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This thesis examines the 8-year growth trend of

Douglas-fir (Pseudotsuga menziesii (mirb.)Franco), ponderosa

pine (Pinus ponderosa Dougl. ex laws.), and whiteleaf

manzanita (Arctostaphylos viscida Parry). Manzanita stands

ranging from 1700/ha to 27000/ha density were grown among

mixed conifers of the same age, which were planted in 1981

at 250x250 cm spacing as 2-0 bareroot seedlings. Four years

of herb control was provided by herbicides or paper mulch in

all spacings. At a density of 13500/ha of manzanita, plots

were grown with no control of herbs, and others were grown

with no conifers. Mixed conifers also were grown with no

competitors, and some plots, initially free of all

vegetation, later supported only annual herbs. Three sites

were used in a complete randomized block design with nine

treatments as above. All were located on south slopes at low

elevation in southwest Oregon, representing the warmest and

driest area of the Douglas-fir region.



Conifer stem volume and biomass yield were inhibited

quantitatively by manzanita competition. As manzanita

density increased the yield of conifers decreased in an

increasing trend through time. Significant biomass yield

decrease (14 percent) was associated with 17 percent brush

cover in ponderosa pine. Douglas-fir had high mortality in

manzanita at less than 27000/ha density, while ponderosa

pine mortality was minor. Herb competition severely

inhibited survival and growth of both manzanita and

conifers. Shrub canopy cover reached a maximum by age seven

at 27000 manzanita/ha density, but continued to expand at

lower densities. Shrub yield was not affected by conifer

growth, but intraspecific competition at the high densities

of manzanita decreased yield and caused high mortality by

the seventh year.

Soil moisture was depleted most rapidly in the top 30

cia of soil. When manzanita competition occurred, soil water

was depleted more than in pure conifer or pure herb stands.

Manzanita used most of the available soil water to below 60

cm early in the season (May-June). Trees in pure conifer

plots grew at the fastest rate, and ended the summer with

the highest soil moisture content.

Conifers can survive and grow satisfactorily under

harsh environments if brush cover is reduced to low

densities, and herbs are sprayed in the first two to three

years. Ponderosa pine is better suited for reforestation of

hot south aspects in the foothill region. Douglas-fir needs



higher levels of brush and herb control, and remain

vulnerable to intense heat and drought through age eight.
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SURVIVAL AND GROWTH OF DOUGLAS-FIR AND PONDEROSA PINE

DURING EIGHT YEARS OF WHITELEAF MANZANITA AND HERB

COMPETITION IN SOUTHWEST OREGON

INTRODUCTION

Reforestation success is of prime importance in

forestry. Plantations involve large investments of land,

labor and capital that can be lost easily if young stands

are left untended. Survival and growth losses cause the crop

species to fail to utilize the site at the desired level.

Tending techniques most often ensure that most of the

resources of the site are available to the crop species.

This helps seedlings meet needs for survival and early

growth until they are dominant and reasonably secure.

Seedling survival and growth are dependent on water and

light energy whose availability is mediated by demands by

other species. Most resources are not unrestricted, and

plants compete to get them. According to Greaves et al

(1978) the most important factors of the environment for

reforestation are: a) climate: temperature, moisture,

radiation, b) plant communities, including interactions of

plants by intraspecific and interspecific competition, c)

physiographic, such as aspect, and d) consumption by animals

and diseases. Maintenance of these factors within favorable

ranges determines the probability of survival and
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establishment of a new stand.

The species able to preempt the most resources in the

long run will dominate a site. This dominance can be of long

or short term, but in either event will affect the growth of

other species. The dominance potential described by Newton

(1973) demonstrated that the time of arrival, early growth,

and economy of water use in droughty areas are very

important in the composition of species.

In this study of whiteleaf manzanita we have addressed

two levels of competition: 1) early herbaceous vegetation

competitive effects on manzanita and conifers, and 2) shrub

competition on conifers. In addition to qualitative and

quantitative evaluation, we also follow competitive

interactions through several years to consider whether

innate growth habitats lead to changes of interactive

effects as plant community structure develops.

Reforestation success in harsh environments is a

challenge for foresters. Basic interaction among plants, in

concert with environmental factors has become a key

component of reforestation prescriptions. For most forest

management purposes, a totally shrub and herb-free

reforestation site is not practical (Newton, 1973).

Therefore, studies considering a range of brush densities

are important in the search for densities that can

operationally be attainable, and whose effects are within

the acceptable range of cost and benefits. There are many
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examples of reforestation failures because of lack of

information and action regarding plant occupancy of the site

following disturbances (Hobbs and Wearstier, 1985).

The work being presented here is the result of a

vegetation study of whiteleaf manzanita and herbs as

competitors in planted Douglas-fir, and ponderosa pine. The

study, initiated by M. Newton and D.E. White in 1980,

considered the relationship among the two species of

conifers, and whiteleaf manzanita and herbs in a range of

densities. Manzanita density was varied and conifers were

held constant for five years and then thinned to a standard

stocking density. Herb presence was kept at zero for the

first four years except at one density of shrubs. The basic

hypotheses of our study are: a) the effects of competition

depend on the density of each species, and can be quantified

in terms of their survival and growth rate, b) the rate of

soil moisture use depends on the kind and density of plants

growing on it, and c) the relation between conifers and

competitors change with time. White (1988) and White and

Newton (1989) have provided fifth year data in partial tests

of a) and b).

Obj ectives

This study evaluates resource depletion by competitive

plant associations in Douglas-fir and ponderosa pine

plantations on poor sites. Therefore, the general objectives
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of this study were to quantify the growth rate trend of

ponderosa pine, Douglas-fir and whiteleaf manzanita during

the first 8 years after planting, and to quantify reductions

in growth associated with several densities of manzanita,

including an estimate of additional effects of uncontrolled

herbaceous vegetation. The experiment was structured to

accomplish the following specific objectives:

To quantify the yield of Douglas-fir and ponderosa pine

in terms of total height, basal diameter, total

biomass, and stem volume, during the first 8 years

after planting, under several brush and herb

competition regimes.

To quantify the yield of whiteleaf manzanita in terms

of basal diameter,total height, biomass, and site

occupancy during the first 8 years after planting,

under a range of manzanita density regimes with or

without herb and conifer competition.

To quantify the effects of four years of herb

competition on shrub and conifer growth during the

first 8 years after planting.

To quantify the soil moisture depletion pattern in 1988

under competitive regimes reflecting presence of

conifers, herbs and varying densities of manzanita.

To describe the trend of change in conifer growth from

early herbaceous competition to later shrub competition

during the first 8 years after planting.



ENVIRONMENTAL BACKGROUND

Resource limitations vary in degree. They are also

exacerbated by competition for the resources by non crop-

species. Two limiting factors of the environment are

identified in the scope of this study: a) available soil

moisture, and b) allocation of the water to growth of crop

and non-crop plants in competition. The competition in this

case refers to resource limitations imposed on certain

plants because of consumption by others during successional

development.

Southwest Oregon is an area of moderate precipitation

during the winter, and hot, dry summers. High temperatures

produce high vapor pressure deficits and increase soil

surface evaporation and transpirational demands. Therefore

water has been reported as the main limiting resource in the

area. (Waring, 1969; Waring and Youngberg, 1972).

In combination with the climate, the presence of

several aggressive herbs, and sclerophyllous brush and

hardwood species have caused the failure of reforestation of

recently harvested forest lands and created the need for

reclamation of many brushfields (Hobbs et al, 1980). One of

the most abundant shrub species in the warm foothill areas

is whiteleaf manzanita (Franklin and Dyrness, 1973; Waring,

1969), and its range, according to Latt (1984) stretches

5
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from the Siskiyou mountains of southern Oregon to the Sierra

Nevada of California. It is very well adapted for dry areas,

showing high tolerance to heat and drought, germination

after fire, and with deep rooting.

Fifty or more years ago, the study area appears to have

been covered by scattered conifer forest. The fires, and

also logging operations which removed only the conifers,

favored the brush and hardwoods, which rapidly occupied the

site. The result can be seen in long-lasting stable brush

and hardwood communities with near-exclusion of conifers

(Franklin and Dyrness, 1973; Waring, 1969; Whittaker, 1960).

Thus manzanita is able to dominate the site for many

decades. Minore and Weatherly (1987) working in a shrub

growth study in southwestern Oregon confirmed a manzanita

lifespan of 87 years.

Several authors have recognized that when plants absorb

water and nutrients they are temporarily reducing

availability of these resources to other plants. Thus, this

competitive process will modify each plant's ability to cope

with its environment. (Spurr and Barnes, 1973; Heidman et

al, 1982). Being able to discriminate vegetation competition

effects from those of other factors helps to develop and

apply the right techniques for problem solving

The species of a plant community must share the

available site resources, each species having its own

strategy to survive and grow in the presence of the others
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(Harper, 1977) . Features of manzanita and other

sclerophyllous species very well adapted to harsh

environment have been identified and studied by several

scientists. Morrow and Mooney (1974) studied the adaptations

of pacific madrone (Arbutus menziesii Pursh) and christmas

berry (Heteromeles arbutifolia M. Roem) to droughty areas of

the Californian chaparral community. They found that

although both species successfully deal with hot and dry

climate, christmas berry showed less plant moisture stress

than madrone due to its greater rooting depth. The greater

water resource available to it permits stomata to remain

open all year long; vertical orientation of its small leaves

also expose it to a minimum of direct radiant energy. Deep

rooting and vertical leaf orientation are also features of

whiteleaf manzanita (Newton, unpublished data. Oregon State

University, Corvallis. 1988).

Sclerophyll shrubs are successful competitors against

conifers. Most are able to sprout and germinate after fire

in large amounts, and grow deep tap roots quickly. This

gains access to more soil moisture at an early age. Hanes

(1977) reported that 3-month old Ceanothus seedlings had

100-cm deep and 60-cm wide root system. In California, Quick

(1956), and Keeley (1977) reported viable seeds of several

species of Arctostaphylos at densities up to 2.8 millions

seeds per hectare in the ground. These species have the

ability to regulate transpiration, and reduce respiration
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while having positive photosynthesis even when high

temperatures and droughty periods caused non-sclerophyllous

species to stop those processes (Mooney, 1977; Harrison et

al, 1971; Hart and Radosevich, 1987; Radosevich and Holt,

1984; waring, 1969). During the time of more abundant water

supply and mild temperatures, sclerophyllous species attain

high transpiration rates and deplete much of the available

water in a non effective way, thus, they have been

considered "water wasters" (Poole and Miller, 1975). Flint

(1985) showed that shrubs are stronger competitors for water

than conifers because they transpire more water on a leaf

area basis.

