
AN ABSTRACT OF THE THESIS OF

Mthuel Anqel Capo-Arteaqa for the degree of Doctor 9j.

Philosophy in Forest Science presented on January 29, 1987

Title:Early Survival And Growth Response Of Five Species Of PINUS

To Plant Competition And Aspect In Southwest Oreqon And Northeast

Mexico

Signature redacted for privacy.
Abstract approved:

Dr. Michael Newton

The effect of forest shrub vegetation on soil moisture,

temperatures evaporation potentials and the survivals growth and

bud activity of five species of Pinus was studied on planting

sites placed on opposite exposures on two locations in southwest

Oregon and northeast Mexico. Treatments applied were: Manual

slashing; Manual slashing plus Simazine; Dead shade providsd by

spraying the brush with herbicides and leaving it standing dead;

and Control (no treatment).

The location factor provided differences in season of

moisture availability and temperature extremes in which maximum

growing-season water and heat stress were observed in Oregon.

Clearing led to different shifts in competitor types to herbs in

Oregon and to resprouting shrubs in Mexico.

The differences among treatments showed a similarity in

tendencies in both locations; aspect affected the degree of



differences.

Eliminating all or part of the competing vegetation

conserved soil moisture effectively increased the radiation load

on the ground. reduced the transpirational loss of soil moisture

and increased the evaporation demand of the air. The lack of

treatment kept the radiation load to minimum reducing the

potential evaporation and temperatures but the live cover

strongly reduced the soil moisture availability and reduced

photosynthetically active light. Lethality was greatest where

aspect and location effects also led to minimum soil moisture.

Clearing in general increased tree growth and increased

growth most with further reductions in root competition. On south

slopes the treatments in the cleared area increased the

likelihood of heat damage during the dry season for seedlings

located on rocky spots.

Dead shade ameliorated the temperature-related stress and

competition reduction ameliorated the soil-water related stress.

Differences among species reflect differences in strategies

adapted to native environments. Ecological and physiological

parameters indicate that complete vegetation control in Oregon

and complete woody plant control in Nexico are essential to

successful introduction of pine species into brush-covered

commercial forest land.
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Early Survival and Growth Response of Five Species of
Pinue to Plant Competition and Aspect

in Southwest Oregon and Northeast
flexico

1.- INTRODUCTION

Thousands of hectaree in Northeastern riexico, once occupied

by temperate forests are covered now by varied dense shrub

cover. This often remains as a dieclimax community contributing

to extremes in soil moisture and microclimate. The intense

competition from such communities impedes the re-establishment of

the original forest cover.

Contrasting with the diversity of ecological conditions the

reforestation practices are largely limited to one kind of

planting stock and one planting method for the entire country.

Information on autecology for most conifer species is lacking or

scarce.

Reforestation problems are complicated by the great ecologi-

cal diversity in all forested areas. This is reflected by the

abundance of both conifer and shrub species native to each of the

potentially productive areas. The ecological ranges of these

species frequently overlap and it is common to find stands with

f our species of pine plus other conifers.

Enormous amounts of money and human labor have been invested

in attempts to reforest degraded areas. riany of these efforts

have failed, yet most of these adventures remain undocumented.

Direct evaluation of the specific field conditions that

seedlings and young stands confront has not been reported.



If trends of deforestation and the consequent land quality

degradation are to be reversed major research efforts must be

directed to determine the responses of conifers to a variety of

ecological conditions both natural and those created by silvi-

cultural practices already in use.

Much of the experience gained by researchers in other areas

can be applied in Northeastern Mexico, once a technical "bridge"

has linked Mexico with centers of research effort. Methods alrea-

dy proven in areas with similar problems can be adapted for

testing and thus shortcut the long path of research activities.

Establishment between regions of a consistent pattern of competi-

tive interactions is a critical step in broadening a mutually

useful data base.

One of the general hypotheses testable for bridging experi-

ments is that the intensity of interspecific competition experie- /

nced by a plant population is inversely related to its growth and

survival.

Southwest Oregon is a region in which an intensive research

program focusing on regeneration problems has been functioning

during the past ten years. it is a unique example of effective

research with immediate application to very concrete problems

(Hobbs et al., 1983). A wide variety of site preparation techni-

ques has been tested with several conifer species under many

ecological conditions. Many of the experiments have been conduc

ted in semiarid climates. As in Northeast Nexico the Southwest

Oregon area has a mixed-conifer forest. The PseudotsuQa- Pinus -

Abies type is common with an uriderstory of QuercusArctostaphv
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log-Ceanothus and sometimes Arbutus reflecting a history of

fire.

Both regions also have low rainfall, between 20 to 30 inches

(500 to 750 mm), as well as a long dry season.

The main differences are:

1.-The rainy season is winter in Oregon and summer in

Mexico.

2.-Soils are granitic at the Oregon study Bite while

calcareous in the east Sierra Madre region of Mexico.

One of the most important generalizations that can be drawn

from the studies in Oregon and elsewhere in the U.S.A., is that

competing vegetation plays a principal role in reducing seedling

survival and growth (Cleary et al. 1978; Burns and Hebb, 1972;

Wakeley 1954>. The effect of reducing competing vegetation has

been associated with reforestation success in many different

environmental conditions and with dozens of tree epecies both

conifers and hardwoods. Treatments which decrease competition

without disturbing other favorable conditions increase the

survival and growth rates of planted seedlings to a maximum

degree in most ecological situations and for most species. In

spite of the abundant studies concerning the effect of competing

vegetation on seedling performance and regeneration succesa few

studies have addressed the specific environmental parameters

attributed to the changes in presence and abundance of competing

plants due to site preparation.

Understanding how seedlings of different species react gene-
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rically to a range of competitive stress and how the most impor-

tant environmental factors are correlated with their survival and

growth will help to determine at what stage and under what

circumstances a tree can become dominant under a variety of

conditions.

This study establishes a data link between Southwest Oregon

and Mexico. The general objective is to determine the early

response of seedlings of five species of Pinue to the environmen-

tal conditions created by four site preparation methods conducted

in each of two aspects in Southwestern Oregon and Northeast

Mexico.

The specific objectives are:

-To evaluate the relative losses of soil-watery absolute

soil temperature and potential evaporation due to treatments

across the four aspect-location combinations.

-To compare survival and growth for each species in response

to the treatments.

-To describe the autecological characteristics of root-shoot

ratio, root growth capacity, height and stem diameter for each

species at the time of planting.

-To describe the differences in period of bud activity among

species and among treatments and localities within species.

-To determine which factors are most important in explaining

variation in relative growth and percent survival.

-To use all the above information to develop site prepara-

tion prescriptions adequate for each environment and species.

The hypothesis tested here is that the treatments will cause
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differences in soil moisture and soil temperature and that these

differences will be correlated to survival and growth of the

seedlings.



2.- LITERATURE REVIEW

2.1 The nature of competition.

The environment of a plant has been defined as the

summation of all living (biotic) and non living (abiotic) fac-

tors that can affect the growths development or distribution of

that plant (Radosevich and Molt, 1984). This definition is broad

enough to include historical and evolutionary factors as well as

the so called operational environment proposed by Ilason and

Langenheim,(1957). Within the operational environment an ecologi-

cal factor can be defined as any element of the environment

capable of exerting a direct action on the organism during at

least one phase of its life cycle (see also Dajoz 1974 and

Atzet, 1981).

Cleary et al.(1978) recognize five "variables" that

directly influence tree seedlings' survival and growth moisture

temperatures light chemical and physical influences; (animals

are listed under physical influences). These authors propose that

differences among sites should be evaluated in terms of differen-

ces in those five variables.

It is at the level of the above five variables that

competition takes place: neighboring individual plants may tend

to utilize " the same quantum of light ion of mineral nutrient'

molecule of water or volume of space" (Grimes 1g79). Even when

temperature is not a resource but a "condition" it is related to
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light and varies with it.

Lavender (1961) presented evidence suggesting that soil

temperature plays an important role in triggering the initiation

of shoot growth at spring time. Thermograph records collected by

Williamsom and Minore (1978) indicated a substantial increase of

freezing nights during the summer in clearcut openings. Compared
0

to partially cut stands the minimum temperature was 5 C colder

in the openings. This was correlated to a twelve to thirty per-

cent increase in mortality of ponderosa pine. This suggests that

the thermal role of plant cover may also be assesed by measuring

its effects on aoil temperature in addition to soil moisture. The

drying power of the air around the seedling's crown is strongly

influenced by shader hence by site preparation method. Evapora-

tion and transpiration are the integrated effects of air tempera-

ture, humidity and wind speed. (Muelder, Tappeiner and Mansen

1953; Petersen, 1980). Thus, vegetation attenuated by climatic

and soil factors, is the principal conditioner of seedling envi-

ronment.

Competition reduces the availability of resources by direc-

ting them to other species. Thus the ability of a plant to cope

with its environment will be modified by competition-related

stress (Spurr and Barnes. 1973; Weaver and Cleinents,1944). The

need to separate the effects of competition from other processes

influencing vegetation composition and species distributions

survival and growth. has been pointed out by Grime.(1979). Conce-

ptual problems faced by the ecologist attempting to do such a

Beparation include:
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The competitive ability of a species is a combination

of morphological, phenological and physiological characteristics

emerging from selective pressures exerted during the evolutionary

history of the species.

The relationship between a plant and its environment

is holistic, not unidirectional (Billings1974). This means that

the organism responds to all factors combined and interacting

not to each isolated environmental factory and each must be

evaluated as a partial contributor to the stresses in the tree.

The same plant characteristics may lead to failure or

success depending on slight changes in environmental or competi-

tive conditions (Spurr and Barnes,1973; Grime,1979; Grubb,1977).

The measurement of competition in field conditions is

a technically difficult task in segregating the various influen-

ces of plants on one another. Frequently a biomass-related

parameter (e.g. cover or leaf area) is used as a measure of

competition. Some differences have been proposed. however, bet-

ween low and high cover as competitors. Newton (1981), listed

several of those differences that have clear practical consequen-

ces. Howard and Newton (1984) reported that cover taller than

Douglas-fir Pseudoteuqa mensiezii( !!irb.) Franco had the moat

severe impact on long term growth in the moist Oregon Coast

Ranges but numerous workers <Newton (1964). White and Newton (in

preparation). Preest (1973 and 1975)>, report strong competition

from herbs in early years after planting. We will discuss later

some of the specific differential effects of shrubs and grasses.
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The future dominance of an individual plant depends not

only on its inherited characteristics but also on its actual

present relative position regarding its access to site resources

with respect to other species. This relative position has been

called dominance ratio (Newton,1973).

The outcome of succession after disturbance in a forest

appears to be decided in the very early stages of this process

(Grubb, l977) depending on the nature of the disturbances the

availability of propagules and the residual root systems of

sprouting species. The species with high dominance potential will

outgrow the other species if they arrived at the site at the same

time and in similar numbers. Dominance potential is defined as

the summation of all features (morphological and physiological)

of a species related to its ability to assume dominance in a

given time and place (NewtonI973). Dominance potential is

relative.

Foresters have applied this knowledge by silvicultural

prescriptions aimed at placing the desired species in a develop-

mental path of continuously high dominance ratio: site prepara-

tion and release are used to reduce the growth and vigor of

competitors in the first years after plantings an approach that

increases the dominance potential of the crop (Newton,1981).

In harsh environments the effects of competition will

aggravate the scarcity of resources (I{eidmann et al,1982), and

site preparation can enable a plant to establish itself. In some

conditions like on dry south slopes where extreme heat can

become the main limiting factory the effect of competition may be
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partially masked. Regeneration may take place under the shade of

an overstory that reduces temperature. In this example the role

of shade in reducing evaporative demand will facilitate tree

establishment where litter and moisture stress are not lethal.

But shading and moisture use by the same sheltering species often

prove lethal or greatly slow growth because of competition

(Means,1981 Zavitkovski and Woodard, 1970; Zavitkovski et

al, 1969).

2.2- Competition from shrubs and herbs

Several authors have been working on the differential

effects of grass and shrub competition. I will review some of

these works to clarify some basic differences between shrubs and

grasses regarding water conaumption hence seedling survival and

growth.

In the southwest drought is blamed for most of ponderosa

pine (Pinus ponderosa) natural regeneration failures. Even du-

ring the summer rainy seasons dry periods of one to three weeks

are common. Since ponderosa pine in this region germinates in

midsummer these dry spells are responsible for the loss of

entire seedling crops. Surface soils dry quickly within the reach

of germinating seedlings' roots (Larson and Schubert 1969).

Under the shade of brush, this drying process is not delayed but

some seedlings survive due to a reduction in transpirational

demands only to die one or several years later or to remain

dominated by the brush (Pearson, 1934 Anonymous1955 ?Ieagher

1943).
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In other caaes the shade or cooling effect of shrubs can

delay the growing activity of seedlings by several weeks, during

which soil moisture is being exhausted. Shade also reduces photo-

synthate production. weakening the seedlings. Over-all competi-

tion reduces the length of the growing season by delaying bud

breaks accelerating budset or reducing the period when moisture

is available during the growing season Ulerryl and Kilby 1952

Zahner and Whitmore, 1860; Flints 1985). Additionally a shrub

cover will produce falling debris which may damage seedlings

hence reduce growth.

No part of the soil volume is free of root competition in

a well-established undisturbed shrub stand. Planting seedlings in

these conditions will place them in intense competition. (Gratko-

wski, 1967).

Experiments in mixed herb/shrub stands from which only her-

baceous vegetation is eliminated show that water remains

available in the upper zone of the soil until herbs develop or

the new niche is occupied by shrubs or conifer seedlings.

Zavitkoveki at al (1969) found a reduction of 50 percent

in height growth in ponderosa pine seedlings planted under brushy

conditions compared to plots from which snowbrush plants had been

removed. By 1986, all conifers planted in brush three or more

years old were dead (Newton, ?1., 1986. Oregon State University

College of Forestry Corvallis. Personal comunication.).

On one site in southcentral Oregon Ross (1985), found

that growth of ponderosa pine and lodgepole pine (Pinus contorta

Dougi.) was inversely related to the amount of understory brush
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present within each of several site preparation treatments. At

the two other sites harsh environmental conditions (snow) or

uncontrolled factors (cattle grazing) masked the influence of

competing vegetation.

Tappeiner and Radosevich (1982), working in the Sierra Neva-

da in California, markedly improved survival and growth of plan-

ted ponderosa pine seedlings by controlling bearmat (Chamsebetia

fololiosa Benth.).

Some beneficial effects of brush in conifer plantations

are discussed by Gottfried (1980). His treatments for controlling

new-Nexican locust (Robinia neomexicana A. Gray) did not increase

ponderosa pine survival because of drought and a dense herb

cover that occupied the site immediately after treatment. In

this report the herbape production was about 1000 pounds per

acre (1,120 kg per ha) independently of treatments and dominance

shifted from locust to herbs. Resulting ponderosa pine mortality

remained at 81 percent on all vegetated ground. The best initial

survival (39%) was produced by hand slashing that stimulated

locust to sprout profusely. Gottfried reported that partial shade

was the cause of this increase in survival the first years but

that shrubs must be eliminated by the second year.

Gottfried (1950) also studied the depletion of moisture from

three plots in New Mexico: one covered by grass and two others

covered by five- and twenty- year-old stands of locust. In the

top 60 cms (24 inches) of the soils moisture was greatest in the

five year old stands intermediate in the grass and lowest in the

20 year -old stand. The pattern of depletion was similar for all
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three vegetation types: the 0-15 cm depth had the least soil

moieture,the 15-30 cm depth more than the surface soils and the

30-50 cm depth more than the two upper zones. The changes in soil

moisture during the June- October season showed that the grass

plots kept the soil dryer than the other two vegetation types

during July at the end of the critical spring drought in New

l'texico.

In a study in northern California, Oliver 1984 concluded

that any amount of brush cover will restrict diameter growth of

ponderosa pine saplings; brush crown cover (Arctostaphvllos

was significantly and inversely related to periodic annual incre-

ment in diameter, height and volume.

The effect of mixed young whiteleaf manzanita (Arctosta

phyllos viscida) and herbs (grasses and forbe) on soil moisture

was found to deplete soil moisture more rapidly than manzanita

alone in a study by White (unpublished data, 1984. Oregon State

University, Department of Forest Science). She created a series

of density levels of herb-free manzanita and in some plots herbs

were permitted to grow. At the 30 cm. soil depth zones there was

a significant difference in moisture content during July and

August caused by the presence of herbs. The differences were less

marked at the 60 cm depth but were still significant. Those plots

without vegetation and those with only conifer seedlings lost

moisture more slowly leading to a longer effective growing

season and greater growth for the conifers.

White also measured the plant moisture stress (PMS) of

the seedlings (Douglas-fir and ponderosa pine); F!1S at midday
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was highest in the manzanita-plus-herba treatment and lowest in

the no-vegetation treatment. She also found that shrub densities

of 20 percent canopy cover or more caused a quantitative decrease

in height and diameter growth. Ponderosa pine stem diameter was

twice as great with no competition as with the highest level of

plant cover; fourth-year height was 113 cm in the ultra-dense

manzanita plots and 181 cm with lees than 20 percent cover.

Douglas fir showed similar trends. All plots had received herba-

ceous weed control in their first year to assure survival.

The general pattern appears to be that soil moisture

depletion and plant moisture stress increase as the amount of

vegetation cover increases.

Petersen (1980) demonstrated that, for the 0-40 cm

depths the difference in soil water potential caused by herbs is

significant during late July and August in a zone of the western

Cascades of Oregon receiving 2,000 mm or more precipitation.

Freedom from shrubs or mixed shrubs and herbs produced growth

differences that have increased through the seventh year after

release. (Newton, M. unpublished data. 1986. Oregon State Univer-

sity Dept. of Forest Science, Corvallis).

Similar results are reported by Newton and Preest

(unpublished manuscript. O.S.U. Dept. of Forest Science, 1985)

they separated the effects of grasses and forbe, finding that

bentgrass (Aroatis tenuis Sibth.) causes a rapid elevation of

moisture stress early in the seasons while forbe show a slower

depletion rate but greater total withdrawals leading to maximum

soil water stress during the critical midsummer period (July 14-
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August 18). They explain that bentgraes aestivates toward mid-

summer, while forbs transpire for longer and have deeper roots.

Barrett and Youngberg (1965), found that understory shrubs

increased water consumption by 45 % in a ponderoaa pine stand.

Barrett (1983) reported that the same stands displayed a strong

positive response to elimination of brush in all stands open

enough to support an understory.

Flint, (1985), studied the water availability and tempera-

ture under under several microenvironments created by shading and

mulching. She found that competing vegetation (shrubs), on a leaf

area basis, transpires far more water than conifer seedlings

regardless of treatment, and that the degree of control of Vege-

tation was highly correlated with seedling growths seasonal water

loss and water use efficiency. The seasonal growth of the seed-

lings was modified by the treatments: the differences were attri-

butable to interactive effects of temperature7 availability of

water and the timing of budburst-budset.

Heidmarrn,(1955 and 1969), working in northern Arizona

found that the top 50 cm of soil remained significantly more

moist under dead grass (killed with herbicides) than on scalped

or untreated plots. Scalping was not different from the check

plots for the soil moisture contained in the 0-20 cm layer.

Iloisture in the upper few tens of centimeters of soil is the most

important factor in initial survival of ponderosa pine seedlings.

Heidmann indicates that the mat of dead grass reduced evaporation

and runoff, while temperature radiant energy wind movement and

infiltration rates were favorably altered. An additional advan-
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tage of herbicide was that the herbicide treatment prevented the

reinvasion of grasses but scalping did not.

