 20 to 40 percent due to soil compaction from harvesting

operations (Minore et al. 1969). Helms et al. (1986) found that ponderosa pine

seedling height averaged 43 percent less in skid trials with high soil bulk densities

versus trees in soils with lower bulk densities of adjacent areas. However, the

4
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reduction was only 13 percent by age 15 for the same trees. Helms and Hipkin (1986)

found for the same study larger stem diameters and 29 to 22 percent more individual

stem volume for trees growing in soils of lowest bulk density compared to the soils in

skid trails.

Despite the predominance of a negative correlation between crop yield and

compaction, there may be an actual increase or no affect on yield in the desirable plant

growing on compacted soils. Greacen and Sands (1980) found 25 studies that showed

an increase and/or no affect in plant yield due to compaction and 117 studies that did

show a decrease in plant yield with compaction. They recognized in their review of

the literature on compaction that the relationship between root growth and compaction

depended on complex interactions between soil strength, nutrient and water

availability, and aeration.

The use of mulches in crop production has shown a variety of beneficial results

in agriculture (Sandretto 1998) and more recently in forestry (McDonald and

Helgerson 1990, Helgerson et al. 1991). Both artificial and organic mulches in

Oregon and California forests have improved survival and growth of commercial

conifer seedlings through numerous indirect benefits (McDonald and Helgerson

1990). In their review on the affects of mulches on soil water in California and

Oregon forests, McDonald and Helgerson (1990) found that mulches increased water

availability due to reduced surface evaporation, improved water absorption, and

suppression of competing vegetation. Mulches tend to increase available water

relatively more on soils with low water-holding capacity and/or extended drought
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periods (McDonald and Helgerson 1990). Thus, the benefit of mulching seems more

effective on well-drained coarse textured soils than fine-textured soils.

The beneficial effects of mulches on planted tree growth are inconsistent

between and within studies. Results have depended on seed source type (Hermann

1967), size of mulched area (Helgerson et al. 1991, McDonald and Helgerson 1990),

and thickness of mulch (McDonald and Helgerson 1990). In general, mulches

improve seedling survival more consistently than height or diameter growth.

However, the use of larger mulched areas can significantly improve both height and

diameter growth of ponderosa pine (McDonald and Helgerson 1990, McDonald et al.

1 994b).

Plant-available water is the most limiting environmental resource on the

western slope of the Sierra Nevada in California (Helms 1995). The Mediterranean

climate of this region is punctuated by a seasonal drought. This drought period is

characterized by an extended period of low precipitation, low relative humidity, and

high temperatures (Helms 1995). Plant growth depends on soil water held at tensions

above the theoretical wilting point of -1.5 MPa, below which water is unavailable for

plant uptake (Kramer and Kozlowski 1979). This level is often reached underneath

broadleaf herbs and shrubs on dry sites (Newton and Preest 1988, Conard et al. 1997).

Conard et al. (1997) determined that the soil water potential at 25 cm fell below the

theoretical wilting point early in a drought period (July 10) under redstem ceanothus

(Ceanothus sanguineus Pursh.). However soil water may not decline below the

theoretical wilting point when herbs and shrubs are removed (Newton and Preest

1988, Petersen and Maxwell 1987). Petersen and Maxwell (1987) reported that the
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theoretical wilting point was not reached adjacent to seedlings of ponderosa pine free

of neighbor competition until late in the drought period (August 30). Thus,

neighboring vegetation does often induce a competitive condition on dry sites in terms

of available soil water.

Compaction of coarse-textured soil reduces the volume of macropores,

increases the volume of micropores, and generally results in increased bulk density.

The result is an increase in field capacity, increased available water capacity, and a

possible increase in unsaturated hydraulic conductivity (Greacen and Sands 1980).

Reicosky et al. (1981) (cited in Childs et al. (1989)) indicated that available water

increased from 0.17 m3/m3 to 0.21 m3/m3 for a loam soil with a change in bulk density

from 1.0 to 1.2 Mg/m3, respectively. However, since they also determined that

available water decreased for an additional increase in the bulk density beyond 1.2

Mg/m3, the relationship between bulk density and available water capacity is non-

linear.

The feature of increased available water capacity can be the most important

result of compaction to consider when soils are subject to drought conditions such as

those in the central Sierra Nevada. Archer and Smith (1972) determined that the

available water capacity of coarse-textured droughty soil increases with increased bulk

density. Studies from the central Sierra Nevada have also determined that the

available water capacity increases when coarse-textured soils are compacted

(Troncoso 1997, Powers and Fiddler 1997). Troncoso (1997) determined, for the

same sites used in this study, that compacting bare-soil significantly increased the

volumetric water content by about 4.4 percent in the first 10 cm below the mineral
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surface. In addition, volumetric water content increased by about 25.8 percent at 10 to

20 cm below the mineral surface. Powers and Fiddler (1997) also determined, for one

of the same sites used in this study, that the available water capacity increased by 65

percent with moderate compaction, but severe compaction increased soil strength to

the point of depressing tree growth. This increased soil strength translates into

resistance to penetration by roots, which not only increases with compaction, but also

as soil dries (Powers and Fiddler 1997, Brady 1990). The annual cycle of soil water

depletion during drought conditions in the study region could then cause an additional

increase in resistance to root growth.

The affect of neighbor plants on the morphology of young ponderosa pine can

differ for a variety of soil conditions. Despite the compelling evidence that important

conifers have reduced yield in the presence of neighbor shrubs, research indicates that

soil bulk density may account for more of the variation in conifer yield than neighbor

shrubs (Helms et al. 1986, Powers and Fiddler 1997). Preliminary results from the

Long-Term Soil Productivity Experiment indicate that neighbor vegetation densities,

and their affect on ponderosa pine growth, differ by soil condition (Powers and Fiddler

1997). Furthermore, results from individual compaction and mulching studies have

varied by region (Greacen and Sands 1980, McDonald and Helgerson 1990).

In summary, published research on the affects of soil compaction andlor

organic residues on competitive relationships are very limited. Bare-soil surfaces, as a

result of mechanical clearing, are the predominant soil condition in the competition

studies reviewed. The affect of other soil conditions could only be found in

preliminary results from unreplicated installations of the Long-Term Soil Productivity



Experiment (LTSP) (Powers and Fiddler 1997). Though such results can certainly be

instructive, it is unclear whether differences found are real or due to inherent variation.

1.3 General Hypotheses

The literature review provides an overview of plant-plant and plant-soil

relations. These are used to guide the objectives into useful hypotheses to test. These

are presented as general hypotheses given that multiple tests are to be performed under

each hypothesis. The hypotheses of interest include:

The competitive condition for available soil water will not differ across soil

conditions.

A competitive condition for available soil water will exist for the four soil

conditions tested when shrubs are present.

The stem growth (seasonal growth during drought conditions and accumulated

growth after five growing seasons) of ponderosa pine, as affected by neighbor

vegetation, will not decrease across the four soil conditions tested.

The short term stem growth during drought conditions and long term stem

growth (accumulated growth after five growing seasons) of ponderosa pine

will not decline in the presence of neighbor vegetation for the four soil

conditions tested.

9



2.0 METHODS

2.1 Study Site Description

The study was conducted on three sites within the Minarets and Mariposa

Ranger Districts of the Sierra National Forest, which is located on the western slope of

the Central Sierra Nevada, East of Oakhurst, California (Figure 1). Owl, Central

Camp, and Vista were names chosen to represent these three sites. The sites have

variable aspects, gentle slopes, and range in elevation from 1585 to 1853 meters

(Table 1).

Table 1. Description of study sites.

10

Site Elevation (m) Aspect Slope(%)

The western slopes of the Sierra Nevada in California are characterized by an

extended summer-dry period common to Mediterranean climates (Helms 1995).

Winters tend to be cool and moist. The extended dry period is punctuated by drought

conditions due to a lack of significant rainfall. Winter precipitation varies from 980-

2300 mm with the southern Sierra receiving lesser amounts (Helms 1995). Annual

Owl 1853 SE 5-20

Central Camp 1609 W 8-20

Vista 1585 NE 8-17



Figure 1. Location of Long-Term Soil Productivity (LTSP) study sites in the central Sierra Nevada of California.
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precipitation from 1991 to 1996 averaged 1150 mm for the region, but varied

considerably over the season (Figure 2). Further, the additional precipitation during

the spring months varied considerably from year to year, being relatively drier for the

year of study (Figure 2). This southern region falls within the granitic geomorphic

province (Helms 1995). Soils are part of the Dome Series and are classified as coarse-

loamy, mixed, mesic dystric xerochrepts. This series consists of deep, well-drained

soils. Parent material is weathered diorite.

Shrub species such as greenleaf manzanita (Arctostaphyllos patula Adams),

gooseberry (Ribes spp.), deerbrush (Ceonothus integerrimus Hook. and Am.), and

mountain whitethom (Ceanothus cordulatus Kell) often recolonize recently disturbed

areas in the study region (Tappeiner 1980, Helms 1995). The soil treatment plots

predominantly contained gooseberry and mountain whitethorn at Owl and Central

Camp, while they contained deerbrush and gooseberry at Vista. Minor perennial

species present included whiteleafmanzanita (Arctostaphyllos viscida Parry),

greenleafmanzanita, wood rose (Rosa gymnocarpa Nutt.), and chokecherry (Prunus

virginiana L.). The site index for ponderosa pine is approximately 21 meters at 50

years for all three sites (Brent Roath, personal communication 1997, USDA Forest

Service, Sierra National Forest, Clovis, California) (Dunning and Reineke 1933).
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2.2 Experimental Design

Dr. Robert F. Powers from the USDA Pacific Southwest Research Station

chose the central Sierra Nevada in 1992 to establish three study sites as part of the

North American study on Long-Term Soil Productivity (LTSP) (Powers et al.1990).

Each 10 hectare site was chosen based on a selection criteria of medium productivity

soils that contained mature stands of the Sierra Nevada Mixed Conifer Type (Eyre

1980). Following selection, each site was cleared of all aboveground vegetation and

treatments combining soil compaction and surface organic matter were established at

each site (Figure 3). Sugar pine (Pinus lambertiana Dougl.), giant sequoia (Sequoia

dendrongiganteum [LindL] Buchholz), white fir (A hi es concolor A. Mutt.), and

ponderosa pine seedlings were planted on 2.5 X 2.5 meter spacing in the early spring

of 1993 for each combination of soil compaction and organic matter. Each treatment

combination was 0.40-hectares in size, half of which received removal of the mixed

shrub community between 1994 and 1996 to form 0.20-hectare plots of soil treatments

with and without mixed shrubs (Figure 3).

2.2.1 Soil Treatment Design

The treatments of interest in my design included 1) soil that was heavily

compacted and then either covered with heavy amounts of organic residues or left bare

and 2) soil with no compaction and then either covered with heavy amounts of organic

residues or left bare (Figure 3). This resulted in four distinct soil treatments for my

study. Troncoso (1997) used the same study design for the same sites. He determined



Figure 3. Representative treatment design for study sites in the central Sierra
Nevada of California.
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that the bulk density of the top 20 cm of mineral soil was 1.03 and 1.25 Mg/rn3 for the

uncompacted and the heavy-compacted treatments, respectively. The average depth of

surface organic residues on the heavy residue treatments was 13.4 cm (Troncoso

1997). The affects of the soil treatments on soil properties are presented in Table 2.