Some species of Arctostaphylos are able to produce

allelopathic compounds that inhibit the germination and

growth of herbs underneath their canopies; such effects on

conifer trees have not been reported yet (Del Moral and

Gates, 1971).

According to Waistad (1987) more than a million

hectares of Oregon are covered by brush on sites previously

occupied by conifer forest. This problem has driven many

vegetation management studies to investigate the basic

strategies of competitors on a variety of sites (Hobbs,

1987)

The importance of brush and herb competition on conifer

growth reduction has been well documented. Oliver (1979)

described the effect of whiteleaf manzanita on ponderosa
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pine plantations in northern California as a growth decrease

equivalent to a 3-year period of growth.

Zavitkovski et al (1969) found a reduction of more than

50 percent in juvenile height growth in pine seedlings

planted under brushy conditions compared to plants from

which snowbrush had been removed. Tappeiner and

Radosevich, (1982) in the Sierra Nevada of California

significantly improved survival and growth of ponderosa pine

seedlings by controlling bearmat (Chamaebetia foliolosa

Benth).

The coverage of manzanita was observed by Oliver (1984)

to be inversely related to periodic annual increment in

diameter, height and stemwood volume of ponderosa pine.

According to Bentley et al (1971) controlling greenleaf

manzanita (Arctostaphylos patula Greene) fostered the growth

of ponderosa pine seedlings during the first 5 years after

planting.

Cole and Newton (1987) reported that grasses and red

alder each decreased the growth of 5-year-old Douglas-fir

plantations in the Coast Range of Oregon. They also noted

that the grass effects were more intense in the dryer sites,

even when grass was not established until the second year,

that grass effects were restricted to early years, and that

woody competition increased with time.

Petersen et al (1988) in the Cascade Mountains of

western Oregon found that Ceanothus velutinus and associated
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forb competition reduced stemwood production in 5- and 10-

year-old Douglas-fir by decreasing diameter and height. They

suggested that the main reason for this decrease was the

interspecific competition for soil moisture during the

summer.

The effects of competition can be observed in

accelerated depletion of soil moisture. Severity of

competition from herbs was demonstrated in an experiment

carried out in western Oregon by Newton (1964). He showed

that herbs absorbed more than 80 percent of the available

soil moisture content in clay soils early in the growing

season. Petersen (1980) found that herbs significantly

depleted the moisture from the 0-40 cm soil layer during

summer months in the western Cascades of Oregon. Flint and

Childs (1987) in a study in southwest Oregon found that

mulching and controlling competing vegetation with

herbicides, where dead material also served as mulching,

greatly reduced soil water losses by evaporation and non-

crop vegetation.

Shainsky and Radosevich (1986) reported that

competition from greenleaf manzanita reduced soil water

rapidly during the first 2 years after planting, and thus

reduced ponderosa pine growth on a good site in the central

Sierra Nevada.

The physiological adaptations of whiteleaf manzanita,

ponderosa pine, and Douglas-fir were studied by White (1988)
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earlier in the experiment we are now reporting. She studied

the relationship among those species through the fifth year,

and found that manzanita sustained a high rate of

transpiration even at high plant moisture stress. She

suggested that inanzanita absorbed water from layers deeper

than 0.9 in of the soil profile. Ponderosa pine showed less

plant moisture stress than Douglas-fir or manzanita,

implying access to deeper soil layers also. Douglas-fir

showed high plant moisture stress, and its transpiration

rate decreased significantly at -2.0 NPa or lower xylem sap

pressure. She also found that early herb invasion was the

cause of significant reduction in conifer and manzanita

growth.



MATERIALS AND METHODS

Study area

The study was set up in the foothills of the eastern

Siskyiou Mountains in southwest Oregon. Specifically it is

located in the transition zone of the interior valleys with

mixed conifer and evergreen shrub, zones described by

Franklin and Dyrness (1983). The land is part of the Medford

District of federal land administrated by the Bureau of Land

Management (BLM). The typical stands are usually dominated

by whiteleaf manzanita and wedgeleaf ceanothus (Ceanothus

cuneatus Hook) with scattered Oregon white oak (Ouercus

garryana), Pacific madrone and poison oak (Rhus diversiloba

T. & G.). Non-native species predominate in the herbaceous

stratum. Common species are downy brome (Bromus tectorum

L.), knotted hedge parsley (Caucalis microcarpa L.),

bedstraw (Galium aparine L.), tarweed (Madia sp), and

willow-weed (Epilobium minutum Lindl. ex Hook.). Scattered

ponderosa pine, and Douglas-fir were also found (White,

1988)

This region within the eastern Siskiyou region was

described by Waring (1969) as the driest area between

western Siskiyous and southern Cascades. The Mediterranean

climate features annual precipitation ranging from 600 to

900 mm of which six percent falls between May and September.

12
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Summer daytime temperatures usually reach 30 °C. with a

maximum of more than 44 °C. in July and August (Froehlich et

al, 1982; White, 1988).

Site selection

The selection criteria adopted in the original study

required a typical, dry, hot manzanita-dominated site,

similar shrub and hardwood association over areas of several

hectares, actual or historic presence of conifers,

especially ponderosa pine and Douglas-fir, and southern

aspect (White, 1988).

The three sites were in the foothills of the Applegate

River between Ruch and Applegate, Oregon. Two of them were

located within three hundred meters of one another near

Humbug creek; these sites are named Big Humbug, and Little

Humbug (T 38S. R 4 W. Sec.l2). The third site, China Gulch,

was located 8 km. southeast of the first two sites (T 38 S.

R 3 W. Sec 21). All of the sites face southeast to

southwest, have 15-20 percent gradient, and are at mid

slopes (White, 1988). Soils are medium to shallow (50 cm-90

cm ), clay loam, classified as mixed, mesic, typic

haploxeralfs of the Vannoy soil type. (Stearns-smith and

Hann, 1986)



Site disturbance history

The entire area has a history of wildfire and logging

operations. The last wildfire occurred 40-50 years ago

(White, 1988). This fire, appears to have initiated the

current vegetation composition.

In 1980, the Bureau of Land Management (BLM) started

an operational test of conversion of the shrub community to

a mixed ponderosa pine and Douglas-fir stand. First, the

shrubs and hardwoods were uprooted by bulldozer with a

toothed blade, and piled into windrows. The piles were

burned in the same year. Following brush removal, the sites

were ripped at about 45 cm depth along the contour at 2-m

intervals. In the spring of 1981, the sites were planted

with 2-0 bareroot Douglas-fir and ponderosa pine seedlings

at 2.5 m square spacing. Manzanita promptly appeared after

site disturbance with up to 500,000 seedlings per hectare in

thickets irregularly distributed. The Humbug sites were

treated with 90x90 cm kraft paper mulch after planting.

China Gulch was sprayed with ground-applied hexazinone at

1.7 kg/ha the same year. The mulching was effective from

1981 to 1982, and the herbicide controlled the herbs, but

had insignificant effect on manzanita. (White, 1988).

14



Experimental design

In 1983, two growing seasons after outplanting, one

replicate of the randomized complete-block design was

installed at each of the three sites. In each, nine

treatments were laid out in 22 x 22 m experimental units

(0.0484 ha), located to maximize uniformity of all plots

before selection of treatment. The experimental unit size

was selected so that the number of individuals will be

adequate for mean estimation after 60-70 percent mortality

or thinning , ie, 500 trees/ha or 20 trees/plot.

Treatments

This is a study of vegetation competition based on a

variable density of whiteleaf manzanita in mixture with

fixed densities of ponderosa pine and Douglas-fir, as well

as the early presence or absence of herbs at a given density

of conifers and manzanita. The purpose of the shrub and

conifer density treatments was to have a range of shrub-plus

-conifer covers on each site. The initial spacing of conifer

mixtures was 2.5 m square, or 1600 trees/ha, planted

operationally. This was reduced to 500/ha at year seven, in

the ratio of 70 percent pine to 30 percent Douglas-fir, with

a few exceptions due to early mortality.

Five treatments of effects of shrub density on conifers

15
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were installed. Manzanita were in a square grid spacing,

with densities per hectare and spacing as follows: 1) 27000

(60x60 cm), 2) 13500 (85x85 cm), 3) 6720 (120x120 cm), 4)

3360 (165x165 cm), and 5) 1700 (250x250 cm). To have growth

estimations without competition, two control plots were

installed: 1) Only conifers, and b) pure manzanita at

13500/ha (85x85 cm) with no herbs or conifers. To test the

herb effect, a treatment with 13500 shrubs/ha plus conifers

was installed without controlling herbs after initial

treatment; in the remaining treatments herbs were removed.

On one plot in each replication, all vegetation was removed

to measure water loss unrelated to transpiration. These

plots were occupied by herbs only after year five,

permitting a measure of water use by herbs alone.

Newton and White (1985), and White (1988) described the

process by which the manzanita density was managed. The

natural 2-year old manzanita stands were treated either by

filling in the gaps by planting with vigorous natural

seedlings from nearby stands of the same age, or dense

manzanita patches where thinned with broadcast application

of herbicides, while the desired plants were covered to get

the required distribution of shrubs. If there was no shrub

within 30 cm of a nominal shrub location, a natural

manzanita seedling was planted.

Herbaceous vegetation control in all plots excepting

those retaining herbs was accomplished by broadcast spraying
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herbicides. A mixture of 3.3 kg/ha of simazine plus 2.8

kg/ha of glyphosate, and 3.8 kg/ha of 2,4-D, was applied in

a total spray volume of 121 1/ha. This spraying also served

to thin the dense manzanita stand. Before spraying, the

manzanita and conifer seedlings to be left uninjured were

covered with large milkshake cups or plastic bags. Before

the second growing season (January), the herbaceous

vegetation was controlled by broadcast spraying with 4.4

kg/ha of simazine. In 1985, the third year of the study,

and fifth year since planting, the use of herbicides in

federal land was prohibited by court order. Thus, the

herbaceous vegetation on 1.3 m radius circle around three

seedlings of each coniferous species was removed with a hoe

three times during March, April, and May. The hoeing was

done in each plot except where herbs were allowed. Thinning

after measurement in the seventh year after planting insured

that intraspecific competition could not confound the

effects of interspecific competition. Brush competition from

species other than manzanita was prevented by herbicides

until 1984, and by manual weeding thereafter. All treatments

are summarized in table 1.

