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The selection of planting stock is a critical step in the reforesta-

tion planning process. In addition to selecting the proper seed source

and species for the planting site, consideration must be made for the

type of planting stock which will be used. The survival and growth

potential of various classes of seedlings is basic to the evaluation of

the specific properties of each type in relation to adaptation to local

site conditions. This study provides both specific and general

information for a range of seedling types.

Several stock types were evaluated in two separate investiga-

tions. Comparisons of first-year survival were made for nine

different stock types including wildlings on two differently-prepared

sites near Eddyville, Oregon. A five-year analysis of growth and

survival was conducted for transplant, seedling, and container-grown

Douglas-fir seedlings on many different sites on International Paper
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Company's Hinman Tree Farm between Gardiner and Lorane,

Oregon.

An interpretation of the observed survival and growth response

of seedlings on the Hinman plots was facilitated by characterizing

each plot according to potential incoming solar radiation and record-

ing seedling damage and estimates of vegetative competition around

each seedling.

Survival of the wildlings at the Eddyville site was considerably

less than the survival of the nursery stock and the overall survival

was less on the brushy èite than the burned site. In general, the

pattern of survival between the stock types was the same for both

sites.

An analysis of survival and growth for the seedlings on the

Hinman plots showed that both survival and growth are related to the

initial height of the seedling. Larger seedlings are vulnerable o

fewer adverse site factors and are, therefore, capable of better

survival. Seedling growth is a function of size, almost independent

of stock type. This relationship is consistent among vegetation

types with the effect of size being particularly crucial for seedlings

in heavy brush or areas of soil movement.

The greater survival and faster growth of large seedlings

makes them a better economic investment in the Oregon Coast Range



than plugs or 2-Os of the small size classes. Greater survival

decreases costs per surviving tree and risks of nonstocked areas;

increased growth means reduced expenses for pest control because

of a shorter exposure to adverse site factors. Any option that

reduces vulnerability to pests in combination with innately shorter

periods to maturity increases present net worth. Increasing the size

of Douglas-fir stock meets these criteria with a favorable ratio of

benefit to cost.
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THE EFFICACY OF VARIOUS CONIFEROUS STOCK TYPES
PLANTED ON BRUSHY SITES IN THE

OREGON COAST RANGE

INTRODUCTION

Pres criptions for reforestation must include recommendations

on the type of planting stock to use. Such recommendations are

based on the efficiency, in terms of survival and growth, of the

various stock types when exposed to test conditions similar to those

encountered in reforestation areas Stock selection has traditionally

been limited to Douglas-fir (Pseudotsuga menziesii[Mirb. I Franco)

seedlings and transplants in the Oregon Coast Range. It has been

broadened in recent years by the development of containergrown

seedlings and by species other than Douglas-fir. Development of

container-grown seedlings has been concentrated in the production

technology and the execution of systematic field testing has trailed

behind (Owston and Stein, l974). Consequently, there is a need for

comparing the survival and growth of container-grown and bare-root

stock on a variety of sites and to extend this to several species.

Furthermore, it is important to identify those factors inherent in the

seedling or present on the site which are responsible for the

observed performance of each stock type.



One approach to classify seedlings, in relation to site problems

has been to characterize nursery stock according to parameters

thought to have a bearing on survival and growth. The identification

and subsequent implementation of stock classifications in nurserys

ought to provide a useful and convenient technique for predicting the

performance of stock in the field. Unfortunately, the stock classes,

usually based on morphological features, have not been standardized

and may not be related to field performance (Walters and Kozak,

1965). Part of this confusion may be attributable to confounding

factors such as the poor relation between the morphological appear-

ance of the stock and its physiological condition, the site variables,

the technique of planting, and the care used in transporting the trees

from the nursery to the field. Therefore, critical evaluations of.

stock types and classes should include these factors or minimize

their effects.

The main objective of this this thesis was to determine the survival and

growth patterns of several stock types in typical Oregon Coast Range brush

habitats. A detailed analysis of survival and growth was conducted

for Douglas-fir container-grown, seedling, and transplant stock on

plots scattered through the Coast Range on International Paper

Company's }jinman tree farm between Gardiner and Lorane, Oregon.

Observations were also made on the first year survival of nine

different stock types, including wildlings, near Eddyville, Oregon.
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From these observations and analyses, the outcome of any given

choice can be predicted and the various consequences of selecting

them anticipated in seeking the best management alternative.

Although this study embodies two separate investigations, the

buLk of the observations and the subsequent analyses were based

mainly on the stock trial experiments Located, on the Hinman tree

farm. In essence, the observations on the Hinman tree farm pro-

vided a wider data base in terms of time and geographic area and the

Eddyville sites provided a wider data base for initial observations of

survival on many different stock types.

Differential patterns of survival and growth are explained by

the differences inherent in each stock type in association with

environmental factors of importance at the site. For the Hinmn

plots, it was possible to compare both survival and growth of stocc

types and qualify them with statistical interpretations of vegetative

competition, animal damage, the occurrence of soil movement near

each tree, the occurrence of debris on the tree, top dieback

(attributable to fros t, etc.) and chemical damage. In addition, each

site was characterized by means of slope and aspect measure-

ments so that these effects could be estimated.



LITERATURE REVIEW

Ecological Considerations

An ideal reforestation strategy is one which rnaxi.rnizes the

probability of seedling establishment at the lower possible cost and

provides for unrestricted growth. The cost factor can be readily

quantified and forecast, but the determination of success probabilities

is a much more difficult value to determine. A broad background of

experience and research data is needed to determine these values so

that efficient reforestation strategies may be formulated,

The variability in success which has often plagued many forest

management organizations is partly attributable to the simple solutions

which have been derived for complex problems. The regenerating

forest is affected by numerous constraints which c3n provide either

individual or concerted impediments to successful seedling establish-

ment. Vegetative competition, animal damage, insect damage,

disease, soil movement, falling debris, and high insolation are all

important considerations in determining reforestation strategies.

Newton (1964) has classified the main competitive relationships

between a seedling and associated vegetation into four categories:

1) consumption of soil moisture; 2) an influence on local temperatures;

3) the interception of light; and 4) the phenology and growth habit of

each plant in relation to future competitive status. In addition to

4
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these relationships, mineral competition and allelopathy may also be

important (DelMoral and Gates, 1971; Gliesmann and Muller, 1972).