Due to the loss of replicates, the moderate level of compaction was used for one site as

a substitute for heavy compaction. This treatment's bulk density did not significantly

differ from the heavy compaction treatment (Robert Powers, personal communication

1997, USDA-PSW Research Station, Redding, California).

Table 2. Soil properties on study sites for saturated conditions
on uncompacted and compacted soil treatments.

aJ from Troncoso (1997)

Property Uncompacted Compacted

Bulk Density (Mg/m3) a! 1.03 1.25

Assumed Particle Density (Mg/m3) 2.6 2.6

% Volume in Solids 39.0 48.0

%VolumeinPores 61.0 52.0

- Air Filled Capacity (%) 31.5 17.5

- Saturated Water Capacity (%) 29.5 34.5

- Field Capacity (%) 28.4 34.5
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2.2.2 Mixed Shrub Treatment Design

The aboveground portions of shrubs and herbs were removed from plots

intended to be free of plant competition prior to initiating my study in 1996. I used the

0.20-hectare plots with mixed shrubs to establish three levels of potential competition

between ponderosa pine and neighbor vegetation (Figure 3). These were low (0-40

%), moderate (40-70%), and high (>70%) levels of crown cover by neighbor

vegetation. The tops of any resprouting shrubs or herbs were removed within two

meters of each ponderosa pine sapling again in June 1997 for the plots without mixed

shrubs.

2.3 Sampling Design

Each soil treatment plot was surveyed and mapped for ponderosa pine saplings

that were free of defect in 1996 in order to establish a suitable sampling population.

Suitable sample points consisted of one ponderosa pine sapling:

that was residual from the first planting following logging operations,

with no visible mechanical or physiological defect,

with no immediate conifers from original planting,

with less than 5 % immediate cover, within a 2 meter radius, by woody shrubs

other than deerbrush, whitethorn, and/or gooseberry in the plots with mixed

shrubs,

and with no significant appearance of visible stress from competition prior to

release in plots without mixed shrubs.

This selection criteria was developed in order to assess the affects of soil compaction,

organic residues, and mixed shrubs on the growth potential of ponderosa pine. This



a! OR = organic residues, C compaction, y = present,
ii absent

These saplings were in their fifth growing season at the study sites. Additional

information recorded during the survey included cover percent and species of neighbor

vegetation within two meters of each sapling (Table 4). The radius of two meters was

18

criteria does not allow an extension of such assessments to the effect of these

treatments on the whole population of ponderosa pine, because these treatments also

affected the rate of survival in the population of ponderosa pine (Table 3). Therefore,

the sample selected oniy represents that part of the population of ponderosa pine that

actually survived until the fifth growing season after plantation establishment.

Table 3. Percent of planting spots occupied five growing
seasons after plantation establishment in 1993.

Soil Neighbor Vegetation

Site Treatment Present Absent

%

Vista ORnCn 100 97

ORnCy 96 95

ORyCy 92 96

ORyCn 100 51

Central Camp ORnCn 88 82

ORnCy 94 84

ORyCy 91 94
ORyCn 100 100

Owl ORnCn 100 94
ORnCy 83 98

ORyCy 99 96
ORyCn 100 58
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chosen based on a review of competition indices for studying competition between

mountain whitethom and ponderosa pine (Rejmanek and Messina 1988).

Saplings were picked at random from the suitable sampling population.

Saplings with neighbor vegetation that was greater than five percent cover by species

other than mountain whitethom, deerbrush, and/or gooseberry were excluded from the

suitable sampling population. These three species were the dominant shrubs across all

three sites in the study. The selected saplings were then used for repeated measures of

diameter and height and/or locations for determining soil water availability.

Table 4. Average crown cover of all vegetation adjacent to ponderosa pine
saplings by soil treatment.

a/ measured within a 2 meter radius of each sapling.

b/type of cover consists of Ceanothus integerrimus,

Ceanothus cordulatus, Ribes spp., other woody shrubs,

and herbs.

c/ data on percent cover was missing from Vista.

The number of seedlings that survived from planting in 1993 until the initiation

of my study in 1996 varied across treatments (Table 3). As a result, the feasible

Soil Treatment

Percent

Low Average High Replicates Cl

Organic Residues Absent
Uncompacted (ORnCn) 4.0 60.6 158.0

Compacted (ORnCy) 0.0 59.4 141.5 2
Organic Residues Present

Uncompacted (ORyCn) 0.0 32.2 102.0

Compacted (ORyCy) 10.5 63.2 139.5 2
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sample size for permanent sapling measures was determined to be 20 saplings per plot

per site. Where possible, at least 6 saplings were chosen per cover percent category in

the plots with mixed shrubs. Actual measurements of crown cover by shrubs and

herbs were taken to ensure the full range of cover percent possible (Table 4). The

target sample per soil treatment per site was 20 saplings with no neighbor shrubs and

six saplings each with low, moderate, and high densities of neighbor shrubs (Table 5).

Four of the 20 saplings per plot were randomly selected in order to determine the

availability of nearby soil water.

2.4 Soil Water Sampling

Electrical resistance sensors were placed at approximately 75 cm from the

selected ponderosa pine saplings that had neighbor shrub densities of zero, low, and

high with stands of deerbrush, mountain whitethorn, gooseberry, and mixtures thereof.

SoilTest, Inc manufactured these sensors, and Livingston (1993) explains their use.

These sensors are constructed to transmit an electrical current across a neutral

membrane of fiberglass that will increasingly resist such a current as the membrane

dries. To monitor depletion of water in the soil profile, sensors were placed at 15, 50,

and 100-cm below the mineral surface within each soil treatment. This was achieved

by digging holes, inserting sensors by hand, and then back filling above the sensors.

After quickly learning that my arms were not 100 cm long, I had to dig additional

holes for my head and torso to reach down 100 cm.

The plots without mixed shrubs received two sensors at 15 cm and one sensor

each at 50 and 100-cm. These latter sensors were placed below one of the 15 cm

sensors. The plots with mixed shrubs received two sensors at 15 cm under low-



Percent Cover by Neighbor Vegetation

Table 5. Final study design by site, soil treatment, and neighbor vegetation. Numbers correspond to the number of ponderosa
pine saplings measured per plot.

Soil Treatment 0 0-40 40-70 >70 0 0-40 40-70 >70 0 0-40 40-70 >70
Bare Soil

Uncompacted (ORnCn) 20 Missing Missing Missing 20 8 5 5 20 3 7 11

Compacted (ORnCy) 20 9 6 5 19 11 8 1 20 6 7 7
Heavy Organic Residues

Uncompacted (ORyCn) 20 Missing Missing Missing 20 10 6 4 19 Missing Missing Missing
Compacted (ORyCy) 20 14 5 1 20 8 5 6 20 8 5 7

Owl Central Camp Vista
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density shrub cover and two sensors at 15 cm under high-density shrub cover. Sensors

were placed at 50 and 100-cm under one of the 15 cm sensors in the higher density

shrub cover for each plot with mixed shrubs. The majority of 15 cm sensors were

installed in November, 1996, while the 50 and 100-cm sensors were installed in April

of 1997.

2.5 Data Collection

Electrical resistance was recorded with an ohmmeter developed by SoilTest,

Inc. Recordings were made once a week on seven occasions between April 30 and

August 5 of 1997. The majority of readings were taken during midday. Readings that

exceeded 2000 ohms were recorded as 2000 ohms Two individuals of gooseberry

were pulled up from each soil treatment at Owl and Central Camp to observe their

rooting distribution by soil treatment. Samples were placed on a scaled backdrop to

show rooting depth and angle of roots by soil treatment. Each individual sample was

placed with its root collar at the same location of zero centimeters prior to recording

rooting information.

The 20 ponderosa pine saplings used for stem measurements in each plot were

selected in 1996. A permanent mark was made at 15 cm above the ground line on

each sapling in June, 1997. Basal diameter at this mark and total height was measured

on each sapling at each site on June 24 and August 5, plus or minus one day.



3.0 ANALYSIS

3.1 Competitive Condition for Soil Water

Electrical resistance was converted to gravimetric water content (Og) using an

equation developed by Troncoso (1997) for the same sites within this study. The Og

associated with field capacity of -0.01 MPa and the theoretical wilting point ofi .5

MPa was also calculated by Troncoso (1997) for the study sites. Troncoso (1997)

determined that the equivalent Og for field capacity and the wilting point in the first 20

cm of soil was 27.6 percent and 8.1 percent, respectively. However, the tension

associated with the "wilting point" more closely approximates the initiation of

stomatal closure in ponderosa pine than actual wilting (Lopushinsky 1969, Cleary

1970, Richard Waring,personal communication 1997, Department of Forest Science,

Oregon State University, Corvallis, Oregon).

The available water content (AWC) was determined for each date during the

measurement period. The formula used was:

AWC = WC, -WP,,

where, WC, is the calculated volumetric water content and WP is the volumetric

water content at the "wilting point." The gravimetric "wilting point," bulk density of

the compacted treatments, and the bulk density of the uncompacted treatments was

determined to be 8.1 percent, 1.25 Mg/rn3, and 1.03 Mg/rn3, respectively (Troncoso

1997). The WP for each treatment was determined by multiplying the gravimetric

water content by each bulk density, assuming the density of soil water was constant at

1.0. The WP was then subtracted from a similarly derived WC to get AWC. The
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AWC was calculated at 15 cm and 75 cm to respectively represent the shallow and

deeper soil depths of the soil profile. The AWC at 75 cm was estimated by averaging

the AWC at 50 cm and 100 cm.

A split-plot analysis of variance (ANOVA) was used to test the influence of

the experimental factors on available water content (AWC). This test was done

separately for 15 cm and 75 cm below the mineral surface. The following is the

statistical model used:

AWC = +Si+5Tj+(5+5T)jj+NVk+Dt+(5T*NV)jk+(5T*NV*D)jkt+sjjk

where,
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= overall mean

Si = affect of site location

ST = affect of soil treatment

(5+ST)13 = random error due to soil treatment

NVk = affect of neighbor vegetation presence

D = affect of Julian date

(ST*NV)jk = interaction between soil treatment and neighbor vegetation

(ST*NV*D)Jkt = affect of interaction between soil treatment, neighbor

vegetation, and Julian date.

8ijk = random residual error

The PROC GLM statement was used in the SAS statistical computer program

(SAS Inc. 1990) to test the statistical model at 15 cm and 75 cm, separately. A

Fisher's protected LSD was used for comparing the AWC near saplings with variable

densities of neighbor vegetation and among soil treatments. Results from the tests and
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contrasts were considered significant if the probability that the differences detected

were not actually real was less than five percent (i.e. p<O.O5).

Missing data occurred as a result of treatment losses from particular study

sites. Treatments were lost due to waterlogging and in sampling for specific plant

mixtures. The desired plant mixture of Ceanothus spp. and Ribes spp. could not be

found across all plots. As a result, some treatments within the analysis of variance did

contain some missing replicates (Table 6). For treatments with missing replicates, the

standard error (SE) derived from the split-plot ANOVA was adjusted using the

formula:

SE V(MSE/r1+MSE/r2)

Table 6. Sample size for determining available water
by depth below mineral surface, soil treatment, and
neighbor cover density.

a! OR=organic residues, C=compaction, y=present,
n=absent

Depth

(cm)

Soil

Treatment

Neighbor Cover Density

None <40% >70%

15

75

ORnCn
ORnCy
ORyCy
ORyCn

ORnCn
ORnCy
ORyCy
ORyCn

3

3

3

3

3

3

3

3

2

3

3

1

2

3

3

1

2

2

3

1



a! Standard error taken from root MSE from ANOVA
and adjusted by actual sample size per treatment.
b/ SE for <40 and >70 % is assumed to equal the root
MSE from the split-plot ANOVA.
Cl OR=organic residues, C=compaction, y=present,
n=absent

The uncompacted soil treatment with organic residues (ORyCn) was not

included in the analysis of variance. This treatment only had one replicate for plots
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The MSE represents the mean square error from the split-plot ANOVA and r

represents the number of replications for a given soil treatment. This adjusted SE was

then used to make predetermined tests comparing the AWC by neighbor vegetation

density for a given soil treatment (Table 7).