Following installation of the treatments, 5 aluminum

tubes were installed in each quadrant and in the middle of

each plot to allow measurement of soil moisture content with

a neutron probe. The tubes are 3.75-cm diameter, and go 45-

90 cm to bedrock.
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Table 1. Summary of treatments

Manzanita
Spacing Density
cmxcm bushes/ha

Observations

60x60 27000 MC manzanita, conifers
85x85 13500 MC
85x85 13500 MCH manzanita, conifers, herbs
85x85 13500 M
120x120 6720 MC
165x165 3360 MC
250x250
CONIFERS

1700 MC
only conifers

BARE (HERBS) only herbs (1985-88)



Measurements

Shrub and conifer growth response to treatments is

expressed in terms of basal diameter, total height, and

crown width. These measurements were taken every year at the

end of the growing season beginning in 1983 until 1988 excep

1986. Basal diameter on conifers was measured at 15 cm, but

the short-stemmed manzanita was measured at the point of

smallest diameter usually 2-3 cm aboveground. All the

shrub and conifer measurements were taken on subsamples of

the experimental populations. A shrub subsample was

comprised of 25 bushes evenly distributed in 5 subplots

systematically located at the access tubes in each quadrant

and in the middle of each plot. The number of trees varied

according to the survival in each plot, but in general, a

maximum of 25 Douglas-fir and 25 ponderosa pine trees were

randomly selected initially in each plot. All shrubs and

trees were tagged for continued measurement. All plots were

thinned to 20 trees (494/ha) in 1987, in a ratio of 6

Douglas-fir and 14 pine per plot where adequate trees of

each species remained.

Total height was measured from the ground surface to

the tip of the tree. In the manzanita bushes, the highest

shoot was measured. For crown width, two perpendicular

measurements of the crown diameter were taken to estimate
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the mean, the width of the base of the live crown was

measured for trees, and the widest crown sector was measured

in the shrubs. The actual shrub density was determined by a

survival tally of 200 shrubs or the whole stand, whichever

was greater. For conifers, the total number of living plants

was assessed. Total populations of each species per plot

were used to estimate individual above-ground biomass for

manzanita and ponderosa pine, and stemwood volume for

Douglas-fir and ponderosa pine. Crown cover, as an indicator

of site occupancy was calculated for manzanita by summing

the total areas of crowns per hectare. Shrub biomass was

estimated by using the equations by Hughes et al (1987).

A calibration study was carried out for non-destructive

determination of ponderosa pine biomass. Twelve 8-year-old

saplings were cut just above the ground. Their needles,

branches and boles were kiln dried at 180°F until weight was

constant (80 hrs.). The trees were harvested in the

surroundings of the study sites, so that the sample covered

most of the range of seedling sizes in the study. The

independent variables used to develop regression equations

were basal diameter at 15 cm above ground and total height

including bud length. Estimation of biomass for Douglas-fir

was not possible due to almost zero survival everywhere

except in treated areas.

The trees of the ponderosa pine biomass study were used

to develop a regression equation for stem volume outside



21

bark. Actual volume was estimated with the Smalian formula,

using data of 50-cm-long bole sections.

The treatments with and without herbs refer to their

natural encroachment or total control by herbicides in 1983

and 1984. Since the last herb control treatment by hand

hoeing in 1985, all nine plots experienced different levels

of herb reinvasion in inverse proportion to shrub cover.

Soil moisture content was measured with a neutron probe

(Troxler model 3225 A). This moisture meter allows one to

assess the water content at the desired depth into the soil

or rock, giving fast arid accurate data without disturbing

soil. During 1988 the soil moisture content was measured in

all treatments at 30 cm and 60 cm depth. The first reading

of the year was made during the first week of April when

full recharge had occurred, and then monthly throughout the

growing season through October. The soil water depletion

from each layer and from the whole profile then was

calculated by subtraction of each reading from the first

one. Total moisture content in the soil profile was

calculated by adding the moisture content at 30 cm plus at

60 cm. Too few tubes extended to 90 cm to obtain meaningful

sampling.

Statistical Methods

The effects of whiteleaf manzanita density or herbs on

manzanita and conifer growth were analyzed for 1983 to 1988
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data, by using a one-way analysis of variance for each year

and parameter (Petersen, 1987). The least squares means were

estimated (Searle et al, 1980) to compensate for unequal

sample size. Regression procedures were used to depict the

relationship of conifer and manzanita growth response to a

range of manzanita density, and herbs. When necessary, the

means were compared using the probability of being equal

according to Searle et al (1980). All calculations were made

using the Statistical Analysis System (SAS) computer

software version 1987. ANOVA tables are shown in the

appendix for analysis of whiteleaf manzanita, ponderosa

pine, Douglas-fir, and soil moisture content.



RESULTS

The following summarizes survival and various growth

parameters of all species in terms of manzanita density and

presence or absence of herbs. When considering growth,

examples are given showing contrasts where marked treatment

effects are pronounced. Soil water availability is described

so as to best illustrate effect on trees and shrubs.

Manzanita survival

Manzanita survival of 90 percent or more was reported

by Newton and White (1985) at the end of the first growing

season regardless of treatment. At the end of the eighth

growing season a new survey showed that manzanita survival

decreased with increasing density (p<0.Ol). The range was

from 98 percent in the lower density (1700MC), which means

non-significant mortality, to 73 percent in the 27000NC

plot. This was similar to the 75 percent survival in the

13500MCH (with herbs) plot. Thus, the herb competition in

the first years influenced the population eight years later.

There were no significant differences (p<0.Ol) among the

intermediate densities. A summary of the whiteleaf manzanita

changes in population from 1983 to 1988 is presented in

table 2.
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Douglas-fir survival

Douglas-fir showed higher mortality in 1987 than

ponderosa pine in all treatments except in the pure conifer

plot, where both species look healthy, and growing well.

Douglas-fir survived well during the first 3 to 4 years

of brush development, when herbs and or brush crown cover

were light. During the four years after the start of the

experiment, no Douglas-fir mortality was reported. However,

in 1987 and 1988, high Douglas-fir mortality was evident.

The mortality rate ranged from seven percent in the pure

conifer plot to 63 percent in the higher manzanita density

(25000MC), and was not linearly related to manzanita

density; mortality was concentrated in manzanita densities

higher than 13500/ha. (Table 3, and figure 1).

In the manzanita-plus-herb (13500MCH) treatment all

Douglas-fir died at Little Humbug, and the overall mortality

of Douglas-fir was 49 percent. The surrounding untreated

operational plantation also showed very high mortality

wherever there was appreciable shrub cover. The summers of

1987 and 1988 were unusually dry, warm and protracted, which

can explain part of the heavy losses in Douglas-Fir. In the

densest manzanita treatments the few remaining Douglas-fir

presented pale foliage dead tops, or large sunscald patches;

most of them will probably die within the next two summers,
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based on recent patterns of trees with these symptoms.

Ponderosa pine survival

No pine mortality was reported in any treatment during

the 1983-1988 period. Even in the high manzanita density

treatments, ponderosa pine has shown considerable ability to

survive shrub competition. Ponderosa pine trees did not show

signs of diseases, pale foliage or sunscald, but in high

manzanita densities the trees have short foliage, and are

smaller.

Manzanita crown cover

The degree of site occupancy by manzanita bushes was

expressed in terms of crown cover. This was defined first by

nominal density treatments and then corrected for individual

percent mortality. Thus, cover was an expansion of absolute

crown areas in accordance with actual populations.

Analysis of the treatments where conifers were

competing with manzanita showed that high individual crown

cover accompanies low manzanita densities and vice versa.

The same relation was found for the 5 years of analysis, but

the slope of the size/density curves changed with age. The

crown area/spacing relationship was linear during 1983 (r2

=0.96) , 1984 (r2=Q.95) , and 1985 (r2=O.95) . The relationship
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shifted from linear to non-linear in 1987, and 1988. For

1987 and 1988 it was necessary to transform the manzanita

density to a negative exponential function, resulting in an

r2=0.98 in 1987 and 0.97 in 1988 (Table 8, and Figure 2).

The widest crown of bushes were found at the widest

manzanita spacings; the maximum was at the 1700MC treatment,

which showed 786 sq cm in 1983 and 12352 sq cm in 1988,

while the minimum was found in the 27000NC, with 386 sq cm

in 1983 to 4326 sq cm in 1988.

The percentage crown cover mean had a direct

relationship with manzanita density. Thus, higher percentage

cover (80 percent in 1988) occurred in the high manzanita

density, and vice versa (figure 3, and 4).

Significant (p<0.01) effect of herbs was evident in the

percentage of manzanita crown cover in plots of the same

density (12500 /ha) with and without herbs (figure 4). The

plots with herbs (13500MCH) had lower percentage cover (39

percent in 1988) than the plots without herbs (67 percent),

and the pure manzanita (60 percent).

Manzanita total height and basal diameter

Manzanita total height was less sensitive to manzanita

density than basal diameter. The coefficient of variation

was higher for basal diameter (26 percent) than for total

height (17 percent). by 1988 the mean total height and basal
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diameter of shrubs grown at the highest density were 124 cm

and 58 mm respectively whereas those at the lowest density

were 103 cm and 38 mm respectively (table 5 and 6).

Presence of conifers or herbs did not affect manzanita

height growth in 1988 (table 6). Herbs affected (p < 0.01)

manzanita basal diameter from the beginning (p < 0.01).

Comparing the basal diameters at the same manzanita density

(135000/ha) in 1983 with or without herbs, the difference

was 3 mm more in the shrubs grown without herbs. However,

this difference increased to 9 mm in 1988 (table 5); the

difference continues to increase with time. The difference

between 135000/ha pure manzanita plot and 13500/ha with

conifers was non-significant (p > 0.05). The annual yield of

manzanita basal diameter per treatment is shown in figure 5.

Manzanita aboveground total shrub biomass

Manzanita aboveground total biomass expressed as an

allometric function of basal diameter, had a relationship

with manzanita density similar to that of basal diameter.