In an herbaceous community, the primary constraint imposed

upon the seedling is the lack of available moisture (Newton, 1964a).

By removing soil moisture from the zone of planted-conifer roots,

the grasses and forbs in an herbaceous community predispose the

planted seedlings to a maximum amount of moisture stress during the

summer. Consequently, seedlings which exhibit drought hardiness

should be planted on sites where herbaceous vegetation dominates.

However, the selection of drought-hardy seedlings may yield seedlings

of lesser growth capabilities. Therefore, there may be incentive for

capitalizing on the positive effects of vegetation management.

Preest (1975), for example, found that first year devegetation did have

significant or highly significant positive effects on height and diameter

growth of seedlings in each of the subsequent four years. Further-

more, first year treatment with herbicides also has a normally highly

positive influence on seedling survival on droughty sites (Chetock,

1976).

The constraints imposed upon seedlings in a shrub community

are different from those in an herbaceous community, Seedlings

planted in a stable brush community must be capable of withstanding

shade, animal pressure, and litterfall, Even the beneficial effects of

nitrogen fixation are sometimes thwarted by the negative effects
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associated with the reduction of light to critical levels, concomitant

animal pressure, and competition for moisture (Zavitovski

1969). The dynamic nature of plant communities makes the evaluation

of vegetative competition a process which should also consider the

growth habit of the competing species. In a slow growing brush

type such as snowbrush (Ceanothus velutinus Doug.), Douglas-fir

has the potential to occupy the site if the snowbrush and Douglas-fir

are established simultaneously. However, if Douglas-fir is planted

three years after the establishment of snowbrush it will be sup-

pressed for about ten years (Zavitovskietal., 1969). On the other

hand, the concurrent establishment of local conifers with fast-growing

woody competitors, such as red aider, is detrimental since the fast-

growing competitors will :qiikly:dominate the site. and suppress the

conifers. Red alder, for example, may have a juvenile growth rate

exceeding that of local coniferous species by a factor of ten for the

first five years (Newton, 1964b),

Several investigators have mentioned the concomitant animal

pressure which may be associated with brush habitats (Ruth, 1956;

Allen, 1969; Crouch, 1969). An understanding of plant and animal

succession is often necessary to anticipate the types of animal

damage which may occur in plantations. The most serious problem

animals, in order of importance, are deer, elk, and rodents

(Dimock and Black, 1969). The extent of damage imposed by deer is
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mainly a function of deer density, butother environmental factors

such as weather conditions, elevation, and availability of forage

may change browsing pressure from year to year, or season to

season, despite fairly constant numbers of animals (Crouch, 1969).

Mountain beaver activity is usually associated with areas that have

deep soils, abundant bracken fern and sword fern, and a close

proximity to springs, streams, or other damp places (Scheffer,

1929). Therefore, appropriate measures should be taken to protect

seedlings located in such areas where mountain beaver activity is

evident. Rabbits may also impose serious threats to new plantations

established in salmonberry habitats (Allen, 1969).

Slash will also affect the numbers and types of animals which

could inflict damage to young seedlings Living and nonliving

residues remaining after timber harvest may actually improve

habitats for small mammals and birds likely to damage regenerating

forest crops (Dimock, 1974). However, Dimock (1974) reported

studies by Swanson (1970) and Walimo (1969) in which elk and deer

use was impeded by slash residues. An unpublished study by

Newton (personal communication) on the effects of various site

preparation techniques on forest regeneration seems to support the

same conclusion.

Additional constraints to reforestation, in addition to animals

and vegetative competition, include falling debris, soil ravelling, and



adverse micro climates, Even though static bending stress,

effectuated by soil ravelling and debris on the tree, may not actually

kill a seedling, it may have a significant effect on seedling height

growth (Riech, 1966). Seedling survival, on the other hand, may

vary between sites because of the differences in micro-climates

(e. g., north versus south slopes) Degree of slope, aspect and

plant cover are all important elements in determining the climato-

logical differences between varying sites. Tables for determining

the radiation loads for slopes between 30 and 400 latitude are pro-

vided by Frank and Lee (1966) and similar tables for latitudes between

zero to 600 are provided by Buffo, Fi'itschen, andMurphy (1972).

A correct choice of stock type may compensate to a degree for

incomplete site preparation or inadequate control of animalsand

other factors, Once a site has been characterized according to all

the possible constraints, stock must be classified according to its

ability to compensate for them, Specific advantages of different

classes and types of stock are therefore discussed in the next

s e ction,

Advanta es of Varying Classes and
Types of Stock

The establishment of planted seedlings is a process which may

or may not require substantial manipulation of the prospective



seedling environment0 Newton (1973) discusses the evaluation of the

planting site with respect to seedling establishment and describes the

many techniques which may be used to effect acceptable results.

Vegetation management is a valuable tool for creating conditions

satisfactory for the survival of seedlings. However, the use of

appropriate seedling types and species may be a useful strategy to

compensate for inadequacies possible in site preparation techniques.

Several methods may be used to protect seedlings on sites that

are prone to animal damage. The traditional approaches to control'-

],ing or avoiding animal-caused damage include the altering of

silvicultural practices, some form of animal exclusion, by either

mechanical or chemical means, and the reduction of animal popula-

tions (Black, 1974). However, the use of species resistant to

certain types of animal feeding and the use of larger seedlings may

also help reduce animal damage (Newton an Black, 1965; Hartweil,

1973; Radwan, . 1974),

The classification of nursery stock into grades has been and

still is an important technique for predicting the performance of

seedlings in the field. Grading procedures usually entail some form

of morphological evaluation that may include measurements of top

length, root collar diameter, root length or a ratio of these measures

(Walters and Kozak, 1965). Grading of nursery stock has often been

interpreted as a technique for evaluating quality of seedlings, but
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grading criteria are sometimes irrelevant to the problems needing

solution. Adequate definition of quality can occur only after it is

known where the seedlings are to be planted.

There is general agreement that large seedling stock grows

faster and exhibits better survival than smaller seedlings. Numerous

studies from all parts of the world have documented the growth

advantages attributable to the use of large seedling stock; the stock

may be classified on the basis of top length, root collar diameter,

and age class; growth appears generally related to height and

diameter. In the United States, pertinent studies in the Southeast

were conducted by Ostrum and Ferree (1942), Allen (1953), Curtis

(1955); Diller (1955), Shipman (1960), and Hunt and Gilmore (1967).