Table 7. Standard error for estimates of available water
by depth below mineral surface, soil treatment, and
neighbor cover density al.

Depth

(cm)

Soil Neighbor Cover Density

Treatment Cl None <40% >70%

15

75

ORnCn

ORnCy

ORyCy

ORyCnb'

ORnCn

ORnCy

ORyCy

ORyCnb

3.32

2.10

2.10

5.79

1.97

1.97

1.25

7.75

3.32

2.10

2.10

3.64

3.32

2.10

2.10

3.64

1.97

1.97

1.25

2.16
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with mixed shrubs (Table 6). Instead, separate t-tests were performed to evaluate

differences between the three vegetation densities of neighbor vegetation on this soil

treatment. The pooled variance from the split-plot ANOVA on the other three soil

treatments was used as a conservative estimate of variance for the available water

content under low and high densities of neighbor cover on this soil treatment. Steel et

al. (1997) judged this method to be reasonable given that the pooled estimate of

variance is always smaller than the individual variance from any one treatment.

Finally, the initial date of measurement (April 30) was not replicated across all soil

treatments and neighbor densities for sensors at 50 and 100 cm. Therefore, this date

was dropped from analysis of available water at 75 cm. The dates used in the analysis

of variance for 75 cm were June 17 through August 5, 1997.

3.2 Competitive Response by Ponderosa Pine

A statistical model was needed that would assess: 1) the affect of the

interaction between soil treatment and neighbor vegetation on ponderosa pine stem

yield and growth; and, 2) contrasts between saplings with and without neighbor

vegetation for each soil treatment. The associated statistical model used was:

Y=i+Si+STJ+(S+ST)jj+NVk+(ST

where,

*NV)jk+sjJk

Y= stem yield or stem growth of average ponderosa pine

= overall mean

S1 = affect of site location

ST = affect of soil treatment

(S+ST) = random error due to soil treatment
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NYk = affect of neighbor vegetation presence

(ST*NV)Jk = affect of soil treatment by neighbor vegetation interaction

Cijk = random residual error

A split-plot analysis of variance (ANOVA) using the PROC GLM statement

(Steel et al. 1997) was used to test the effects of compaction and organic residues,

their interactions, and to generate a pooled estimate of error for making subsequent

contrasts. A Fisher's protected LSD was used for contrasting the yield and growth of

saplings with and without neighbor vegetation for a particular soil treatment. Results

from the tests and contrasts were considered significant if the probability that the

differences detected were not actually real was less than five percent (i.e. p<O.O5).

Missing replicates of the uncompacted soil treatment with surface organic

residues (ORyCn) precluded testing the original factorial design with an appropriate

two-way analysis of variance. Instead, the unreplicated treatment was dropped from

statistical tests and the design used in the split-plot ANOVA was treated as three soil

treatments with a split-plot factor of neighbor vegetation. Any estimates of error for

the uncompacted soil treatment with surface organic residues (ORyCn) are assumed to

be the same as the pooled estimates from the other treatments and are; thus, tentative

at best.



4.0 RESULTS

4.1 Competitive Condition for Soil Water

The regional average of monthly precipitation between April 30 and August 5

did not exceed 15 nmi (Figure 2). This differed from patterns of precipitation in

previous years (Figure 2). However, large thunderhead clouds formed over the study

sites often during this period, and usually around midday. These clouds formed on

most days through the end of June and all of July. Light rain andlor dew was

witnessed at the study sites on June 18, July 18, and July 21-23. In addition,

atmospheric humidity was relatively high between July 16 and July 23. None of the

precipitation witnessed was longer than 10 minutes in duration, but leaf surfaces were

thoroughly wetted by these events. Most precipitation landing on both soil and leaf

surfaces appeared to be evaporated by late afternoon. Therefore, additional inputs of

water to the soil profile between April 30 and August 5 were unlikely for the study

sites.

The water available to saplings at 15 and 75 cm significantly (pO.001)

declined during the study period for all soil treatments and neighbor density levels.

The availability of volumetric soil water on all treatments was below the gravimetric

field capacity of 27.6 percent on April 30, the start of the measurement period.

Available water varied from 21.7 to 10.1 percent at 15 cm on this date. The available

water varied from 19.4 to 8.0 percent at 75 cm for June 17, the first date of

measurements at this depth. In contrast, the water available on this date at 15 cm
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varied from 19.1 to 0.0 percent across treatments. Therefore, soil water was already

unavailable at 15 cm on at least one soil treatment by June 17.

4.2.1 Bare-Uncompacted Soil

Soil water available to saplings at 15 and 75 cm below the mineral surface

ranged from 15.9 to 10.1 percent by volume for April 30. However, the availability of

soil water under high densities of neighbor vegetation could not be determined at 75

cm until June 17. By this date, the water availability at 15 and 75 cm ranged from 9.5

to 2.8 percent across all neighbor vegetation densities.

At 15 cm, there was no significant (p>O.O5) difference in available water

among the three neighbor densities between April 30 and August 5 (Figure 4a,

Appendix 1). However, the average availability of water was slightly higher under the

highest density of neighbor vegetation, and remained so for all dates. Available water

by the end of the measurement period, August 5, ranged from 1.1 to 0.0 percent, with

the higher value under the highest density of neighbor vegetation.

At 75 cm, comparisons between neighbor vegetation densities were possible

only from June 17 to August 5. During this period, there was no significant (p>O.O5)

difference in available water for saplings without neighbor vegetation and saplings

with the higher density of neighbor vegetation (Figure 4b, Appendix 2). The average

availability of soil water was slightly higher on June 26 through August 5 for saplings

without neighbor vegetation than for saplings with high densities of neighbor

vegetation.

The presence of neighbor vegetation on this soil treatment was not associated

with less available water content at the depths measured. Also, the timing of the
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theoretical wilting point at 15 cm was the same (June 26) (p<0.05) for all vegetation

densities. The theoretical wilting point was not reached (p<O.05) at 75 cm under high

densities of neighbor vegetation until July 9. This was 13 days later than the timing of

the theoretical wilting point at 15 cm. However, water remained available at 75 cm

adjacent to saplings without neighbor vegetation until August 5.

4.2.2 Bare-Compacted Soil

The available water content at 15 cm and 75 cm ranged from 17.3 to 10.9

percent by volume for April 30. The availability of soil water rapidly declined

thereafter to a range of 7.6 to 0.0 percent by August 5. Soil water availability was

higher at 15 and 75 cm for saplings without neighbor vegetation than for saplings with

neighbor vegetation.

At 15 cm, there was significantly (p<0.05) more available water for saplings

without neighbor vegetation than for saplings with low- or high-densities of neighbor

vegetation from April 30 to July 15 (Figure 5a, Appendix 1). By August 5, available

water was not significantly (p>O.O5) different between saplings with and without

neighbor vegetation. There was no difference (p>0.05) in soil water availability to

saplings with low- or high-densities of neighbor vegetation from April 30 through

August 5 at this depth (Figure 5a).
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Figure 4. Available water content at 15 cm (A) and 75 cm (B) below the mineral
surface for the uncompacted soil treatment without organic residues (ORnCn)
in 1997. Error bars equal one standard error of 3.32 at 15 cm and 1.97 at 75 cm.
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At 75 cm, there was also significantly (p<0.05) more water available adjacent

to saplings without neighbor vegetation than saplings with high densities of neighbor

vegetation (Figure 5b, Appendix 2). This was the case throughout the measurement

period, except for April 30 and June 26. The water available adjacent to saplings with

no neighbor vegetation showed an unusually rapid decline between June 17 and June

26, resulting in a level that was not different than the level of available water around

saplings with high densities of neighbor vegetation. However, the water availability

continued to decline adjacent to saplings with high densities of neighbor shrubs at a

faster rate than saplings with no neighbor shrubs. As a result, the theoretical wilting

point was reached (p<O.O5) under high densities of neighbor shrubs by July 9

(p<0.05). Soil water continued to remain available adjacent to saplings without

neighbor shrubs through August 5.

The presence of neighbor shrubs was associated with substantially less

available water at 15 and 75 cm below the mineral soil surface. Available water

remained above 3.9 percent at both of these depths adjacent to saplings without

neighbor vegetation. However, the theoretical wilting point was reached (p<O.OS) at

15 and 75 cm adjacent to saplings with neighbor vegetation by June 17 and July 9,

respectively.



Figure 5. Available water content at 15 cm (A) and 75 cm (B) below the mineral

surface for the compacted soil treatment without organic residues (ORnCy) in 1997

Error bars equal one standard error of 2.1 at 15 cm and 1.97 at 75 cm.
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4.2.3 Organic Residues over Compacted Soil

The available water content at 15 cm ranged from 21.7 to 17.4 percent by

volume on April 30. Water availability at 75 cm could not be determined until June

17. On this date, the water availability at 15 cm and 75 cm varied from 19.4 to 2.2

percent for all neighbor densities measured.

At 15 cm, the available water content on April 30 was significantly (p<0.05)

less for saplings with high densities of neighbor vegetation compared to saplings

without neighbor vegetation (Figure 6a, Appendix 1). However, there was no

difference (p<O.O5) in available water for saplings without neighbor vegetation and

saplings with low densities of neighbor vegetation on this date. Available water was

less (p<0.05) for all subsequent dates when neighbor vegetation was present. The

amount of available water was not different (p>0.05) between saplings with low and

high densities of neighbor vegetation between April 30 and August 5. The same trend

was seen at 75 cm (Figure 6b, Appendix 2). There was significantly (p<0.05) more

available water at this depth for saplings without neighbor vegetation than with high

densities of neighbor vegetation between June 17 and August 5.

The presence of neighbor vegetation was associated with substantially less

available water for saplings to use at 15 and 75 cm between April 30 and August 5.

Water at 15 cm.became unavailable (p<0.05) under high densities of neighbor

vegetation by June 17, but was still available (p<0.05) under low densities of neighbor

vegetation until June 26. Water did not become unavailable under high densities of

neighbor vegetation until July 15 at 75 cm. The average availability of water

remained above 6.7 percent at both depths between April 30 and August 5 for saplings
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without neighbor vegetation, and was still available (p<0.05) until August 5.

Apparently, the period of water availability under low densities of neighbor vegetation

and when neighbor vegetation was absent was extended relative to that under high

densities of neighbor vegetation.

4.2.4 Organic Residues over Uncompacted Soil

The availability of soil water ranged from 18.9 to 10.6 percent by volume at 15

cm on April 30. The range was 19.1 to 0.0 percent at 15 and 75 cm on June 17, the

first date all depths were measured on this treatment. Due to the loss of replicates, the

variation in the average for water availability could not be determined for saplings

with neighbor vegetation.