The shrub total biomass/density relationship is shown in

figure 6. This relationship was highly correlated with the

inverse natural logarithm of manzanita density, resulting in

adjusted R2 of 0.97 in 1983, 0.93 in 1984, 0.94 in 1985,

0.99 in 1987, and 0.98 in 1988 (Table 8). Low manzanita

density favored biomass growth of individual shrubs
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regardless of conifer presence (table 7). Figure 7 shows the

eight-year biomass development of manzanita as affected by

manzanita density, and herb competition. The differences in

biomass were non-significant (p > 0.05) at 13500/ha

manzanita density with and without conifers. This can also

be seen in the absolute annual biomass growth, which was

significantly higher (p < 0.01) at the low densities than at

the high densities (figure 8). Shrubs at the lowest

manzanita density (1700MC) grew 209 g in 1984, 288 g in

1985, and 555 g in 1988, showing an increasing trend.

Conversely, at the highest density (27000MC), individual

manzanitas grew 98 g in 1984, 135 g in 1985, and 88 g in

1988, showing a maximum rate in 1985 followed by a decline

in 1988. The other treatments, including the one with herbs,

had progressively increasing growth, but at a lower rate

than the lowest manzanita density (1700MC).

Unlike conifers, herbs did cause in 1988 a significant

(p<O.O1) manzanita biomass yield decrease of 36 percent in

the plot with herbs. Shrubs at the plots with herbs

(13500MCH) grew 63 g in 1984, 95 g in 1985, and 98 g in

1988, whereas at the plots with no herbs the growth rate was

higher at 144 g in 1984, 180 g in 1985, and 271 g in 1988.



Manzanita aboveground total stand biomass

Biomass at the stand level (g/m2) followed a trend

similar to percent canopy cover (figure 3) during the study

period. Figure 9 shows that at the highest manzanita density

(27000MC), manzanita reached a maximum at age seven,

followed for a decline at age eight. Conversely, at lower

density, manzanita showed a tendency to increase stand

biomass during the eight years of growth. The highest

density (27000MC) plots grew from 165 g/m2 in 1983 to a

maximum of 2040 g/m2 in 1987, and then a decline to 1684

g/m2 in 1988. At the lowest density (1700NC) stand biomass

grew from 18 g/m2 in 1983 to 315 g/m2 in 1988, showing an

steady increase.

Stands of manzanita with herbs (13500MCH) had less

stand biomass (p < 0.01) than comparable densities without

herbs (13500MC) during the analysis period. The stands with

herbs grew from 63 g/m2 in 1983 to 881 g/m2 in 1988, whereas

the treatment with no herbs grew from 99 g/m2 in 1983 to

1379 g/m2 in 1988 (figure 9)

Calculations of stand biomass were based on actual

manzanita densities, that is, 90 percent survival in 1983

and survival data from the 1988 survey (table 2).
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Ponderosa pine total height and basal diameter

Density of manzanita had a highly significant effect on

pine height and basal diameter (p<0.0l). Figures 10 and 11

show that the rate of decrease in height and basal diameter

is very steep for manzanita densities ranging from 0 to

13500/ha, and then the trend is to level off at 27000

manzanita/ha. The height and basal diameter/density curves

showed increasing slope with age (p <0.01).

By 1988 ponderosa pine under manzanita competition had

a significant (p<O.05) total height decrease of eight

percent at 6720 manzanita/ha or 45 percent cover, whereas

pine basal diameter had a significant (p=O.Ol) decrease of

eight percent at a density of 3360 manzanita/ha or 30

percent cover compared to shrub-free trees (tables 9 and

10). This showed that manzanita competition affected

diameter at a lower shrub density than needed to decrease

height. Manzanita bushes never overtopped ponderosa pine

trees.

Comparing the treatments 13500MC and 13500MCH, pines

growing with herbs in 1988 showed a significant (p<0.01)

height decrease of 16 percent, and 18 percent basal diameter

decrease. The herb effect is considerably greater when

compared with the pure conifer plot. Herb and shrub

competition reduced pine height and basal diameter

significantly (p<0.01) since age one. The mean pine height
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reduction ranged from 10 percent in 1983 to 34 percent in

1988, and the basal diameter reduction ranged from 25

percent in 1983 to 38 percent in 1988 relative to pure

conifer. Thus the negative herb effect trend is still

increasing with time.

Ponderosa pine stem volume and aboveground total biomass

regression equations

Ponderosa Pine stem volume and biomass data were

significantly (p<0.Ol) correlated to the product of squared

diameter times total height (D2H). As the relationship was

non-linear it was necessary to linearize the model by

natural logarithm transformation and use a weighted linear

regression procedure to fit the model (1) for volume, and

model (2) for biomass with D2H as weight. The adjusted R2

was 0.98 for both models, and the residuals did not show any

defined pattern. The log bias correction factor was

calculated according to Baskerville (1972).

Ln(volume cc) = 0.867458 ln(D2H) (1)

Log bias correction factor = 1.013

ln(biomass g) = 1.061691 + 0.774913 ln(D2H) (2)

log bias correction factor = 1.01

where:

Ln : Natural logarithm
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D : Basal diameter at 15 cm above ground

(centimeter)

H : Total height (centimeter)

cc : cubic centimeters

g : grams

Ponderosa pine stem volume

As volume was expressed as a function of square

diameter times height (D2H), its relationship with manzanita

density followed a trend similar to basal diameter and

height (Figure 12). The greatest stem volumes were found

where there was the least manzanita (Table 11). Thus, the

regression of stem volume on the inverse natural logarithm

of manzanita density resulted in the adjusted r2 of 0.99 in

1983, 0.92 in 1984, 0.92 in 1985, 0.92 in 1987, and 0.91 in

1988 (table 13)

Relative to pure conifer, pine trees growing under even

light manzanita competition in 1988 presented volume

decrease of 17 percent at 1700 shrubs/ha or 17 percent

cover.

The pines at 13500 shrubs/ha with herbs displayed the

least stem volume through the 5 years of analysis (table

11). Thus, in 1988, pines at the plot with herbs had a

current volume growth decrease of 38 percent relative to the

plot without herbs (p < 0.01). Relative to the pure conifer
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plots the current volume decrease was 70 percent (p<O.Ol)

Figure 13 shows the eight-year stem volume yield as affected

by manzanita and herb competition.

Ponderosa pine aboveground total bioniass

Pine total biomass followed stem volume trends during

the 5 years of analysis (figure 14). The regression of total

biomass against the inverse natural logarithm of manzanita

density resulted in the adjusted r2 of 0.61 in 1983, 0.92 in

1984, 0.91 in 1985, 0.90 in 1987, and 0.90 in 1988 (table

13)

The highest pine biomass mean was found in the pure

conifer treatment, with 345 g in 1983 and 9528 g in 1988,

I
the lowest biomass was found at the 27000 manzanita/ha

treatment, with 254 g in 1983 and 5064 g in 1988 (table 12).

The differences were gradually larger year by year but

followed the same kind of trend (figure 14). Although the

annual growth rate was higher at the low densities than at

the high densities, pines had an increasing absolute growth

rate during the analysis period in all treatments. This

means that pines still have the ability to increase in

growth rate to overcome manzanita competition in the future.

Thus, at the lowest manzanita density (1700MC) pines grew

814 g in 1984, 1135 g in 1985, and 3790 g in 1988, while at

the highest inanzanita density (27000MC) the growth rate was
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495 g in 1984, 735 g in 1985, and 1459 g in 1988. Biomass

absolute growth rate differences are increasing with time

(figure 15). Manzanita competition was effective in reducing

pine biomass. The lowest density (1700/ha; 17 percent cover)

caused 14 percent biomass decrease relative to pine biomass

growth in the pure conifer plots (p < 0.01).

Pine biomass was very sensitive to herb competition.

Pines growing at 13500 manzanita/ha with herbs had the

lowest biomass and biomass growth rate (table 12). When

grown with both manzanita and herbs (13500NCH) pines grew

313 g in 1984, 422 g in 1985, and 999 g in 1988, whereas in

the manzanita plots with no herbs (13500MC), pine growth

rate was 524 g in 1984, 803 g in 1985, and 1275 g in 1988

(figure 15).

The plot with herbs had in 1988 a biomass decrease of 33

percent relative to the plot without herbs, and 63 percent

relative to pure conifer plots (p < 0.01). Figure 16 shows

the eight-year pine total biomass development as affected by

shrub and herb competition. Figure 17 shows the yield of

pine aboveground total biomass under manzanita and herb

competition as a percentage of the yield in pure conifer

plots, which was maximum for the present conditions of this

experiment.



Douglas-fir total height and basal diameter

Douglas-fir height and basal diameter had high

variances from the beginning of the experiment. However,

both basal diameter and total height showed a trend similar

to that of ponderosa pine from 0 to 13500 manzanita/ha;

trees at the 27000/ha rnanzanita density showed unexpected

high growth, which might be explained by considerable

changes in Douglas-fir populations by the seventh and eighth

years due to mortality; the few remaining at the highest

densities were the bigger trees (figures 18 and 19). In

general, the highest basal diameter and total height means

were found at the lowest manzanita density (tables 14 and

15). By 1988 trees growing under manzanita competition had a

significant (p<0.Ol) height decrease of 25 percent at 13500

manzanita/ha or 68 percent cover, whereas basal diameter had

a significant (p<0.0l) 17 percent decrease even at 6720

rnanzanita/ha density or 45 percent cover, and greater at

13500/ha.

Comparing the same manzanita density treatments

(13500/ha) with and without herbs, the effect of herbs in

mixture with shrubs on total height was non-significant (p >

0.05) in 1988. However, basal diameter showed a significant

decrease of 15 percent in 1988 (p < 0.05). Relative to pure

conifer there was a height decrease of 14 percent in 1983,

and 35 percent in 1988 (p <0.01), whereas basal diameter
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reduction was 41 percent in 1988 (p <0.01).

Douglas-fir stem volume

Precision of estimates of Douglas-fir stem volume were

low, reflecting the variability found in both basal diameter

and total height. In general, however, the biggest Douglas-

fir trees occurred at the lowest manzanita densities (table

16). The relationship of Douglas-fir stem volume with

manzanita density is illustrated in figure 20, which shows

that mortality at the highest manzanita density caused a

considerable deviation of stem volume means from the general

trend.