Similar types of investigations were also conducted by Clark and

Phares (1961) in Indiana and Missouri, by Fowells (1953) in the

West, and by Phares and White (1972) in the Upper Mississippi

Valley. Contributions from Australia include studies by Evans and

Duyker (1964) and Pawsey (1972), Finally, studies conducted in

Canada include those by Brace (1964), Smith and Walters (1965),

Smith and Kozak (1968), and Endean and Hocking (1973). In brushy

habitats, where competing brush may gain dominance, the use of

seedlings with large shoots may be particularly useful.

Even though the growth advantage of large seedlings has been

widely documented, there are very few studies that have investigated



11

these advantages under heavy brush conditions. A study by Illings-

worth (1966) showed that the differences in short term survival of

2-0, 2-1, and 1-2 stock types onfour sites subject to heavy salmon-

berry cover were generally non- existent except on one site where

the 2-0 stock exhibited significantly (p = 0.01) less survival than

either the 1-2s or the 2-is. Ruth (1956) and Madison (1959), how-

ever, mentioned in their respective studies that he use of larger

trees may have provided better results under conditions of brush

competition. In view of the energy-limiting nature of salmonberry,

short- term survival differences are not likely to be extreme, and

long-term survival is dependent on ability to grow or persist under

low light intensity,

In addition t the growth advantages attributable to larger

seedlings, several other advantages have been mentioned by several

investigators. Berntsen (1958), for example, attributed the

increased survival of 3-0 Douglas-fir seedlings, as compared to 2-0

Douglas-fir seedlings, to their ability to tolerate movement of

surface material. Furthermore, Curtis (1955) found that larger

classes of 2-1 red pine seedlings had fewer incidences of frost heav-

ing than smaller classes and Ostrum and Ferree (1942) found that

large stock of red pine, yellow poplar, and black cherry exhibited

particularly better results on poor planting sites and on sites wIere

frost damage occurred.
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Transplants offer several advantages over traditional seedling

stock that can be attributable to their greater size and their adapta-

bility on sites subject to limitations of soil moisture. Owston (1972)

found that the first year survival of 1-1 Douglas-fir transplants was

greater than either styro- plug container-grown seedlings or 2-0

seedlings on south slopes0 Roy (1953) showed that survival after two

years was greater for 1-1 Pinus ponderosa and Pinus jeffreri. than for

1-0 stock of the same species on a variety of sites; survival for both

stock types decreased with increasing amounts of ground cover on the

s i te.

The good performance of transplants has been described in

terms of their satisfactory top-root ratio. Hermann (1964) suggested

that Hseedlings with high ratios of top to root are undesirable for

planting, particularly on severe sites. Nevertheless, the appro-

priate top-root ratio for seedling survival may vary with factors

such as species, physiological condition of stock, site, and climate

(Hermann, 1964).

Transplant stock may not be the only alternative to attaining

favorable top-root ratios characteristic of good seedlings. Nursery

treatments such as wrenching and growing seedlings at wider spacing

may produce similar attributes in non-transplanted seedlings.

Stoeckeler (1950), for example, found that 3-0 seedlings of Pinus

strobus grown at a nursery bed density of 25 per square foot provide



13

planting stock comparable to 2-1 transplants at a lower cost, Never-

theless, a decision to produce transplants or conventional seedlings

may be influenced by the availability of labor and/or land.

Another stock option now available to foresters is the container-

grown seedling. The use of container-grown seedlings for reforesta-

tion in Oregon and Washington increased from0.5 million in 1971 to

20 million in 1974 (Gutzwiler and Winjum, 1974). The enthusiasm

for and rapid expansion of, container reforestation systems is

generally attributed to the following hoped-for advantages: 1) pro-

duction can be expanded rapidly with less capital investment in land

and equipment than is needed for bare- root nurseries; 2) less lead-

time is necessary between reforestation planning and planting; 3) roots

are less exposed and therefore less sensitive to planting weather;

4) seedlings can be planted with less labor; and 5) seedlings can be

planted during longer seasons than are adaptable for bare-root stock

(Ows ton and Stein, 1974). However, the ultimate judgment of con-

tainer reforestation systems still needs to be validated on the basis

of field performance.

In Oregon and Washington, preliminary field comparisons

have shown that container-grown seedlings are generally inferior to

bare-root seedlings in terms of survival (Gutzwiler and Winjum,

1974). Several investigators in Canadahave shown that container-

grown seedlings are definitely inferior to bare-root stock on sites
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where vegetative competition is severe (Arnott, 1974; Scarratt,

1974), Scarratt (1974) attributed the variable performance of tubed

seedlings in Ontario to the small size of the seedling, planting too

late in the season, poor choice of micros ite, and off-site planting.

He mentioned that the competitive effect of woody vegetation would

exclude the use of container-grown seedlings from many of the more

fertile upland sites. Hite (1974) also suggested that bare-root stock

may be a viable alternative to container-grown seedlings on sites in

the Rocky Mountains because of the variable performances of the

container- grown stock.

Des pite the negative reports, there are two important advan-

tages characteristic solely of container-grown stock: 1) the produc-

tion of species unsuccessful in bare-root form, and 2) the extension

of the planting season. Arnott (1974), for example, found that the

survival of hemlock container-grown stock was superior to the bare-

root form and Scarratt (1974) concluded that the utility of container-

grown stock may be realized mainly as a summer supplement to the

use of conventional nursery stock in areas of summer rains.

Regardless of the stock type used in reforestation, it is essen-

tial that two requirements are met to insure good survival: 1) the

species and seed source must be adapted to the site, and 2) the

seedling must be placed in a proper physiological condition for out-

planting (Tinus, 1974). By proper manipulation of nursery watering



schedules for bare- root seedlings or by manipulating watering

regimes, light intensity, photoperiod and temperatures for green-

house container-grown seedlings, the seedling may be conditioned

for the time of year it is to be outplanted (Lavender and Cleary,

1974). Even though large seedlings are preferred and techniques

for optimum growth have been evaluated (Larson, 1974), a failure

to abide by the physiological requirements of the seedling will

court disaster, regardless of size.