Arizona fescue ( Festuca arizonica Vasey) was found to

cause an important reduction in Boil moisture content in an

experiment near Flagstaff Arizona. Twice during the years (July

and October bracketing the rainy season) the soil moisture

tension went down below -1.5 Mpa. while in denuded plots it

remained well above that level (Larson and Schubert 1969). This

study demonstrated that grass specieB with different growing

seasons have different effects on ponderosa pine seedlings when

growing together.

Pearson (1942) reported results from experiments in which

grasses were controlled in different degrees: survival and growth

for ponderosa pine sown under the conditions created by diffe-

rent degrees of control of competing vegetation were greater

where grass and all other competing vegetation were completely

removed and kept out by hand weeding. The soils under this treat-

ment showed higher moisture content than vegetated soils during

the dry period of late June and early July. Clipping grass as

short as 5 cm (2 inches) twice annually did not have an effect on

moisture use by vegetation suggesting that grass is an effective

transpirator. in one experiments however summer mortality was

not decreased on completely devegetated plots during an extremely

dry season. ThIs suggests that in extreme drought elimination of

all competing vegetation is not always an adequate safeguard

unless surface evaporation is reduced in some way.

Pearson also studied the water loss from soils in cans
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with different levels of plant cover and some with bare soil; He

found that loss from bare Boils was less than from cans with

grass or weeds. concluding that soil loses more water to transpi-

ration than to evaporation.

Newton (1964) observed that more than four-fifths of all

loss of summer-stored soil moisture was attributable to transpi-

ration by herbs in clay soils of western Oregon meadows.

Stein (1955) analyzing the problem of competition from

Bedges and its effect on ponderosa pine on pumice soil reported

that the sedge has depleted soil moisture to depth of 48 inches

by midsummer 80 that all seedlings died; on scalped plots within

the sedge covers excellent moisture was found just below the

surface and seedling survival was acceptable.

In shallow soils in southwestern Oregon grasses and other

low-cover species quickly consume soil moisture and complete

their annual growth cycle early in the seaBon before total

exhaustion of soil moisture(Newton1982 White and Newton,1983).

Grasses are lethal competitors during the critical first and

second seasons after planting. In additions dead grasses increase

the reflected energy incident on the seedlingsi which in time

increases air temperature around the seedlings' crowns. It seems'

then, that the moisture regime of planted seedlings in an estab-

lished shrub field or shrub-herb community is similar to that of

a grassfield. On balance the potential benefits from living

shrubs that partially offset competitive effect on seedlings are

a reduction in transpirations and some protection against free-

zing. Both could be provided artificially or by dead vegetation.
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(Helgerson and Bunker,1985; Newton1981; Ninore, 1969;

Neagher1943).

Some long term beneficial roles of vegetation cover are:

protection against soil erosion; maintenance of organic matter

and soil microflora; retention of nutrients within the ecosystem;

nitrogen fixation by some species on nitrogen-deficient sites,

and animal habitat (Newton, 1981; Conard et al,1985). This last

one could be considered negative in most circumstances regarding

silvicultural objectives.

The advent of herbicides has made possible the preserva-

tion of most of the positive effects of brush while eliminating

many of its undesired properties in a conifer plantation. Remo-

ving vegetation can have several environmental effects important

in reforestation:

-Increase in soil and air temperature

-Increase in soil moisture availability

-Increase in air movement

-Increase in the rate of litter decomposition and

-Decrease in activity of rodents.

In any conditions of high radiation, low relative humi-

dity and deficient soil moisture extreme plant moisture BtreBB

will occur (Newton, 1973). Depending on land management objec-

tives and the nature of the vegetation and animal problems

faced a wide array of management approaches are available. But

there seems to be no exception to the rule that weed control is

increasingly necessary with increasing climatic moisture deficit

(Newton, 1973).



2.3-Benefits of control of competition in pines

Evidence that controlling competition benefits tree seed-

lings is abundant. In recent reviews, Stewart (1984) and Ross

and Waistad (1986), summarize numerous reports on this topics

clearly establishing that tree seedlings respond positively to

vegetation-control treatments. In this part the focus will be

mainly on pine seedlings.

Schubert et al(1970) and Schubert(1974) (summarizing

their experience with artificial reforestation in the Southwest)

generalize that a dense vegetative cover depletes soil moistures

intercepts light and precipitation and provides favorable habi-

tats for insects and animals that feed on conifer seeds and

seedlings in southwest U.S.A. The most important reasons for site

preparation are to provide light and conserve soil moisture for

establishment and early rapid growth of conifer seedlings. Com-

plete neutralization of all competing vegetation is preferred to

clearing of small, individual spots.

Working in central Oregon Hermann(1968) studied the

germination and first year survival of ponderosa pine under

different conditions of watering and shading. In two sites water

was identified as the major aid for first year survival, but in

two other sites shade showed to be the most important factor.

Stein (1957) studied germination and survival of sugar

pine (Pinus lambertiana Dougl) in southwestern Oregon. He con-

cluded that the best results were obtained where debris and

vegetation had been eliminated because this treatment accompli-

19
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shed two main objectives of site preparation: a more suitable

physical environment for the seedlings and a more unsuitable

environment for rodents.

There is general agreement among researchers in the

southern U.S. that controlling competing vegetation increases

survival and growth. In monographs on problems related to plan-

ting Southern pines Wakeley (1954) and later Burns and Hebb

(1972) conclude that the intensity of site preparation is direc-

tly related to pine survival: competition from existing vegeta-

tion must be reduced to the point where planted or seeded pines

can become dominant over recovering woody species. Table 2.1

summar2zes some selected references about pine response to vege-

tation control.

2.4-Reforestation problems in Mexico

Mexican pine forests have been regarded as important not

only from the economic perspective (more than 60 percent of

timber production is pine) but also because of the richness in

pine species. Forty percent of the world's pine species are

found in Mexico (Eguiluz1978) reflecting the diversity of eco-

logical conditions existing in the region (Mirov' 1954 and 1967;

Zobel,1961; Rzedowski, 1978).

Numerous investigators have emphasized the importance

of Mexican pines as a gene pool (Zobel,1961 Eguiluz1978).

Taxonomists (Little, 1961; Debazac1964) as well as silvicultu

nets (Dunland,1931; Montenegro 1957; Ganguli1967 Marx,1975)

are also interested in Mexican pines.
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In the forested regions most of the silvicultural practices

seek to obtain natural rather than artificial regeneration and

most of the artificial reforestation practices are to recover

areas lost long ago to fires agriculture or overgrazing

(Gangulii967). Reforestation campaigns are designated to recover

marginal areas; they have social and politica1 as well as

silvicultural and soil conservation objectives. Hence maximum

economic gain is not always the main objective.

Whether planting is conducted in the subtropical moun-

tains of southern riexico, in the vicinity of the timberline at

2700 a (9000 ft), or in the semiarid pinyon pine areas the stock

used and the plantation method is the same. One or two-year-old

containerized seedlings with a ball of earth attached

("cepellon") are planted in holes normally of 30x30x30 cm

(Gaugli1967 Nathus,1978). Elaborate site preparation is done in

small areas and for soil conservation purposes. Heavy machinery

and intensive site preparation are used only in the sites most

difficult to plant (intensely eroded soils). Seedlings planted in

or cloae to the best forest sites are left to themselves once

planted (Pimentel,1978; Zerecero,1978 Ganguli1967).

Reports on experiments with site preparation techniques

include few recent papers <De Hoogh and Cavazos (unpubliahed

Fac.de Silvicultura y Rec. Renov. U.A.N.L., Linares N.L.,

exico), Ramirez M. and Torres Rojo 1983>.

Experimental plantations are not abundant and most of the

reports about them do not mention site preparation or weeding

practices; notable exceptions to this are : Hernandez (1974),
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llathus (1978), Verduzco (1962), Griffith and Dyson (1962) and

Gonzalez (1978).

Verduzco (1962) writes:

"...In the case of conifers, we have had no experience
on this kind of cultivation (weeding). On the other

hands in view of the hardiness of the species of the

genus Pinus in tolerating both natural competition on

the growing site and destructive biotic agents it is

felt that in Mexico, especially with conifer species it is
not very important to free the seedlings of herbaceous and
shrub species that compete with them."

Coming from one of the most influential foresters in Mexico,

these sentiments have become the basis for Mexican forestry

practices.

The existence of a "grass-stage" in several of the main

species (including P.montezumae Lamb. and P.hartwenii Lind.)

complicates artificial regeneration because special nursery

proceedures and site preparation needs must be determined.

In the face of poorly funded research-supported

reforestation activities deforestation is advancing very rapid-

ly. At the end of 1965, the total planted area in Mexico was

50,000 ha (FAO 1971); in 1980, 19,000 ha were planted while one

government agency alone was responsible for the deforestation of

400,000 ha for agriculture. It has been estimated that the

country has lost between 20 and 100 million ha of forested land

since the arrival of the conquerors. Figures vary according to

the criteria applied but even the most conservative ones indi-

cate very large areas of deforestation (Bonilla and Avila,1980).

Todays millions of hectares are covered by a dense shrub communi-

ty that remains as a disclimax due to fire, erosions grazingv
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abaence of seed source and competition (Patino arid Vela, 1980).



Table 2.1. Summery of Past Results from Selected Studies on Response of Pines to Site Preparation

and Release.

Response

Species Cover Years Method used ( ) control Source

P. clause Chapm. Scrub hardwood 10 Double chopping

echinata Mill. Hardwood

P. elliottii Understory

Engeim. shrub

P. lambertiana Brush

P. palustris Mill. Shrub

P. teeda I..

P. taeda t.

Rerbaceous
weeds

Shrub

P. taeda t. Shrub

Clearcut plus
release by ax
cutting

4 Release by
herbicide

3 2-4, D and
2-4-5, T sprays

20 Aerial spray
2-4-5, T

3 Shearing/hoeing
plus Hexazinone

Total brush cutting
Partial brush cut-
ting plus burning

Handcut
Handcut plus 2-4, D

Surv 81.5 (73.5)
Vol - 110 ft3/ac (165)

Surv - 42 to 75% (68)
Ut - 342 cm (204)

15% increase in volume

fit - 143% (100)

Ut - 978 cm (833)

fit

Ut

a

a

Surv
Surv

267 (186)
174 (116)

- 62%
- 73%

1a7 ft
taller than check

Outcalt and
Brendemuehi, 1984

Minckler and
Ryker, 1959

Pienaar et al.,
1983

Baron et al.,
1964

Michael, 1980

Nelson et al.,

1981

Breuder and
Nelson, 1952

Cain and Mann,

1980



Table 2.1 continued

Response

Species Cover Years Method used ( ) - control Source

P. taede L.

P. ponderosa
Dougi. ex Laws

P. ponderosa

P. ponderosa

!. ponderosa

P. ponderosa

Herbaceous
weeds

4 Various herbicides lit 351 cm (180)

Sagebrush 7 Hand clearing

Crass and Forba 10 Atrazine

Brush 1 fluildoring plus

2-4-5, T

Grass

Grass

2 Dalapon
Atraz me

No grass

Surv - 39% (19%)
lit 25.5 cm (5.5)

Surv - 55% (25)
Ut - 222 cm (150)

lit 81.5 cm (50)

Surv - 58 (39)
Surv - 62 (39)

Surv - 52% (11)
Wt - 6.76 gr (.24)

Xnowe et al.,
1985

Baker and
Korstian, 1931

Crouch, 1979

Bentley et al.,
1971

Stewart and
Beebe, 1976

Larson and
Schubert, 1969



3.- METHODS

3.1 Locations

The experimental core of this study consisted of

plantations under four gite preparation methods conducted on two

exposures on two sites. One site is near Sykes Creeks five miles
0

north of Wiser, Jackson Co.,Oregon (Latitude 42 33' Nt Longitude

0
123 07' 30'' W, 380 in <1252 ft. > elevation). The other site is

located at Canon de la Carbonera Arteaga Coahuila, Mexico

0 0

(Latitude 25 27' N, Longitude 100 35'W 2700 in <9000 ft.>

elevation).

A description of the two locations follows.

The Sykes Creek site is in the general area known as The

Rogue River Valley. Annual precipitation is estimated to be about

600 mm. (24 in.) of which more than 80 percent falls during the
0

winter, from October to May and mean annual temperature is 12.2
0 0

C. The mean for January is 2.8 C and the mean for August 22.4

C. The Soil is coarse sandy-loam derived from both metamorphic

and unaltered granitic rocks. It belongs to the series Siskiyou

(Dystric Xerochrepts). The depth of this soil goes from 50 to 100

cm (20 to 40 inches). See table A-2 for detailed information

about soils. A communnity of Arctostaphylos viscida, Ceanothus

cunneatus, Arbutue menziesii and Quercus kelloqii occupies the

place as a result of fire 30 years ago. Evidenced by charred stumps

and mature sprout clumps a scattered stand of Douglas-fir and

ponderosa pine with associated oak manzanita and Ceanothus

species had occupied the site before burning.

26
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The canyon in Arteaga is in the higher elevations of the

general area known as Sierra Madre Oriental northern part.

Annual precipitation is about 600 mm (24 in.> of which 80 percent

falls as rain during the summery from flay to September and mean
0

annual temperature is about 12 C. Mean temperature for January

0 0 0

is 6 C and the mean for August 22 C. Maximum extremes are 39 C
0

and minimum extremes are -8 C ; maximum evaporation is registered

during April- July. The hottest month is July and the maximum

precipitation is registered in September. Using data from twelve

stations in the area, Valdes (1981) estimates that the

temperature decreases 0.52 degrees centigrades for each 100 m of

elevation, corresponding to 10 degrees for 2500 m. Table A1

contains information on climatic data from some stations near

the planting site. Figures 3.1 (a-d) contain climograms of some

nearby stations. Soil is originated from calcareous rocks

(calcites and lutites), medium -textured with numerous cobbles

and the average depth is 42 cm. The climax forest in this site

is a mixed forest of PaeudotsuQa menziesii var. plauca. Abies

veiarii Mtz., and several species of pines mainly .

montezumae, P. hartweqii. Engelm. and avacahuite var.

brachvtera Shaw. South-facing slopes have an important amount of

cembroides Zucc. and negligible amounts of the other conifers.

Most of the land is covered with a secondary vegetation

consisting of several species of Quercus, Arbutus

Arctostaphylloe, Ceanothus, Rhus, Yucca and Garrva. Table A-3
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lists species found at the planting site. This community

dominated by oaks forms a shrub cover of 5-6 m in height that is

dense enough to be hard to walk through (Valdez, 1981).

Sites in each location were chosen 80 that north and

south facing slopes were available at the same elevation and

gradients and being no more than 300 in apart.

3.2 Species

Seeds for this experiment were collected in the following

locations

-P.ponderoaa in Seed Zone 511 elevation 330 in (1000

ft.), Oregon.

-P. lambertiana in Seed Zone 502, elev. 180 in (600 ft.) in

southwest Oregon.

-P.ayacahuite var. brachyptera and P. montezumae in Ejido La

Encantada Zaragoza N.L., ?1ex. at 2500 in. in September 1981.

- P. hartweqii in Cerro Jocotitlan Nexico, at 3700 m. in

October, 1979.

A description of these species is given in the Appendix C.

Seedlings of all species except sugar pine were nursery grown in

"Styro-4'' containers from rlarch to December, 1984, then
0

lifted and stored at 0-1 C. until planting date. Champion Inter-

national Nursery at Lebanon 0regon provided all except sugar

pine seedling production and provided storage for all seedlings

according to their standards and procedures for Oregon pines. The

U.S. Department of Interior Bureau of Land rlanagement Nursery at

lierlin, Oregon produced and stored the sugar pine seedlings
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during this period of the experiment. These were also container-

grown but were in 10 cubic inches containers.

3.3- Treatments

Site preparation was accomplished between June and August

1984 and consisted of the following treatments:

Manual (M).-A1l vegetation was manually cute and the

debris removed, with no further treatment. The objective of this

treatment was to provide freedom from brush competition for at

least the first year after planting.

Simazine (S).-In addition to manual removal of all

competing vegetation an application of Simazine (4 kg. per ha.)

was provided three months before planting. After planting

chemicals were used to keep brush from sprouting or forba from

outgrowing the seedlings on the Oregon site. There were no

subsequent treatments on the Mexican site. The objective of this

treatment was the maximum freedom from competition with the

maximum of solar radiation at least during the first year after

planting.

Herbicide (H).- The soil was sprayed with Simazine and

the brush was sprayed with 2,4.0 (7.7 kg / ha) in Oregon and with

a mixture of 2,4,5-T (4.4 kg./ha.) and triclopyr(2.2 kg./ha.) in

Mexico during August of 1984. The objective of this treatment was

to provide complete freedom from competition with maximum dead

shade and freedom from physical disturbance.

Control (C).- No treatment; the objective was to

provide conditions that germinants from natural regeneration and
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many planted seedlings face in Mexico: Maximum competition and

living shade.

3.4- Experimental Design

The basic design for this experiment was a randomized

ljt j- plot. wilhiour rplitatiDflR. n the

Bplit-Bplit-split plot designs locations were split on aspects;

aspects were split on cleared VB not cleared. In each aite a

rectangular area of 30 x 35 m. was hand slashed using chain-saws.

Inside this area treatments N and S were randomly asigned to each

of four quadrants (replications). Treatments C and H were placed

in the area adjacent to the cleared area so that one of each was

external to the analogous N and S inside the clearing (Figure L

3.2 illustrates the layout of the experiment). In each replica-

tion an area of 10 x 15 a. was treated but the plantation was

restricted to an inner 4 x 13 m. rectangles to provide a buffer

zone. Seedlings were planted in five rows of 14 individuals each.

one meter apart. Species were randomized among rows.

Plantation dates were: Mexico, December 18- 28, 1984;

Oregon, January 18- February 10, 1985.

The number of seedlings of montezumae was adequate for

only three Oregon replications. The following plots in Oregon

were omited: south aspect, rep. £ 1, all treatments; North

aspect. rep. L 4, all treatments and replications numbers 2 and 3

of treatment Control.

To insure initial establishment, each of the seedlings in

Mexico received 10 liters of water within twenty-four hours after



Figure 3.2 DiagramatiC 1epteBefltat10 of the experiaefltal

layout lfl one of the alopea. The shape and
Ui

size of a plot unit, uith the planting

pattern, is also shown.



planting.

35 Measurements and Data Handling

Bud activity.- In Oregon every seedling was inspected

each month during the growing season and the activity of the

apical bud registered as active or not. In Mexico, the seedlings

were inspected in February, Auguat and December,1985 and June

and Auguet 1986. Later, the percent of bud activity was

calculated as:

(No. of "active plants")x 100/No. of live plants.

The number of days that the bud remained open in the Oregon

plots was estimated by observation of each seedling at approxima-

tely monthly intervals for evidence of active bud development.

The observation is simply the number of days between the date of

first activity and the last date on which activity was observed.

Twelve days was arbitrarly added to the observed interval to

allow for activity before the first and after the last dates when

seedlings were active.

The sum of days that the average seedling remained open

during each year was called BUDATSW.

For the 1986 Mexican data it was not possible to compute

this value due to the discontinuity of observations.

Mortality was registered each time while observing

for bud activity. Percent of survival was calculated as:

(No. of live plants) x 100/Inital number.

Before planting a random sample of 15 seedlings from

each species was used to obtain a sample of length of shoote stem

36
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diameter, and dry weight of shoot and root. The average of shoot

length and diameter for each species were considered initial

parameters. Stem diameter of every live planted seedling was

measured in December, 1985 and August, 1986.

Relative diameter increment was calculated as:

(diameter at that date - initial diameter)/ initial diameter.