At 15 cm, there was more water available adjacent to saplings without

neighbor vegetation from April 30 through August 5 (Figure 7a). The average

availability of water was substantially more at this depth adjacent to saplings without

neighbor vegetation than saplings with low- and high-densities of neighbor vegetation

(Appendix 1). In addition, there was more water available adjacent to saplings with

neighbors of high-density vegetation than low-density vegetation between April 30

and August 5.

At 75 cm, the variation in the average water available adjacent to saplings

without neighbor vegetation did contain the average for saplings with high-density

neighbor vegetation for all measurement dates (Figure 7b, Appendix 2). Therefore,

there was no significant (p>0.05) difference in water availability between saplings

without neighbor vegetation and saplings with high densities of neighbor vegetation.
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Figure 6. Available water content at 15 cm (A) and 75 cm (B) below the mineral

surface for the compacted soil treatment with organic residues (ORyCy) in 1997.

Error bars equal one standard error of 2.10 at 15 cm and 1.25 at 75 cm.
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The presence of neighbor vegetation was associated with less available water

at 15 cm between June 17 and August 5. Water remained available at this depth

(p<O.OS) through August 5 adjacent to saplings without neighbor vegetation.

However, water was unavailable by June 17 adjacent to saplings with a low density of

neighbor vegetation. This was the case, arguably, for high densities of neighbor

vegetation as well. Neighbor vegetation was not associated with less available water

at 75 cm between June 17 and August 5. The average water availability adjacent to

saplings without neighbor vegetation remained above 9.7 percent at 15 and 75 cm

between April 30 and August 5.
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4.2.5 Soil Conditions and Water Availability under Mixed Shrubs

The difference in nearby available water between saplings with and without

neighbor vegetation significantly (p=0.00 1) differed across the soil treatments. The

difference in available water was relatively larger on the compacted soil treatments

compared to the uncompacted treatments. This dependence of neighbor vegetation

effect on soil condition did not change significantly (p>0.9907) between April 30 and

August 5. The soil treatments also affected the timing of the theoretical wilting point

near saplings with neighbor vegetation.

The timing of the theoretical wilting point near saplings with neighbor

vegetation was effected by a change in the bulk density on the bare soil treatments.

Soil water was unavailable (p<0.05) at 15 cm by July 3 for the uncompacted treatment

(ORnCn) (Figure 4a). In contrast, water became unavailable (p<O.O5) at 15 cm as

soon as June 17 for the compacted treatment (ORnCy) (Figure 5a), almost 20 days

sooner. The timing of the theoretical wilting point at 75 cm was the same for both of

the bare-soil treatments for plots with neighbor vegetation (Figure 4b and 7b).

The effect of soil compaction on the association between neighbor vegetation

and the timing of the theoretical wilting point also changed for treatments with heavy

organic residues. For the compacted condition (ORyCy), the theoretical wilting point

was reached by June 17 (p<0.05) at 15 cm under high densities of neighbor vegetation,

but was not reached until 16 days later (p<0.05) under low densities of neighbor

vegetation (Figure 6a). For the uncompacted condition (ORyCn), available water

appeared to fall below the theoretical wilting point at 15 cm by June 17 for low- and

high-densities of neighbor vegetation (Figure 7a). The theoretical wilting point was
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reached at 75 cm by July 15 on the compacted treatment with heavy organic residues

(ORyCy), but did not appear to be reached during the study period on the

uncompacted treatment (ORyCn).

4.2 Competitive Response by Ponderosa Pine

Soil compaction and surface organic residues substantially affected the

relationship of the average ponderosa pine sapling to neighbor vegetation. However,

the presence of neighbor vegetation did affect the total stem yield of the average

ponderosa pine sapling by the fifth year of plantation establishment, despite the

change in soil properties (Figures 10-12). In this same year, the presence of neighbor

vegetation had a much more substantial effect on the stem growth of the average

ponderosa pine during drought conditions (Figures 13-15). However, the affect of

neighbor vegetation on ponderosa pine yield and growth varied (p<O.2425) across soil

treatments. The actual contrasts and output from the split-plot ANOVA are presented

in Appendix 3-6.

Median basal area of the average ponderosa pine stem was reduced (p0.0397)

by neighbor vegetation in the five year-old plantations for each combination of soil

compaction and organic residues (Appendix 3), except for the uncompacted soil

treatment with organic residues (ORyCn) (Figure 8). Basal area in this unreplicated

treatment did not appear to differ between the average sapling with and without

neighbor vegetation. Though basal area was significantly reduced in the presence of

neighbor vegetation for most soil treatments, the magnitude of this reduction

significantly (p=0.0265) varied by soil treatment (Figure 8) (Appendix 4). Compared

to the average sapling without neighbor vegetation, the percent change in basal area
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Figure 8. Median basal area of ponderosa pine saplings at the end of the
fifth growing season by soil treatment and neighbor vegetation. (OR=organic
residues, C=soil compaction, y=present, n=absent). Estimates with the same

letter for a given soil treatment did not differ significantly (p>0.05).

Unlike basal area, stem volume of the average sapling was not significantly

reduced by the presence of neighbor vegetation for all soil treatments (Figure 9,

Appendix 3). The average sapling in the five-year old plantations had significantly

(p<0.01) less stem volume in the presence of neighbor vegetation on both of the bare-

soil treatments. However, stem volume of the average sapling in the compacted with
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for the average sapling with neighbor vegetation was -49.8, -39.2, -19.1 and -7.4 for

bare-uncompacted (ORnCn), bare-compacted (ORnCy), compacted with heavy

organic residues (ORyCy), and uncompacted with heavy organic residues (ORyCn)

treatments, respectively.
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heavy organic-residues treatment (ORyCy) was not significantly (p=O.4O66) affected

by neighbor vegetation. The average sapling in the uncompacted soil treatment with

heavy organic residues (ORyCn) also appeared unaffected, but no statistical

comparison could be made.

As was seen in basal area, the magnitude of the difference in stem volume

between saplings with and without neighbor vegetation significantly (p0.0083)

changed by soil treatment (Figure 9, Appendix 4). Compared to the average sapling

without neighbor vegetation, the percent change in stem volume for the average

sapling with neighbor vegetation was -62.8, -45.2, -7.1 and 12.6 for the bare-

uncompacted (ORnCn), bare-compacted (ORnCy), compacted with heavy organic

residues (ORyCy), and uncompacted with heavy organic residues (ORyCn)

treatments, respectively.
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Figure 9. Mean stem volume of ponderosa pine saplings at the end of the

fifth growing season by soil treatment and neighbor vegetation. (0Rorganic

residues, C=soil compaction, y=present, n=absent). Estimates with the same

letter for a given soil treatment did not differ significantly (p>0.05).

No statistically significant differences could be detected in sapling height

(p>0. 1488) between the average sapling with and without neighbor vegetation by the

fifth year (Figure 10). However, the average sapling with neighbor vegetation was

slightly taller on treatments with organic residues (Figure 10). Once again, tests did

not include the uncompacted with heavy organic residues treatment (ORyCn).

However, sapling height did not appear to be significantly affected by the presence of

neighbor vegetation on this treatment. Unlike basal area and stem volume, total height

of the average sapling with and without neighbor vegetation did not significantly

(p=O.2424) differ by soil treatment.
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Figure 10. Mean height of ponderosa pine saplings at the end of the fifth growing

season by soil treatment and neighbor vegetation. (OR=organic residues, Csoil

compaction, y=present, n=absent). Estimates with the same letter within a given soil

treatment did not differ significantly (p>0.05).

Soil compaction and surface organic residues substantially affected (p<0.0482)

the basal area and stem volume growth of ponderosa pine in the presence of neighbor

vegetation during the seasonal drought conditions of 1997 (Appendix 5). Basal area

growth of ponderosa pine between June 24 and August 5 of 1997 was significantly

(p<O.0003) less in the presence of neighbor vegetation for all soil treatments (Figure

11, Appendix 6), except the uncomp acted soil treatment with organic residues

(ORyCn). Basal area growth also appeared to be significantly less for the average

sapling with neighbor vegetation on this treatment, but statistical tests could not be

performed. Though the average ponderosa pine sapling with neighbor vegetation
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grew less in basal area than the average sapling without neighbor vegetation, the

magnitude of this difference significantly (p0.0 172) varied by soil treatment.

ORnCn ORnCy ORyCy ORyCn

Soil Treatment

Neighbor
Vegetation

IPresent
o Absent

Figure 11. Mean basal area growth of ponderosa pine saplings in the fifth growing

season between June and August, 1997. (42 days) (OR=orgariic residues, Csoil
compaction, y=present, n=absent). Estimates with the same letter within a given
soil treatment did not significantly differ (p>0.05).

Like basal area growth, stem volume growth of the average sapling between

June 24 and August 5 of 1997 was also significantly (p<0.0085) less in the presence of

neighbor vegetation for all soil treatments (Figure 12, Appendix 6), except the

uncompacted soil treatment with organic residues (ORyCn). Once again, statistical

tests could not be performed on this treatment, but there appeared to be no significant

difference in stem volume growth for the average sapling with and without neighbor

vegetation. As was seen in basal area growth, the magnitude of difference in stem
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volume growth between the average sapling with and without neighbor vegetation

significantly (p=O.O48l) changed by soil treatment.
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Figure 12. Mean stem volume growth of ponderosa pine saplings in the fifth growing

season between June and August, 1997. (42 days) (OR=organic residues,

C=compaction, y=present, n=absent). Estimates with the same letter within

a given soil treatment did not differ significantly (p>O.O5).

Height growth of the average ponderosa pine with neighbor vegetation,

between June 24 and August 5 of 1997, was not affected by the soil treatments

(p=O.464l). However, height growth was significantly (p<0.0071) less in the presence

of neighbor vegetation for each soil treatment (Appendix 6), except the uncompacted

soil treatment with organic residues (ORyCn) (Figure 13). The average sapling

actually appeared to be significantly taller in the presence of neighbor vegetation on

this treatment, but statistical tests could not be performed to test this observation.

Present

Absent
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Figure 13. Mean height growth of ponderosa pine saplings in the fifth growing season

between June and August, 1997. (42 days) (OR=organic residues, C=soil compaction,

y=present, n=absent). Estimates with the same letter within a given soil treatment did

not differ significantly (p>0.05).

4.3 Root Observations

The distribution of coarse roots of gooseberry (Ribes spp.) was observed to

differ by soil treatment. The observed root systems on the bare-uncompacted SQil

treatment (ORnCn) consisted of a major taproot descending 90 degrees from the

horizontal to a depth greater than 30 cm, with lateral roots descending at about 45

degrees from horizontal (Figure 14a). The observed root systems on the bare-

compacted soil treatment (ORnCy) had a taproot that severely meandered down to

around 10 to 20 cm and then turned to the horizontal (Figure 14b). Laterals descended

at about 10 degrees from the horizontal, while the majority of the root systems
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observed appeared to be in the upper 20 cm of the profile. Root systems on the

compacted soil treatment with heavy organic residues (ORyCy) were observed to have

a shallow tap root that turned horizontal within 5 cm of the mineral surface, and the

majority of lateral roots going from the horizontal at 10 degrees (Figure 1 5a). The

majority of roots observed on this treatment were distributed above 10 cm in the

mineral soil. Root systems observed on the uncompacted soil treatment with heavy

organic residues (ORyCn) were similar to those on the bare-uncompacted soil

treatment (ORnCn), but lateral roots were about 25 degrees from horizontal (Figure

15b).