Douglas-fir trees with manzanita competition in 1988

had a stem volume decrease of 39 percent at 6720

manzanita/ha density or 45 percent cover (p < 0.01). Even

though there was a volume growth reduction of 16 percent at

3360 manzanita/ha, this was non-significant due to high

variance (p > 0.05).

Douglas-fir growing at 13500 manzanita/ha with herbs

had the lowest stem volumes of all treatments. However, due

to high variability the volume differences at this density

with and without herbs were non-significant (p > 0.05) in

1988. Relative to Douglas-fir in pure conifer stands the

herb effect decreased volume by 75 percent (p < 0.01).

Figure 21 illustrates the eight-year growth trend of
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Douglas-fir stein volume as affected by manzanita and herb

competition.

Soil moisture content

Soil moisture content decreased at both depths in all

treatments from April to October (figures 22 and 23). Lower

soil moisture content was registered at 30 cm than at 60 cm

(tables 17 and 18). Regression analysis showed non-

significant linear correlation between monthly soil moisture

depletion rate and manzanita density. The total depletion

rate from the top 60 cm of the soil profile in the 1988

growing season did not show significant differences within

treatments of manzanita competition. The differences were

significant (p<0.Ol) between pure conifer or pure herb plots

and the plots under inanzanita competition as a unit only.

The highest total depletion from the top 60 cm of the soil

profile (73 mm) occurred at both 13500/ha pure manzanita and

13500/ha with conifers, whereas the lowest occurred at both

pure conifer (56 mm) and pure herb (57 mm) plots (table 19).

All treatments showed the same pattern with a peak

depletion rate in May and June at both depths 30 and 60 cm,

excepting the plot with herbs only, which presented similar

depletion from April through September (figure 24). The

major difference was that, unlike at 30 cm, significant

depletion was registered at 60 cm during April in all
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treatments. Most of the soil moisture was depleted during

May and June at 30 cm; plots under manzanita and herb

competition had 75 to 80 percent of their usable soil

moisture content depleted by the end of June. The plots with

trees only had lost 65 percent and the plots without trees

or shrubs had the least depletion, with 37 percent loss of

depletable water by June 3 0th. At 60 cm the same percentage

changes occurred but the period of observable depletion was

from April to June (tables 17 and 18).



DISCUSSION

Whiteleaf manzanita mortality

The 25 percent mortality found at the highest density

(27000 shrubs/ha) at age eight indicates that the self

thinning process is invoked by intraspecific competition. At

the lowest density, conversely, manzanita is not under

lethal intraspecific competition in the eighth year, as

indicated by low mortality. Furthermore, the advent of

growth impacts on conifers in the eighth year signals that

the lowest densities of shrubs are in some stage of

increasing non-lethal competition.

Conifer survival

The environmental factors in the foothills of the

interior valleys of southwest Oregon particularly on the

south aspects, are very harsh for survival and growth of

conifers. In this experiment, differences in competitive

ability of ponderosa pine and Douglas-fir growing side-by-

side appeared with contrasting tolerance to climatic factors

or competition from manzanita and herbs. The effects of

vegetation competition were progressive until the fifth year

of the experiment, after which Douglas-fir suffered
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considerable mortality at age seven and eight. Ponderosa

pine had negligible mortality after the installation of the

experiment. Droughty conditions alone could not be the main

cause, considering that in the plot with only conifers

Douglas-fir had low mortality and trees appear healthy and

growing well. Douglas-fir mortality is very likely to occur

in all plots with woody vegetation cover; most of the trees

present at the end of 1988 had stem lesions and some insect

damage, while no symptoms were observed in ponderosa pine

trees. The physiological disadvantages of Douglas-fir cited

by White (1988) include higher xylem pressure potential and

lower stomatal conductance than ponderosa pine. Douglas-fir

also lacks early development of a strong tap root, and it

appears unable to successfully compete for deep soil water

even at low manzanita densities.

Manzanita growth response

Basal diameter, and diameter growth rates were more

sensitive to crowding than total height. Basal diameter data

had higher variance than height. Manzanita has not been

severely affected by the presence of conifers. That is,

conifers at 620 to 800 trees/ha at age seven and 500/ha at

age eight did not cause major mortality or loss of growth in

shrubs. This agrees with Oliver (1984) who reported that

dense pine failed to decrease brush cover. Adequate
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physiological adaptations described by White (1988)

permitted manzanita to expand percent cover until at a

maximum at age seven in the higher densities. However, in

the lower densities, manzanita crown cover has not reached

its maximum yet at age eight. Shrub biomass had a growth

pattern similar to canopy cover, hence the same analysis

applies.

At the stand level, our data showed lower values of

biomass than those reported by Hughes et al (1987) in the

same region of southwest Oregon. The only exception was at

the highest manzanita density (27000/ha), which had higher

stand biomass values at age seven, but with a tendency to

approach the values of a natural stand by age eight.

Although Hughes et al (1987) studied natural stands, our

data from planted manzanita stand had a similar linear stand

biomass increase with age, but at proportionally decreased

rates at densities lower than 27000 manzanita/ha. This

implies that more intense effects on conifer growth may be

expected from dense natural xnanzanita stands than the

effects presented in this report. Thus our experiment has

succeeded in identifying increments of manzanita effects

with density, and ages of conifer at which growth impacts

become important.

Whiteleaf manzanita is more sensitive to early herb

competition. At the plots of 13500 manzanita/ha with herbs,

crown cover and stand biomass were similar to lower
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densities (27000/ha), because bushes grew less and

experienced some mortality. The low tree growth rate in the

high manzanita density suggests that the rate at which

manzanita will give way to conifers will be slow for the

indefinite future. Nevertheless, there is enough evidence of

shrub suppression beneath the larger conifers to suggest

that dominance shift toward conifers will continue, even in

dense shrubs, barring conifer mortality. However,

considering that low manzanita densities had adequate

resources for considerable increase of canopy cover and

shrub biomass growth at age eight, silvicultural procedures

that prevent or postpone tree crown closure, will maintain a

competitive cover if brush is not controlled at the same

time.

Herb effects on conifers and manzanita

The growth inhibition effect of herbs on five year-old

whiteleaf manzanita and coniferous species was reported by

White (1988). This effect has persisted and increased

through time until age eight for all species under study,

despite a decrease in herb abundance in the presence of

manzanita and conifers.

Mortality of manzanita and conifers, coupled with

considerable size reduction, are signs of strong competitive

potential of herbs in early years, as reported by Cole and
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Newton (1987), and Newton and Preest (1988). Furthermore, in

the absence of bush and tree significant recovery at age

eight, after demise of most herb biomass, it is apparent

that herbs inflict a long-term loss of vigor on all three of

our woody species.

Early herb competition effect was much greater on

Douglas-fir than on ponderosa pine. For Douglas-fir, herb

competition not only meant reduced growth, but also low

probability of survival at age eight. Ponderosa pine,

continues to develop, albeit slowly, under competition, and

still has a reasonable chance of dominating the site. Cole

and Newton (1987) in a study of young Douglas-fir in the

Coast Range of Oregon, reported that grasses compete for

moisture, and reduce tree growth until tree crown closure in

dense stands eliminates the grasses at age 4. In dry and

poor sites, however, we found that herb effect is not

restricted to early years. Trees appear to tirememberti this

effect.

Many studies have reported negative effects of herbs on

conifer growth. Although our data refers to herb competition

for eight years, and both herb and brush competition

combined, the conifer growth decrease of 75 percent in stem

volume is comparable to other studies. For example, Newton
*

(1964), and Preest (1973 and 1975) found considerable

reduction of soil water caused by herb competition during

early years after planting. The persistence of herb effect
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also has been reported. Newton and Preest (1988), working in

a moist site in the Coast Range of Oregon, found that

Douglas-fir had 217 percent more growth where weeds were

controlled at the time of planting and for two additional

years than where weeds were not controlled; the growth

increase persisted proportionally through the fifth year.

They suggest that herbaceous vegetation caused water

depletion qualitatively and quantitatively. Also Haywood

(1988) reported a 53 percent Pinus taeda stem volume gain in

plots where the herbaceous vegetation was reduced by 50

percent.

Whiteleaf manzanita effects on conifer growth

Both species of conifer had similar growth response to

a range of manzanita density. Douglas-fir mortality

increased after reaching a size usually associated with long

term dominance. Thus, Douglas-fir showed almost total

intolerance to manzanita in the long run regardless of short

-term growth patterns. Throughout the analysis period,

enough spacing was given to each tree so that the analysis

of results need not consider competition among trees. Basal

diameter was proportionally more affected by manzanita

density or cover than height, and it was significantly

affected at a lower level of manzanita cover than height

was. This tends to elevate the ratio of height to diameter,
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a phenomenon which, in Douglas-fir, portends long-term

decreases in total volume growth (Hughes et al, in press;

Cole and Newton, unpublished manuscript, Oregon State

University, College of Forestry).

The effects of whiteleaf manzanita on Douglas-fir were

studied for the first time on dry sites of southwest Oregon

by White (1988). She found that the effect of manzanita

density on conifer growth accelerated at age four and five.

The results at age eight confirm and extend this trend.

Significant growth decreases have been attributed

to shrub competition in several vegetation management

studies. The 21 percent decrease in ponderosa pine stem

volume growth observed here with 30 percent manzanita crown

cover is similar to 29 percent reported by Oliver (1984) in

poor sites of California, after ponderosa pine release from

30 percent crown cover of Arctostaphylos canescens.

Radosevich (1984) in a study of competition between

greenleaf manzanita and ponderosa pine seedlings in

California found that during the first year no reduction of

growth occurred despite dense sprouting manzanita, although

shrubs were taller than trees. However, in the second

growing season, tree growth decreased 60 to 90 percent under

more than 25 percent brush cover. He concluded that

productive young plantations respond strongly and positively

to brush-free conditions through reduction in competition

for soil water.
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The physiological and anatomical adaptations of

whiteleaf manzanita to this harsh environment have been

documented by White (1988). These advantages, along with an

overwhelming reproductive capacity, permits manzanita to

occupy harsh sites early after disturbance. Thus, manzanita

can dominate the site resources before a small number of

conifers can grow root systems big enough to secure adequate

soil water. As manzanita continues to increase crown cover

and biomass at low densities it is probable that conifers

will continue to grow much more slowly than shrub-free

stands for many more years. At high density, mortality is

not unlikely, and stand heterogeneity may will influence

future timber quality.