15



PROCED URES

Investigational Approach

Reforestation success can be measured only in terms of seed-

ling survival and the subsequent growth characteristics of surviving

seedlings. The multitude of stock choices and site preparation

ccmbincations available for reforestation strategies creates a

plethora of outcomes. Consequently, the efficiency of various, stock

tp'es must be'eva1uated in concert with a host of ecological factors at

the 'site.

In this study the survival of various stock types is readily

ewaluated by implementing two separate experimental designs. Plots

with container-grown, seedling and transplant stock of Douglas-fir

were designed in randomized blocks on International Paper

Company's Hinman tree farm between ardiner and Lorane, Oregon.1

The Hinman Tree Farm plots, established every year since 1970,

provide an excellent data ba.se, through time, on a wide array of

Oregon Coast Range sites. However, the experimental design only

provided forone species and a restricted number of stock types.

Plot clusters of nine different stock types established on two

16

'Subsequent reference to this part of the study will be made by
referring to the "Hinman Tree Farm."



differently siteprepared areas near Eddyville, Oregon, were

therefore utilized to facilitate first year survival comparisons on

many more stock types.2

Ecological factors at the Hinman plots were assessed by:

1) recording the aspect and slope of the plots, and 2) recording

etimates of vegetative competition, observations of animal damage,

soil ravelling, chemical damage and debris around each seedling.

Only observations of animal damage were recorded for each seedling

on the Eddyville plots.

In addition to comparing the growth response between stock

types, the nature of seedling growth was investigated by means of

covariance analysis. The effect of competition from various degrees

and types of vegetation was made possible by examining the growti

response of those seedlings associated with various vegetation

groups and using an estimate of vegetative competi,tion as a covriable.

The importance of initial seedling height was also evaluated by

including initial seedling height as a covariable in each of the

covariance analyses. The effect of initial seedling height and

vegetative competition was made clearer by excluding damaged

trees from the analysis. From these analyses, the relative Lnpor-

tance of stock type can be assessed in light of the importance of

initial seedling height and vegetative competition.

2Subsequent reference to this part of the study will be made by
referring to the "Eddyville site.

17



Study Sites

Eddyville

The observations from the Eddyville study sites are part of a

continuing project to evaluate the efficiency of "brown and burn" site

preparation on an alder-dominated brush field in the Oregon Coast

Range (Roberts, 1975), Roberts described the climate and soils of

the Eddyville site as foUow

Average annual precipitation for the site is probably between
180 and 250 cm (71 to 89 inches), nearly all in the form of
rainfall; most precipitation occurs from October to May.
Winter overcasts and summer fogs are frequent. January
temperatures average about 4.4°G (40°F); July temperatures,

0 0about 16.7 C (62 F). The frost-free pertod usually lasts
from mid-May to mid-October (p. 19).

The site is underlain primarily by sandstones of the Eocene
Tyee formation, but a basalt intrusion occurs near the south
end of the project area. Soils belong to the Bohanon-
Slickrock and Klickitat associations. Topography is steep,
and the site is dissected by numerous intermittent streams.
The project area is considered to be at least high Site II
for Douglas-fir (p. 22),

The study plots at Eddyville were established on two areas to

represent conditions with and without the brown and burn treatment.

The pre- treatment vegetation and other factors are assumed to be

similar between these two areas. Prior to treatment, both areas

were primarily occupied by a dense stand of red alder, approximately

20 years old. The unders tory brush species included predominantly

vine maple, with frequent distribution of huckleberry, salmonberry,

18
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and ocean spray, The post-treatment vegetation of importance to

conifer dominance on the treated site included mostly clumps of vine

maple with the occasional occurrence of other shrubs and hardwoods.

A detailed description of the pre- treatment and post-treatment vegeta-

tion is presented by Roberts (1975).

Site preparation on the treated site consisted of a combination

of aerial spraying and burning. The hardwood stand was felled and

most large shrubs were cut in the spring of 1974. The heavy brush

areas were then aerially sprayed witlt2, 4,5-T at the rate of 2.2 kilo-'

grams per hectare, active ingredient (two pounds per acre), and the

total area was subsequently sprayed with dinoseb desiccant at the

rate of 5. 5 kilograms per hectare (five pounds per acre). 'inal1y,

the area was burned in August, 1974 by the instant ignition system

using primacord and cans of jelled gasoline.

The untreated site received no site preparation other than

herbicidal injection of one bigleaf maple and two red alder on the

perimeter of the plots, felling of the occasional red alder and

Douglas-fir trees, and the cutting of large brush clumps consisting

mainly of vine maple. This site essentially represents conditions as

they would have been had logging been conducted there. By establish-

ing plots on both sites, comparisons could be made now and in the

future between the two areas with respect to the different stock types

used.



Hinman Tree Farm

Based on a 1967 classification system, Franklin and Dyrness

(1973) described two widespread soil groups as being characteristic

of the TTCoast Range Provinceti: Haplumbrepts (Western Brown

Forest soils) and Haplohumu].ts (Reddish Brown Lateritic soi1s) The

parent material may consist of the very extensive deposits of sand-

stone, or deposits of siltstone, shale, and basalt. A detailed soil

survey has not been conducted for this area, bit a general description

of the soil types is provided by Franklin and Dyrness (1973, p. 12-13).

This area is characterized by a wet, mild, maritime climate

with an annual precipitation of 160 cm (63 inches) to 180 cm (71

inches); about 90% of the total annual precipitation occurs during the

winter months (Franklin and Dyrness, 1973). The January mean

minimum temperatures range from 2.5°C (36. 5°F) to 0°C (32°F) and

the July mean maximum temperatures range from 20°C (68°F) to

27°C (80.6°F) (Franklin and Dyrness, 1973).

The vegetation of the study area is classified into the Picea

sitchensis and Tsuga heterophylla Zones (Franklin and Dyrness,

1973). Common tree species of the Picea sitçhensis Zone include

Picea sitchensis, Tsuga heterophylla, Thuja plicata and Pseudotsuga

menziesii. Recently disturbed sites in this zone may have an

abundance of Alnus rubra. The major tree species of the Tsug

20
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heterophylla Zone include P;idotsuga menziesii, Tstiga heterophylla

and Thuj.a plicata. Hardwoods may also occur on recently disturbed

sites of the Tsuga heterophylla Zone but Alnus rubra, Acer macro-

phyllum, and Castanopsis chrysophylla may appear as widespread

subordinates. Climatic variation is greater witFin the Tsuga hetero-

phylla Zone because of its greater distance from the ocean, the eleva-

tional extremes, and its location in relation to mountain mass ifs.