Major roots of deerbrush, mountain whitethorn, and gooseberry were found to

a depth of 50 cm on the compacted treatments, despite the observed predominance of

gooseberry roots in the upper 20 cm. These deeper roots were found growing in old

root channels previously occupied by conifer roots. They were found on numerous

occasions during excavations for sensor installations, and appeared to extend to a

depth of approximately 50 cm when old root channels were present.



Figure 14. Distribution of roots for gooseberry (Ribes spp.) on bare soil treatments
without compaction (A) and with compaction (B). A 50-cm length, with 10-cm
increments, is pictured next to roots to show depth of rooting.
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Figure 15. Distribution of roots for gooseberry (Ribes spp.) on organic residue treatments
with compaction (A) and without compaction (B). A 50-cm length, with 10-cm
increments, is pictured next to roots to show depth of rooting.



5.0 DISCUSSION

Four combinations of soil compaction and surface organic residues were

assessed in three five-year old plantations for their affect on 1) the association of

available soil water to vegetation adjacent to saplings of ponderosa pine and 2) the

response of ponderosa pine saplings to a wide range of cover by neighbor vegetation.

These relationships were studied adjacent to ponderosa pine saplings to determine if

surrounding soil contained a competitive condition for soil water for different soil

conditions. Soil moisture sensors were used at 15 and 75 cm below the mineral

surface to assesses the competitive condition. The presence of a competitive condition

for soil water could result in depressed growth of ponderosa pine saplings. Therefore,

stem basal area, stem volume, and stem height of selected ponderosa pine saplings was

also assessed in the fifth year of plantation development. The study was conducted

between April and August of 1997, when water was most limiting for plant growth

due to annual drought conditions.

5.1 Competition for Available Soil Water

When water availability to saplings is significantly reduced in the presence of

neighbor vegetation, then competitive conditions exist (Goldberg 1990). The presence

of neighbor vegetation was not associated with a significant decline in available soil

water across all soil treatments (Table 8). The availability of soil water did not

generally vary among the four densities of neighbor vegetation for uncompacted soil

conditions. However, the presence of neighbor vegetation was associated with less

available water in the shallow soil for the uncompacted with heavy organic residue
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Table 8. Percent available water at 15 and
75 cm soil depths between April 30 and
August 5, 1997.

Soil b/

a! OR = organic residues, C = compaction,
y present, n = absent
b/ Percents for each row followed by the same
letter do not statistically differ at the 0.05 level

conditions. This result may have been as associated with inherent variation as actual

real differences, since there was only one replication for this soil condition. Thus, I

conclude that the presence of neighbor vegetation will not necessarily result in less

available water in the upper meter of soil for ponderosa pine saplings grown under

similar conditions in the region of study. However, this may change from year to

year. Previous years had substantially more spring precipitation, while the year of

study had little spring precipitation (Figure 2). This will result in different levels of

available water during drought conditions from year to year.
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a!Treatment

Neighbor Shrubs

Present Absent

%

15cm
ORnCn 3.6a 2.7a
ORnCy 1.6a 8.6b
ORyCy 3.5a 14.lb
ORyCn 3.0- 16.6-

75cm
ORnCn 4.2a 6.la
ORnCy 6.2a 10.7b
ORyCy 3.2a 15.Ob
ORyCn 9.3a 11.Oa
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Both compacted conditions examined were associated with a competitive

condition for soil water at 15 and 75 cm. However, it is likely that ponderosa pine

roots extended deeper in the compacted soil than that observed by gooseberry. Major

roots of gooseberry were observed predominantly above 20 cm. Previous research

indicates numerous conifer species can penetrate deeper than this on compacted soils

(Tuttle et al. 1988, Nambiar and Sands 1992, Minore et al. 1969). Tuttle et al. (1988)

determined that roots of loblolly pine (Pinus taeda L.) in forest nursery settings were

able to penetrate to an average depth of 50 cm in seven months on loamy sand with a

bulk density up to 1.6 MgIm3. Similarly, Nambiar and Sands (1992) determined that

radiata pine (Pinus radiata D. Don) roots in a droughty plantation setting could

penetrate sandy soil with bulk densities up to 1.6-1.7 Mg/m3. Minore et al. (1969)

reported for a sandy loam soil that roots of seven common Pacific Northwest tree

species could penetrate through bulk densities of 1.32 Mg/rn3. The bulk density of

1.25 Mg/rn3 achieved through compaction in my study is for a similarly coarse-

textured soil. Therefore, it is likely that ponderosa pine roots extended deeper than 20

cm on the compacted treatments to a depth not being as exploited by gooseberry, and

potentially deerbrush and mountain whitethorn. Nevertheless, soil strengths could

have been much different between bare-compacted soil and compacted with heavy

organic residues.

Soil strength increases as soil dries (Taylor et al. 1966, Brady 1990). Since

soils with heavy organic residues contained relatively more available water than on

bare soil, penetration resistance to roots may have been less for the same bulk density,

especially when compared on the plots without mixed shrubs. Powers and Fiddler
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(1997) reported that organic surface residues over uncompacted soil resulted in

keeping soil strengths below 2 MPa to a depth of 40 cm, but the removal of surface

residues resulted in strengths exceeding 2 MPa at depths as shallow as 10 cm. Soil

strengths in excess of 2.5 to 3 MPa are considered to significantly reduce any root

penetration (Nambiar and Sands 1992, Greacen and Sands 1980). Thus, I would

expect ponderosa pine roots to extend deeper under heavy residues than bare soil when

the same type of soil is compacted to the bulk densities achieved in this study.

The rooting patterns observed by gooseberry, as well as the probable rooting

pattern of ponderosa pine, would suggest that the competitive condition for soil water

observed on compacted soil is not entirely due to neighbor vegetation, since few

gooseberry roots were found below 20 cm. The additional removal of soil water could

be due to increased extraction by ponderosa pine roots deeper in the soil, removal of

water in the shallow soil prior to percolating deeper, andlor increased capillary

movement of water to the surface soil. This latter factor is highly likely given that

capillary movement of water in soil increases as pore size decreases (Brady 1990).

Nevertheless, the removal of neighbor vegetation on compacted conditions could

increase the water available around the roots of young ponderosa pine saplings in the

upper meter of soil.

Havranek and Benecke (1978) assessed the relations between soil water

potential and plant water potential for three conifer species. They determined under

controlled laboratory conditions that all three had higher internal water potentials than

the surrounding soil, even for very dry soil that was below the theoretical wilting point

of -1.5 MPa. They proposed that plant roots were exploiting parts of the soil that were
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wetter than where the soil moisture sensors were. Therefore, the competitive

conditions for soil water that were determined using soil moisture sensors in this study

could be overestimating the actual competitive stress that the ponderosa pine saplings

experienced. Even if ponderosa pine had experienced soil water potentials just below

-1.5 MPa, it is unlikely that it would result in permanent wilting of ponderosa pine

needles (Lopushinsky 1969, Cleary 1970).

The moisture conservation adaptations in ponderosa pine permit it to survive

and compete in environments with annual deficits in available water. Ponderosa pine

can recover physiologically from an internal moisture stress below the theoretical

wilting point of-1.5 MPa (Lopushinsky 1969, Cleary 1970). Fowells and Kirk (1945)

reported that ponderosa pine seedlings were able to continue water uptake in soil

below the permanent wilting point of sunflower. In addition, ponderosa pine seedlings

can continue to transpire water up to needle water potentials of -2.5 MPa (Delucia and

Heckathorn 1989). Thus, a competitive condition in terms of soil water may not

translate into the same degree of stress in ponderosa pine. The capacity for drought

recovery can likely explain a portion of the variability in ponderosa pine growth and

yield across soil treatments.

5.2 Effect of Competition on Ponderosa Pine

Ponderosa pine growth can be substantially affected by soil compaction

(Helms and Hipkin 1986, Helms et al. 1986, Cochran and Brock 1985) and the degree

to which the soil surface is covered by a mulching material such as organic residues

(McDonald and Helgerson 1990). The results from this study also indicate that these

physical changes to the soil can alter the response young ponderosa pine has to
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neighbor vegetation (Table 9 and 10). Even when there was less stem yield and stem

growth by ponderosa pine due to neighbor vegetation, the magnitude of this reduction

significantly varied by soil condition. However, there was a general trend of less

relative stem growth by ponderosa pine when neighbor vegetation was present (Table

9).

The average growth of ponderosa pine was better across all soil treatments

when neighbor vegetation was controlled. The competitive response in stem growth

was determined to be relatively larger on bare-uncompacted soil conditions. The

smallest response in ponderosa pine growth to neighbor vegetation was on the

uncompacted soil conditions with heavy amounts of organic residues. Measuring the

change in sapling size between June and August probably did not encompass the entire

growth period. It is likely that a substantial amount of growth occurred prior to this

period as well.



Table 9. Relative percent change in the average

stem growth of ponderosa pine saplings between

the presence and absence of neighbor shrubs.

%

Basal Area (mm2)

ORnCn -81.9 a 452.0 b
ORnCy -65.5 a 189.6 b
ORyCy -54.5 a 119.6b
ORyCn -16.8- 20.0-

Stem Volume (cm3)
ORnCn -86.8 a 659.1 b
ORnCy -65.9 a 193.6b
ORyCy -47.6 a 90.7 b
ORyCn -6.8- 7.3-

Stem Height (cm)
ORnCn -33.3 a 50.0 b
ORnCy -27.6 a 38.1 b
ORyCy -27.6 a 38.lb
ORyCn 50.0- -18.2-

a! OR = organic residues, C = compaction,

y = present, n = absent

b/ Percents for each row followed by the same

letter do not statistically differ at the 0.05 level.

Heavy amounts of organic residues over uncompacted soil (ORyCn) presented

a condition that was somewhat anomalous in terms of sapling growth. Growth in stem

volume and height did not appear to differ for the average sapling with and without

neighbor vegetation (Table 9). There actually appeared to be more height growth
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when neighbor vegetation was present on this soil condition. This divergence in the

growth characteristics of saplings from other treatments could be due to the limited

number of saplings with high densities of neighbor vegetation on this soil condition, as

well as the lack of replication. Powers and Fiddler (1997) also noted the general lack

of high densities of mixed shrubs on this soil treatment. If precipitation patterns

persist as they did in 1997, it is likely that the yield of ponderosa pine will also decline

across all soil treatments when mixed shrubs are present with ponderosa pine saplings.

After five years since plantation establishment, stem volume and height of the

average ponderosa pine sapling was less affected by the presence of neighboring

mixed shrubs on soils covered with heavy amounts of organic residues (Table 10).

However, the compacted soil resulted in more stem volume and taller trees than the

uncompacted condition, as long as heavy amounts of organic residues were present.

The opposite was true for bare-soil conditions. Compaction resulted in less stem yield

for the average sapling free of nearby mixed shrubs. In general, the presence of

neighbor vegetation resulted in the same average level of stem volume and basal area

for both uncompacted and compacted soil when the soil surface was bare. This

average is somewhat biased toward the competitive effect of deerbrush, since one of

the sites with mountain whitethorn was lost for the uncompacted treatment. Deerbrush

was much more competitive in terms of light interception than the more prostrate

mountain whitethorn, which has been reported as being relatively moderate in its

competitive effect on ponderosa pine seedlings (McDonald et al. 1 994b).



Table 10. Relative percent change in the average

stem yield of ponderosa pine saplings between

the presence and absence of neighbor shrubs.