The replications was then used ast..e

observation for anajyss of vjflg(!OV&...

Seedling height was measured in Auguet1985 and 1986.

Relative growth was calculated as:

<(Height at date) - (initial height)>/Initial height.

An ANOVA used the row means as oservations.

Two error terms were utilized: one for the location- aspect-

treatment factors and interactions and the second for species

and interactions.

The ratio height:diameter was calculated by simply dividing

the values of height by the values of diameters using the row

means. A high value of this ratio corresponds to a slim, tall

seedling which is allocating resources primarily to height

growth while a low value represents a short seedlings with

growth distributed more evenly to diameter increment and

elongation.

When neceseary missing values where replaced with "dummy"

values, created using the formula:

/ X (IX .+JX. -X..)/<(1-1)(J-1)>
ii 1 3

where : X .= total of the other replications in the same



treatment and aspect for that species.

X. = total of the other treatments for that species

J

in the same aspect and replication.

X.. Grand total.

1= number of replications.

1= number of treatments.

This way the analyis of variance could be .erformed UBlfl! S

Plant cover.- Herb cover was visually estimated as percent

of ground covered using a 50 x 50 cm. frame which was placed at

random five times in each of the treatment plots. In Oregon this

was done in ?Iay 1985 and April1986. in Mexico the inventory was

conducted during September 1965 and AuguEt 1986

Soil moisture.- At planting times one gypsum block

(Model GB-I, Forestry Suppliers Inc., Jackson fliasisipi) was

placed in the center of every plot in the four replications of

each sites at a depth of 45 cm (1.5 ft.). In Oregon, the electric

resistance of the blocks was measured every month from February

to December 1985 and from February to August1986 using a

Boyoucos moisture Meter model BN-2B (Beckmann Cedar Grove,

N.J.). This displayed a moisture reading in percent. In Mexico,

the resistance was measured using a commercial resistometer' in

March, April August and September 1985 and June and August'

1986.

The number of days that the treatments in Oregon remained

with indicated valueB of more than fifty percent soil moisture
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content was computed for 1985 from January to October for 1985

from January to Augu8t. The totals were then subjected to an

ANOVA. The moisture content at each date was also analyzed with

the ANOVA procedure. Since the dates and devices used were not

the same for each location, and because no calibration procedure

was conducted to equate real soil moisture content to the indi-

cated values, the ANOVAS were done Beparately for each location

aBsumming that the texture of the soils remain esentially the

same within each location and that the readings reflect real

relative differences in soil moisture.

Soil Temperature.- A Soil Thermometer (Reotemp Inst.

Corp., San Diego, California) was used to measure soil tempera-

ture at 30 cm. depth when measuring soil moisture. The observa-

tions for each date were subjected to an ANOVA. Since the dates

of measurement were not the same each location was analyzed

separately.

A Index of Soil Conditions (SCI) was developed for each

date using the Formula:

SClPercent of soil moisture/(Soil Temperature+10).

The index value increases directly with the increase in soil

moisture and is proportionally inverse to temperature. A high

value will indicate wet cool conditions while low values indi-

cate very dry or hot conditions.

The addition of 10 to the soil temperature is used to avoid

the negative values during the winter.

An averaged index for the dry season was obtained, and

correlations between the averaged Index and percent survival.
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relative growth and relative diameter increment were calculated

to see how the environmental and biological data were linked.

Evaporation potential was spot checked using modified Fiche

Atmometers as described in Waring and Hermann (1966). Two atmo-

meters were placed in each of two replications of each treatment

at 30 cms. above ground. n each site, 16 atmometers were ueed,

four in each treatment. Duplicate atmometers were placed one

meter apart in two randomly chosen replication in each treatment.

The devices were left for 72 hours before reading. The difference

in milimeters beteween the initial and the final height of the

water column was then measured and the results converted to cubic

millimeters per hour. Potential evaporation was measured from

July 8 to 11 and August 15 to 19, 1985, in Oregon and Nexico,

respectively. For each locations an ANOVA was performed with the

treatment means of each replication.

Root Growth Capacity Test (RGCT). A Greenhouse test

(according to Stone and Norberg 1979) was performed to evaluate

root viability using a randomized block design. Four groups of

six seedlings from each species were planted in metallic boxes

containing a mix of sand and vermiculite. These were placed in a
0

greenhouse for 8 weeks at 25 C and a 12 hour photoperiod

starting January 15 1965. Al] new growth of more than one

centimeter in length was measured. The averages were used to

perform an analysis of variance to test the different potential

of root growth among species.



4.- R E S U L T S

4.1.- The enviroment and the effects of treatments.

4.1.1 Plant cover.

Table 4.1 shows the means of plant cover for each treatments

by aspect and location. The ANOVA for the 1985 data appears in

Appendix A, table A-4.

The most visible changes in environment resulting from

treatments was in plant cover. The ANOVA'g for cover in each

location showed significant differences among treatments in the

first and second years after the treatments were applied.

In 1985, in both locations the Tukey's test grouped the

treatments H and S in one group while C and 11 were different

from H and S and different from each other (P=<.05). The highest

second year increment of cover (recovery) was registered in the

Mexican plote treatments S and M as a consequence of strong

reaprouting of oaks. In Dregon the moderate increment of cover

was due to forbe. In the north slope bracken-fern made up most

of the cover recovery.

4.1.2- Soil temperature.

Figure 4.1 (a) and (b) shows the temperature of the soil at

30 cm depth for each treatment and aspects in degrees

centigrades for Mexico and 0regon 1985. In Oregon during 1985

there was a significant difference due to aspects for all except

two dates (June 14, Dec. 28). At all dates. The south aspect was

41
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Herbicide

Catro1

Table 4.1 Percent plant cover after treatmente.

Oregcm 1985 (kegcm 1986

N SIN

20.00 c 7.5 168 c 28.25

26.67 b 31.25 31.2 b 52.4

18.33 c 9.17 25 c 16

112.5* 100 108 a 102

Med 1985 Ned 1986

IN SIN

15.5 c 6.94

33.5 b 17.64

'7.5 c 4.44

107.5* 104.75

BOb 681

84 b 73

16.5 c 20.5

100 * 104
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warmer than north Elope by 2 to 5 degrees. Treatment had a signi-

ficant effect on soil temperature on May 25, Sep. 2 and Dec. 28.

During the early part of the dry season the C and H treatments

were cooler than the S and fl treatments by 3 degrees reflecting

differences in cover.

In Mexico, the ANOVA results Bhowed significant differences

for aspects during Ilarch, 1985 but no difference was found for

treatments <Table A-S (a)>. By April 85, Treatments were

significantly different. As in Oregon, treatments M and S formed

one groups C and H another. Soil temperature in the cleared area

were almost 2 degrees higher than those in the shades whether

living or dead. The rest of the dates did not show significant

differences for treatments. See tables A-5 (b) and (C).

For the Oregon 1986 data the ANOVA and Tukey's tests

showed significant differences for aspect during during February

(one degree difference), March (1.4 degrees difference) and

August (4.5 difference). See figure 4.2 (a) and (b) and

table A-S (Ii). By July 08, 19B6 the control treatment was clear-

ly separated from the rest (3 to 4 degrees cooler). The partly

defoliated herbicide treatment was intermediate while the S and

11 treatments had the highest temperature <Table A-5 (g)>. In

Mexico where revegetation was more complete than in Oregon no

detectable second year difference was attributable to treatments.

4.1.3 Soil moisture

Figure 4.3 shows the average soil moisture content (in
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percent) for Mexico, by aspect and treatment for the different

dates of 1985. Figure 4.4 shows the same for Oregon. Results from

the ANOVA and Tukey's test indicate that in Oregon during 1985,

significant differences among treatments were detected through

June, July and August <see Tables A-S (d),(e) and(f). By June l4

the control treatment had separated from the rest(June 14) and by

July 24, the H and S treatments retained significantly more

moisture while moisture in the if treatment was at an

intermediate level. The control had the least soil moisture

throughout the growing season. The statistical differences by

August 9 showed that the S and H treatments appeared to conserve

moisture more effectively than C or if. In the second year the

ANOVA test for the Oregon data showed that significant

differences among treatments existed at June 04 and July 08, when

the Control and Manual treatments were separated from the H and

S. Eventually all soils dried so that differences decreased by

the end of the summer. See figure 4.5.

At the Mexican locations aspect had a significant effect on

soil moisture in March and September but treatments did not

produce detectable difference at any date, reflecting the rains

during the growing season <see Table A-S (a), (b) and (c)>.

In Mexico, no detectable second year difference was

attributable to treatments within the data available. On both

June 15 and August 18, the soil was at its field capacity in all

plots in both aspects. During 1986 the general tendency is

repeated in Oregon, according to data summarized by figure 4.5.
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For the Oregon data. an averaged SC! Index was calculated

for the dryest months of each year. Table 4.2 summarizes the

results.

control is the lowest. flanual and Simazine remained intermediate.

In 1986, Herbicide is still the highest but Control is not

different from S, while 11 is the lowest.

An ANOVA test for the data of the Oregon Location for both

years showed that the differences are significant and

attributable to both aspect and treatments <see Table A-9 (a) and

(b)>.

4.1.4 Period of !loisture Availabilty

The number of days that the gypsum blocks in the soil

remained with more than fifty percent of moisture (indicated

Table 4.2. Averaged soil conditions index (SC!) for the
months of both years in Oregon.

driest

ASP TMT Sc! 1985 STDERR SC! 1986 STDERR

N C 2.357 0.2598 1.891 0.2210

N H 2.565 0.0717 2.413 0.0804

N 2.251 0. 1427 1.898 0.2107

N S 2.378 0.0241 2.279 0.1102

S C 1.318 0.1670 1.847 0.1981

S H 2.661 0. 1664 2.649 0.2904

S 1.806 0.3830 1.541 0.3275

S S 2.323 0.3409 1.645 0.5038

The index is highest in the Herbicide treatment whereas
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values) in Oregon is presented in table 4.3.

The ANOVA tests for both years detected a significant effect

of treatment. The Tukey's test formed three groups: H and S in

one. II in a intermediate group. C the dryest. Treatments H and S

had 32 to 37 more days than treatment C, and 23 to 28 more days

than treatment N. See Table A-B (a) and (b).

In 1986, treatments again are separated but now into two

groups: H and S versus N and C. The wetter group had 11 to 33

more days with soil moisture above fifty percent than the drier

group.

4.1.5.- Evaporation potential.

The means of potential evaporation by location, aspect and

treatment are shown in figure 4.6.

Table 4.3. Number of days with more than fifty percent of Boil
moisture (indicated values), for 1985 and 1986. Oregon.

ASP TNT NDAYS85 STDERR MIDAYS86 STDERROR

N C 183.25 7.215 154.75 5.793

N H 200.50 3.662 186.75 .O65

N N 186.75 2.015 165.00 6.442

N S 193.50 2.533 179.75 5.647

S C 173.50 11.608 154.25 5.712

S H 219.50 19.098 188.00 9.380

S N 188.75 22.350 148.25 12.120

S S 238.00 24.355 150.75 16.350
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Figure 4.8 Potential evaporation in flexico
and Qregon.Valuee are meane of
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4.1.5.1 Oregon

The ANOVA <Table A-7 (b)> indicates that in Oregon the

interaction aspect by treatment is significant. In both aspects.

two groups were formed: N and S versus C and H.

The greatest differences between the same treatments in

opposite aspects is between the treatments in the cleared area.

4.1.5.2 Nexico

The ANOVA <Table A-7 (a)> indicates that treatments and

aspects had significantly different effects on evaporative

potential. Tukey's test separated the means of treatments in the

order manual- simazine - control - herbicide. The potential

evaporation on the south slope was double that of the north

slope.

4.2. Survival.

4.2.1 Animal damage

During the first two months after planting. a highly

selective rate of mortality resulting from foraging by wood rats

was detected in the Oregon location. In view of the degree of the

damage. most affected seedlings were replaced. Those planted

underneath brush (C and Ii treatments) were protected with plastic

Vexar tubes to prevent further damage.

In Nexico, animal damage was apparent only by June 1986. No

protective measures were taken.

The means per locations aspect and treatment are

presented in Figure 4. 7. Table B-i (a) contains the correspondent
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Figure 4.7 Animal damage in both locatiOTrn by aepact'
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data. The ANOVA results are in table B-i (b).

For the Oregon data, the Tukey's test separated the aspects

the cleared versus non-cleared treatments. and ponderosa pine as

different from other species in being vulnerable to animal

damage.

Ponderosa pine was largely damaged by animals in the

treatments herbicide and control in the south slope of Oregon

ten times more than in the north; almost all of the 14 seedlings

per row were severely damaged while the damage to the rest of

the seedlings was negligible.

This concentration of damage was absent in the Ilexican

plots. There was no difference among treatments or aspects and

the damage was minor if any.

4.2.2 Total survival

For the two year period of this experiments the average

survival across locations, species etc. was 70 percent. In 1985

it was 82.5 percent; 60 percent of the total mortality ocurred the

first year.

The general mean of survival in Oregon was 66 percent; in

Ilexico it was 73.8 percent. Considering aspects in each location.

the means are:

LOC ASP SURVTO STDERR

N N 86.69 2. 1703

N S 60.98 3.1765

O N 75.89 2.9001

O S 56.37 4.3025

The survival on the north aspect of Nexico is the
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highest followed by the north slope of Oregon while the

differences between south aspects among locations are smaller

than their north slope counterparts.

The results are presented graphically in figure 4.8.

The ANOVA test detected significance (P<.01) for the inter-

action species*treatment, meaning that the responses of species

varied significantly among treatments. See Table 8-2.

The interaction location*species*aspect is significant

meaning that the survival of at least one species was different

depending on the aspect-location combination. This is more clear

when we see that the interaction of aspect with treatment is

significant as well as the location*treatment interaction

(P< .01).

Figure 4.8 (b) shows survival in 0regon by treatment and

aspect. Here the best survival was achieved in the herbicide

treatment followed by the simazine treatment.

In both aspects the highest mortality was in untouched

cover.

In liexico, the highest mortality also occurred in the controls

but there was no difference among the rest of the treatments..

Over ally effects of aspect were similar in the two

locations, but location influenced the degree of mortality and of

difference between aspects.

Considering the species separately the following is a

general view of their responses based on Table 4.4
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Tabi. 4.4 Total wvival (sv.ra0.) by apscls..
and traitaunt.

location. supoct

LOC ASP TST P.ATA SE P.SAR SE P.LMI SE P.P0N SE P.60* SE SEMI
767 (ASP)

S II C 91.1 5.4 42.9 15.9 71.4 16.2 62.1 11.6 85.7 12.0 74.6

S II H 100.0 0.0 57.9 11.1 87.5 7.9 94.6 3.4 92.9 2.9 85.6

N 6 6 87.5 8.4 92.9 5.1 91.1 4.5 96.2 1.9 98.2 1.8 93.6

H S S 96.4 3.8 93.9 3.4 60.4 5.4 96.4 3.6 92.9 2.9 90.0

N S C 84.3 5.1 5.4 5.4 23.2 7.9 83.9 94 32.1 4.6 41.8

H S H 87.5 7.9 21.4 6.5 89.6 12.2 82.1 5.8 75.0 3.6 67.1

N S 8 59.6 8.9 51.8 17.5 56.9 12.2 75.0 9.4 85.7 7.1 58.2

S S S 71.4 10.5 48.2 11.4 57.1 12.7 83.9 3.4 73.2 8.9 66.8

0 N C 41.1 15.1 37.5 7.9 55.4 15.3 99.3 6.8 89.2 0.0 58.5

0 N H 87.5 6.1 83.9 5.4 98.2 1.8 100.0 0.0 89.7 3.6 91.9

0 N 8 55.4 7.9 55.4 10.7 85.7 7.7 96.4 2.1 35.2 3.9 65.5

0 N 5 87.5 6.1 72.5 7.1 91.1 3.4 98.2 1.8 77.3 3.4 85.3

0 S C 3.6 3.6 0.0 0.0 10.7 6.2 55.1 13.3 5.1 3.6 14.9

0 S H 69.3 6.8 76.8 10.3 100.0 0.0 87.6 2.2 90.3 4.4 88.6

0 S 8 28.6 10.1 32.1 11.1 57.1 15.2 83.9 5.1 47.4 15.7 49.8

0 S S 46.4 15.6 75.0 15.6 76.8 13.8 94.6 3.4 59.4 16.4 72.5

6.at .p.ci.a 69.2 53.8 70.7 87.6 71.4 Orsat
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Mexico. The north aspect in Mexico generally showed

excellent potential for survival. P.avacahuite, P. ponderosa and

P. montezumae registered high survivals P. hartweaii the lowest.

The best treatment for P. avacahuite is herbicide (100 percent).

but this was only a few points above the rest of the treatments.

The lowest is control (90 percent). This differences are probably

non-significant. taken by themselves. P. lambertiana survived

best in the H and N treatments (89 percent) and again the lowest

is in the control (71 percent). P.ponderosa survived most poorly

(82 percent) under the C treatment but the rest of the treat-

ments are equally good among themselves (around 96 percent). The

same tendency is shown by P. montezumae. P.hartweqii had its best

survival in the cleared treatments and the lowest in the con-

trol.

The south aspect in Mexico displayed over-all poorer survi-

val than the Mexican North slope. All species except ponderosa

pine have the lowest survival in the control treatment.

For P. ponderosa the worst treatment was Manual, with 75

percent survival. The poorest- surviving species was P.hartweqii,

for which survival in the control treatment was only 5 percent.

P. avacahuite and P. lambertiana reached the highest survival in

the Herbicide treatment. The manual treatment was the best for

hartweqii and P. montezumae. followed by simazine and herbi-

cider respectively.

Oreqon. The above general pattern of survival was repeated

in Oregon. In the North aspeet for all species (except for

montezumae) the poorest survival was in control plots. All
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species demonstrated maximum survival in the herbicide treatment.

For P.avacahuite, the S treatment had also the highest survi-

val (87.5 percent). For P.lambertiana, P.ayacahuite and P.har-

tweaii N was the third best treatment. Again. P. ponderoBa does

not show important differences among the best treatments other

than control. Again. P. hartweii has the lowest survival of all

species in all treatments.

In general the relative effects of treatments were similar

among species other than P. ponderosa. The highest survival for a

single species is for P. ponderosa. The second best was

P. lainbertiana.

The south aspect in Oregon had the harshest summer microcli-

mates of the entire study. For all species except for pondero-

Se, the best survival rate was under the herbicide treatment. the

worst under Control.?. ponderosa survived well in the Simazine

(95 percent) Herbicide (87 percent) and Manual (84 percent) treat-

ments and showed no differences among them. Among the five

species.P. ponderosa has the highest survival for the control

treatment (55 percent) but the control was clearly the poorest of

the environments.

Simazine is the second best treatment for P.ayacahuite

(46 percent). The same is true for P. montezumae (69 percent)'

P.lambertiana (77 percent) and P. hartweqii (75 percent).

In general. the differences between treatments increased in

the harshest summer conditions.

4.2.3.-Correlating Survival with environment.

The Soil Conditions Index developed for the



It is apparent that first year conditions influence over-all

survival much more than second-year conditions regardless of

species. Ponderosa pine is less sensitive to SC! than the other

species explaining its better performance in the extreme enviro-

nments.

4.3 Growth responses to treatment.

4.3.1 Relative height growth.

60

Oregon data was significantly correlated with survival.