Many of the experimental plots were established in the Oxbow

burn. Starting in August of 1966, the Oxbow fire burned more than

40, 000 acres of forest land (Figure 1). The fire prompted intense

salvage operations and immense reforestation efforts from several

organizations. Effects of the fire on rodents and wildlife were

studied in detail in relation to seedling success, and by 1971, the

initial reforestation efforts were completed, largely by aerial

seeding.but some by planting. All of the plots established in 1971

and six of the plots established in 1970 are located in the burn, and

reflect conditions five and four years after fire, respectively.

Experimenta1 Design

Eddyville

Forty plot clusters consisting of nine types of seedlings were

located on each of the two sites described earlier. Plots on the
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Figure 1. Eddyville study site and Hinman Tree Farm in the central
Oregon Coast Range. Shaded area on the Hinman Tree
Farmis the Oxbow Burn.
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1treated1t site were located on a representative ridge with respect to

vegetation and topographical features. Exact plot locations on the

ridge were a 50% sample of the plots described y Roberts (1975),

in which parallel plot lines were laid out on a due south bearing 20 m

(65.6 ft) apart, with plots on the line 20 m apart. Since 80 plots

were established in this manner as part of Robert& vegetation study,

only every other parallel line and supplementary plots in other lines

were utilized to yield 40 plot clusters. The 40 plot clusters on the

untreated site were located at random in a manner which allowed

sufficient space for the nine seedlings to be planted in a circle around

the plot center.

Arrangement of the seedlings in the plot cluster at both sites

was the same. In orde.r of occurrence, from north going clockwise,

the stock types planted in the plot clusters included 2-1 Douglas-fir

transplants, separated into a large and small class based on ocular

estimates, three groups of hemlock wildlings, arranged.into three

groups according to height, one large Douglas-fir wildling, one Sitka

spruce plug, one Douglas-fir 2-1 and one hemlock plug. The hemlock

wildlings were separated into 30 cm, 60 cm, and 90 cm classes with

a 5 cm maximum tolerance allowed for trees within each class.

Nursery seedlings within alternate clusters on the untreated

site were protected from animal damage by installing ItVexartt tubes

around each seedling (Figure 2). The effectiveness of the tubes in



Figure 2. Seedling with a "Vexar" tube. The tubes are used
protect seedlings from animal damage.
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preventing animal damage could then be evaluated and it could be

determined what effect if any the tubes may have on future growth.

The effect of the tubes on the first year survival of the seedlings was

not inves tigated since observations in subsequent years would yield

more conclusive results. No provisions for animal protection were

made on the treated site, but the area was baited with poison apples

(strychnine) prior to planting to control the mountain beaver popula-

tion; the brown and burn site preparation had already reduced popula-

tions considerably (Roberts, 1975). Figure 3 describes the treat-

ments both between and within clusters at the Eddyville site.

The only observations recorded at the Eddyville site included

measurements of the initial and first year heights, observations of

the foliage color of wildlings the first spring after outplanting, and the

occurrence of animal damage. In addition to this, however, a

detailed account of the planting activity was kept so that any unusual

patterns of survival (especially of the wUdlings) may be traced back

to the stock source, date of lifting, date of planting, or weather at

the time of planting (see Appendix I).

Hinman Tree Farm

A randomized block design was used for this part of the study.

The plots were established by personnel of the International Paper

Company during the 1970-71 and 197 1-72 planting seasons. Each plot



Hierarchical label A Treatments between Clusters

All clusters
80 clusters

Type of Site
Preparation

Untreated but logged
site (simulated log-
ging by cutting down
alder, Douglas..fir
trees, and large brush)

Provisions for
Animal Protection

40
clusters

2-1 2-1 hemlock hemlock hemlock Douglas-fir spruce Douglas-.fir hemlock
Douglas-fir Douglas-fir wildling wildling wildling wildling plug 2-0 plug
small large 2535 55-65 85-95 90 cm

cm cm cm

Figure 3. Eddyville site experimental design.
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Treated site (brown and burn
clusters rehab area; no animal pro

tection other than treating
the site with poison apples to
control mountain beaver
damage)

Protected from 20 clusters 20 chisters no animal
animals by protection
'Vexar" tubes

B.. Treatments Mthin Clusters
(From left to right, trees are in order of occurrence on plots

from north going clockwise.)

9 Seedlings / cluster
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was situated on a different type of site with respect to aspect and slope

and each plot consists of rows of 25 trees with each row representing

a different type of stock,, The stock types planted during 1970-71

include i-0 plugs, 1-0 bullets, 2-0 seedlings, and 1-2 transplants

of Douglas-fir. Stock types planted during the 197 1-72 planting

season include 1-1 and 2-1 transplants, 1-0 bullets, 1-0 plugs, and

2-0 seedlings of Douglas-fir. Twenty-eight plots were established

during the 1970-71 planting season and 23 plots were established

during the 1971-72 planting season, However, not all the stock types

planted during the 1971-72 season were represented in the 23 plots;

18 of the plots included only 1-0 bullets, 1-0 plugs and 2-0 seedlings

and the remaining plots included all the stock types.

Measurements of tree height, and observations of animal

damage were recorded each year for every tree through the 1974

growth year by International Paper Company personnel, and in 1975

by the author. Supplementary observations including estimates of

vegetative competition, the presence of soil ravelling around the

tree, the presence of debris on the tree, the occurrence of top die-

back and the presence of chemical damage were made only during the

summer of 1975. In addition, each site was characterized by means

of aspect and slope measurements.

Vegetative competition is a very difficult parameter to quantify,

especially after a prolonged interval without any observations.
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General approaches to this problem include evaluations of the rate

of weed invasion (Allen, 1969), the density of competing vegetation,

the height of their crowns, and the characteristics of individual

specie groups. Since vegetation may exert differential competitive

influences on tree seedlings from several layers, the quantification

of competition for this study was partitioned into an estimate of the

over topping influence, an encroaching but non-overtopping influence,

and a ground cover influence.