%

2Basal Area (mm)
ORnCn -49.8 a 99.3 b
ORnCy -39.2 a 64.4 b
ORyCy -19.la 23.7b
ORyCn -7.4- 8.0-

Stem Volume (cm3)
ORnCn -62.8 a 168.6b
ORnCy -45.2 a 82.4 b
ORyCy -7.la 7.6a
ORyCn 12.6- -11.2-

Stem Height (cm)
ORnCn -8.8 a 9.7 a
ORnCy -5.7 a 6.0 a
ORyCy 3.6a -3.4a
ORyCn 1.6- -1.6-

a! OR = organic residues, C = compaction,
y = present, n = absent
b/ Percents for each row followed by the same
letter do not statistically differ at the 0.05 level.

The results from this study are not consistent with the results from the

competition studies reviewed, except for the bare soil treatments. On these treatments,

the presence of neighbor vegetation resulted in a reduction in ponderosa pine stem

volume of 45.2 to 62.8 percent and stem height of 5.7 to 8.8 percent. The stem

volume and height results are consistent with other competition studies in similar
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settings conducted on bare-soil conditions (White and Newton 1989, McDonald et al.

1994a). White and Newton (1989) determined that stem volume of 4-year old

ponderosa pine was 49 percent less (statistically significant) in the presence of

neighbor vegetation on bare-uncompacted conditions. McDonald et al. (1994a)

determined that height in five year old stands of ponderosa pine was 22 percent less

with neighbor vegetation on bare-disturbed conditions, but this was not statistically

different from ponderosa pine without neighbor vegetation.

The results from the competition studies reviewed are not consistent with the

results from other soil conditions in my study. Ponderosa pine yield was not as

affected by the presence of neighbor vegetation on treatments with heavy amounts of

organic residues. Average stem volume of ponderosa pine was 7.1 percent less to 12.6

percent more in the presence of neighbor vegetation relative to saplings without

neighbor vegetation (Table 10). The former response of 7.1 was not statistically

significant.

The competitive response by ponderosa pine in this study is consistent with

other Long-Term Soil Productivity (LTSP) studies reviewed by Powers and Fiddler

(1997). The results from other LTSP studies in California indicate that the same soil

treatments that were used in my study do affect the response of ponderosa pine to

neighbor vegetation (Powers and Fiddler 1997, Powers et al. 1996). Powers and

Fiddler (1997) determined for one of the same sites (Vista) used in this study that the

difference in stem volume growth between two-year old ponderosa pine seedlings with

and without neighbor vegetation was approximately 6 cm3 for bare-compacted

treatments and 11 cm3 for bare-uncompacted treatments. Thus, the results from this
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study are consistent at age five with results from age two conducted on just one site.

Similar to the results in my study, Powers and Fiddler (1997) also determined that the

mean stem volume growth of saplings on both compacted and uncompacted treatments

(bare soil) substantially improved when neighbor vegetation was removed.

What are the consequences of different soil conditions in terms of plant

relations? The results from this study would indicate that, for a given level of plant

community density, the major consequence is the degree of competitive ability.

Goldberg (1990) defined competitive ability as the degree of suppression imposed by

one plant on another. Neighbors of deerbrush, mountain whitethorn, and gooseberry

showed less ability to suppress young ponderosa pine on soil treatments with organic

residues compared to neighbor vegetation of the same species and relative range of

density on soil treatments without organic residues. My observations of mountain

whitethorn and gooseberry revealed that they did not develop the aboveground

biomass and height that deerbrush did, leaving a question of how innately competitive

mountain whitethorn is to conifers. My observations also showed that these species

had a predominance of xerophytic characteristics: this included small leaves

(mountain whitethorn), drought deciduousness (deerbrush), or both (gooseberry).

Since the range in canopy cover by neighbor vegetation was relatively constant across

treatments, the difference in competitive ability is likely due to differences in the

accessibility and use of soil nutrients and water, competitive ability of the three shrub

species, and physiological behavior (Conard et al. 1997).

5.3 Scope of Inference

The treatment design used in this study does not resemble operational patterns
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of soil disturbance in logged areas. While some landings may have uniform

compaction, as was achieved in this study, tractor-logged areas usually contain skid

trails dispersed among areas with little to no traffic (Froehlich 1973). In such areas,

skid trails can result in an increase of the soil's bulk density by 25 to 35 percent

(Froehlich 1973). However, the degree of soil compaction on skid trails for a given

site can have high internal variability that depends on the amount of traffic (Froehlich

and McNabb 1984). Thus, accurately extrapolating the results from the compacted

treatments to operational conditions is not recommended. Understanding the

mechanisms on the compacted condition, however, could lead to a better management

strategy (Greacen and Sands 1980).

Research on mulches has shown an increase in tree survival with increased

radius of mulched area around individual seedlings (McDonald and Helgerson 1990),

and even improved growth of ponderosa pine with larger mulched areas (McDonald et

al. 1994b). The results from this study would be more applicable to these larger

mulching operations, since plots with heavy organic residues provided relatively

continuos coverage around ponderosa pine saplings. However, the poor survival of

ponderosa pine on uncompacted soil with heavy organic residues in this study is not

consistent with the improved survival reported in the use of larger mulches

(McDonald et al. 1 994b). In addition, using the same coverage levels with other

mulch materials may not provide similar results, since materials like polyethylene and

Kraft paper produce a different soil energy balance than unconsolidated materials like

organic residues (McDonald and Helgerson 1990).
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Finally, the sample of ponderosa pine saplings in this study does not represent

the whole population of saplings originally planted on the soil treatments. Only

healthy saplings that survived until 1997 were used in this study. Soil compaction,

organic residues, and the mixed shrub treatments did affect the survival of ponderosa

pine (Table 3). If mortality would have been included, by counting empty planting

spots in the suitable sampling population, then the results from this study could apply

to the affect of the treatments on the whole plantation of ponderosa pine. Instead, the

results only apply to that part of the population that survived until five years after

plantation establishment. Barring any stand replacing disturbances, it is likely that a

portion these saplings will be present during future entries for timber product removal

given the low rates of mortality reported in stands of ponderosa pine that survive past

age two (Powers and Ferrell 1996, McDonald et al. 1994b).

5.4 Additional Factors to Consider

Attaining the amounts of organic residues used in this study is possible on gentle

slopes, making conservation of soil water more operationally feasible. The increase in

organic matter content at the soil surface can also increase the retention of the site's

nutrient capital. Organic matter can account for as much as one third of the cation

exchange capacity in surface soils (Brady 1990). The removal of neighbor vegetation

in this study improved the growth of ponderosa pine stems for all soil treatments.

However, removal of weeds in plantations of radiata pine can almost double the

nitrogen leaching (Smethurst and Nambiar, cited in Nambiar 1990). In addition, the

retention of mixed shrub communities containing Ceanothus spp. has been associated

with greater soil carbon, nitrogen, and microbial activity on ponderosa pine sites
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(Busse et al. 1996). Retaining organic matter, and some level of mixed shrubs, could

not only increase the capacity for nutrient retention, but also provide additional

sources of nutrients through increased microbial activity.

Compaction of the soils at the study sites also improved moisture conservation,

though, the levels and area are not operationally feasible. In addition, the additional

surface erosion witnessed and the lower productivity of ponderosa pine saplings

indicates that such an improvement does not translate into increased productivity.

Powers and Fiddler (1997) reported that erosion rates were four times greater on bare

soils compared with soils that had heavy amounts of surface organic residues for sites

in the Northern Sierra Nevada. Increased surface erosion is likely to result in a thinner

A-horizon, which may be an additional factor contributing to reduced ponderosa pine

growth on the bare-compacted soil (Helms et al. 1986). Erosion was not witnessed in

this study on soils with heavy amounts of organic residues. Such conditions did result

in improved moisture conservation, better growth and yield by ponderosa pine, and

less ability of neighbor vegetation to suppress ponderosa pine relative to bare soil

conditions.

Further research is necessary to better understand plant relations when soil

conditions change Soil water was assessed to quantify the competitive conditions that

ponderosa pine saplings might be experiencing. Assessing plant moisture stress would

be a more appropriate determinate of competitive stress, since it provides an estimate

of the soil water potential that the tree is actually experiencing (Hinckley et al. 1978).

This was attempted on four occasions between April and August 1997, but was

abandoned due to equipment problems. A more thorough study of plant roots would
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contribute significantly to understanding the aboveground results this study obtained.

However, this might involve destruction to some plots that are intended to provide

long term results. This is probably unfeasible, since there are only three replicates of

any-one soil treatment. Assessing the soil properties in terms of penetration resistance

would be more appropriate than bulk density for studies on plant-soil relations,

because plant roots respond directly to soil strength (Froehlich and McNabb 1984).

5.5 Results from Testing Hypotheses

Five hypotheses were tested in order to answer the central question: 'Do mixed

shrubs have the same competitive effect on young ponderosa pine for different soil

conditions?' Each hypothesis had an inherent subset of hypotheses that were tested

separately. The results from these tests are described in the following by general

hypothesis:

The competitive condition for available soil water will not d?ffer across soil

conditions.

The competitive condition for available soil water varied at 15 and 75

cm @=O.0001) by soil condition, therefore, the general hypothesis was

rejected.

A competitive condition for available soil water will exist for the four soil

conditions tested when shrubs are present.

A competitive condition for available soil water was associated with

shrubs on compacted soils, but not on uncompacted soils. There was

substantially (p<O.05) less available water at the 15 and 75 cm soil depths as a

result of mixed shrubs on both compacted treatments (Table 8). Therefore, the
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general hypothesis is not rejected for compacted soil conditions. In general,

there was no difference (p>O.O5) in available water when mixed shrubs were

controlled and when they persisted for the uncompacted soil conditions.

Therefore, the general hypothesis is rejected for uncompacted soil conditions.

The stem growth (seasonal growth during drought conditions and accumulated

growth after five growing seasons) ofponderosa pine, as affected by neighbor

vegetation, will not decrease across the four soil conditions tested.

The growth responses of ponderosa pine to immediate neighbors of

mixed shrubs did decrease for the four different soil conditions assessed. In

terms of stem growth during the drought period, there was a decrease in the

affect of neighbor vegetation on ponderosa pine basal area (p0.0172) and

stem volume (p=O.0481), but not for stem height (p=O.464l). In terms of long

term stem yield, there was also a change in the effect of neighbor vegetation on

ponderosa pine basal area @=O.0265) and stem volume (p=O.0083), but not

stem height (p=O.2424). Therefore, the general hypothesis is rejected in terms

of basal area and stem volume, but not rejected for stem height.

The short term stem growth and long term stem growth (accumulated growth

after five growing seasons) ofponderosa pine will not decline in the presence

of neighbor vegetation for the four soil conditions tested.

In terms of short-term stem growth, there was a significant reduction

(p<O.O5) in basal area, stem volume, and height for saplings with neighbor

vegetation versus saplings without neighbor vegetation on each soil condition.

Thus, the hypothesis is rejected in terms of stem growth during drought
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conditions. After five growing seasons, the accumulated basal area and stem

volume was substantially less (p<O.O5) for saplings with neighbor vegetation

on the bare soil conditions. Reductions in ponderosa pine stem volume and

height due to neighbor vegetation were not detected on soils covered with

heavy amounts of organic residues. Therefore, the hypothesis is rejected in

terms of accumulated basal area for each soil condition, but is not rejected in

terms of stem volume or height on soils covered with organic residues.

The results from testing these hypotheses confirm the general observation that

shrubs deplete available water and have a negative effect on tree growth during

drought conditions (short term). However, the results from testing my hypotheses also

indicates that shrubs do not have a negative effect on long term tree growth, as defined

within the first five years of plantation growth, for all soil conditions. Also, the

general affects of soil compaction are negative, however, on heavily compacted soils

trees grew equally well with or without competing shrubs. Heavy amounts of organic

debris over heavily compacted soils had an ameliorating affect.