Shrub and herb competition increased tree size

variability in absolute terms. However, the coefficient of

variation was lower in the treatments with low manzanita

densities. The standard error of the mean increase, was

compensated by a proportionally higher tree size increase

(tables 9 to 16). The latter observation was not suggested

by Petersen et al (1988), who reported larger size of

ponderosa pine and much greater variability after weeding.

The data reported here extend five years past those of

Petersen et al (1988), and reflect an early increase in

coefficient of variation, followed by a steady decrease.

Thus, the early variability may have been attributable to

variability in seedling and planting quality, and microsite,
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with later growth reflecting the integration of a larger

biotic environment. On this basis one may postulate that a

long-term decrease in competitive stress should lead to a

more uniform stand.

Soil moisture depletion

The soil profile can lose moisture by soil surface

evaporation, consumption by plants, and subsoil drainage.

Conard et al (1982) reported a decreased evaporation demand

under shrub cover. This means that significant amount of

heat is being absorbed by plants through transpiration.

Although manzanita may ameliorate the soil surface

p
temperatures, live shade causes deep soil water loss, and

less soil moisture for tree growth (Flint and Childs, 1987).

Since the total water depletion rate at both 30 cm and

60 cm depths was similar, it means that the entire soil

profile was equally occupied, probably almost fully. This in

turn could explain the low linear correlation between

monthly total depletion rate with manzanita density. The

high depletion rate found in the plots under dense

vegetation competition regimes, coupled with lower tree

growth, indicates that water is being used, but most of it

by shrubs and herbs. Although, trees are better-off in the

low shrub densities, it appears that manzanita is more

successful than conifers in absorbing soil water.
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The lower moisture content found under brush along with

high depletion rates do not agree with the results reported

by Youngberg (1965), He observed that available soil

moisture lasted longer for tree growth under snowbrush

ceanothus than under bareground or grass cover. Thus, we

found the opposite; by age eight whiteleaf manzanita

depleted soil moisture faster than conifers and herbs.

Trees only and pure herb plots did not use the soil

moisture available as rapidly as the high density manzanita

plots did. If the densest manzanita depleted the soil

moisture content from 195 mm in April down to 126 mm in

October, and under shrub-free conditions moisture decrease

from 215 mm to 158 in the same period, then trees apparently

had 32 mm more moisture for their use. This suggests that

conifers had adequate moisture, leading to higher conifer

growth rate, and also that they were unable to absorb more

water in that particular year. However, we do not know what

their maximum growth is because weed-free conditions could

not be continued.

It seems that depletion rate is faster from the upper

layer during May and June, and slightly more evenly

distributed through the spring and summer from the 60 cm

depth. This suggests the additive role of surface

evaporation in early seasonal water loss. Manzanita bushes

deplete most of the soil moisture early in the season, when

water is most abundant, while trees deplete slowly in
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spring, leaving some moisture for late season absorption.

This has been documented by several researchers. For

example, Canard and Radosevich (1982) reported that shrub

control preserved soil moisture for tree growth in sites of

low summer rainfall.

Obviously, our data do not cover the entire soil and

bedrock profile. In this regard, Newton et al (1988),

reporting preliminary results of an on-going study of deep

(150 cm) soil moisture content in the same area, showed same

evidence of an important role played by deep soil and

saprolite moisture content in ponderosa pine or whiteleaf

manzanita growth.



SUMMARY AND CONCLUSIONS

Study of eight-year competitive interactions among

Douglas-fir, ponderosa pine, whiteleaf manzanita and herbs

in southwest Oregon, has demonstrated a number of

distinctive patterns:

- Whiteleaf manzanita grew without major environmental

restrictions regardless of conifer presence. Manzanita was

most affected by intraspecific competition that caused high

mortality and decreased growth by age seven in the plots at

27000 shrubs/ha. Manzanita occupied the site promptly after

planting by expanding its crown cover continuously, reaching

an asymptote at 80-90 percent by age seven at high density

(27000/ha). At the low density (1700) manzanita canopy cover

continued to expand. As stocking levels decrease from

27000/ha to 1700/ha, cover does not decrease proportionally

because of larger shrubs at low densities and higher

mortality at high manzanita densities.

- At age eight manzanita has been a strong successful

competitor for soil moisture and growing space against

Douglas-fir and ponderosa pine. At this time, the influence

of manzanita competition is becoming more pronounced as both

manzanita and conifers grow. Densities of shrubs that did

not affect conifer growth at age five have a major effect at

age eight. Even the lowest density of manzanita (1700/ha)

50
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had an effect on conifer growth (14 percent pine volume

decrease), but not until age eight. Douglas-fir is the most

affected. The harsh south-slope environment, worsened by

manzanita competition, resulted in high Douglas-fir

mortality and growth reduction. Thus, Douglas-fir appears to

not be a viable commercial crop on the sites studied,

despite good early survival and growth.

- Herbs, in mixture with shrubs, have additive

competitive effects that caused substantial mortality in

manzanita and even more in Douglas-fir. The early herb

effect continues to slow conifer growth severely at age

eight despite a major decrease in herb cover. Annual herbs

alone do not cause major soil water losses in year eight.

- Controlling whiteleaf manzanita and herbs increased

the proportion of soil moisture allocated to conifer growth.

At age eight, manzanita succeeded in increasing soil water

loss regardless of inanzanita density.

- In order to prevent significant conifer growth

decrease at age eight, brush control should be so as to

leave less than 1400 bushes per hectare or 17 percent brush

crown cover, as well as to control herbaceous vegetation

during the first two or three years after planting.

- Ponderosa pine has shown to be more tolerant to

shrubs and herbs competition, and thus better suited for

reforestation of south aspects of the foothills of the

interior valleys of southwest Oregon.
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Figure 1 Douglas-fir mortality in 1987-1988 by treatments.
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total biomass means from 1983 to 1988 in response to
manzanita density.
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Figure 7. Yield trend (1983-88) of whiteleaf nanzanita
individual shrub aboveground total biornass, as affected

by several competitive regimes with and without herbs
or conifers.
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Figure 8. Annual (1984-88) absolute biomass growth rate of
whiteleaf manzanita by treatments.
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Figure 11. Ponderosa pine total height in 1983 through 1988
in relation to whiteleaf manzanita density.
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Figure 12. Ponderosa pine individual tree stem volume in
1983 through 1988 in relation to inanzanita density.
Herb effect (0) is shown only in 1987 and 1988. Bars
indicate standard error of the mean.
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Figure 13. Yield trend (1983-88) of ponderosa pine
individual tree stem volume, as affected by several
competitive regimes with shrubs and with or without
herbs (error bars shown in figure 12)
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Figure 14. Ponderosa pine individual tree total biomass in
1983 through 1988 in relation to inanzanita density.
Herb effect (0) is shown only in 1987 and 1988. Bars
indicate standard error of the inean.
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Figure 15. Annual (1984-88) absolute biomass growth rate of
ponderosa pine trees by treatillents.



TREE BIOMASS (xl000 g)
10-

1985 1986
YEAR

TREATMENTS

- CONIFER
H 1700MG

( 3360MC

-9-- 6720MG

-- 13500MC
-6--- 27000MG

13500MCH

Figure 16. Yield trend (1983-88) of ponderosa pine
individual tree aboveground total biomass in response
to manzanita density, and with and without early herb
competition (error bars shown in figure 14)
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Figure 17. Mean aboveground total biomass of ponderosa pine
trees at treatments under whiteleaf manzanita and herb
competition as a percentage of the pure conifer
treatment, which is regarded as the maximum attainable
considering the present conditions.
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Figure 18. Douglas-fir basal diameter at 15 cm aboveground,
from 1983 through 1988 in relation to whiteleaf
manzanita density.
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Figure 19. Douglas-fir total height in 1983 through 1988 in
relation to whiteleaf manzanita density.
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Figure 20. Ponderosa pine individual tree stem volume in
1983through 1988 in relation to manzanita density.
Mortality caused large mean deviation at the highest
manzanita density. Herb effect (0) is shown only in
1987 and 1988. Bars indicate standard error of the
mean.
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Figure 21. Yield trend (1983-88) of Douglas-fir individual
tree stem volume in response to manzanita competition,
and with and without early herb competition (error bars
are shown in figure 20)
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Figure 22. Soil moisture content seasonal trend at 30 cm
depth, for treatments with high, mid, and low water
content. Significant differences (p < 0.05) occurred
between HERBS or CONIFERS and 27000MC plots only. Other
treatments were nonsignificantly different.
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Figure 23. Soil moisture content seasonal trend at 60 cm
depth, for treatments with high, mid, and low water
content. Significant differences (p < 0.05) occurred
between HERBS or CONIFERS and 27000MC plots only. Other
treatments were nonsignificantly different.
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Figure 24. Soil moisture depletion rate (mm of water/month)
readings in the top 60 cm during 1988 growing season,
for treatments with high, mid, and low water content.
Significant differences (p < 0.05) occurred between
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Pctsvl Density
Treatments Mean (%) Sd Mean (bushes/ha) Sd

1983 1988

27 00 OMC
13 50 OMC

13500MCH
1350 ON
672 OMC
3360MC
1700MC

75 7.00
80 7.54
73 2.64
90 2.31
82 1.53
90 3.05
98 6.03

25000
12456
12456
12456
6250
3305
1440

N: Manzanita; C: Conifers; H: Herbs

Table 3. Douglas-fir percent mortality means (pctmty), and
pooled standard error of the mean (stderr), in 1987, in
relation to whiteleaf manzanita density.

18630 1890.00
11205 1019.22
9045 357.18

11160 311.77
5130 102.89
2979 102.34
1417 102.47
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Table 2. Whiteleaf manzanita percent survival (pctsvl) means
from 1988 survey, standard deviation(sd), and density
(manzanita/ha) in 1983 (90 percent survival), and 1988
in relation to treatments.

Pctmty
Treatments Mean (%) stderr

27000MC 63 9.97
13500MC 58 9.97
13500MCH 49 9.97
6720MC 32 9.97
3360MC 26 9.97
1700MC 12 9.97
CONIFERS 7 9.97

N: Manzanita; C: Conifers; H: Herbs



Table 4. Whiteleaf manzanita crown cover adjusted for

Table 5. Whiteleaf manzanita basal diameter adjusted for
unequal sample size, and standard error of the mean
(stderr) for 1987 and 1988 analysis in relation to
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treatments.