The correlations (R) between overall survival in

Oregon and SC! are as follows:

SurvB5 Survtot

SCI'85 0.717 0.672

SC! '86 0.398

Figure 4.9 (a) and (b). shows the means of relative height

BY SPECIES: Surv 85 Surv 86

P.ayacahuite SCI'85 0.872 0.813

P.avacahuite SCI'85 0.590

P. hartweii SCI'85 0.854 0.802

P. hartweii SCI'86 0.488

P.lambertiana SCI'85 0.810 0.773

P.lambertiana SCI'86 0.462

P. ponderosa SCI'85 0.298 0.324

P. ponderosa SCJ'86 0.069

P. montezumme SCI'85 0.839 0.850

P. montezumae SCI'86 0.456



61

growth by species and treatments grouped by aBpects for each of

the locations. In all cases P. montezuinae shows the highest

relative growths since it went from a grass stage to an average

of 12.7 cm. P.lambertiana consistenly had the lowest relative

growth.

The ANOVA test <Table B-3 (b).> detected a significant

effect of the interactions location*Bpeciee and species*aspect

indicating that the growth of the seedlings depends not only on

species but also on the location and aspect.

The relation between the Mexican and Oregon pine species was

moderately consistent; the Mexican pines tend to have higher

relative growth rates under a variety of conditions in the field.

See Table B-3 (a).

The preferences of species tor treatments are different

depending on location and aspect. For examples P. ponderosa and

P.avacahuite in Oregon grew better under simazine and. herbicide

treatment than under Control or Manual in both aspects but

P.lambertiana did so only on the south aspects while in the

north aspect herbicide promoted more its growth in height.

On the north aspect in Mexico, all species except

montezumae. grew more in the cleared treatments than in the

standing cover. In the south aspect of Mexico, P. montezumae and
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P. ponderosa show a tendency to grow more in the cleared than

where cover remained standing. P.lambertiana performed very

poorly in all treatments on south slopes in Mexico.

The correlations between relative growth and Soil Conditions

Index were very low: for 19650.168 for 1986=0.056.

4.3.2 Absolute growth

The actual growth in millimeters will be called

absolute growth. Table 4.5 lists mean net growth values for each

species, by location, aspect and treatment. Figure 4.10 shows the

same results graphically.

On north slopes in Nexico the tendency of most species is

to grow more where cover was removed than in the Control-

Herbicide treatments. The exception is P. montezumae which

apparently prefers the environment created by the Manual and

Control treatments. Ponderosa pine and P. hartweii are the least

sensitive to treatment. aspect or location.

In the south slopes of Mexico P. ponderosa and P. montezumse

grow better where cover is cleared. P.avacahuite does better in

the S treatment. P. hartweii shows no preference for any of the

environments. Sugar pine has its worst performance on this slope.

On the north slope of Oregon. P.ayacahuite and P. ponderosa

grew better in the H-S combination. P. lambertiana and P. hartweqii

did better in the 5, but they do not show differences for the

Control-Simazine. P. montezumae prefered the H-C group of

treatments.



TABLE 4.5. Absolute or Bet heIght Øroutb in illiseter..

65

L.00 ASP T8T P.ATA SE P.HAB SE P.LA!1 SE P.POB SE P.809 SE SEAK

T81(ASP)

ft B C 152.9 9.9 44.5 5.3 11.7 4.3 126.3 13.4 110.6 8.6 89.3

ft N 9 163.4 6.5 42.1 6.7 28.4 4.1 143.9 12.6 108.4 21.2 97.2

ft B 9 219.0 7.1 53.6 4.7 41.2 9.0 212.5 15.6 128.8 6.7 131.0

B I S 222.2 7.7 72.1 29.7 4.7 6.7 212.0 12.0 93.9 19.0 128.4

I S C 131.9 22.5 43.3 -41.2 5.8 99.0 18.6 75.7 *2.1 62.3

I S 9 128.6 9.5 45.4 5.4 -39,2 17.4 110.3 26.0 103.8 6.0 69.8

I 5 8 -135.1 20.1 36.6 4.5 -28.3 9.8 136.1 12.0 137.1 20.0 83.9

I S S 169.8 10.7 45.7 6.4 -11.5 11.9 127.2 5.9 155.5 9.7 99.9

0 9 C 77.2 16.5 39.6 7.1 33.6 20.3 137.4 38.4 113.3 80.3

0 K 9 132.9 11.6 68.0 17.2 66.6 20.6 190.5 16.7 113.8 17.9 114.3

0 9 9 53.3 14.2 29.7 6.7 24.8 17.4 154.0 25.5 47.6 11.2 53.9

0 I S 97.5 15.7 38.3 6.0 27.7 17.2 202.6 7.6 59.9 19.4 55.2

0 S C 63.0 . . -19.5 9.5 115.6 19.6 100.0 . 65.0

0 5 9 168.7 7.5 55.2 7.4 123.1 9.9 228.0 25.7 110.2 17.5 137.2

0 S 1 794 11.8 34.2 9.1 37.7 21.5 293.5 37.0 54.0 28.0 79.8

0 S S 102.5 12.7 45.9 14.4 53.7 18.4266.9 18.5 159.0 19.5 131.6

9W SPECE55 131.9 46.6 23.5 156.1 105.3
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In the south slope of Oregon H and S were the best for all

species, Control the worst for all, except for P. montezumae.

4.4 Diameter increment.

4.4.1 Relative diameter increment.

Figure 4.11 shows the means of relative diameter

increment. In all environments for all species the conditions in

the slashed area U1-S stimulated diameter growth. In all cases.

Control has the lowest increment.

In all environments, P. hartueqil and P. rnontezumae grew

the least in relative diameter. P. ponderosa grew more in all

cases. The general tendencies, representing the averages across

species are presented in Figure 4.12.

4.4.2 Absolute diameter increment

The values of Absolute or Net diameter increment, in

tenths of millimeters are presented in Table 4.6.

The tendencies are the same as with the relative diameter

increment.

4.5 Ratio height.:diameter

The values corresponding to the ratio height: diameter are shown

in table 4.7. In general. the shaded seedlings have a higher

ratio than those that received full sunlight.

4.6.- Height growth season and bud activity.

host of the growth in Oregon was observed between Ilarch and

June with no further increments until the following spring.

In Nexico, most of the increment was registered between

March and June but some increment ocurred between September and

December (9.9 mm).
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The sum of days that the average seedling remained open

during the year was called "BUDAYS". The numbers for 1985 are

presented in Table B-S (a) and for 1986 in Table B-5 (d).

(For the 1985 Mexican data it was not posible to compute this

value due to the discontinuity of observations).

The ANOVA results (Tables B-5 b C.) detected significant

effects of the species by aspect interaction. In Oregon during

1965 P. avacahuite shows a tendency to increase the period of bud

activity under shade. The shaded treatments increased the period

of P. lambertiana in the north slope of Oregon. The other species

are not sensitive to treatments.

In Mexico during 1985, P.ponderosa have the shorter period

of bud activity under shade in both slopes while P. avacahuite

shows that tendency only in the north slope. The control

treatment caused a reduction of days for P.hartweqii and

lambertiana in the south slope of mexico, while the shaded

treatments increased the period in the north slope for

lainbertiana. The general tendency of P. lambertiana appears to be

longer periods under shades except when the live brush has

exhausted the soil moisture.

For 1986, the ANOVA test <Table B-5 (e) >indicated

significance for the speciee*aspect and species*treatinent

interactions regarding BUDAYS.

In each aspects the pattern was different. For the south

sloper P. avacahuite had its greatest number of BUDAYS in the

control treatment. while the north slope control had the least

number of BUDAYS.
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The control treatment increased the number of BUDAYS for

P.montezumae in the north slope , but the reverse effect is seen

for F. lambertiana and P.hartweQii in both aspeCt8.

F.. ponderosa was very consistent registering very similar

numbers for all plots.

4.7 Root Growth Capacity Test and morphology.

The means of Root Growth Capacity (RGC) are contained in

Figure 4.11. Table B.5 (a) presents RGC results and some

morphological characteristics at planting time.

The ANOVA results (table B-6 b) showed a significant effect

of species. Both P. ponderosa and P.montezumae are in the group

with the highest values (107.5 and 98.2, respectively

hartweQii is intermediate (73.3) and P.avacahuite forms a group

with P. lambertiana having the lowest values (around 28 cm.) for

total root growth potential.



Table 4.6.

LOC ASP TWT P.AYA

11 N C 6.5

11 K H 8.4

H N H 32.4

N N S 30.0

H S C 7.0

H S 5 14.5

H S H 26.2

S S S 34.1

o N C 2.9

o i s 7.7

O N 8 9.6

o N S 10.9

o s C 11.0

o S B 18.6

o s H 24.1

o s 5 33.7

SEAN Spa 17.4
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Absolute Diameter
(units 0.10 mm).

Increment.

SE P.HAR SE P.1.411 SE P.PON SE P.80K SE SEAN
1st (sap)

1.9 6.1 3.9 11.6 0.7 9.7 1.5 11.1 3.5 9.0

1.6 6.0 1.8 34.7 1.9 12.6 1.6 20.7 3.3 12.5

2.5 23.9 2.1 18.1 1.4 35.7 2.9 44.0 5.5 30.8

3.4 19.6 4.5 22.1 2.1 45.1 13.6 29.5 6.2 29.2

1.8 -11.3 9.6 2.9 14.0 1.8 12.6 4.5 6.4

1.0 7.6 4.7 12.6 2.1 17.7 2.3 17.4 3.3 14.0

2.0 14.6 4.9 18.6 2.5 28.5 1.3 31.6 2.4 23.9

1.1 20.3 2.4 27.6 6.1 28.0 2.1 33.1 6.3 26.6

1.1 -3.2 2.2 8.3 2.4 9.0 2.3 -8.9 1.6

1.1 -4.6 3.3 15.4 0.7 22.3 5.2 1.0 3.0 8.6

0.9 1.9 1.5 22.2 2.7 26.9 4.6 12.6 4.5 14.6

0.8 7.3 2.0 26.9 1.2 40.5 1.5 11.1 2.9 18.3

. . . 12.7 3.1 9.9 0.7 2.5 . 9.0

0.9 6.9 6.7 28.9 1.7 31.5 4.2 3.4 2.7 17.9

1.5 19.9 12.2 32.7 4.2 *9.8 4.4 14.6 8.7 28.2

2.0 20.8 7.6 52.1 4.5 68.5 7.4 36.2 5.5 42.3

9.1 21.0 28.1 17.0



Table 4.7 RatiO HeiahtfDiameter (mmI.11Dfl' two gro-

wing seasoflE after plantifl9. Compare to

initial ratiOm in Table B.7 (a).
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4.8 2.2
NEAN SPECIES 4.8

L.00 ASP TNT P.4Th SE P.HAR SE P.L.AN SE p.POW SE P.!ION SE SEAN
C TNT C ASP

! N C 6.3 0.1 1.2 0.1 6.9 0.1 5. 0.2 2.6 0.3 4.5

4.4

N N H 5.2 0.1 1.1 0.1 5. 0.3 5.9 0.5 2.1 0.3

3.8
N N N 4.9 0.1 1.0 0.1 6.6 0.3 4. 0.2 1.8 0.1

3.8
N N S 5.2 0.2 1.4 0.4 6.0 0.3 4.5 0.6 1.7 0.4

0.2 3.9
N S C 5.7 0.4 1.6 0.1 5.9 0.5 4.5 0.3 1.9

3.6
N S N 4.9 0.2 1.2 0.1 5.3 0.2 4.4 0.4 2.1 0.0

3.3
N S N 4.1 0.3 1.0 0.1 4.9 0.2 4.1 0.2 2.2 0.3

3.2
N S S 4.1 0.1 1.0 0.1 4.5 0.5 4.0 0.1 2.6 0.3

4.8
0 N C 5.0 0.4 1.4 0.2 .3 0.8 5.1 0.9 3.3 0.2

4.8
o N H 5.7 0.1 2.0 0.3 7.4 0.5 5.7 0.4 3.0 0.4

3.3
0 N N 4.0 0.4 1.0 0.1 5.6 0.2 4.5 0.2 1.1 0.2

0.3 3.3
0 N S 4.5 0.3 1.1 0.1 5.2 0.2 4. 0.2 1.4

3.9

o 5 C 4.0 0.0 1.3 0.2 5.0 0.3 5.5 0.5 2.5 0.2

0.2 4.3

0 S H 5.2 0.2 1.4 0.1 5.7 0.1 5.4 0.2 2.6

2.9
0 S N 3.3 0.2 1.1 0.3 4.9 0.2 3.7 0.1 1.3 0.4

2.9

0 S S 3.2 0.1 0.9 0.1 4.3 0.3 3.8 0.2 2.3 0.3





5.- DISCUSSION AND CONCLUSIONS

5.1.- General

Successful regeneration is the most important single opera-

tion in sustained-yield forest management. The existence of

brush-covered areas on forest land is an indication of non-

productivity resulting from past regeneration failures. Refores-

tation or afforestation of potentially productive brushlands

depends on methods that are most fitting in a given climates soil

and social situation.

The data reported here help to describe more fully how

pinea in general. respond to resources and limitations on them

and how certain treatments help to quality in a general way. the

importance of moisture limitations according to distribution

during the year. Finally, they show key interactions useful in

prescribing for a range of conditions. Of particular importance

are the consistent way five species responded to freedom from

shrub competition arid the variable way all responded to herbs.

depending on rainfall distribution and initial composition.

5.2.- Location. aspect and cover

Location and aspect are not subject to manipulation but have

a major role on effects of treatments. The location factor pro-

vided differences in season of moisture availability and tempera-

ture extremes in which maximum growing-season water and heat

stress were observed in Oregon. The tendency for herbs to create
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lethal moisture stress was substantiallY reduced by summer rain-

fall. Additionally' location had a bearing Ofl whether mechanical

removal of shrub cover led to different ehifts in competitor

types to herbs in Oregon and to resprouting shrubS in liexico.

butt although present

in 1exico' were not a major problem.

The differences among treatments showed similar trends in

conifer response in both locatioflB; aspect affected the degree of

differences, sometimes obscuring theme sometimes emphasizing

theme depending on season. Radiation jE one of two ey factors

being manipulated with changes in location and is the one major

environmental variable responding to aspect. The amount of poten-

tial incoming radiation for a particular slope on a yearly basis

depends on the latitude of the site and the angle and azimuth of

the slope. (Gamier and Ohmura 1968; Swift and Knoerr 1973).

The a anle and aspect of the land has been recognized

as an important climatolOgical factor causing differenCeB in site

quality and a wide array of silvicultural practices' from refore-

station to logging and transportation. (Lee and Baumgartner'1966

Stoeckler and Curtis' 1960).
Sp.1Lrn as the principal

force accounting for most of the differences in heats evaporative

potential and oxidation processes' is a critical control on

physical and biological processes. A description of radiation

patterns follows.

The annual net radiation income on north and south facing

slopeB with an angle of 15 degrees at Latitudes of 20. 30. 40
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and 50 degrees was obtained from the tables published by But to,

Fritschen and Nurphy (1972). They calculated these values assu-

ming a standard atmospheric transmission coefficient of 0.9.

The values were then linearly extrapolated to obtain an

approximate value of yearly averages of direct radiation on the

planting sites. The results are as follows (in Cal/ square cm):

Latitude North North aspect South aspect

0
25 205416 256758

0
42 151789 226250

The differences between opposite aspects on the same

location are larger than between similar slopes of the same

azimuth on different locations. The difference between aspects in

!lexico is smaller than that in Oregon because of differences in

solar declination.

The annual march of the incoming solar radiation is another

important variable to consider. Figure 5.1 (a) shows the typical
0

pattern of this march for a 16 degree slope at 37 latitudes

(from Swift and Knoerr 1973) showing a general picture of north

versus south slopes. Figure 5.1 (b) shows the annual march of

solar radiation at 25 and 42 degrees north, for a flat surface

(from Brown, 1973). The differences between aspects in the same

location and between locations are least during the summer and

greatest during the winter. Under conditions of similar rainfal1

soil temperatures would be nearly comparable during the growing

season.



Piguts .l Is) Annual ratch of ridlittan for a 3 percent

elope at 7 degrasS latItude'
aepecta north

and south. Prom SwIft and knoerr' 197].

Slope factor Indicates
r.IstIVe dIflerenCea

between p,peCte.

200

6/22 7/27 8/25 9/23 0/22 11119 12/22

6/I 5/3 4/4 3f7 2/7 1/10

MONTH end DAY

Figure 5.1 Ib) AnnUal match of .01st t,dIatIOfl 10?

different latitudes.
Adapted tree tOUfl.

I tOO LATITUDE LANGLEYS/YR

282,116

32 276,961

1000
34' 271,525

265,822

38 259,86!

40' 253,658

42 247,220

900 44' 240,588

800

700

40
U,

600 24'
-I

z
4 28'
-J 500

32

36'
400

40

300 44.



In Oregon soil temperature differences between aspects

increased toward the summer. In Ilexico the maximum differences

between aspects are recorded during ?Iarch. The differences caused

by the treatments are significant during April and September in

rlexico and from hay to October in Oregon. The importance of the

dry season in stressing differences can not be overlooked: the

amount of soil moisture in generals and current rate of precipi-

tation in particulars are the main factors controlling soil

temperature. This emphasizes the importance of rainfall distribu-

tion and also of those treatments which conserve soil moisture.

5.3 Treatments..-

Plants respond to the combined effect of those components of

the environment that directly affect their physiology. The envi-

ronmental changes brought about by the manipulation of vegetation

the level of at least the followingaffected, in the short rune

80

factors:

Factor Effect in relation to Control
Treatment

Herbicide Simazine hanual

Hadiant
+ +++ (+) ++ (+)Energy

Evaporation
Potential +++ (++) +++ (++)

Soil Tem-
perature = +++ ( or +) +++ ( or

Soil Noisture
Availabilty +++ ++

in dry season

+)
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Numbers between brackets indicate response in 1exico during

the second year.

Eliminating competing vegetation' all or in part. conserved

soil moisture effectively, increased the radiation load on the

seedlings and on the ground. and increased air temperature. hence

evaporation demand. The lack of treatment kept the radiation load

on conifers to a minimum, reducing potential evaporation and

temperature but strongly reducing the soil moisture availability.

Live shade reduced photosyntheticallY active light below the

minimum survival threshold of most pineE especially where aspect

and location aggravate the drought. High survival but reduced

growth suggest that dead shade reduced photosynthesis significan

tly.

A proportional increase in photosynthesis results when ra-

diant energy increases if soil moisture and temperature are not

limiting. The limit to this relationship is the light saturation

point, which is the upper asymptote of photosynthetic rate. This

was apparently reached only with complete clearing. Local evapo-

ration potential is the resultant effect of relative humidity.

temperature' wind movement and radiation load. These appear to be

strongly influenced by differences in location, aspect and

degree of overatory removal. The total gain for the seedling (net

photosyntesis) is the result of a dynamic equilibrium between

photosynthesis and respiration that is mediated by availability

and use of goil water. (Larcher, 1977). In this experiment'

increments of removal of live cover clearly improved the metabo
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lic environment of all species of pine. This is evidence that the

increased availability of soil moisture and radiant energy more

than compensated for the increased transpirational demand on the

seedlings.

The empirical evidence of environmental change varied with

treatment. The cleared sites increased tree growth in generals

and increaBed growth moat if further reductions in competition

were conducted. Where hand slashing was complemented with

simazine the effect on herb competition was favourable and

significant. In those situations where lack of maintenance

allowed vigorous shrub reaprouting the effect of the simazine

was cancelled. Reflecting the combined effect of location and

aspect. differences in conifer mortality and growth between live

and dead shade environmentB reached a maximum on south slopes of

Oregon. The differences between the Simazine and the Hanual

treatment were similarly large. Dead shade in herbicide treat-

ments ameloriated the temperature-related stress, and competition

reduction ameloriated the soil-water related stress. In Hexico,

under the inluence of surplus summer rainfall the north slope

showed the smallest differences among treatments, and neither

north nor south slopes showed differences between the Simazine

and manual treatments through year 2. Herb competition appears

not to be a major problem where a)- woody species are fully

dominant and b).- moisture stress is low during the growing

season.