The overtopping influence was estimated by visualizing the

percent occupancy of vegetation in an imaginary cone projected at

600 around its axis above each seedling, with the apex of the cone at

the bottomof the 1975 internode (Figure 4). A simUar technique was

described by Smith (1962, p. 173) for determining how the intensity of

cleaning might be regulated in freeing a stand of conifers from over-

topping hardwoods.

An estimate of the amount of encroachment was derived by

determining what proportion of the area surrounding the seedling

was occupied by non-overtopping woody vegetation. Only the vegeta-

tion near the drip line of the seedling was counted when determining

the "percent encroachment" (Figure 5).

The amount of ground cover around each tree was classified into

four categories with a heavy amount of ground cover being classified

into category four and a light amount into category one. However, for
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Figure 4. Use of an imaginary cone in determining the percentage
overtopping around seedlings. The percent of the total
area in the cone which is occluded by the crosshatched
region isthe percentage ovrtO'ping.
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purposes of the statistical analyses, the ground cover estimates were

analyzed on a percent basis (i. e., a class of four was the same as

100%, three was 75%, two was 50%., and one was 25%) (Figure 6).

A record of the species of competing woody vegetation was also

kept to facilitate the evaluation of differences in survival and growth

which may be attributable to the association of the seedlings with

certain species groups. A list of species encountered on the plots is

contained in Appendix II. The only herbaceous species recorded were

bracken fern (Pteridium aquilinum IL.] Kuhn) and sword fern

(Polystichum munitum).

Additional Interpretive Procedures

Statistical analyses were not performed on the EddyviU.e data.

Nevertheless, histograms of the percent survival after one growing

season were constructed for each stock type and the salient survival

patterns between stock types and between the two sites are discussed

in the Results section.

Both survival and height growth potential. were investigated

in detail on the Hinman plots. Differences in survival between the

four stock types planted in 1970 and the three stock types planted in

1971 were examined with a two-factor analysis of variance; the

treatment sum of squares was partitioned into individual degree of

freedom contrasts. However, since six of the randomized blocks
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established in 1971 had five stock types represented, a separate

analysis was conducted on these six plots to determine the effective-

ness of the two stock types not included in the other 17 plots.

In addition to conducting tests of contrasts between the various

stock types, an estimation of the contrast between the bare-root and

container-grown stock planted in both 1970 and 1971 was also con-

ducted according to a technique described by Neter and Wasserman

(1974, p. 469). Furthermore, all the possible pairwise confidence

intervals were constructed for those stock types planted in 1970 by

using the Tukey method of multiple comparisons (Neter and Wasser-

man, 1974, p. 473).

Regress ion analysis and analysis of covariance were imple-

mented to investigate the effectsof several variables on the height

growth of the seedlings. For.this purpose lie seedlings were divided

into five groups, based on the type of vegetative competition around

the tree, before implementation of the regression analysis.

Trees in group one were associated with vegetation that had a

high dominance potential (ability to dominate the site at some time in

the future) and exerted an overtoppinginfluence. The associated

vegetation in this group included Acer macrophyllum, Cornus nut-

talli, Cornus occidentalis, and Alnus rubra. Trees in group two were

associated with vegetation that had an important overtopping effect on

the tree but whose dominance potential is limited by maximum
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potential height. Rubus parviflorus and Pteridium aquilinum were

included in this group. Trees in group three were associated with

woody vegetation that had a limited overtopping influence and a low

dominance potentiaL Many of the woody shrubs encountered on the

plots were included in this group and the specific species are

detailed in Appendix III where all of the vegetation encountered in the

study is delineated by classes, Trees in group four were associated

with the same types of species as in group three but the vegetation

exerted an encroaching rather than an overtopping influence. Trees

in group five were associated with just the ground cover species.

Pteridium aquilinum was included in this class if it did not exert an

overtopping influence, Therefore, the trees in this group experienced

competition from only low-lying herbaceous vegetation. Finally, the

trees in the last group did not have competitive vegetation associated

with them, In this group, the area surrounding the tree was

essentially bare.

After the surviving trees had been sorted into the various

"vegetation groups, " both the five year and two year height growth of

living trees was regressed on initial seedling height at the time of

planting, the estimate of vegetative competition, the number of years

animal damage occurred, the occurrence of debris on the tree, the

yearly solar radiation value for the particular slope and aspect at

each plot, and interaction factors between these variables,
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Equations were developed for each vegetation class. However,

the regression equations did not explain a majority of the variation in

growth between the trees so an analysis of covariance technique was

used to effect growth comparisons between the different stock types

independent of height effect. An analysis of covariance was con-

ducted separately for each of the "vegetation groups" described

earlier. In each analysis the five year growth of the seedlings was

investigated as a function of stock type with the initial height of the

seedling at the time of planting and the competition estimates used

as covariables. Only those trees without visible damage from

animals, chemicals, or top dieback were included in the analysis,

Covariance analysis helped to elucidate the nature of growth

differences between the stock types in the various vegetation groups.

Growth is directly related to initial seedling height and inversely

related to the degree of vegetative competition. Consequently, more

accurate comparisons could be made between the various stock types

by accounting for these factors. Furthermore, the relative con-

tribution of each factor in reducing the variance in growth cotild be

as sessed.

The "multiple classification analysis" table, which is presented

with each analysis of variance table in the Results section, provides

a convenient method for comparing stock types before and after the

seedling height and vegetative competition variables are considered.
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The numbers in the first column display the deviation of growth from

the grand mean (mean growth for all observations) for each stock

type before the seedling height and degree of vegetative competition

variables are accounted for, The numbers in the second column,

labeled adjusted for independents plus covariates, display the devia-

tion of growth from the grand mean after adjustment for initial

seedling height and the degree of vegetative competition. In other

words, the results displayed in the last column facilitate compari-

Sons of stock type at a common level of initial seedling height and

degree of vegetative competition. By comparing the differences in

mean growth between the stock types in column one and three it is

easy to ascertain the extent to which initial seedling height and degree

of vegetative competition influence growth, a decreased variation in

mean growth in column two indicates that initial seedling height and

degree of vegetative competition explain some of the variation in

growth.