1987 1988
Treatments Mean Stderr Mean Stderr

(mm) (mm) (mm) (mm)

27000MC 36 1.36 38 1.43
13500MC 40 1.38 45 1.45
13500MCH 33 1.47 36 1.56
l3500M 40 1.38 43 1.46
6720MC 46 1.40 50 1.47
3360MC 47 1.36 53 1.43
1700MC 51 1.38 58 1.45

M: Manzanita; C: Conifers; H: Herbs

unequal sample size, and standard error of the mean
(stderr) for 1987 and 1988 analysis in relation to
treatments.

1987 1988
Treatments Mean Stderr Mean Stderr

(sq. cm) (sq. cm) (sq. cm) (sq. cm)

27000MC 3568 429.99 4327 451.96
13500MC 5371 436.08 6027 458.28
13500MCH 3914 463.44 4350 491.00
13500M 4860 436.00 5361 461.58
6720MC 7528 442.26 8768 464.90
3360MC 8223 430.03 10180 451.99
1700MC 9634 436.00 12353 458.28

M: Manzanita; C: Conifers; H: Herbs



Table 6. Whiteleaf manzanita total height adjusted for
unequal sample size, and standard error of the mean
(stderr) for 1987 and 1988 analysis in relation to

Table 7. Whiteleaf manzanita total biomass adjusted for
unequal sample size, and standard error of the mean
(stderr) for 1987 and 1988 analysis in relation to
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treatments.

1987 1988
Treatments Mean Stderr Mean Stderr

(cm) (cm) (cm) (cm)

27000MC 91 2.27 103 2.36
13500MC 93 2.31 108 2.40
13500MCH 90 2.45 106 2.57
l3500N 95 2.31 112 2.41
6720MC 96 2.34 117 2.43
3360MC 105 2.28 121 2.36
1700MC 105 2.31 124 2.40

M: Manzanita; C: Conifers; H: Herbs

treatments.

1987 1988
Treatments Mean Stderr Mean Stderr

(g) (g) (g) (g)

27000MC 816 77.57 904 92.36
13500MC 961 78.67 1231 93.65
13500MCH 690 83.61 788 100.34
13500M 963 78.66 1121 94.32
6720MC 1246 79.79 1520 95.00
3360MC 1394 77.58 1794 92.36
1700MC 1670 78.66 2226 93.65

N: Manzanita; C: Conifers; H: Herbs



Table 8. Relationship between whiteleaf manzanita total
bjomass (TB), crown cover (CC) means and manzanita
density expressed through regression equations with
manzanita density (MD bshs/ha) and manzanita density
inverse logarithm (MDl'e) as independent variables for
1983 through 1988.
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1983
CC 813.2898 -0.01648 0.0023 0.95
TB 195.9864 0.002738 -4.772448 0.0014 0.97

1984
CC 2812.5104 -41.953361 0.0036 0.94
TB 461.9247 0.004263 -9.622691 0.0083 0.93

1985
CC 5541.6701 -81.301797 0.0013 0.97
TB 888. 2215 0.008917 -19.361036 0.0072 0.94

1987
CC 9226.1405 -225.852922 0.0003 0.98
TB 2473.7220 0.030858 -58.680116 0.0004 0.99

1988
CC 16288.0 -299.776534 0.0013 0.97
TB 3398.8714 0.044639 -86.866803 0.0006 0.98

Intcpt MD P Adj.



M: Manzanita; C: Conifers; H: Herbs
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Table 9. Ponderosa pine basal diameter adjusted for unequal
sample size, and standard error of the mean (stderr)
for 1987 and 1988 analysis in relation to treatments.

Treatments
1987

Mean
(mm)

Stderr
(mm)

1988
Mean
(mm)

Stderr
(mm)

27000MC 68 1.71 79 2.22
13500MC 71 1.80 81 2.53
13500MCH 58 1.98 66 2.33
6720MC 78 1.80 94 2.45
3360MC 81 1.99 98 2.47
1700MC 83 1.96 101 2.53

CONIFERS 84 1.61 107 2.44

Table 10. Ponderosa pine total height adjusted for unequal
sample size, and standard error of the mean (stderr)
for 1987 and 1988 analysis in relation to treatments.

1987 1988
Treatments Mean Stderr Mean Stderr

(cm) (cm) (cm) (cm)

27000MC 210 5.54 248 7.06
13500MC 220 5.84 248 8.04
13500MCH 178 6.21 209 7.61
6720MC 238 5.86 290 7.79
3360MC 243 6.47 298 7.86
1700MC 248 6.38 294 8.04

CONIFERS 255 5.27 316 7.77

M: Manzanita; C: Conifers; H: Herbs



N: Manzanita; C: Conifers; H: Herbs

Table 12. Ponderosa pine total biomass adjusted for unequal
sample size, and standard error of the mean (stderr)
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for 1983, 1984, 1985, 1987, and 1988 analysis in
relation to treatments.

Treatments
1983
Mean
(Stder)
(g)

1984
Mean
(Stder)
(g)

1985
Mean
(Stder)
(g)

1987
Mean
(Stder)

(g)

1988
Mean

(Stder)
(g)

27000MC 254 749 1484 3605 5063
(14 .42) (44.94) (79.93) (210.81) (347.29)

13500MC 257 781 1584 3921 5197
(15. 21) (47.50) (84.89) (222.16) (395.45)

13500MCH 211 524 946 2485 3484
(15.89) (48.67) (89.48) (236.03) (374.20)

6720MC 274 966 1940 4749 7296
(15. 47) (47.27) (84.52) (222.87) (383.23)

3360MC 288 955 1971 5093 7867
(16.92) (51.80) (93.33) (246.18) (386.59)

1700MC 296 1057 2143 5399 8184
(16.47) (51. 04) (91.96) (242.56) (395.57)

CONIFERS 345 1159 2294 5739 9528
(13 .82) (43.69) (78.39) (200.57) (381.46)

Table 11. Ponderosa pine stem volume adjusted for unequal
sample size, and standard error of the mean (stderr)
for 1987 and 1988 analysis in relation to treatments.

1987 1988
Treatments Mean Stderr Mean Stderr

(cc) (cc) (cc) (cc)

27 00 OMC 3074 225.20 4622 404.57
13 50 OMC 3385 237.33 4755 460.68
13500MCH 1968 252.14 2970 435.92
6720MC 4260 238.09 7139 446.43
336 OMC 4627 262.98 7775 450.35
1700MC 4972 259.11 8201 460.81

CONI FERS 5402 214.26 9867 444.37

N: Manzanita; C: Conifers; H: Herbs
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Table 13. Relationship between ponderosa pine total biomass
(PTB) and stem volume (PSV) means and manzanita density
expressed through regression equations with manzanita
density (MD), and manzanita density inverse logarithmic
(MDle) as independent variable for 1983-1988 period.

Intcpt (MD) (MD1/e) P Adj. R2

1983
psv 185.9038 0.001423 -2.240282 0.0002 0.99
PTB 350.4677 0.004389 -4.98348 0.11 0.61

1984
PSV 805.476 -8.414359 0.0013 0.92
PTB 1179.159 -10.6075 0.0015 0.92

1985
PSV 1847.668 -18.917872 0.0014 0.92
PSV 2369.016 -21.088357 0.0017 0.91

1987
PSV 5637.203 -61.087156 0.0014 0.92
PTB 5991.126 -56.08108 0.0020 0.90

1988
PSV 10104.0 -137.623905 0.0016 0.91
PTB 9789.0 -117.518788 0.0020 0.90



Table 14. Douglas-fir basal diameter adjusted for unequal

M: Manzanita; C: Conifers; H: Herbs

* Note: These data reflects a smaller population due to
mortality.

Table 15. Douglas-fir total height adjusted for unequal
sample size, and standard error of the mean (stderr)
for 1987 and 1988 analysis in relation to treatments.

* Note: These data reflect a smaller population due to
mortality.
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sample size, and standard error of the mean (stderr)
for 1987 and 1988 analysis in relation to treatments.

Treatments
1987

Mean
(mm)

Stderr
(mm)

1988
Mean
(mm)

*

Stderr
(mm)

27000MC 43 1.78 62 4.34
13500MC 44 1.75 53 2.89
13500MCH 32 1.70 44 3.64
6720MC 53 1.94 62 3.65
3360MC 57 1.88 67 2.96
1700MC 56 1.48 72 2.70

CONIFER 58 1.81 75 2.75

1987 1988 *

Treatments Mean Stderr Mean Stderr
(cm) (cm) (cm) (cm)

27000MC 199 7.75 284 20.63
13500MC 189 7.62 238 13.74
13500MCH 151 7.48 208 17.31
6720MC 217 8.35 282 17.35
3360MC 249 8.18 308 14.08
1700MC 252 6.48 299 12.82

CONIFERS 243 7.88 318 13.08

M: Manzanita; C: Conifers; H: Herbs
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Table 16. Douglas-fir stem volume diameter adjusted for
unequal sample size, and standard error of the mean
(stderr) for 1987 and 1988 analysis in relation to
treatments.

1987 1988
Treatments Mean Stderr Mean Stderr

(cc) (cc) (cc) (cc)

27000MC 1268 173.33 3426 693.48
13500MC 1105 170.42 1902 461.80
13500MCH 535 167.18 1232 581.84
6720MC 1889 191.77 3028 583.25
3360MC 2371 182.85 4211 473.26
1700MC 2387 143.61 4637 431.06

CONIFERS 2474 176.34 4975 439.77

M: Manzanita; C: Conifers; H: Herbs



85

Table 17. Soil moisture content means, and standard error of
the mean (stder) for early, mid, and late 1988 growing
season at the top 30 cm of the soil profile in relation
to treatments.

(2.58) ( 3.00) (2.54)

M: Manzanita; C: Conifers; H: Herbs

Treatments
April

Mean (mm)
(Stder mm)

July
Mean (mm)
(Stder mm)

October
Mean (nrni)
(Stder mm)

27000MC 88 60 54
(2.81) (2.76) (2.43)

13500MC 97 70 64
(2.48) (2.66) (2.35)

13500MCH 96 69 62
(2.48) (2.76) (2.43)

l3500M 98 70 63
(2.39) (2.66) (2.35)

6720MC 89 58 52
(2.57) (2.66) (2.35)

3360MC 97 73 64
(2.48) (2.66) (2.35)

1700MC 97 75 66
(2.48) (2.66) (2.35)

CONIFERS 99 80 71
(2.48) (2.66) (2.35)

BARE (HERBS) 108 97 82
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Table 18. Soil moisture content means, and standard error of
the mean (stder) for early, mid, and late 1988 growing
season at 60 cm of the soil in toprofile relation
treatments.