The north aspect of the Nexican site appears to be the
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coolest and wettest of the four site types during the growing

season. The coincidence of rain with summer keeps temperature

well below the extremes observed on the south elope of Oregon

which is also the harshest planting site. Conditions of bright

sunshine during the early summer season in Oregon raised the soil

surface temperatures to extremes for seedling survival. On August

4 1g85, the soil surface in the cleared areas in the south slope

0
was 55 C at 14:00 he.

All treatments were effective in reducing plant cover for

1985 in both locations. The S and H treatments had the least live

covers hence the lowest level of total competition' one year

after the treatments were applied. Due to the maintenance applied

in Simazine treatments after planting in the Oregon sites the

initial differences were atill present during the second growing

season. The Herbicide treatment did not need maintenance, and it

was highly effective in controlling both brush and herbs for two

years. In !1exico brush resprouted vigorouslY in cleared treat-

ments during the spring of 1985' but aggregate shading in cleared

plots was gtill less than in uncleared. Because of that the

Simazine and !anual treatments formed a single group apart from

herbicide and control in which radiation radiation limitation

appear to account for differences in observed results Summer

rains nearly eliminated competitive differences due to herbs when

all cleared plots were under strong influence of abrubs. At the

end of the second year it evident that reaprouting shrubs are

surpassing shading and competition in herbicide plots and that
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continued control of sprouts will be required in hand cleared

ope rat i one.

To summarize, each treatment created a unique set of micro-

environments for the seedlings planted on them. Factors that

modified radiation load and/or transpiration influenced differen-

oem among treatments. Occurrence of rainfall during the season of

active growth sharply reduced variability among treatments in the

first two years.

In relative terms it iB possible to qualify each treatment

within its location and aspect as follows:

Control.- For each location and aspect. we can conclude that

this treatment is characterized in relative terms as having the

driest soil. lowest temperature. lowest evaporative demand and

lowest photosynthetically active light intensity, and highest

probability of mortality and poor growth. Failure was universal.

Herbicide.- This treatment had the least live plant covers

and lowest competition stress for the planted seedlings. Sd was

always the highest.

During the first two years of the experiment this was a

relatively moist. cool environments with almost no competition

but excesive dead shade. Survival was near maximum. but early

growth less than maximum.

Nanual.- This was a hot dry environment. with a high evapo-

rative potential and intermediate competition. It was ineffective

on south slopes except for ponderosa pine in Oregon. and reasona-

bly effective where summer rains precluded high moisture stress
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in flexico. This treatment usually requires maintenance.

Simazine. - Sparse herb covers high temperatUre moderately

moist soil and high evaporative demand characterize thiB

treatment. The SCI was high in 1985 but intermediate in 1986 in

Oregon. The level of shrub recovery masked effects of reduced

herb cover in the ilexican site.

The treatments were conceptually separated by abiotic and

biotic factors. Among the abiotic factors' temperature and

evaporation (based on Oregon results) formed two groups:

treatments in the cleared area and treatments in the shade.

Regarding moisture, Herbicide and Simazine were grouped together

with manual intermediate and control in a third group. Density

and type of competition determined rate and depth of moisture

loss. It has been documented elsewhere that shrubs consume water

faster and for a longer period than herbs and that even shrub

cover as low as 25% affects seedling performance in this climatic

zone (Oliver, 1984). But in ?Iexico summer rains negate effects

of summer transpirations bringing shading to preeminence in

competitive roles.

The findings reported here for soil moisture trenda

evaporation rate and soil temperature in the Oregon sites

coincide in a general way with findings by others. Petersen'

(1960) found similar trends in soil moisture availabilty and

evaporation rates; Stoeckeler and CurtiB (1960) reported the

same type of differences between north and south aspects

regarding soil moisture; Tappeiner and Helms (1971), found
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similar differences in potential evaporation between shady and

gunny plots.

Regarding conifer responses to the above factors two

tendencies are clear:

1.- Oregon survival tends to separate Herbicide and Simazine

treatments into a high-survival groups with manual in an interme-

diate and Controls in a third ones that is generally poorer than

others.

2.- The increment in heights diameter and volume is higher

in the treatments entailing clearing than in Btanding vegetation

in Oregon' Simazine is separated as the treatment with greatest

growth by year two.

The high mortality registered for the control treatment

indicates that the water stress imposed on the seedlings by the

soil moisture deficit was the main factor causing mortality.

Reduction of temperature and evaporative demand under the shade

of the live cover was not adequate to compensate for low soil

moisture. The relatively high survival under the live brush in

Nexico suggests that the seedlings can survive for an extended

period in deep shade in the absence of high moisture stress.

The correlation of the highest survival rates with the

maximum growth can be explained in part by intolerance of the

pine8. They are among the least tolerant conifer specieB and

their net photosynthesis rate increases as light and temperature

increases in a wide range of conditions (Nirov,1Y67). It is

evident that the amount of shade they experienced under dead
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shrubs was enough to decrease growths despite favorable water

balance. The layout of the experiment plum the email size of the

treated area may have contributed to reduction of growth in the

herbicide plots. Live brush in three sides of each small plot may

have caused some depletion of moisture through unsaturated flow

because the closest rows were only three meterB away from live

cover. Although shade from the aide and root competition may

have accounted for part of this reduction. moisture conditions

were still most favorable in this treatment, and no explanation

of growth losses other than light limitation appears likely.

Indirect evidence would be that on the North alopea were shrub

cover is taller and original leaf area is larger the differences

between control and herbicide treatments will be minimum while in

the south slopes, with shorter brush, the differences will be

larger. The relative growth means for each treatment and aspect

in Table B-3 (a) follow this pattern. Those in Table 4.11 for

relative diameter show the same tendency.

Two years is not long enough to show the long-term effects

of treatments. When six site preparation treatments were ranked

by their values in survival and growth eight years after

plantings the ranking order was the same for both parameters on

two of three sites for ponderosa pine. Lodgepole pine (.

contorta) presents the same tendency on the only site of that

particular study. The statistical separation of treatments

started at 3 years after planting. (Ross, 1985). Distinct

separation of treatments at year two in this experiment suggests
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that differences will continue to increase rapidly.

5.4 Species.-

A variety of microenvironments was created in this

experiment that offered a "menu" of conditions to a diversity

of genotypes represented by the five species. The analysis of

variance for survival, relative height growth and relative

diameter increment were run twice: once with the reduced model

involving locations, aspects treatments and replications plus

their interactions; the second time with the full model including

species and interactions plus those factors in the reduced model,

to test for species significance. In all cases the inclusion of

species to the model strongly increased the explanation of

variances indicating that species alone accounted for much of the

variation. The increments were

Variable R-square
Reduced model Full model

Survival .57 .84

Rel Fit. Growth .066 .85

Rel. Vol. Incr. .34 .80

The initial parameters of the seedlings influenced the

outcome of the experiment in a variety of ways. Species that did

or did not enlongate accounted for much variation in growth.

Those seedlings passing trough a grass stage for examples were

often partly covered by litter and soil reducing their

photosynthetic area. Additionally the proximity to the ground of

foliage and buds put them under stronger temperature stress.
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Shading tended to reduce the period of bud activity. Devia

tione f roe this pattern can be explained largely by the diversity

of developmental patterns in pine ahootB represented in this

experiment. avacahuite belongs to the subgenus strobua which

Bhowa a tendency to extend its annual shoot growth by both free

and fixed growth. The spring shoot (fixed) represents moat of the

terminal enlongation while summer ahoots (tree) usually are a

minor part. (Lanner 1976).

Grass-stage species (P.hartueaii and montezumas) have

little fixed growth and no free growth in their first two years.

ponderosa and P. lambertiana, have monocyclic

spring shoots; winter buds elongate during the first part of the

growth aeaeon and then another winter bud is formed which will

elongate next spring; all growth is fixed (KoziOwaki' 1952;

L.anner 1976).

Growth of P.lambertiana was affected by locatioTl

in ?lexico' height growth was poor even where survival was good.

The poor growth of P. lambertiana. may have been associated with

its performance in the root growth capacity test and also with

day length.

In areas where spring BOil moisture is deficient' as in

Nexico height growth is correlated with current-season rainfall

or soil moisture content (KozlowSki 1952). In Arizona' for

examples ponderosa pines sake their height growth during the dry

season and are strongly influenced by stored soil moisture and

occasional spring rains. In this experiment' spring aoil moisture
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was augmented by treatment in both locations.

In Oregon early spring soil moisture B abundant. Height

growth and bud activity are largely dependent on the moisture

conditions of the previous growing season and the temperature

conditions of the current spring. Treatments that prolong Boil

moisture availability late in the summer and increase radiation

early in the spring will give the seedlings the beet conditions

for growth. This entails transpiration reduction in spring and

Bummer.

In Mexico, spring soil moisture is generally deficient and

height growth is correlated with current moisture availabilty.

Conserving moisture through winter is necessary for strong height

growth early in the season if light is not limiting.

Transpiration reduction in summer is not important here. but

moisture conservation in fall, winter and spring is needed.

According to Cannell et al (l976) the times when shoots

elongate differ greatly between years and site irrespective of

genotype; the relative differences among genotypes are

maintained, however, and depend both on inherited differences in

responsiveness to environmental conditions and number of stem

units (histologically speaking) present in the winter buds. The

more stem units accumulated in the winter buds the stronger the

need to enlongate faster or longer. These two forces are acting

simultaneously but depend on different events. Current

responses to environment depend on present conditions. while the

number of stem units is determined by the conditions prevalent
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during the past year. This probably explains in part whys maximum

survival and maximum growth did not often coincide.

Diameter growth depends primarly on current-Year conditions.

An early bud Betting will allow the seedlings to fully take

advantage of remaining moisture for other UBSB i.e. diameter

growth bud formation and root growth. This seems to be more

important where soil moisture and temperature conditions are

rapidly deteriorating like in Oregon. Here. ponderosa, showed

the shortest period of shoot activity and it grew more Than .

avacahuite in absolute diameter and height.

In the ?Iexican sites. an opportunistic height growth pattern

will allow seedlings to fully take advantage of the climate'

since dry spells are not uncommon even in the middle of the

rainy season. Here P. avacahuite grew more than ponderosa in

absolute height.

The large increase in height reported here for montezuwae

in cleared plots agrees with findings by Pessin (1944) and Walker

and Wiant,(1965) for p. palustria. which also responded vigorouB

ly in plots free of competing vegetation. Hors intense and

longer exposure to light appears to stimulate the seedlings to

break the grass stage.

Differences among species appart from those with grass

stages reflect differences in strategies adapted to native

environments. The purpose of this section is to integrate the

relevant information on this topic and to offer consistent expla-

nations about the response of each species as expressed in height
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growth. Figure 4.10 provides evidence that P.avacahuite switches

places with ponderosa in the two locations. Ponderosa pine

has a wide range of tolerance for drought and heat damage. Des-

pite its general intolerance it was able to handle shade relati-

vely well in this experiments according to its mortality and

growth rates. ItB beat growth performance was in Oregon On a

weeded south elope that offered good spring conditions but harsh

summer conditions. Having all that potentials reflected also in

the results from the Root Growth Capacity Test, what kept it from

growing more in the mild wet summer offered by the North slope

in Nexico? It is postulated that the the inflexibility of its

spring Bhoot growth pattern is a key factor. In the

Nediterranean-type climate of Oregon. the predictability of soil

moisture content and temperature for the spring season is high.

It was in this condition that this provenance of P. ponderosa

evolved. Fast enlongation followed by budset and building of a

new bud is the only strategy with reasonable probabiltiy of

success without silvicultural intervention. When transported to a

summer-rain climate, it cannot express its normal tendencies

because of the dry spring. This condition limits early-season

growth and its innate habit prevents summer season elongation. It

may divert photosyntate allocation to other processes. perhaps

storing carbohydrates for the next spring. When the next spring

cornea. the limiting soil moisture may again reduce its potential

growth. The short period of height growth. on the other hand.

was translated into the largest diameter increment, a factor that
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may have a later positive influence on total growth (Newton.l1.

and E.C. Cole, 1985. Unpublished data, O.S.U.' Dept. of Forest

Science).

avacahuite combines the security of the fixed-growth

spring shoot pattern with the opportunistic free growth of summer

shoot. This seems to be an advantageous strategy in a climate

where two growing seasons are separated by two unfavourable

periods: one dry and warms the other one frosty. As pointed out

by Lanner (1966) the duration of winter bud formation determines

the potential length of the next year's growth.

The same characteristics that give avacahuite. its best

performance in Mexico harms it in Oregon. By remaining "open to

growths the seedlings are more easily subjected to late season

heat and drought damages as corroborated by its altitudinal

distribution. P. avacahuite bud-formation timing is somewhat out

of phase in oregon. Survival and growth of this species suffered

more in Oregon than in Mexico' under comparable treatments.

Sugar pine poaseses the same type of inflexible spring

shoot- growth discussed above for ponderosa pine. In additiOns it

shows the least drought resistance (Pharis, 1956) and the poorest

root growth capacity. The three combined factors were devastating

for sugar pine, in the Mexican plots' the soil is at field

capacity by the end of September. Then a short dry periods

accompanied by transpiration on the evergreen shrub and conifers

occurs during October-November. During the cold December and

January periods occasional snowfall and rain help to maintain the
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soil moisture. but at less than complete recharge. By I1arch

after the short winters the rapid drying process starts reducing

the spring water availabilty in the surface soil where

tranapirational depletion is unchecked. If seedlings are to

survives their roots must grow fast and early (i.e. during fall

and winter), in order to keep pace with the rapidly falling

moisture availability. Sugar pine was unable to meet those

requirements at least in parts because of its original low root

growth capacity. Studies by others have shown that

lambertiana in its original area of distribution has a very short

enlongation period (Fowells,1g41). If this tendency has persisted

in the flexican locations then the opportunities for finding or

creating appropiate conditions in Hexico are much less for this

species than for others.

5.5 Silvicultural implications.-

The correct anticipation of planting success is fundamental

to the task of prescribing vegetation management practices for

forest regeneration. Here woody plant removal was associated

consistenly with maximum growth; Herb removal was tied to

survival under conditions of summer moisture stress. If maximum

timber production is the goal then maximum survival can be

achieved by herb and woody plant suppression to produce regularly

stocked, fast-growing stands. If they are not growing at maximum

potential rates they can be managed to do so. A poorly or

erraticaly stocked stand does not offers this options nor does a

stand with adequate survival but chronic woody competition.
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Despite the current growth ratee it is predicted that

the herbicide treatment, applied in areas larger than those uBed

in this experiments will produce maximum timber production on

south slopes in the long run. Clearing is likely to improve

performance on north slopes if brush is treated first with

systemic herbicides. Figure 5.2 anticipates the projected

trajectories for competitive plant cover and pine plant covers

assuming no corrective measures are taken after initial site

preparation.

In places with a long dry seasons where the Boil is

relatively shallow, the topography steep and the rain falls as

thunderetorms like in Nexico, a site preparation method is

required which, while controlling long-term competing (1. e.

woody) vegetation also reduces the risk of erosions leaching and

and fire. Removal of all non-coniferous cover is the principal

component of success in thiB circumstance. Each specific

combination of climates topography and vegetation will qualify

the merits of each approach. The major constraints for seedling

survival and growth must be identified and the possible outcomes

of practices evaluated in terms of biological and economic consi-

derationa along with those of the local work force and availabi

lity of tools Buch as herbicides.

In summary several findings here may improve reforestation

success in one or both countries:

1) Dense woody cover is incompatible with seedlings of all

pinea regardless of distribution of seasonal rain or aspect.
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Dead woody cover reduces growth of pine seedlings in the

first two years despite having excellent moisture conBervation

properties.

Clearing all woody cover leads to beat seedling growths

regardless of rainfall distributions but herb control is also

essential where summers are dry.

Were woody species sprout vigorously the improvement in

environment provided by cutting is temporary unless complemented

by herbicidal treatment or repeated cutting.

A soil conditions index based on aoil moisture and

temperature is significantly correlated with survival of all five

pine species.

Combinations of herbicides and manual clearing methods

can provide for environmental needs for five species of Pinus

under a wide variety of conditions.
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Table _Climat010gic' Data from Stations near the Planting Sites.

Station Coordi-
nates

Years
Record-

mR

Months

Aver.
J F M A M J 3 A S 0 N D

Saltillo 250 25' T 31 T (oC) 12.1 13.5 15.9 19,0 21.4 22.722.2 22.2 20.0 17.5 14.2 12.1 17.7

Coah.
Mexico

1010 0'
El 1589 m p 35 P (mm) 10.3 10.6 6.0 16.6 25.1 41.0 51.9 45.9 47.7 24.4 12.3 14.1 303.9

San Antonio 25° 15' 1 (°C) NO RECORDS

LasAlazaflaS,
Coah.MexiCO

1000 35'
El 2138 m P 15 P (mm) 28,8 11.2 16.7 17.8 30.9 50.3 61.1 65.9 58.5 39.0 19.6 12.6 618.1

Arteaga,
Coah.
Mexico

25° 27'
100° 51'
El 1610 m

1 5

P 18

T (°C)

P 18

18.5

4.1

20.6

13.1

21.4

6.4

25.3

16.9

26.9

25.1

27.6

37.3

25.2

48.4

26.5

50.1

25.4

61.4

25.3

37.7

21.4

12.3

19.6

6.5

23.6

319.3

Exp. Station. 1 23 1 (°C) 2.8 5.0 7.2 10.6 13.9 16.9 20.7 19.6 16.9 11.3 6.1 3.5 11.2

528.0
Medford, OR

P 23 p (mm) 81.0 66.2 49.0 24.2 40.7 27.7 7.2 6.0 18.7 53.0 68.2 86.0

12.2

WB Station, 1 31 1 (°C) 2.9 5.7 7.9 11.4 14.7 17.9 22.4 21.7 18.3 12.5 6.6 3.9

Medfotd, OR

U.S.A. p 31 P (mm) 78.0 59.4 63.5 26.5 36.7 25.5 5.2 4.5 15.0 48.5 65.0 84.5 494.0
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_- Table A-2 Results of Soil Analysis from Samples Taken at Sykes Creek

and Arteaga sites, 10-30 cm depth.

Table A-3
Percent Plant Cover after Treatments.

TMT Oregon 1985 Oregon 1986 Mexico 1985 Mexico 1986

N S N S N S N S

Simaziue 20.00 7.50 16.8 28.25 15.5 6.94 80 68

Manual 26.67 31.25 31.2 52.4 33.5 17.64 84 73

Herbicide 18.33 9.17 25 16 7.5 4.44 16.5 20.5

Control 112.5 100 108 102 107.5 104.75 100 104

Soil
Property

Oregon
South

Oregon
North

Mexico
South

Mexico
North

Organic matter 01.00% 2.8% 4.17% 1.7%

Available N 23.5 kg/ha 68 kg/ha 101.2 kg/ha 16.4 kg/ha

Available P 23.0 kg/ha 78.5 kg/ha 13.6 kg/ha 16.4 kg/ha

Available K 275.0 kg/ha 290 kg/ha 134.23 kg/ha 135 kg/ha

pH 6.8 7.1 6.97 7.2

Total carbonates 0.005% 0.005% 11.57 4.5%

Electric .25 mmhos/cm .38 mmhos/cm .86 nunhos/cm .6l7uunhos/cm

conductivity

Sand/silt/clay 64/22/14% 58/25/17% 33/16/50% 19/30/51%



Table A4.- Plant Cover: ANOVA results.