6.0 MANAGEMENT IMPLICATIONS

Maintaining abundant available water around ponderosa pine saplings is

important to sustain desirable physiological performance and subsequent growth,

especially in environments with seasonal drought. The depletion of stored soil water

below that available for plants defines the cessation of plant growth in such

environments (Daniel et al. 1979). I found removing competing vegetation on

compacted soils extended the period of available water during drought conditions, and

provided more potential growth for young ponderosa pine saplings. In addition,

removing competing vegetation when soils are covered with heavy amounts of organic

residues could provide more available water to bare-root seedlings of ponderosa pine,

which have the majority of their roots within 15 cm of the mineral surface when first

planted (Cleary et al. 1978, Smith et al. 1997).

The soil conditions designed in this experiment do not represent operational

conditions associated with harvesting timber. Nevertheless, the results have some

application for management of young ponderosa pine plantations in the central Sierra

Nevada. The fifth year yield of ponderosa pine with and without neighbor vegetation

has important implications for management, since most post-clearcut treatments

emphasize the removal of organic residues. Clean site conditions are desirable

because they make planting easier (Smith et al. 1997). Such removals may, however,

instigate a competitive relationship that results in reduced ponderosa pine yield on

both uncompacted and severely compacted soils in this study region.

Ponderosa pine yield and growth during drought conditions were not as affected

by neighbor vegetation with the addition of organic residues to both compacted and
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uncompacted soil. The addition of organic residues to severely compacted areas in

post harvest conditions might preclude the need to control mountian whitethorn

(Ceanothus cordulatus), deerbrush (C. integerrimus), and gooseberry (Ribes spp.)

within the first five years of plantation establishment under normal drought years.

However, growth during severe drought periods might be reduced without control of

neighboring shrubs. Scattering organic residues over compacted areas such as skid

trails and landings would be feasible on gentle slopes.



BIBLIOGRAPHY

Archer, J.R. and P.D. Smith. 1972. The relation between bulk density, available water
capacity, and air capacity of soils. Journal of Soil Science 43(4):475-480.

Brady, N.C. 1990. The Nature and Properties of Soils. Tenth Edition. Macmillan
Publishing Company, Macmillan, Inc. New York. 621 p.

Busse, M.D., P.11. Cochran, and J.W. Barrett. 1996. Changes in ponderosa pine site
productivity following removal of understory vegetation. Soil Sci. Soc. Am. J. 60:
1614-1621.

Childs, S.W., S.P. Shade, D.W.R. Miles, B. Shepard, and H.A. Froehlich. 1989. Soil
Physical Properties: Importance to Long-Term Forest Productivity. In Maintaining the
long-term productivity of Pacific Northwest forest ecosystems. Perry, D.A., et al..
(Eds.), Timber Press, Portland, OR. P. 5 3-66

Cleary, B. D. 1970. The effect of plant moisture stress on the physiology and
establishment of planted Douglas-fir and ponderosa pine. PhD Dissertation. Oregon
State University, Corvallis. 84 p.

Cleary, B.D., R.B. Greaves, and R.K. Hermann. 1978. Regenerating Oregon's
Forests. Oregon State University Extension Service, Corvallis, OR. 287 p.

Cochran, P. H. and T. Brock. 1985. Soil compaction and initial height growth of
planted ponderosa pine. Pacific Northwest Forest and Range Experiment Station,
Forest Service, U.S. Depaitinent of Agriculture. 4 p.

Conard, S. G., Sparks, S.R. and J.C. Regelbrugge. 1997. Comparative plant water
relations and soil water depletion patterns of three seral shrub species on forest sites in
Southwest Oregon. Forest Science 43(3): 336-347.

Daniel, T. W., J.A. Helms, and F.S. Baker. 1979. Principles of Silviculture. McGraw-
Hill, New York. 500 p.

71



Delucia, E.H. and S.A. Heckathorn. 1989. The effect of soil drought on water-use
effeciency in a contrasting Great Basin desert and Sierran montane species. Plant,
Cell and Environment 12: 935-940.

Dunning, D. and L.H. Reineke. 1933. Preliminary yield tables for second-growth
stands in the California pine region. United States Department of Agriculture
Technical Bulletin 354, Washington, D.C. 23 p.

Eyre, F. H. 1980. Forest Cover Types of the United States and Canada. Society of
American Foresters, Washington D.C. 148 p.

Froehlich, H.A. 1973. The impact of even-age forest management on physical
properties of soils. In Even-Age Management. R.K. Hermann and D.P. Lavender
(Eds.), School of Forestry, Oregon State University, Corvallis. P. 199-220

Froehlich, H.A. and D.H. McNabb. 1984. Minimizing soil compaction in Pacific
Northwest Forests. In Forest Soils and Treatment Impacts. E.L. Stone (Ed.).
Proceedings of Sixth North American Forest Soils Conference. Univ. Tenn.
Conferences, Knoxville, TN. June 1983. P. 159-192

Froehlich, H.A., D.W.R. Miles and R.W. Robbins. 1985. Soil bulk density recovery
on compacted skid trails in central Idaho. Soil Sci. Soc. Am. J. 49: 1015-1017.

Fowells, H.A. and B.M Kirk. 1945. Availability of soil moisture to ponderosa pine.
Journal of Forestry 43:601-604.

Goldberg, D. E. 1990. Components of Resource Competition in Plant Communities. In
Perspectives on Plant Competition. J. B. Grace and D. Tilman (Eds.), Academic Press,
San Diego. P. 27-48

Greacen, B. L. and R. Sands. 1980. Compaction of forest foils. A Review. Aust. J.
Soil. Res. 18: 163-189.

Havranek, W.M. and U. Benecke. 1978. The influence of soil moisture on water
potential, transpiration and photosynthesis of conifer seedlings. Plant and Soil 49: 91-
103.

72



Helgerson, 0. T., M. Newton, D. deCalesta, T. Schowalter, and B. Hansen. 1991.
Protecting Young Regeneration. In Reforestation Practices in Southwestern Oregon
and Northern California. S. D. Hobbs, S.D. Tesch, P.W. Owston, R.E. Stewart, J.C.
Tappeiner II, and G.E. Wells (Eds.), Forest Research Laboratory, Oregon State
University, Corvallis. P. 385-413

Helms, J. A. 1995. The California Region. In Regional Silviculture of the United
States. J. W. Barrett (Ed.), John Wiley and Sons, New York. P. 441-497

Helms, J. A. and C. Hipkin. 1986. Effects of soil compaction on tree volume in a
California ponderosa pine plantation. Western J. App!. For. 1(4): 121-124.

Helms, J. A., C. Hipkin, and E.B. Alexander. 1986. Effects of soil compaction on
height growth of a California ponderosa pine plantation. Western J. App!. For. 1(4):
104-108.

Herman, R. K. 1967. Paper mulch helps ponderosa pine seedlings get started on dry
sites in Oregon. Tree Planters' Notes 18(4): 14-15.

Hinckley, T.M., J.P. Lassoie, and S.W. Running 1978. Temporal and Spatial
Variation in the Water Status of Forest Trees. Supplement to Forest Science 24(3):
Forest Science Monograph 20, Society of American Foresters, Washington D.C. 72 p.

Kramer, P. J. and T. T. Kozlowski. 1979. Physiology of Woody Plants. Academic
Press, New York. 811 p.

Livingston, N.J. 1993. Soil Water Potential. In Chapter 52 of Soil Sampling and
Methods of Analysis, M.R. Carter (Ed.), Canadian Society of Soil Science. Lewis
Publishers. P. 559-567

Lopushinsky, W. 1969. Stomata! closure in conifer seedlings in response to leaf
moisture stress. Botanical Gazette 130(2): 258-263.

73



74

McDonald, P.M. and G.O. Fiddler. 1995. Development of a mixed shrub-ponderosa
pine community in a natural and treated condition. USDA For. Serv. PSW Res. Paper.
PSW-224. l9p.

McDonald, P.M., C.S. Abbott, and G.O. Fiddler. 1994(a). Response of young
ponderosa pines, shrubs, and ferns to three release treatments. Western J. Appl. For.
9(1): 24-28.

McDonald, P. M., G.O. Fiddler, and W.T. Henry. 1994(b). Large mulches and manual
release enhance growth of ponderosa pine seedlings. New Forests 8: 169-178.

McDonald, P. M. and O.T. Helgerson. 1990. Mulches aid in regenerating California
and Oregon forests: past, present, and future. U.S. Department of Agriculture, Forest
Service, Pacific Southwest Research Station, Berkeley. 19 p.

Minore, D., C.E. Smith, and R.F. Woollard. 1969. Effects of high soil density on
seedling root growth of seven Northwestern tree species. USDA For. Sew. Res. Note
PNW-112. 6p.

Mitchell, R. J., B.R. Zutter, T.H. Green, M.A. Perry, D.H. Gjerstad, and G.R. Glover.
1993. Spatial and temporal variation in competitive effects on soil moisture and pine
response. Ecological Applications 3(1): 167-174.

Nambiar, E.K.S. 1990. Interplay between nutrients, water, root growth and
productivity in young plantations. Forest Ecology and Management 30: 2 13-232.

Nambiar, E.K.S. and R. Sands. 1992. Effects of compaction and simulated root
channels in the subsoil on root development, water uptake and growth of radiata pine.
Tree Physiology 10: 297-306.

Newton, M. and D. S. Preest. 1988. Growth and water relations of Douglas-fir
(Pseudotsuga menziesii) seedlings under different weed control regimes. Weed
Science 36: 653-662.



Peterson, T. D. and B.D. Maxwell. 1987. Water stress of Pinus ponderosa in relation
to foliage density of neighboring plants. Can. J. For. Res. 17: 1620-1622.

Powers, R.F., A.E. Tiarks, J.A. Burger and M.C. Carter. 1996. Sustaining the
productivity of planted forests. In Growing trees in a greener world: industrial
forestry in the 21st century. M.C. Carter (Ed.), 35 th LSU Forestry Symposium,
School of Forestry, Wildlife and Fisheries, Louisiana State University. P. 97-144

Powers, R.F., D.H. Alban, R.E. Miller, A.E. Tiarks, C.G. Wells, P.E. Avers, R.G.
Cline, R.O. Fitzgerald, and N.S. Loftus, Jr. 1990. Sustaining site productivity in North
American forests: problems and prospects. In S. P. Gessel, D.S. Lacate, G.F. Weetman
and R.F. Powers (Eds.), Sustained Productivity of Forest Soils. Proc. 7th North Am.
For. Soils Conf., Univ. British Columbia, Faculty of Forestry, Vancouver, B.C. P. 49-
79

Powers, R. F. and G. Fiddler. 1997. The North American Long-Term Soil Productivity
Study: Progress through the first 5 years. Eighteenth Annual Forest Vegetation
Management Conference, Redding, CA. P. 88-102

Powers, R. F. and G.T. Ferrell. 1996. The "Garden of Eden" study revisited: findings
at eight years. Seventeenth Annual Forest Vegetation Management Conference,
Redding, CA. P. 8-31

Radosevich, S., Holt, J. and C. Ghersa. 1997. Weed Ecology. John Wiley and Sons,
Inc. 589 p.