April July October
Treatments Mean (mm) Mean (mm) Mean (mm)

(Stder mm) (Stder mm) (Stder mm)

27000MC 107 80 72
(2.82) (3.33) (2.89)

13500MC 121 90 81
(2.58) (3.14) (2.78)

13500MCH 117 90 80
(2.48) (3.28) (2.88)

l3500N 116 88 77
(2.48) (3.14) (2.68)

6720MC 105 76 69
(2.58) (2.81) (2.68)

3360MC 113 91 82
(2.58) (3.02) (2.78)

1700MC 118 93 81
(2.59) (3.02) (2.89)

CONIFERS 116 97 87
(2.48) (3.16) (2.89)

BARE (HERBS) 129 116 99
(2.69) (3.66) (3.32)

M: Manzanita; C: Conifers; H: Herbs
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Table 19. Soil moisture depletion means, and standard error
of the mean (stder) from the soil profile (top 60 cm)
during 1988 growing season in relation to treatments.

Total depletion
Treatments Mean Stderr

(mm) (mm)

27000MC 69 3.24
13500MC 73 2.96
13500MCH 72 2.96
l3500M 73 2.85
6720MC 72 2.97
3360MC 64 3.09
1700MC 70 3.11

CONIFERS 56 3.09
BARE 57 3.43

M: Manzanita; C: Conifers; H: Herbs
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APPENDIX



Table 1. Values from ANOVA tables, 1988 percent whiteleaf
manzanita survival (pctsvl) in relation to manzanita
density.

Blocks 2 7.00 0.26 0.77
Treatment 6 195.75 7.37 0.0018 6.56
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Table 2. Values from ANOVA table, 1987 and 1988, analysis on
whiteleaf manzanita basal diameter in relation to
treatments.

Source of
variation

df MS F
Value

P CV

1987
Blocks 2 3405.57383 25.21 0.0001
Treatments 6 2889.73880 21.39 0.0001 27.71

1988
Blocks 2 3015.66327 20.10 0.0001
Treatments 6 4578.32717 30.52 0.0001 26.44

Source of df MS F p CV
variation Value
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Table 3. Values from ANOVA table, 1987 and 1988, analysis on
whiteleaf manzanita total height in relation to
treatments.

Source of
variation

df MS F
Value

P CV

1987
Blocks 2 32079.47812 84.91 0.0001
Treatments 6 2745.68531 7.27 0.0001 20.19

1988
Blocks 2 23995.81415 58.88 0.0001
Treatments 6 4586.61388 11.26 0.0001 17.84

Table 4. Values from ANOVA table, 1987 and 1988, analysis on
whiteleaf manzanita crown cover in relation to
treatments.

Source of
variation

df MS F
Value

P CV

1987
Blocks 2 591000558.0 43.79 0.0001
Treatments 6 378044820.0 28.01 0.0001 59.56

1988
Blocks 2 364637146.0 24.46 0.0001
Treatments 6 687499406.0 46.11 0.0001 52.29
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Table 6. Values from ANOVA table, 1987 and 1988, analysis of
ponderosa pine basal diameter in relation to manzanita
density, and with and without herbs.

1987
Blocks
Treatments

1988
blocks
Treatments

Table 5. Values from ANOVA table, 1987 and 1988, analysis on
whiteleaf manzanita total biomass in relation to
treatments.

Source of
variation

df MS F
Value

P CV

1987
Blocks 2 10738262.27 24.45 0.0001
Treatments 6 8329199.28 18.96 0.0001 59.68

1988
Blocks 2 12466587.0 20.02 0.0001
Treatments 6 18189840.3 29.91 0.0001 57.28

2 592.4387 3.22 0.04
6 4929.1670 26.77 0.0001 18.16

2 2234.7369 8.97 0.0002
6 9107.2586 36.56 0.0001 17.75

Source of df MS F P CV
variation Value



Table 7. Values from ANOVA table, 1987 and 1988, analysis of

Table 8. Values from ANOVA table, 1987 and 1988, analysis of
ponderosa pine stem volume in relation to manzanita
density, and with and without herbs.
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ponderosa pine total height in relation to manzanita
density, and with and without herbs.

Source of
variation

df MS F
Value

P CV

1987
Blocks 2 4325.6353 2.22 0.10
Treatments 6 39925.1833 20.52 0.0001 19.27

1988
Blocks 2 6872.8945 1.91 0.14
Treatments 6 60732.7417 24.07 0.0001 18.56

Source of
variation

df MS F
Value

P CV

1987
Blocks 2 5521443.4 1.72 0. 18
Treatments 6 81997969.4 25.54 0.0001 44.86

1988
Blocks 2 45528659.0 5.50 0.0045
Treatments 6 252502849.0 30.51 0.0001 44.88



Table 9. Values from ANOVA tables, 1983, 1984, 1985, 1987,
and 1988, analysis of ponderosa pine total biomass in
relation to manzanita density, and with and without
herbs.
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Source of df MS F P CV
variation Value

1983
Blocks 2 105117.5954 8.11 0.0004
Treatments 6 103293.1621 7.97 0.0001 40.57

1984
Blocks 2 576744.55 4.74 0.0093
Treatments 6 2541255.98 20.89 0.0001 38.86

1985
Blocks 2 712108.28 1.76 0.17
Treatments 6 11661409.56 28.85 0.0001 35.65

1987
Blocks 2 5211298.1 1.85 0. 15
Treatments 6 73743754.2 26.22 0.0001 37.6

1988
Blocks 2 35901704.0 5.89 0.0031
Treatments 6 194549836.0 31.90 0.0001 37.42



Source of df MS F P CV
variation Value

Blocks 2 1682.48 5.64 0.0188
Treatments 6 1434.75 4.81 0.0101 49.02

Table 11. Values from ANOVA table, 1987 and 1988,analysis of
Douglas-fir basal diameter in relation to manzanita
density, and with and without herbs.

Source of df MS F P CV
variation Value
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Table 10. Values from ANOVA tables, 1988 percent Douglas-fir
mortality in relation to manzanita density.

1987
Blocks
Treatments

1988
Blocks
Treatments

2 5711.65626 43.44 0.0001
6 4264.43116 32.43 0.0001 22.98

2 2084.55 12.51 0.0001
6 2053.70408 12.33 0.0001 20.19



1987
Blocks 2

Treatments 6

1988
Blocks 2

Treatments 6

Table 13. Values from ANOVA table, 1987 and l988,analysis on
Douglas-fir stem volume in relation to manzanita
density, and with arid without herbs.
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Table 12. Values from ANOVA table, 1987 and l988,analysis of
Douglas-fir total height in relation to manzanita
density, and with and without herbs.

1987
Blocks 2

Treatments 6

1988
Blocks 2

Treatments 6

34510591.6 27.79 0.0001
25908566.9 20.87 0.0001 61.76

35126169.0 8.26 0.0005
34396033.0 8.09 0.0001 57.6

101901.6234 41.03 0.0001
63853.2070 25.71 0.0001 22.76

20903.8088 5.56 0.005
26087.9416 6.94 0.0001 21.74

Source of df MS F p CV
variation Value

Source of df MS F p cv
variation Value
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Table 14. Values from ANOVA table, 1988 growing season soil
moisture content at 30 cm, in relation to treatment.

Source of df MS F P CV
variation Value

April
Blocks 2 17633.20533 18.42 0.0001
Treatments 8 4793.24504 5.01 0.0001 9.56

May
Blocks 2 31955.26699 29.08 0.0001
Treatments 8 5183.17883 4.72 0.0001 10.27

June
Blocks 2 34277.28584 27.74 0.0001
Treatments 8 10672.63559 8.64 0.0001 12.90

July
Blocks 2 19589.5469 16.50 0.0001
Treatments 8 19331.5079 16.29 0.0001 14.33

August
Blocks 2 12981.2743 12.25 0.0001
Treatment 8 15183.4870 14.32 0.0001 14.87

September
Blocks 2 15817.7090 15.90 0.0001
Treatments 8 13080.5213 13.15 0.0001 14.74

October
Blocks 2 12807.85215 13.90 0.0001
Treatments 8 11951.13021 12.97 0.0001 14.2
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Table 15. Values from ANOVA table, 1988 growing season soil
moisture content at 60 cm, in relation to treatment.

Source of df MS F P CV
variation Value

April
Blocks 2 28919.99046 30.10 0.0001
Treatments 8 6907.35367 7.19 0.0001 8.0

May
Blocks 2 37098.71868 31.88 0.0001
Treatments 8 5615.98220 4.83 0.0001 9.24

June
Blocks 2 29839.22554 24.80 0.0001
Treatments 8 10199.06342 8.48 0.0001 10.25

July
Blocks 2 20378.7677 15.74 0.0001
Treatments 8 15362.4198 11.72 0.0001 11.194

August
Blocks 2 8390.3387 7.09 0.0013
Treatment 8 12861.9683 10.87 0.0001 12.52

September
Blocks 2 16618.24043 14.58 0.0001
Treatment 8 10012.51324 8.78 0.0001 12.53

October
Blocks 2 12552.44272 10.48 0.0001
Treatments 8 9729.15648 8.12 0.0001 12.90



Table 17. Values from ANOVA table, 1988 growing season soil
moisture content total depletion at 60 cm, in relation
to treatment.

Source of df MS F P CV
variation Value

Table 18. Values from ANOVA table, 1988 growing season soil
moisture content total depletion at the top 60 cm of
the soil profile.

Blocks 2 5985.63 4.71 0.0111
Treatments 8 5403.75 4.25 0.0002 15.46
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Table 16. Values from ANOVA table, 1988 growing season soil
moisture content total depletion at 30 cm, in relation to
treatment.

Source of df MS F P CV
variation Value

Blocks 2 2116.66 5.65 0.0046
Treatment 8 1412.47 3 . 77 0.0006 17.86

Blocks 2 3263.89 4.88 0.0095
Treatment 8 2754.43 4.12 0.0003 21.64

Source of df MS F P CV
variation Value