General Linear Models Procedure
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Tukey's Studentized Range (HSD) Test for variable: COVER

NOTE: This test controls the type I experimefltwise error rate,

but generally has a higher type II error rate than REGWO.

Alphaz 0.05 df 39 PE 100.2468
Critical Value of S$udentized Range 3.795

Minimum Significant Di44erenCe 9.4988

Means with the same letter are not significantly different..

Dependent Variable: COVER
Sum of Mean

Source OF Squares Square F Value

Model 24 ioiiBà.3385 4216.0974 42.06 0.0001

Error 39 3909.6267 100.2468

Corrected Total 63 105095.9653

R-Square C.V. Root MSE COVER Mean

0.962799 25.706983 10.01233 38.94791667

Source - OF Type I SS Mean Square F Value Pr ) F

LOC
ASP
TMT
REP
LOC*ASP
LOC*TMT
ASP*ThT
TMT*REP

1

1

3

3
1

3
3
9

191.36111
895.00694

99267.54427
97.17535
0.11111

122.64844
58.23872
554.25260

191.36111
895.00694

33089.18142
32.39178
0.11111
40.88281
19.41291
61.58362

1.91 0.1749

8.93 0.0048

330.08 0.0001

0.32 0.8086

0.00 0.9736

0.41 0.7482

0.19 0.9001

0.61 0.7773

Ttiey Grouping Mean N TMT

A 106.188 16 C

B 27.260 16 II

C 12.484 16 S

C
C 9.859 16 H



Dependent

Source

Node I

Error

Corrected Total

Source

ASP

TNT

REP(ASP)
ASP 'TNT

Table A-5(a).- Soil temperature in Nexico' Narch of 1985

General Linear Nodels Procedure

Variable: SOIL TENPERATURE
Sue of

OF Squares

13 302.6515625

18 17.0156250

31 319.8671875

R-Square C.V.

OF Type I SS

1 291.007812
3 1.023437
6 8.171675
3 2.648437

Plea n

Square F Value

23.2962740 2A.6

0.9453 125

Root NSE
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Neon Square F Value Pr ) F

291.007812 307.84 0.0001

0.341146 0.36 0.7820

1.361979 1.44 0.2537

0.882813 0.93 0.4447

Tukey's Studentized Range (HSD) Test for variable: TENP1

Alpha 0.05 df 18 NSE .9453125
Critical Value of StudentiZed Range 3.997

Nininmum Significant Differeflce 1.374

Neane with the ease letter are not significantly different.

Tukey Grouping

A

A

A

A

A

A

A

Neon

13. 375

13.125

13.062

12.875

N TNT

8N

85
BH

BC

Critical Value of Studentized Range 2.971

ilinisum Significant DitferenCe .72219

Neon N ASP

A 16.125 16 S

B 10.094 16 N

Tukey Grouping

TENPI Nean

0.946804 7.4166146 0.9722718 13. 10937500

Pr > F

0. 000 1



Table A5(b'.- Soil temperature in Nexico, April 1985

General Linear Nodels Procedure

Dependent Variable: SOIL TENPERATIJRE
Sum of Ilean

Source DF Squares Square F Value Pr > F

rlodel 13 64.75000000 4.98076923 5.24 0.0008

Error 18 17.12500000 0.95138889

Corrected Total 31 81.87500000

R-Square CV. Root NSE TEMP2 tean

0.790840 7.5392592 0.9753917 12.93750000

Source DF Type I SS Nean Square F Value Pr > F

ASP 1 32.000000 32.000000 33.64 0.0001
TNT 3 24.625000 8.208333 8.63 0.0009
REP(ASP) 6 6.375000 1.062500 1.12 0.3914
ASP'TNI 3 1.750000 0.583333 0.61 0.6153

Critical Value of Studentized Range 3.997
Ninimum Significant Difference 1.3784

Tukey Grouping hean N TNT

A 13.875 8 N

A

A 13.750 8 S

B 12.125 8 H

B

B 12.000 8 C

Critical Value of Studentized Ranger 2.971
Ninitium Significant Difference .72451

Tukey Grouping !lean N ASP

A 13.937 16 S

11.g37 16 N
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Tukey's Studentized Range (HSD) Test for variable: IEMP2

A1pha 0.05 df 18 MSE= .7395833

Critical Value of Studentized Ranger 3.997

MlnlLum Significant Difference= 1.2153

Means with the same letter are not Bignificantly different.
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Table A5(c).- Soil temparature in Mexico. September. 1985

General Linear Models Procedure

Dependent Variable; SO IL TEMPERATURE

Sum of Mean

Source DF Squares Square F Value Pr > F

Model 13 69.65525000 5.35817308 7.24 0.0001

Error 18 13.31250000 0.73958333

Corrected Total 31 82.96875000

R-Square C.V. Root MSE TENP3 Mean

0.839548 6.1565302 0.8599903 13.96875000

Source DF Type I SS Mean Square F Value Pr > F

ASP 1 57.781250 57.781250 78.13 0.0001

TIlT 3 7.093750 2.364583 3.20 0.0483

REP(ASP) 6 4.437500 0.739583 1.00 0.4552

ASP'TMT 3 0.343750 0.114583 0.15 0.9251

Tukey Grouping Mean N TIlT

A 14.500 8 P1

A

A 14.375 8 S

A

A 13.500 8 C

A

A 13.500 8 H

Critical Value of Studentized Range 2.971

Minimum Significant Difference .63879

Tukey Grouping Mean N ASP

A 15.312 16 S

B 12.625 16 N



Table A5(d).- Soil temperature in Oregon, april 04. 1986

General Linear llodels Procedure

Dependent Variable: SOIL TE!WERATURE

Sum of Ilean
Source DF Squares Square F Value Pr > F

flodel 13 30.87500000 2.37500000 2.50 0.0368

Error 18 17.12500000 0.95138889

Corrected Total 31 48.00000000

R-Square C.V. Root NSE TErtPI3 !lean

0.643229 10.544775 0.9753917 9.25000000

Source DF Type I 85 flean Square F Value Pr ) F

ASP 1 3.125000 3.125000 3.28 0.0866
TiT 3 10.250000 3.416667 3.59 0.0341
REP(ASP) 6 16.375000 2.729167 2.87 0.0385
ASPIThI 3 1.125000 0.375000 0.39 0.7587

Tukey'a Studentized Range (HSD) Test for variable: TENP13
Alpha: 0.05 df: 18 flSE: .9513889

Critical Value of Studentized Range: 3.997
fliniiium Significant Difference: 1.3784

Peane uith the saee letter are not significantly different.

Tukey Grouping flean N T?IT

A 9.875 8 11

A

A 9.750 8 S

A

A 8.750 8 H

A

A 8.625 8 C

Alpha: 0.05 df 18 SE: .9513889
Critical Value of Studentized Range: 2.971

Nzniaum Significant Difference: .72451

Tukey Grouping flean N ASP

A 9.562 16 5
A 8.937 16 N
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Table A5(e).- Soil temperature in Oregon. 1ay 10. 1986.

ANOVA results.

General Linear ?odels Procedure

Dependent Variable: SOIL TENPERATURE
Sum of Nean

Source DF Squares Square F Value Pr > F

Node] 13 17.12500000 1.31730769 1.09 0.4234

Error 18 21.75000000 1.20833333

Corrected Total 31 38.87500000

R-Square C.V. Root NSE TENP14 Nean

0.440514 10.659318 1.099242 10.31250000

Source DF Type I SS ean Square F Value Pr > F

ASP 1 3. 125000 3. 125000 2.59 0. 1252

TNT 3 9. 125000 3.041667 2.52 0.0908

REP(ASP) 6 4.250000 0.708333 0.59 0.7370

ASP*TMT 3 0.625000 0.208333 0.17 0.9136

Tukey's Studentized Range (HSD) Test for variable: TENPI4

A]pha 0.05 df 18 NSE 1.208333

Critical Value of Studentized Range= 3.997

!linitum Significant Difference 1.5534

Neans nth the same letter are not significantly different.

Tukey Grouping !lean N TNT

A 11.000 8 S

A 10.625 8 N

A 10.000 8 H

A 9.625 8 C

Critical Value of Studentized Range 2.g71

Ninisum Significant Difference 0.8165

Tukey Grouping Nean N ASP

A 10.625 16 N

A 10.000 16 S
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Tukey's Studentized Range (HSD) Test for variable: TEMP15

!lini&ua Significant Difference 4.5709

Means inth the same letter are not significantly different.

Critical Value of Studentized Range: 2.971

Iliniiium Significant Difference: 2.4025

Means with the same letter are not significantly different.
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Table A5(f).- Soil temperature in Oregon. iune 4. 1986

General Linear ModeIB Procedure

Dependent Variable: SOIL TEMPERATURE
Sum of Mean

Source DF Squares Square F Value Pr > F

Model 13 120.4062500 9.2620192 0.89 0.5809

Error 18 188.3125000 10.4618055

Corrected Total 31 308.7187500

R-Square C.V. Root NSE TENP15 Mean

0.390019 15.333791 3.234471 21.09375000

Source DF Type I 55 Mean Square F Value Pr > F

ASP 1 30.03125 30.03125 2.87 0.107'

TMT 3 64.84375 21.61458 2.07 0.1406

REP(ASP) 6 19.93750 3.32292 0.32 0.9193

ASP'TMT 3 5.59375 1.86458 0.18 0.9098

Tukey Grouping Mean N TMT

A 22.500 8 S

A

A 21.875 8 M

A

A 21.250 8 H

A

A 18.750 8 C

Tukey Grouping Mean N ASP

A 22.062 16 S

A

A 20.125 16 N



Table A5(g).- Soil temperature in Oregori.Ju]y 8. 1986

Genera] Linear Models Procedure

Dependent Var iab]e:S0 IL TEMPERATURE

Sum of Mean

Source DF Squares Square F Value Pr > F

Model 13 185.5000000 14.2692308 2.57 0.0326

Error 18. 100.0000000 5.5555556

Corrected Total 31 285.5000000

R-Square C.V. Root MSE TENP1B ilean

0.649737 11.711914 2.357023 20.12500000

Source DF Type I £5 Mean Square F Value Pr > F

ASP 1 0.50000 0.50000 0.09 0.7676

TMT 3 77.25000 25.75000 4.64 0.0143

REP(ASP) 6 41.50000 6.91667 1.25 0.3303

ASPTNT 3 66.25000 22.08333 3.98 0.0246

Critical Value of Studentized Ranger 2.971

Minimum Signilicant Difterence 1.7508

Tukey Grouping Ilean N ASP

A 20.250 16 5

A

A 20.000 16 N

119

Tukey Grouping Mean N TNT

A 21.750 8 S

A

A 21.000 8 N

A

B A 20.125 8 H

B

B 17.625 8 C



Table A5(h. Soil temperature in Oregon. August 01. 1986

General Linear Nodels Procedure

Dependent Variable: SOIL TENPERATIJRE

Sum of Nean

Source DF Squares Square F Value Pr > F

Nodel 13 354.1562500 27.2427885 2.79 0.0229

Error 18 176.0625000 9.7812500

Corrected Total 31 530.2187500

R-Square C.V. Root NSE TENP17 Nean

0.657944 13.116641 3.127499 23.84375000

Source DF Type I SS Nean Square F Value Pr > F

ASP 1 175.78125 175. 78125 17.97 0.0005

TNT 3 110.84375 36.94792 3.78 0.0290

REP(ASP) 6 45.68750 7.61458 0.78 0.5974

ASP*TNT 3 21.84375 7.28125 0.74 0.5395

AIpha 0.05 df 18 NSE 9.78125

Critical Value of Studentized Range 3.997
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?1iniue Significant Difference 4.4197

Tukey Grouping Nean N TNT

A 26.250 8 N

A

B A 25.000 8 S

B A

B A 22.500 8 H

B

B 21.625 6 C

Critical Value of Studentized Range 2.971

lilniLum Signifcant Difference 2.3231

Tukey Grouping Nean N ASP

A 26.187 16 S

B 21.500 16 N



Dependent

Source

riodel

Error

Corrected Total

Source

ASP

T1T

REP(ASP)

ASP fliT

Table A6(a).- Soil moisture in liexico flarch 1985

General Linear !odels Procedure

Variable: SOIL ?IOISTURE
Sum of

DF Squares

13 5248.125000

18 2423.750000

31 7671.875000

R-Square C.V.

0.684073 27.919395

DF TypeiSS

1 3321.12500

3 1115.12500

6 538.25000

3 273.62500

Tukey Grouping

A

A

A

A

Iean

Square

403.701923

134.652778

Root flSE

11. 60400

flean Square F Value Pr > F

3321.12500
371.70833

89.70833

91. 20833

Tukey's Studentized Range (1150) Test for variable: flUIST1

Alpha= 0.05 df= 18 NSE 134.6528

Critical Value of Studentized Range 3.997

flinimuin Significant DiIference 16.399

fleans with the same letter are not significantlY different.

bean N T1T

46. 625 8

45. 250

42.750 BS
31. 625 BC

Alpha 0.05 df 18 !tSE 134.6528

Critical Value of StudentiZed Ranger 2.971

Ninilium Significant DifferenCe 8.6193

Tukey Grouping Ilean N ASP

A 51.750 16 N

B 31.375 16 S
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FValue Pr>F

3.00 0.0163

NOISTI Nean

41.56250000

24.66 0.0001

2.76 0.0722

0.67 0.6779

0.68 0.5772



Table A6(b).- Soil moisture in flexicov April1985

General Linear flodels Procedure

Dependent Variable: SOIL NOISTURE

Tukey Grouping

A

A

A

A

A

A

Tukey's Studentized Range (HSD) Test for variable: NOIST2

Alpha 0.05 df 18 NSE 50.40625

Critical Value of Studentized Range 3.997

flinimum Significant Difference 10.033

Neans with the same letter are not significantly different.

ilean

25. 875

21. 125

21. 125

20. 500

N T1T

8H

8C

BN

85

hnimuiTi Significant Differences 5.2736

Tukey Grouping flean N ASP

A 23. 125 16 N

A

A 21.187 16 S
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Sum of ?lean

Source DF Squares Square F Value Pr > F

riodel 13 594.9062500 45.7620192 0.91 0.5621

Error 18 907.3125000 50.4062500

Corrected Total 31 1502.2187500

fl-Square C.V. Root MSE I'101512 flean

0.396018 32.043942 7.099736 22. 15625000

Source DF Type I SS Nean Square FValue Pr >P

ASP 30.03125 30.03125 0.60 0.4502

TflT 3 149.59375 49.86456 0.99 0.4201

REP(ASP) 6 323. 93750 53.98958 1.07 0.4154

ASP 0 TflT 3 91.34375 30.44792 0.60 0.5208



Tukey's Studentized Range (HS) Test for variable: MOIST4

Alpha 0.05 f 16 fl5E 41.29514

Critical Value of Studentized Range 3.997

Minimum Significant Difference 9.0813

Means iith the same letter are not significantly different.

Tukey Grouping

A

A

A

A

A

A

A

Minimum Significant Difterence 4.7733

Tukey Grouping Mean N ASP

A 35.812 16 N

29.625 16 S

Mean

36. 500

33.625

31 .750

31.000

8C

BH
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Table A6(c).- Soil moisture in Mexico, September 1985

General Linear NodeiB Procedure

Dependent Variable: SOIL IIOISTURE
Sum of Ilean

Source DF Squares Square F Value Pr > F

Model 13 828.1562500 63.7043269 1.54 0.1941

Error 18 743.3125000 41.2951389

Corrected Total 31 1571.4667500

R-Square C.V. Root MSE MOIST4 Mean

0.526995 19.344886 6.426129 33.21875000

Source DF Type I SS Mean Square F Value Pr > F

ASP

TMT

REP(ASP)

ASP' TMT

1 413.28125

3 144.9375
6 129.93750

3 140. 84375

4 13. 28125

48. 03125

21. 65625

46.94792

10.01 0.0054

1.15 0.3512

0.52 0. 7825

1.14 0. 3608



Table A6(d).-Soil moisture in Oregon. June 14. 1985

General Linear Models Procedure

Dependent Variable:SOIL MOISTURE

Tukey's Studentized Range (HSD) Test for variable: NOIST4

124

Alpha 0.05 df 18 MSE 318.0278

Critical Value of Studentized Range 3.997

Minimum Significant Difference 25.202

Tukey Grouping Mean N TMT

A 100.000 8 H

A

A 98.125 8 S

A

B A 86.125 8 N

B

B 71.750 8 C

Sus of Mean

Source OF Squares Square F Value Pr > F

Model 13 10173.50000 782.57692 2.45 0.0390

Error 18 5724.50000 318.02778

Corrected Total 31 15898.00000

R-Square C.V. Root NSE NOIST4 Mean

0.639923 20.037453 17.83333 89.00000000

Source DF Type I SS Mean Square F Value Pr > F

ASP 1 1800.0000 1800.0000 5.56 0.0286

TNT 3 4080.7500 1360.2500 4.28 0.0191

REP(ASP> B 2288.0000 381.3333 1.20 0.3511

ASP*TNT 3 2004.7500 568.2500 2.10 0.1358

Critical Value of Studentized Range 2.971

flinimus Significant Difference 13.245

Tukey Grouping Mean N ASP

A 96.500 16 N

B 81.500 16 S



Dependent

Source

Node]

Error

Corrected Total

Source

ASP

TNT

REP(ASP)
ASP* TNT

Table A6(e).- Soil I3oiature in Oregon. June 25. 1985

General Linear flodels Procedure

VariableSOlL NOISTURE
Sum of

DF Squares

31

R-Squa re

0.701323

13 26769.65525

18 11400.56250

38170.21875

C.V.

34.401347

DF Type I 55 flean Square F Value Pr > F

1 2363.2513 2363.2813 3.73 0.0693
3 18119.8437 5039.9479 9.54 0.0005
6 3968.1875 661.3646 1.04 0.4301
3 2318.3437 772.7812 1.22 0.3311

Neari
Square F Value Pr > F

2059.20433 3.25 0.0110

633.36458

Root MSE NOISTS !iean

25. 16674 73. 15625000

B 35.25 8 C

Critical Value of Studentized Range 2.971
Ninimum Significant Difference 18.694

Tukey Grouping flean N ASP

A 81.750 16 N

A

A 64.562 16 S
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Tukey's Studentized Range (HSD) Test for variable hOISTS

Alpha 0.05 df 18 NSE 633.3645
Critical Value of Student ized Range 3.997

NiniLuul Significant Dif terence 35.565

Neans with the same letter are not significantly different.

Tukey Grouping Nean N TNT

A 100.00 8 H

A

A 83.50 8 S

A

A 73.87 8 ri



Table A6(f).- Soil moisture in Oregon' July 24, 1985

General Linear Models Procedure

Dependent Variable: SOIL MOISTURE

Sum of Mean

Source OF Squares Square F Value Pr > F

Model 13 27391.62500 2107.04808 3.57 0.0069

Error 18 10632.25000 590.58056

Corrected Total 31 38023.87500

R-Square C.V. Root NSE NOIST6 Mean

0.720380 58.341429 24.30392 35.56250000

Source OF Type 1 SS Mean Square F Value Pr ) F

ASP 1 3160.12500 3150.12500 5.35 0.0328

TNT 3 8961.62500 2987.20833 5.06 0.0103

REP(ASP) 6 8800.75000 1466.79167 2.48 0.0628

ASP'TNT 3 6469.12500 2156.37500 3.65 0.0324

Tukey's Studentized Range (HSD) Test for variable: NOIST6

Alpha 0.05 df= 18 NSE 590.5806

Critical Value of Studentized Range 3.997

?liniI!uiE Significant Dilference= 34.346

Means uith the same letter are not significantly different.