Reicosky, D.C., W.B. Voorhees, and J.K. Radke. 1981. Unsaturated water flow
through a simulated wheel track. Soil Science Society of America Journal 45: 3-8.

Remjanek, M. and J.J. Messina. 1988. Predicting conifer growth reduction from the
analysis of neighbor weed competition. Tenth Annual Forest Vegetation Management
Conference, Eureka, CA. P. 11-25

Sandretto, C. 1998. Crop residue management adoption in the United States.
CHOICES first quarter 1998. P. 22-23

75



SAS, I. 1990. SAS/STAT User's Guide, Version 6. SAS Institute Inc., Cary, NC.

Shainsky, L. J. and S.R. Radosevich. 1986. Growth and Water relations of pinus
ponderosa seedlings in competitive regimes with arctostaphylos patula seedlings.
Journal of Applied Ecology 23: 957-966.

Smethurst, P.J. and E.K.S. Nambiar. 1989. Role of weeds in the management of
nitrogen in a young Pinus radiata plantation. New For., in press.

Smith, D.M., B.C. Larson, M.J. Kelty, and P.M.S. Ashton. 1997. The Practice of
Silviculture: Applied Forest Ecology. John Wiley and Sons, New York. 537 p.

Steel, R. G. D., J. H. Torrie, and D. A. Dickey. 1997. Principles and Procedures of
Statistics: a Biometrical Approach. McGraw-Hill, New York. 666 p.

Tappeiner, J. C. 1980. Sierra Nevada Mixed Conifer. In Forest Cover Types of the
United States and Canada. F. H. Eyre (Ed.). Washington, D.C., Society of American
Foresters. P. 118-119

Tappeiner, J. C. and S.R. Radosevich. 1982. Effect of bearmat (Chamaebatia
foliolosa) on soil moisture and ponderosa pine (Pinus ponderosa) growth. Weed
Science 30: 98-101.

Taylor, H.M., G.M. Roberson, and J.J. Parker, Jr. 1966. Soil strength-root penetration
relations for medium- to coarse-textured soil materials. Soil Science 102(1): 18-22.

Troncoso, G. 1997. Effect of soil compaction and organic residues on spring-summer
soil moisture and temperature regimes in the Sierra National Forest, California. M.S.
Thesis. Oregon State University, Corvallis. 56 p.

Tuttle, C. L., M.S. Golden, and R.S. Meldahl. 1988. Soil compaction effects on Pinus
taeda establishment from seed and early growth. Can. J. For. Res. 18: 628-632.

76



77

Vanderheyden, J. 1980. Chronological variation in soil density and vegetative cover
of compacted skid trails in clearcuts of the western Oregon Cascades. M.S. Thesis.
Oregon State University, Corvallis. 44 p.

Vandermeer, J. 1989. The Ecology of Intercropping. Cambridge University Press,
New York. 237 p.

White, D. E. and M. Newton. 1989. Competitive interactions of whiteleaf manzanita,
herbs, Douglas-fir, and ponderosa pine in southwest Oregon. Can. J. For. Res. 19:
232-238.



APPENDICES

78



79

Appendix 1. Average available water content (AWC) at 15 cm depth by soil
treatment, date, and density of vegetation adjacent to ponderosa pine saplings.

Available Water

a! OR=organic residues, C=compaction, y=present, n=absent
b/ Means followed by the same letter for a given row are not

significantly different at alpha=0.05, MSE from ANOVA = 13.23
c/ y=available water> 0, n=available water <0

Average Available
bIWater Content (/o)

Significantly Present
ci

(p<O.05)

Soil Calender Julian Neighbor Density

Treatment a! Date Date None <40% >70% None <40% >70%
ORnCn April30 120 10.08 a 10.11a 15.92a y y y
ORnCn June17 168 2.83 a 3.22 a 5.24a n n y
ORnCn June26 177 2.07a 1.21a 2.81a n n n
ORnCn July 3 184 1.63 a 0.84 a 2.46 a n n n
ORnCn July 9 190 1.49 a 0.82 a 2.9a n n n
ORnCn July 15 196 0.64 a 0.82 a 2.41 a n n n
ORnCn August 5 217 0.03 a 0.79 a 1.09 a n n n

ORnCy April30 120 17.30a 10.86b 10.88b y y y
ORnCy June17 168 10.85a 0.36b 0.46b y n n
ORnCy June26 177 8.13 a 0.22 b 0.00 b y n II

ORnCy July 3 184 7.87 a 0.00 b 0.00 b y n n
ORnCy July 9 190 6.64 a 0.00 b 0.00 b y n II

ORnCy July15 196 5.80 a 0.00b 0.00b y n n
ORnCy August 5 217 3.90 a 0.00 a 0.02 a n n n

ORyCy April30 120 21.72a 17.59b 17.39b y y y
ORyCy June17 168 15.98a 4.76b 2.17b y y n
ORyCy June26 177 14.68 a 2.62b 0.68b y n n
ORyCy July3 184 13.88a 1.77b 0.56b y n n
ORyCy July 9 190 12.75 a 0.94 b 0.28 b y n n
ORyCy July15 196 13.28 a 0.13b 0.11b y n n
ORyCy August 5 217 6.67 a 0.00 b 0.02 b y n n

ORyCn April 30 120 18.87 10.63 14.87
ORyCn June 17 168 19.12 0.00 2.79
ORyCn June26 177 17.53 0.00 2.10 -

ORyCn July 3 184 16.65 0.00 3.42
ORyCn July 9 190 16.32 0.00 3.66
ORyCn July 15 196 15.47 0.00 3.19
ORyCn August 5 217 12.19 0.00 1.19 -



Appendix 2. Average available water content (AWC) at 75 cm depth by soil
treatment, date, and density of vegetation adjacent to ponderosa pine saplings.

Available Water

a! OR=organic residues, C=compaction, y=present, n=absent
b/ Means followed by the same letter for a given row are not

significantly different at alpha=0.05, MSE from ANOVA = 4.68
ci y=available water> 0, n=available water <0
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Average Available Significantly Present

Water Content (%) b/ (<005) Cl

Soil Calender Julian Neighbor Density

Treatment a! Date Date None >70% None >70%

ORnCn April30 120 15.72- y
ORnCn June17 168 8.37a 9.46a y y
ORnCn June26 177 7.27 a 5.53 a y y
ORnCn July 3 184 6.55 a 4.26 a y y
ORnCn July 9 190 5.87 a 2.88 a y n
ORnCn July15 196 5.27 a 1.96 a y n
ORnCn August 5 217 3.53 a 0.94 a n n

ORnCy April30 120 17.40a 17.31a y y
ORnCy June 17 168 15.21 a 8.60 b y y
ORnCy June26 177 8.99 a 6.20 a y y
ORnCy July 3 184 8.74 a 4.26 b y y
ORnCy July 9 190 8.52 a 3.52b y n
ORnCy July 15 196 8.25 a 2.83 b y n
ORnCy August 5 217 7.62 a 0.89b y n

ORyCy April30 120 -

ORyCy June17 168 19.39a 7.19b y y
ORyCy June26 177 18.92 a 5.47 b y y
ORyCy July 3 184 18.27 a 4.12b y y
ORyCy July 9 190 17.56 a 2.72b y y
ORyCy July15 196 17.14a 2.lOb y n
ORyCy Augusts 217 13.66 a 0.41b y n

ORyCn April30 120

ORyCn June17 168 13.92a 11.90a n
ORyCn June 26 177 11.52 a 11.13 a n
ORyCn July 3 184 10.39 a 10.47 a n
ORyCn July9 190 10.31a 9.55a n
ORyCn July15 196 10.16a 7.83a n
ORyCn August 5 217 9.66 a 4.74 a n



Appendix 3. Average stem yield of ponderosa pine saplings at the end of the fifth
growing season for soil treatments with and without neighbor vegetation.

Response

(a) Bare uncompacted (ORnCn)
Neighbor Vegetation

Abscent Present aJ b/SE Pr> F

(c) Compacted with organic residues (ORyCy)
Neighbor Vegetation

Response Abscent Present a! blSE Pr > F

a! SE = root MSE I sqrt (3), where 3 is the number of replicates (sites)
bI Pr> F = probability mean value with neighbor vegetation is equal to
mean value without neighbor vegetation
cI Median basal area with corresponding SE on Ln-scale
dJ Estimates of error not possible due to missing replicates
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Height (cm) 112.0 102.1 3.35 16 0. 1489

Basal Area Cl 1060.84 532.28 0.0543 0.0007

Stem Volume (cm"3) 574.152 213.733 27.0770 0.0006
(b) Bare compacted (ORnCy)

Neighbor Vegetation

Response Abscent Present SE a' Pr> F b/

Height (cm) 95.0 89.6 3.35 16 0.3 02 8

Basal Areas 797.307 485. 138 0.0543 0.0013

Stem Volume (cm"3) 342.707 187.901 27.0770 0.0099

Height (cm) 109.6 113.5 3.3516 0.4449

BasalArea'" 1003.063 811.157 0.0543 0.0397

Stem Volume (cm"3) 489.697 455.016 27.0770 0.4066
(d) Uncompacted with organic residues (ORyCn)

Neighbor Vegetation

Response Abscent Present SE dl Pr> F
Height (cm) 93.1 94.6
Basal Area 660.474 611.628
Stem Volume (cm"3) 275.890 3 10.680



Appendix 4. Probability that the affect of
neighbor vegetation on ponderosa pine
yield is not dependent on the soil treatment.

Yield Response Probability
Height (cm) 0.2424
Diameter (mm) 0.008 7

Stem Volume (cm"3) 0.0083
Basal Area (mmt'2) 0.0265

Appendix 5. Probability that the affect of
neighbor vegetation on ponderosa growth
in the fifth year of plantation establishment
is not dependent on the soil treatment.

Growth Response Probability

Height (cm) 0.464 1

Basal Area (mm"2) 0.0172
Stem Volume (cm'3) 0.048 1
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Appendix 6. Average stem growth of ponderosa pine saplings between
June and August, 1997 for soil treatments with and without neighbor vegetation.

Response

Response

Response

Response

(a) Bare uncompacted (ORnCn)
Neighbor Vegetation

Abscent Present a! b/SE Pr > F

(b) Bare compacted (ORnCy)
Neighbor Vegetation

Abscent Present a! bISE Pr> F

(c)Compacted with organic residues (ORyCy)
Neighbor Vegetation

Abscent Present a! b/SE Pr> F

(d) Uncompacted with organic residues (ORyCn)
Neighbor Vegetation

Abscent Present ci Pr> FSE

a! SE = root MSE / sqrt (3), where 3 is the number of replicates (sites)
b/ Pr > F = probability mean value with neighbor vegetation is equal to
mean value without neighbor vegetation
c/ Error estimates not possible due to missing replicates
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Height (cm) 2.9 2.1 0.1290 0.0068
Basal Area 166.5803 57.5 178 7.9823 0.0002
Stem Volume (cm"3) 67.0154 22.8205 7.4254 0.0084

Height (cm) 2.9 2.1 0.1290 0.0070
Basal Area 206.4615 94.0021 7.9823 0.0002
Stem Volume (cm"3) 95.3579 50.0087 7.4254 0.0076

Height (cm) 3.3 2.2 0.1290 0.0036
Basal Area 223.2028 40.4383 7.9823 0.0001

Stem Volume (cmA3) 110.3778 14.5404 7.4254 0.0007

Height (cm) 2.7 3.3
Basal Area 175. 1417 145.7560
Stem Volume (cmA3) 67.4143 62.8580