A different strategy wa used for the growth analysis of those

trees established in 1971. Because of the unbalanced number of

surviving trees between stock types and inadequate sample size in

each vegetation class an analysis of covariance was conducted for all

surviving trees irregardless of the vegetative group the trees were

associated with. As in the previous analyses, however, only

undamaged trees were included in the analysis. Furthermore, only
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initial seedling size was used as a covariable, and both stock type

and planting site were used as main factors. Consequently, the

growth data for trees established in 1971 was treated like a random-

ized block to effect comparisons between the stock types without

gaining information about the effect of site or vegetation.

The frequency of at least one year of terminal shoot damage by

animals on each stock type was examined to determine if browsing

frequency was proportionately greater for certain stock types. A

chi-square test was used to examine this relationship for the trees

established both in 1970 and 1971. The actual frequency ratings and

the chi- square calculations are shown in Appendix III.



RESULTS

Eddyville

Differences in Survival

Survival figures for the Eddyville ?!treatedll site were based on

37 rather than 40 trees per stock type because a fire destroyed

three of the plot clusters. The survival data for the brushy site were

based on the original 40 plot clusters

Other than the few differences discussed below, the general

pattern of survival for each stock type was the same between sites;

the nursery stock had a much greater survival than the wildlings

(Figures 7 and 8). Of the hemlock wildlings, the small hemlock

wildlings exhibited the greatest survival on both sites, followed by

the medium and large hemlocks, respectively. Apparently, the

greater difficulty in planting and he shock of lifting the larger hem-

lock wildlings were crucial to their survival potential. The average

survival for the hemlock wildlings on both sites was 38%. Survival of

the Douglas-fir wildlings was much greater than the hemlock wild-

lings and averaged 71% on both sites.

The survival of the nursery stock was much greater than the

wildlings. However, the hemlock and spruce plugs exhibited poorer

survival than the bare-root seedlings.

38
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Figure 7, Survival for the Eddyville stock types after one growing
season on the treated site, in percent.
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The survival of the wildlings on the brushy site was less than

the wildlings on the treated site except for the 90 cm Douglas-fir.

Survival for the Douglas-fir wildlings was 85% on the brushy site

and 57% on the treated site.

The spruce plugs were the only nursery-grown seedlings that

exhibited a major difference in survival between the two sites.

Survival for the spruce plugs was 92.5% on the brushy site and 70% on

the treated site.

Effect of ItVexartl Tubes and
Observations on nimal Damage

As mentioned earlier, half of the nursery-grown seedlings on

the brushy site were protected from animal damage by the use of

ItVexar? tubes. In this study, 23% of the 93 "Vexar" tubes installed

at the brushy site on surviving seedlings were ineffective by the

beginning of the second growing season in the field because of

broken laths and the growth of terminal shoots from the side of bent

tubes. Since only 11%. of the 91 unprotected surviving nursery seed-

lings were damaged by animals before the end of the second growing

season in the field, the tubes may have caused more harm than if

the trees were left uncaged. However, the use of "Vexar" tubes on

the hemlock and spruce plugs may have protected them from the

smothering effects o debris,
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Additional observations in the early summer of 1976 were

made to assess the impact of animals at both sites. The newly

sprouting vegetation at the treated site provided attractive forage for

deer; most of the browsing damage was concentrated on a relatively

bare area on a ridge within the study area. Most of the animal

damage occurred on the 2-1 transplants and 2-0 seedlings. Table 1

shows the percentage of surviving trees damaged within each stock

class on both of the Eddyville sites.

Most of the animal damage on the brushy site occurred on the

large Douglas-fir wildlings. Rodents, presumably mountain beaver,

provided the most serious damage to the unprotected trees. ttvexarll

tubes would not have been useful in protecting the Douglas-fir wild-

lings since the trees were too large to accommodate a "Vexar tube;

the average root collar diameter was 1. 57 cm (.62 in.). Fur ther-

more, the mountain beaver clipped some of the large Douglas-fir

wildlings in half.

Hinman Tree Farm

Differences in Survival

The analysis of variance revealed that at least one of the stock

types, planted both in 1970 and 1971, was significantly different

(p = .001) in survival than the other stock types. Thearlyisofvarianc



Table 1. Surviving trees with anima1 damage on both Eddyville sites by stock type, in percent.

Type
damage 2- 1 Douglas - Hemlock Douglas -fir

fir wildlings wildling

apercents based on the unprotected seedlings only.

Stock type

Spruce 2-0 Hemlock
plug seedling plug

Treated site
Big game 10/73 13.7 0 1/21 = 5 0 7/36=19 0

Rodent 0 1/55 2 0 1/36=3 1/32=3

Brushy site

Big game 2/38 5a
0 6134 = 18 0a 5/20 25a 0a

Rodent 0a 1/32 = 3 6/34 = 18 2/17 12a 1/20 5a
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for the six plots with five stock types established in 1971 also showed

that at least one of the stock types was significantly different (p =

.00 1) in survival than the others. Subseqtent analyses were there-

fore conducted by partitioning the treatment sum of squares into

individual degree of freedom contrasts (Cochran and Cox, 1957, p. 62-65),

The analysis of variance and tests of contrasts are shown: in Tables

2, 3 and 4.

For the plots established in 1970, there was a highly significant

difference (p = .01) in survival between the container-grown stock

(1-0 plugs and 1-0 bullets) and the bare-root stock (2-0 seedlings and

1-2 transplants), as well as a. highly significant difference (p .01) in

survival between the 2-0 seedlings and 1-2 transplants. The con-

trast between the 1-0 plugs and 1-0 bullets, however, was only

significant at p = .05.

An estimation of the contrast between the bare-root and

container-grown stock revealed that the container-grown stock had

between 18.5 and 27% less s.urviva1 than the bare - root stock

at a 95%. confidence level. All the possible pairwise confidence

intervals (at p = .99) were constructed as follows:

-1.6 1-0 plug - 1-0 bullet 14.3

8.6 2-0 seedling - 1-0 bullet 24.5

-28.7 1-0 bullet - 1-2 transplant -12.8

-10.2 1-0 plug - 2-0 seedling -2.2



(2-0 - 1-2)

Table 2. The analysis of variance and individual degree of freedom contrasts for those stock types
planted in 1970. The dependent variable is survival and the two factors are stock type
and plot (112 cases were processed).