Critical Value of Studentized Ranger 2.971
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Tukey Grouping Mean N TNT

A 55.00 8 H

A

A 45.88 8 S

B A

B A 25.62 8 N

B

B 13.75 8 C

Minimum Significant Difference 18.053

Tukey Grouping Mean N ASP

A '5.50O 15 S

B 25.625 16 N
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Tukey's Studentlzed Range (HSD) Test for variable 801578

different.

Table A5(g).- Soil aoisture in Oregon. Septeaber 2.

General Linear odels Procedure

Dependent Variable: SOIL WISTURE
Sue of Bean

Source DF Squares Square

1985

FValue Pr>F

node] 13 10185.65625 753.51202 4.50 0.0019

Error 18 3133.56250 174.08551

Corrected Total 31 13319.21875

B-Square C.V. Root NSE BOISTB Bean

0. 7673' 67. 12A685 13. 19420 19.65525000

Source DF Type I SS Bean Square F Value Pr > F

ASP

T17

REP(ASP)

Asp*TflT

1

3

6

3

2953. 78125

1542.34375

4117.16750

1542.34375

2983.78125
534.11458

685. 19792

514. 11458

17.14 0.0006

2.95 0.0504

3.94 0.0108

2.95 0.0504

AIpha 0.05 df 15 BSE 174.0865

Critical Value of Studentized Ranger 3.997

rI:n:eue Significant Diftereflce 18.546

Beans uith the ease letter are not signifiCantlY

Tukey Grouping Plean N TBT

A 29. 250 8S
A

B A 21.625 BH
B

B

A

A 17.750 88
B

B
10. 000 BC

flirtimue Significant Dztference 9.8005

Tukey Grouping Bean N ASP

A 29.312 16 5

B 10.000 16 N
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Tukey's Studentized Range (HSD) Test for variable: 1101577

Critical Value of Studeritized Ranger 2.971

Ninisus Significant DifferenCe 15.72

Alpha 0.05 df 18 NSE 506.554

Critical Value of Studentized Ranger 3.997

flinisun' Significant 31.81

Tukey Grouping Nean N TNT

A 4.75 8 S

A

B A 30.00 6 H

B A

B A 24.37 8 N

B

B 10.00 8 C

Table A5(h). Soil soisture in Oregon. August 9.

General Linear flodele Procedure

Dependent VariableSD!L JIDISTURE

Suni of

1985

Source DF Squares Square F Value Pr > F

odel 13 24822.65625 1909.43510 3.77 0.0052

Error 18 9120.31250 505.68403

Corrected Total 31 33942.96875

R-Square C.V. Root SE flO!ST7 Nean

0.731305 83.272568 22.50964 27.03125000

Source DE Type I 55 ?Iean Square F Value Pr ) F

ASP 1 7350.78125 7350.78125 14.51 0.0013

TNT 3 4683.59375 1551.19792 3.08 0.0537

REP(ASP} 6 8123.43750 1353.90525 2.57 0.0493

ASP'TNT 3 4554.84375 1554.94792 3.07 0.0543

Tukey Grouping Ilean N ASP

A 42.188 16 S

11.875 16 N
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Tukey's Studentized Range (HSD) Test for variable: !IOIST9

different.

AIpha 0.05 df 18 115E 42.33681

Critical Value of Studentized Ranges 3.997

Ninirum Significant DIfferences 9. 1951

Neans with the same letter are not migniticantlY

Tukey Grouping flean N TNT

A 20. 875 85
A

B A 16.625 BH
B A

B A 12. 875 811

B

B 10. 000 ec

Table A6(i).- Soil moisture in Oregon. October 5. 1955

General Linear flodels Procedure

Dependent

Source

Variable: SOIL NOISTURE
Sum of

DF Squares

Nean

Square F Value Pr > F

Node I 13 3354.656250 258.819712 6.11 0. 0003

Error 18 752.062500 42. 336806

Corrected Total 31 4126.718750

R-Square C.V. Root NSE NOISTB Nean

0.815335 43. 108399 6.506674 15.09375000

Source DF Type I SS Nean Square FValue Pr >F

ASP

TNT

REP(ASP)

ASP* TNT

1 830.281250

3 533.093750

6 1458.187500

3 533.093750

830.281250
177. 697917

244.6979 17

177.697917

19.61

4.20

5.78

4.20

0. 0003

0. 0204

0. 00 17

0.020'

!hnimum Significant Difference 4.8331

Tukey Grouping flean N ASP

A 20.187 16 S

B 10.000 16 N
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Tukey's Studentized Range (HSD) Test for variable: EVAF'

Comparisons significant at the 0.05 level are indicated by '**'.

TNT

Comparison

Simultaneous
Lower

Confidence
Limit

Simultaneous

Difference Upper

Between Confidence

Neans Limit

N

N

N

- S

- H

- C

-1.004

0.163

0.357

0.143

1.310

1.504

1.291

2.458

2.652

a"
faa

S - N -1.291 -0.143 1.004

S

S

- H

- C

-0.053

0.141

1.157

1.361

2.387

2.551 1ff

H - N -2.458 -1.310 -0.153 ''a

H - S -2.357 -1.167 0.053

H - C -1.025 0.194 1.414

C

C

- N

- 5

-2.652

-2.581

-1.504

-1.361

-0.357

-0.141

a"
0

C - H -1.414 -0.194 1.026

Table A7(a).- Potential evaporation in liexicO

General Linear Nodels Procedure

Dependent Variable: EVAPORATION POTENTIAL
Sum of flean

Source DF Squares Square F Value Pr > F

flodel 18 98.56201461 5.47565748 5.60 0.0001

Error 24 23.47890167 0.97828757

Corrected Total 42 122.04091628

R-Square C.V. Root NSE EVAP flean

0.807515 28.246287 0.9690842 3.50139535

Source DF Type I 55 Ilean Square F Value Pr ) F

ASP 1 71.6244399 71.6244399 73.21 0.0001

0.0062
TNT 3 15.4540872 5.1546957 5.27

0.5534
REP(ASP) 11 9.6938871 0.8812625 0.90

0.6173
ASP*TNT 3 1.7795004 0.5932001 0.51
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Table A7(b).- Potential evaporation in Oregon

General Linear Nodele Procedure

Dependent Variable: EVAPORATION POTENTIAL
Sum of Nean

Source OF Squares Square F Value Pr > F

Nodel 13 0.56552559 0.05129428 17.03 0.0001

Error 13 0.03916026 0.00301233

Corrected Total 26 0.70598585

R-Square C.V. Root ?SE EVAP llean

0.944531 9.7672445 0.0548847 0.55192593

Source DF Type I 55 flean Square F Value Pr > F

ASP 1 0.25449334 o.2544g334 87.80 0.0001

TNT 3 0.32116281 0.10705427 35.54 0.0001

REP(ASP) 6 0.02690026 0.00448338 1.49 0.2569

ASPTNT 3 0.05425916 0.01805973 5.01 0.0085

Tukey's Studentized Range (HSD) Test for variable: EVAP

AIpha 0.05 Confidence 0.95 df 13 NSE .0030123

Critical Value of Studentized Range 4.151

Comparimons significant at the 0.05 level are indicated by '***'.

TNT

Comparison

Simultaneous

Lower

Confidence

Limit

Difference

Between

Pleans

Simultaneous

Upper

Confidence
Limit

N - S -0.0204 0.0657 0. 1518

N - C 0. 1839 0.2700 0.3561

N - H 0. 1812 0.2708 0.3604 '*'

S - N -0. 1518 -0.0657 0.0204

S - C 0.1182 0.2043 0.2904 "
S - H 0.1155 0.2051 0.2947

C - N -0.3561 -0.2700 -0.1839 *"
C - S -0.2904 -0.2043 -0.1182 **

C - H -0.0888 0.0008 0.0904

H - N -0.3604 -0.2708 -0. 1812 '**

H - S -0.2947 -0.2051 -0.1155 *#*

H - C -0.0904 -0. 0005 0. 0588



Table A8 (a).- Number of days above fifty perceflt of

soil moisture' 1965: ANOVA results.

Genera) Linear Models procdUtS

Dependent Variables 110AYS65
Su. of flan

Source OF Squares Square F Value Pr ) F

Model 10 18618.61250 1861.86125 2.89 0.0194

Error 21 13574.15625 651.150:30

Corr.Ctod Total 31 32492.96875
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General Linear Models Procedure

Tukey'e StudentiZed Range (MZ0) Test for valiable IIDAYSUS

MOTES This test controls the type I
experisentuies error tate.

but generally has a higher type II error rate than REGVQ.

Alpha 0.05 df 21 MSE 651.1503

Critical Value of StudeistiZed Range 3.942

DiTtisus significant Oil tsrence 35.563

Meane vith the ease letter are not ignifiCafltll different.

Tukey Grouping
Mean N TIlT

A 215.75 e S
A

S A 210.00 5 11

I A 6
I A 167.75 6

I C
I 176.37 6

Il-Square c.v. Root USE UDATS65 Mean

0.579165 12.669735 25.51765
197.9687500

SourCe OF Type 1 55 Mean Square F Value Pr ) F

0.1373

ASP
TilT

REP
ASP.T1IT

1

3
3
3

1554.031
7594.094
6344.094
3326.59"

1554.031
2531.365
2114.698
1108.665

2.39
3.69
3.25
1.70

0.0235
0.0423
0. 1970

) F

Source OF Type III SS ilean Square F Value Pr

ASP
lilT

REP
ASPT1Ir

1

3
3
3

1554.031
7594.094
5344.094
3326.594

1554.031
2531.365
2114.698
2108.665

2.39
3.69
3.25
1.70

0.1373
0.0235
0.0423
0.1970



Table AS (b).- Number of dayB above fifty percent of

soil moisture' 1955: ANOVA results.

General Linesr Uad.ls Procedure

Dependent Variable: 1IOATS86
Sue of flean

Source OF Squarse Square F Value Pr > F

flodel 10 6930.000000 893.000000 2.50 0.0369

Error 21 7499.675000 357. 135905

Corrected Total 31 16429.875000

H-Square C.V. Root tISE ?tOATS86 Hean

0.543522 11.366665 18.69607 155.9375000

Source OF Type 111 SS Hean Square F Value Pr > F

ASP 1 1012.5000 1012.5000 2.64 0.1070

TIlT 3 5420.6250 1605.8750 5.06 0.0066

REP 3 1262.6250 420.8750 1.18 0.3417

ASP*T1IT 3 1234.2500 411.4167 1.15 0.3514

Tukey's Studentized Range (HSD) Test for variable: 110A1566

ROTE: This test controls the type I experisentuiBe error rate.

but generally baa a higher type 11 error rate than REGUQ.

Alpha* 0.05 41 21 BSE 357.1369

Critical Value of Stud.TttiZd Hange 3.942

flinisue significant Ditf.r.flCe 26.33

ifeane uith the U... 1.tt.r are not significantlY different.
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Tukey Grouping
N TIlT

A 187.375 6 H

A

B A 165.250 8 S

B
B

156.625 6 II

B C
B 154.500 6



Table A-9 (a).- Soil Conditions Index 1985: ANOVA results.

Analysis of Variance Procedure

Tukey's Studentized Range (HSD) Test for variable: SCIB5

Alpha 0.05 df 18 NSE 0.137476
Critical Value of Studentized Range 3.997

flinimus Significant Differences .52398

fleans nth the same letter are not Bigniticantly different.

Critical Value of Studentized Range 2.971
Pliniium Significant Differences .27541
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Tukey Grouping Ilean N TflT

A 2.613 8 H

A

B A 2.351 8 S

B

B 2.029 6 P1

B

B 1.836 8 C

Dependent Variab'e: SCI 85
Sum of flean

Source DF Squares Square F Value Pr > F

!lodel 13 7.87861614 0.60604740 4.41 0.0022

Error 18 2.47456747 0.13747597

Corrected Total 31 10.35318361

R-Square C.V. Root SE SC185 ilean

0.760985 16.793339 0.3707775 2.20786451

Source DF Anova SS Nean Square F Value Pr ) F

ASP 1 1.0399255 1.0399256 7.56 0.0132

T!IT 3 2.8289503 0.9429834 6.86 0.0028

REP(ASP) 6 2.4714105 0.4119018 3.00 0.0329

ASP*TMT 3 1.5383297 0.5127766 3.73 0.0303

Tukey Grouping Plean N ASP

A 2.388 16 N

B 2.028 16 S



(b).- 1985: ANOVATable A-9 Soil Conditions Index results.

Tukey's Studentized Range (HSD) Test for variable: 5C186

Alpha 0.05 df 18 NSE .2863875

Critical Value of Studentized Range 3.997

Minimum Significant Difference 0.7589

Means with the same letter are not significantly different.
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Tukey Grouping Mean P1 TNT

A 2.532 8 H

A

B A 1.963 8 S

B A

B A 1.870 8 C

B

B 1.720 8 N

Analysis of Variance Procedure

Dependent Variable: SCI 86

Sum of Mean

Source DF Squares Square F Value Pr > F

Model 13 6.15476847 0.47421295 1.54 0.1620

Error 18 5.19097553 0.28838754

Corrected Total 31 11.35574410

R-Square C.V. Root NSE SC186 Mean

0.542877 25.571079 0.5370173 2.02105927

Source DF Anova SS Mean Square F Value Pr > F

ASP 1 0.3185889 0.3185889 1.10 0.3071

TNT 3 3.0223532 1.0074511 3.49 0.0372

REP(ASP) 6 1.9689565 0.3281611 1.14 0.3806

ASP*TNT 3 0.8548598 0.2849533 0.99 0.4206

Critical Value of Studentized Range 2.971

Minimum Significant Ditference .39889

Tukey Grouping Mean N ASP

A 2.121 16 N

A

A 1.921 16 S
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Table 81(a). Anial dasage by location aepect treatsent and
speciec. Nuiber ot daiaged aeedlings per row (average).

LOC ASP TNT P.AYA SE P.HAR SE P.LAN SE P.PON SE P.NON SE NEAN

TNT

(ASP)

N N C 0.5 0.5 0.0 0.0 1.0 0.4 0.3 0.3 1.0 0.4 0.6

N N H 0.0 0.0 0.3 0.3 0.3 0.3 0.8 0.5 1.3 1.3 0.5

N N N 0.0 0.0 0.3 0.3 0.8 0.5 1.0 0.6 1.7 0.6 0.8

N N S 0.3 0.3 0.5 0.5 0.0 0.0 0.5 0.5 2.0 0.0 0.7

N S C 0.3 0.3 0.3 0.3 0.5 0.3 2.5 0.9 2.5 0.5 1.2

N S H 0.5 0.5 0.0 0.0 0.5 0.5 1.7 0.6 0.8 0.8 0.7

N S N 0.3 0.3 0.0 0.0 0.3 0.3 0.0 0.0 0.5 0.3 0.2

N S S 0.3 0.3 0.0 0.0 0.0 0.0 0.5 0.3 0.6 0.4 0.3

0 N C 0.0 0.0 0.0 0.0 0.5 0.5 2.5 2.5 0.0 0.6

0 N H 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.1

0 N N 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.1

0 N S 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1

0 S C 3.2 1.6 0.5 0.5 3.0 1.7 12.0 1.4 2.3 0.7 4.2

0 S H 2.2 0.3 2.2 0.3 2.5 0.6 13.7 0.3 0.0 0.0 4.2

0 S N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 S S 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.1

NEAN SPECIES 0.49 0.25 0.59 2.3 0.79
GRAND NEAN =.88



Table 81 (b).- Anical damage : ANOVA reaulta.

Dependent Variable: ANUIAL DANAGE
Sue of Nean

Source DF Squarea Square FValue Pr>F

Nodel 53 617.9667581 9.8089963 2.39. 0.0001

Error CL 1) 258 1059.8286667 4. 1078630

Corrected Total 321 1677.7954348

8-Square C. V. Root NSE DANAGE Nean
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0 368321 229.07168 2.026786 0.88478261

Source DF Anova ES 8ean Square FValue Pr>F

LOC 1 25.7921532 25.7921532 6.28 0.0128

ASP 1 710533736 73.0533736 17.78 0.0001

TNT 3 129.0358201 43.0119400 10.47 0.0001

REP (LDCIASP) 12 29.6217452 2.4684788 0.60 0.8407

LOC' ASP 1 74.4548750 74.4548750 18.12 0.0001

LDC*TNT 3 741166702 24.7055567 6.01 0.0006

ASP TNT 3 114.0554180 38.0188060 9.26 0.0001

LOC*ASP*TNT 3 39.7803765 13.2601255 3.23 0.0231

TNT*REP (LOC* ASP) 36 58.0553263 1.6125480 0.39 0.9994

Su. of Nean

Source DF Squaree Square FValue Pr>F

Ilodel 139 1255.598971 9.033086 3.89 0.0001

Error CL 2) 182 422.196463 2.319761

Corrected Total 321 1677.795435

fl-Square C. V. Root NSE DAIIAGE Nean

0.748362 172. 14128 1 523076 0.88478261

Source OF Anova ES flean Square F Value Pr > F

SPECIES 4 157.0610030 41. 7652507 18.00 0.0001

L.DC*SPEC IES 4 113.7236657 28.4309164 12 26 0.0001

SPEC I ES*ASP 4 97.4501458 24.3625364 10.50 0.0001

L.00 'SPEC I ES* ASP 4 53.9495876 13.4873969 5.81 0.0002

SPECIES'TT 12 152.0204254 12.6683688 5.46 0.0001

SPECIES*REP(LOC*ASP) 48 53.4273757 1 1130703 0.48 0.9962



Table B-2.- Survivafl ANOVA results.

Analysis of Variance Procedure
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Dependent Variable: SURVIVAL
Su. of Sean

Source DF Square8 Square F Value Pr > F

Nodel 63 167085.0662 2652. 1439 5.44 0.0001

Error CL 1) 254 123500.0000 487 4016

Corrected Total 317 290885.0662

R-Square C. V. Root SEE SURVTOT Sean

0.574402 31.590237 22.07717 89.58506400

Source DF Anova ES Sean Square F Value Pr > F

I-DC 1 5032.599 5032.599 10.33 0.0015

ASP 1 39844.385 39844.385 81.75 0.0001

TNT 3 53780.857 17926.952 36.78 0.0001

REP(LOC'ASP) 12 14515.537 1209.628 2.48 0.0044

LU C * ASP 1 1044.800 1044 800 2.14 0.1444

LDC*TNT 3 14833.116 4944.372 10.14 0.0001

ASP 'TNT 3 6314.722 2104.907 4.32 0.0054

L.00*ASP *TNT 3 1779.507 593.202 1.22 0.3040

TNT*REP (LOC*ASP) 36 29939. 441 831.651 1.71 0.0101

Nodal 139 245809.7708 1768.4156 6.98 0.0001

Error CL 2) 178 45075. 2954 253.2320

Corrected Total 317 290885.0662

R-Square C. V. Root SEE SURVTOT Sean

0 545041 22.770298 15.91326 59.88505400

Source DF Anova SE Sean Square F Value Pr > F

SPEC I ES 4 31907.555 7975.889 31.50 0.0001

LOCISPEC IES 4 14957.468 3739.367 14.77 0.0001

SPEC I ES' ASP 4

LOC*SPECIES*ASP 4

SPEC I ESITNT 12

1124.969

3573.301

15002. 126

281.242

893.325
1250. 177

1.11 0.3531

3.53 0.0085

4.94 0.0001

SPEC IES*REP (L.DC*ASP) 48 12159.285 253.318 1.00 0.4818



TABLE B-3 (a).- Pleans of relative height grouth. by location,
aspect and treatient. tar each species.
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LOC ASP TNT P..ATA SE PEAR SE P.LAN SE P.PON SE P.HON SE

(ASP)

NEAR

TNT

N N C 1.2 0.1 2.2 0.3 0.0 0.0 1.2 0.1 5.5 0.4 2.0

N N H 1.2 0.0 2.1 0.4 0.1 0.0 1.4 0.1 5.4 1.1 2.1

H N N 1.7 0.1 2.7 0.2 0.2 0.0 2.0 0.2 6.4 0.3 2.5

N N S 1.7 0.1 3.5 1.5 0.2 0.0 2.0 0.1 4.7 1.0 2.4

H S C 1.0 0.2 2.1 0.1 -0.2 0.0 1.0 0.2 3.9 0.6 1.6

N S H 1.0 0.1 2.3 0.3 -0.2 0.1 1.1 0.3 5.2 0.3 1.9

H S N 1.0 0.2 1.8 0.2 -0.1 0.0 1.3 0.1 6.9 1.0 2.2

N S S 1.3 0.1 2.4 0.3 -0.0 0.0 1.2 0.1 8.3 0.5 2.6

0 N C 0.5 0.1 2.0 0.4 0.1 0.1 1.3 0.4 5.5 0.2 1.9

0 N H 1.0 0.1 3.4 0.9 0.3 0.1 1.8 0.2 5.5 0.6 2.4

o N N 0.5 0.1 1.5 0.3 0.1 0.1 1.5 0.2 2.4 0.4 1.2

0 N S 0.7 0.1 1.9 0.4 0.1 0.1 1.9 0.1 3.0 0.7 1.5

O S C 0.5 0.1 2.2 0.2 -0.1 0.0 1.1 0.2 4,6 0.2 1.7

o s H 1.3 0.1 2.8 0.4 0.5 0.0 2.2 0.2 5.6 0.6 2.5

0 S 8 0.6 0.1 1.7 0.3 0.2 0.1 1.g 0.2 3.0 1.0 1.5

0 S S 0.8 0.1 2.3 0.7 0.3 0.1 2.5 0.2 8.0 0.7 2.8

Neans species 1.0 2.3 0.09 1.6 5.2

Grand ftean 2.05



Dependent Variable:

Source

Node 1

Error CL 1)

Corrected Total

Source

L.00

ASP

TNT
REP CLOC*ASP)

LOC*ASP

LOC*TNT

ASP 'TNT

LOC*ASP*TNT

TNT*REP CLOC*ASP)

Source

Nodel

Error

Corrected Total

Source

SPEC I ES

LDC*SPECIES

SPEC IES*ASP

LOC'SPEC I ES'ASP

SPEC I ES*TNT

SPEC I ES'REP (LDC'ASP)

TABLE B-3(b).- Relative height Growth: ANOVA reaultB.

Analysis of Variance Procedure

Relative height Growth

Sue of

DF Squares

63 69.57414740

254 1251.9030846

317 1351.4772322

fl-Square

0.066279

DP

I

1

3

12

3

3

3

36

C.V.

108.49824

Anova ES

4.670945

0.290607

17. 159975

5.173213
5.981047

25.809451

13.030617

2.333206

15. 125087

DF Anova ES

4 990.622018

4 21.587273

4 12.711561

4 0.585937

12 11.374708

48 28.913893

N can

Square F Value- Pr > F

1. 42181 186 0.29 1.0000

4.96812238

Root NSE

2.228929

Rein Square

4.570945

0.290807

6.719992

0.431101

5.981047

8.603150

4. 343539

0.777735
0.420141

F value
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RELGT4 Nean

2.05434535

Pr > F

0.94 0.3332

0.08 0.8091

1.15 0.3290

0.09 1.0000

1.20 0.2736

1.73 0. 1610

0.87 0.4549

0.16 0.9254

0.08 1.0000

Nean Square F Value Pr > F

247.555504
5.395818

3.177890

0.146484

0.9478g2

0.602373

224.79 0.0001

4.90 0.0009

2.88 0.0240

0.13 0.9701

0.85 0.5884

0.55 0.9922

fl-Square C.V. Root NSE RELGT4 Rean

0.854894 51 093289 1.049633 2.05434535

Sua of Nean

DF Squares Square F Value Pr > F

139 1155.369538 8. 312011 7.54 0.0001

178 195.107695 1.101729

317 1351.477232
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Table B4.- Net Growth: ANOVA Resulta.

Analyais of Variance Procedure

Dependent Variable: NET GROWTH
Sue of Nean

Source DF Squares Square F Value Pr > F

Nodel 63 260032.3510 4127. 4976 0.79 0.8684

Error C L 1) 255 1333582.9625 5229.7371

Corrected Total 318 1593615.3134

H-Square C. V. Root flEE RETGRVT Nean

0.163171 75.807673 72. 31592 94.15325079

Source DF Anova ES flean Square F Value Pr > F

L.00 1 373.803 373.803 0.07 0. 7894

ASP 1 5561.999 5561.999 1.06 0.3034

TNT 3 74297.132 24755.711 4.74 0.0031

REP CLOC*ASP 12 21519.314 1793.276 0.34 0.9803

1.0 CIASP 1 45750.181 46750.181 8.94 0.0031

LOC*TNT 3 63235. 176 21078 725 4.03 0. 0080

ASP*TMT 3 12535.074 4211.691 0.81 0.4919

LOC*ASPITNT 3 12710.361 4236.787 0.81 0.4893

TNTIREP CLOC*ASP> 36 22948.309 637.453 0. 12 1.0000

Sue of Nean

Source DF Squares Square F Value Pr ) F

Nodel 139 1417989.663 10201.364 10.40 0.0001

Error C L 2 179 175825.550 981.149

Corrected Total 318 1593615.313

H-Square C. V. Root NSE RETGRWT Nean

0.889794 33.258417 31.32330 94. 15325079

Source DF Anova ES Nean Square FValue Pr>F
SPECIES 4 898389.815 224597.454 228.91 0.0001

L.00*SPECIES 4 145558.854 36369.713 37.09 0.0001

SPECIES*ASP 4 14970.958 3742.740 3.81 0.0053

LOC*SPEC I ES*LSP 4 22456.783 5616.696 5.72 0.0002

SPECIESITNT 12 33734.143 2811.179 2.87 0.0012

SPEC! ESIREP (LDC*ASP) 48 42836.758 892.432 0.91 0.6417



Table B-S (a) Number of days that Bud remained open

during 1985.
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LOC ASP TflT P.AYA SE P.HAR SE P.LAN SE PSPON SE P.IION SE NEAN

TIlT

(ASP)

N N C 35.3 4.2 45.8 2.7 71.9 4.5 48.8 11.0 51.2 5.5 50.6

N N H 35.7 10.3 42.4 6.0 68.7 9.5 47.5 9.8 42.5 13.7 47.3

N N N 53.1 7.9 43.9 9.9 62.2 7.7 55.8 4.5 50.7 8.0 53.1

N N S 52.4 17.5 47.2 14.8 60.3 4.2 63.6 13.0 43.3 6.8 53.4

N S C 43.9 5.5 35.1 3.3 49.5 4.3 58.7 8.5 57.8 8.9 49.0

N S H 49.7 5.3 51.9 3.7 60.4 7.1 69.4 11.1 50.7 5.6 56.4

N S N 42.5 9.6 48.2 1.1 72.2 10.6 77.7 13.0 39.7 5.7 56.1

N S S 39.9 7.2 51.0 4.2 53.9 5.3 95.4 6.4 59.2 8.4 59.9

0 N C 88.4 7.8 75.7 3.5 84.0 7.3 69.4 7.0 83.6 . 80.2

0 N H 80.4 6.2 75.0 7.0 85.2 9.0 71.1 4.2 84.3 6.5 79.4

0 N N 74.5 4.3 73.3 3.0 72.7 2.6 72.8 2.4 82.6 5.2 75.2

o N S 61.6 5.4 76.5 6.3 74.8 3.5 71.5 1.9 52.9 2.0 73.5

0 S C 105.5 4.5 77.7 3.9 75.3 4.7 85.2 7.4 92.7 8.9 67.3

o S H 93.3 10.4 76.5 3.9 85.4 7.0 77.3 10.3 82.9 1.6 83.1

o S N 86.2 8.8 68.0 8.6 75.9 2.8 85.6 11.1 56.1 1.8 84.3

0 S S 89.6 9.7 83.4 6.6 70.2 4.2 70.3 19.0 85.1 3.1 79.7

69.8 70.1 67.9
GRAND MEAN =53MEANS SPECIES 55.6 62.3
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0. 662314 28.352692 15. 02671 52. 99924469

Source DF Anova SS Mean Square F Value Pr > F

SPECIES

SPEC IES*ASP

SPEC I ES*TMT

SPEC IES*REP(ASP)

4

4

12

24

10666.0448

3053.8384
3248. 81 15

10814. 5928

2666.5112

763.4596

270.7343

450.6080

11.81

3.38

1.20

2.00

0.0001

0.0132

0.2990

0.0120

Table B-S (b). BUDAYS Mexico 1985: ANOVA Results

Analysis of Variance Procedure

Dependent Variable: BUDAYS MEXICO '85
Sum of Mean

Source OF Squares Square F Value Pr > F

Model 31 6760.729964 218.088063 0.59 0.9568

Error (*1) 122 45395.850617 372.097136

Corrected Total 153 52156.580580

R-Square c.v. Root MSE BUDAYS Mean

0. 129624 36.396405 19.28982 52.99924469

Source OF Anova 55 Mean Square FValue Pr >F

ASP 1 537.9075

TMT 3 940.8985

REP C ASP 6 2463.9115

ASP *TMT 3 561.9363

TMT*REP (ASP) 18 2156.0750

537.9075
313.6328

410.6519

187.3121

119.7820

1.71

0.84

1.10

0.50

0.32

0.1929

0.4729

0.3642

0.6806

0.9961

Source OF

Sum of

Squares

Mean

Square FValue Pr >F

Model 75 34544.01753 450.58690 2.04 0.0010

Error C * 2 78 17612.55305 225.Bo2og

Corrected Total 153 52156.58058

R-Square C.V. Root TISE BUDAYS Mean



Source

SPECIES

SPEC! ES* ASP

SPEC IES*TMT

SPECIES*REP (ASP)

Dependent

Source

Model

Error ( * 1

Corrected Total

ASP

TMT

REP (ASP)

ASP *TMT

TMT*REF (ASP)

Source

Model

Error ($2)

Corrected Total

Table 8-5 (C). BUDAYS Oregon 1985 : ANOVA Results.

Analysis of Variance

Variable: BUDAYS OREGON '85
Sum of

DF Squares

31 11424.67565

130 19629.92212

161 31054.59777

8-Square C. V.

0.367890 15.246286

66 8497. 38335 98.80676

161 31054.59777

Anova SS

2422. 694

1559.356

2065.432

5085. 057

Procedure

Mean

Square

366.53792

150.99940

Root NSE

12. 28816

605.673

389.839

172. 119

211. 877

145

FValue Pr)F

2.44 0.0003

BUDATS Mean

80.59786657

6.13 0.0002

3.95 0.0055

1.74 0.0716

2.14 0.0055

Source OF Anova SS Mean Square F Value Pr > F

R-Squa re C.V. Root NSE BUDAYS Mean

0.726373 12.333031 9.940160 80.59785557

I 1987.381

:3 1046.352

6 6148.889

3 102 868

18 2139. 186

Sun of

DF Squares

75 22557.21442

Mean Square F Value Pr )F

1987 381 13. 16 0 0004

348.784 2.31 0.0794

1024. 815 6 79 0.0001

34.269 0.23 0. 8774

118.844 0.79 0. 7122

Mean

Square FValue Pr>F

300.76286 3.04 0.0001

OF

4

4

12

24
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Table B-S Cd).- Nueber of days that the Bud resained open during 1986.

LOC ASP TNT P.AYA SE P.HAR SE P.LAN SE P. PUN SE F.NUN SE 1IEAN

- TNT

(ASP)

o N C 50.4 8.9 43.3 3.9 76.8 2.1 52.7 5.0 77.2 0.5 62.1

0 N H 85.0 4.6 48.1 4.1 93.1 4.7 61.7 2.7 65.4 7.0 70.6

0 N N 74.8 5.7 58.0 7.6 80.9 10.3 55.9 4.1 48.2 3.7 53.6

0 N S 79.7 7.8 61.5 8.9 90.3 6.3 62.8 5.3 66.9 9.0 72.2

0 S C 91.0 0.4 38.0 0.6 75.0 14.8 58.5 8.5 59.5 4.9 64.4

o S H 88.0 8.3 53.2 3.4 89.8 5.7 49.6 5.2 54.1 0.9 67.0

0 S if 73.7 5.2 53.8 6.2 81.8 3.4 42.6 3.0 67.0 12.6 53.8

o S S 76.9 7.5 26.7 0.3 86.4 4.7 48.5 2.0 87.2 5.6 65.2

NEANS SPECIES 77.4 47.9 84.3 55.3 65.7
GRAND NEAN = 66.4



Table B-5 (e).-BIJDAYS Oregon 1986: ANOVA Results.

Analysis of Variance Procedure
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Sue of Mean

Source DF Squares Square F Value Pr > F

Model 75 46056.17816 514.08238 3.12 0.0001

Error ( * 2 82 16114.09553 196.51335

Corrected Total 157 62170.27379

R-Squa re C.V. Root NSE BDATS86 Mean

0. 740807 21.124476 14. 01632 56.36056893

Source DF Anova SS Mean Square F Value Pr > F

SPECIES 4 26279. 3275 7069.8319 35.98 0.0001

SPEC I ES' ASP 4 2516. 9348 629.2337 3.20 0.0170

SPEC I ES*TMT 12 4755. 4512 396. 2876 2.02 0.0327

SPEC IES * REP C ASP 24 2588.0809 107. 8367 0.55 0.9512

Dependent Variable: BUDAYS '86 IN OREGON

Sum of Mean

Source DF Squares Square F Value Pr > F

Model 31 7916.383825 255. 367220 0.59 0.9536

Error ( * I 126 54253.889961 430.586428

Corrected Total 157 62170.273787

R-Square C.V. Root NSE BDAYS86 Mean

0.127334 31.269437 20.75058 55.36056893

Source DF Anova SS Mean Square FValue Pr >F

ASP 97.0919 97.0919 0.23 0.6357

TNT 3 923.2783 307.7594 0.71 0.5449

REP C ASP 6 3875.0039 645.6340 1.50 0.1834

ASP 'TNT 3 679.0600 226.3533 0.53 0. 5654

TIIT*REP (ASP) 18 2341.9497 130. 1083 0.30 0.9974



Table 85 (e). continues...

Tukey's Studentized Range (HSD) Test for variable: BUDAYS86

Alpha= 0.05 Confidence= 0.95 df 82 NSE 196.5134

Critical Value of Studentized Hange= 3.709

Comparisons significant at the 0.05 level are indicated by ''"'.
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TNT

Comparison

H - S

H - N

H - C

Simultaneous

Confidence

Limit

-8.115

-3.389

-3.383

Lover Difference

Simultaneous

Upper

Betueen Confidence

Means Limit

0.106 8.326

4.884 13. 157

4.890 13. 163

S - H -8.326 -0.106 8.115

S - N -3.494 4.779 13. 052

S - C -3.488 4.785 13.058

N - H -13. 157 -4.884 3.389

N - S -13.052 -4.779 3.494

N - C -8.319 0.006 8.331

C - H -13. 163 -4.890 3.383

C - S -13.058 -4.785 3.488

C - N -8.331 -0.006 8.319
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Ninimun Significant Difference 4.4375

Neans uith the ease letter are not significantly different.

Table B-S (e) (continues)

Critical Value of Studentized Range= 3.945

SPECIES

Comparison
L.ANBE - AYACA -2.929 6.846 16.622

LAMBE - PSEUD 8.819 18.594 28.370 "I
LANBE - PONDE 19.182 28.958 38.734 ***

LANBE - HARTV 26. 391 36.328 46.255 *"

AYACA - LANBE -16.622 -6.846 2.929

AYACA - PSEUD 1.972 11.748 21.524 ***

ATACA - PONDE 12.336 22.112 31.888 ***

ATACA - HARTV 19.545 29.482 39.419 "*

PSEUD - LANBE -28. 370 -18.594 -8.819 *"

PSEUD - ATACA -21.524 -11.748 -1.972 "ft
PSEUD - PONDE 0.588 10.364 20. 140 "*

PSEUD - HARTV 7.797 17.734 27.671 '*'

PONDE - LAIIBE -38.734 -28.958 -19. 182 **0

PONDE - ATACA -31.886 -22.112 -12.336 '**

PONDE - PSEUD -20. 140 -10.364 -0.588 "*

PONDE - HARTV -2.567 7.370 17.307

HARTV - LANBE -46.255 -36.326 -26.391 "*

HARTV - ATACA -39.419 -29. 482 -19.545 "*

BARTW - PSEUD -27.671 -17.734 -7.797 *"

HARTW - PONDE -17.307 -7.370 2.567

Critical Value of Studentized Range 2.813

Tukey Grouping Nean N ASP

A 67.135 80 N

A

A 65.557 78 S
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Tebe B7 (b).- Root grouth capacity titAOVA reeult$.

Source

Nodl 7

Error 111

total iie

Source

Spec IS.

Rep.

H-Square

0. *50320

Crr*1 Llr sodelo Procedure

t Vriab1.S Root Growth

DF

Sue of
Ique r..

lean
Stpiare

F value Pr > F

141156.79 20 ISL 8344 12.99 0.0001

172314.06 1552.379

311C. 57

cv Root USE Growth ra

59.11029 3L4f30

TypsiSS ran r+ F V.l Pr > F

4 138454.05 38113.52 21,97 0.0001

3 4712.70 7D.!O 1.01 0.3903



APPENDIX C

DESCRIPTION AND ECOLOGY OF THE MEXICAN PINES

The descriptions and ecological data are based on Martinez,

(1948), Eguiluz, (1978) and Capo (1971).

Pinus hartweqii Lindi. grows at high altitudes approximately

2800 in above sea level in the mountains of Mexico, from northern

Chihuahua to southern chiapas. It is a tree of 15 to 30 meters in

height that grows in pure stands covering several tenths

square kilometers. In the lower limits of its range. it forms

mixed stands with other pines including pseudostrobus and

avacahuite. The mean annual temperature of the area where it is

0
found, is about 12 C. Rainfall varies from 800 to 1500 mm

depending on locations. The rain season is from May or June to

September. Naximum and minimum extreme temperatures are 38 and
0

20 C, respectively. Its wood is used for pulp and timber.

P.ayacahuite var. brachvptera grows in northern Mexico at

about 2700 in above sea level, where the average temperature is
0

13 C or less. Rainfall varies from 900 to 1100 mm. Extreme
0

temperatures are -15 and 40 C. It can grow up to 35 in height.

Its wood is used for pulp and saw timber.

P. montezumaè is a pine that grows up to in in heights its

range goes from northern Mexico to Guatemala. It forms pure and

mixed stands at altitudes of 1150 to 3150 in. The location where

the seeds for this experiment were collected has an average
0

temperature of 15 C and rainfall of 800 mm. Its wood is used for

152

pulp and saw timber. Produces abundant resin. Within its
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0
distribution the extreme temperatures go from -14 to 40 C. The hot

months are ?larch to flay and the coldest winter months are

January and February. when frost and snowfall can occur.