Source of variation Sum of Meandf Fsquares square
Significance

of F

Main effects 79987. 357 30 2666.245 20.540 .001
Plot 60026.679 27 2223.210 17. 127 .001
Stock 19960.679 3 6653.560 51.258 .001

Residual 10514.321 81 129.806

Total 90501.679 111 815.330

Individual degree of freedom contrasts

Plots 60026.679 27

Treatments
(stock type)

19960.679 3

Contrast 1
(bullet + plug -

14491 1 111.6 .001

2-0 + 1-2)
Contrast2
(bullet - plug)

566 1 4.36 .050

Contrast 3 4903 1 37.80 .001



Table 3. The analysis of variance and individual degree of freedom contrasts for three of the
stock types planted in 1971. The dependent variable is survival and the two factors
are stock type and plot (69 cases were processed).

Source of variation Sum of Mean
df Fsquares square

Significance
of F

Main effects 42708.870 24 1779.536 9.121 .001
Stock 17559.652 2 8779.826 45.002 .001
Plot 25149.217 22 1143.146 5.859 .001

Residual 8584.348 44 195.099

Total 51293.217 68 754.312

Individual degree of freedom contrasts

Plots 25149.217 22

Treatments
(stock type)

17559.652 2

Contrast 1
(plug + bullet - 2-0)

16044.52 1 82.23 .001

Contrast 2
(plug - bullet

1515.13 7.76 .010



(2-1) - (1-1)

Table 4. The analysis of variance and individual degree of freedom contrasts for all the stock
types planted on six plots in 1971. The independent variable is survival and the two
factors are stock type and plot (30 cases were processed).

Source of variation Sum of Mean
df Fs uares square

Significance
of F

Main effects 12528.533 9 1392,059 8.043 .001
Stock 9965,867 4 2491,467 14.396 .001
Plot 2562,667 5 512.533 2,961 .037

Residual 3461.333 20 173.067

Total 15989,867 29 551.375

Individual degree of freedom contrasts

Plots 2562,667 5

Treatments
(stock type)

9965.867 4

Contrast 1
(plugs + bullets) -

1054.57 1 6.09 .050

(1-1) + 2-0) + (2-1)

ContrastZ 1067.11 1 6,17 .050
(2-0) - (- 1) + (2-1)
Contrast3 6721.33 1 38.83 .001
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-36,9 1-0 plug - 1-2 transplant -20.9

-26.7 2-0 seedling - 1-2 transplant -10.7

Of particular interest are the last three comparisons which show:

1) the 2-0 seedlings have between 2.2 and 10,2% better survival than

the 1-0 plugs; 2) the 1-2 transplants have between 20.9 and 36.9%

better survival than the 1-0 plugs; nd 3) the 1-2 transplants have

between 10,7 and 26,7% better survival than the 2-0 seedlings.

For the plots established in 1971 there was a highly significant

difference in survival between the container-grown stock and the

2-0 seedlings. The difference in survival between the 1-0 plugs

and 1-0 bullets was also highly significant. The treatment sum of

squares was also partitioned into individual degree of freedom

contrasts for the six plots that contained 1-1 and 1-2 transplants in

addition to the other three stock types, Only the following three

contrasts were tested: 1) the difference in survival between the

container-grown stock and all the bare-root stock; 2) the difference

in survival between the 2-0 seedlings and the 1-1 and 2-1 transplants;

and 3) the difference in survival between the 2-1 and 1-1 transplants.

Both the first and second contrast were significant at p = .05 and the

third contrast was highly significant at p = .01. Survival of the 1-1

transplants was low enough to create a lower difference in survival

between contrasts one and two,
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An estimation of the contrast between container-grown and 2-0

seedlings was also conducted for the plots established in 1971. At a

confidence limit of .95 it was found that the 1-0 bullets and 1-0

plugs had between 26.5 and 38% less survival than the 2-0 seedlings.

Multiple comparison confidence intervals were not constructed for

the stock types planted in 1971 because the contrast between the

container-grown stock and the 2-0 seedlings was the most important

and too few observations on survival (six) for the 2-1 and 1-1

transplants were available for meaningful comparison.

To examine the possibility of interaction between stock type and

plot on survival, a histogram was constructed to show the mean

percent survival of each stock type planted in a particular planting

unit. Each planting unit had six plots unless one of the plots was

abandoned because of a landslide or other mishap. Even though the

plots within a planting unit were arranged on differing aspects and

slopes they were homogeneous with respect to seedling source,

planters, and time of year they were planted. From Figure 9, it can

be seen that the general pattern of survival, for the plots established

in 1970, between planting anits was the same for all units but one.

On this unit the overall survival was poor and the 1-0 plugs had a

slightly better survival than the 2-0 seedlings. Figure 10 shows the

survival pattern for the stock types planted in 197L The general
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pa.ttern of survival of the stock types between the various units was

also similar for these units.

To examine the interaction between plot and stock type still

further, all the 1970 plots were grouped according to the potential

amount of yearly incoming solar radiation. The amount of incornLng

solar radiati,on is a function of latitude, aspect, and slope and was

derived from tables by Buffo, Fritschen and Murphy (1972). Fourgrqups of

plots were formed according to the amount of potential yearly incom-

ing solar radiation they received and histograms wereconstructed

which showed the mean percent survival for each stock type within

the solar radiation groups. From Figure 11 it can be seen that the

general pattern of survival for all four stock types was similar

between the four.groups. Furthermore, there does not appear to be

a substantial difference in the average survival for each group.

Analysis: of Growth

As already mentioned earlier, an analysis of growth patterns

between the stock types established in 1970 was conducted for each of

six groups of surviving trees in which the groups were delineated

according to the type and severi:ty of vegetative competition. An

analysis of covariance was conducted for only those trees in each

group which did not sustain chemical damage, top dieback (attribut-

able to frost or other factors), or animal damage. In all the
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Site A Site B Site C Site D

1-0 bullet 2-0 seedling
jflj 1-0 plug 1-2 transplant

Site Potential annual radiation Sample
(cal cm2 yr1) size

A 218, 951 - 234 433 100
B 179, 504 - 203, 755 425
C 155, 406 - 159, 942 100
D 87,536- 123,571 75

Figure 11. Survival of stock types planted in 1970 on various sites
delineated by potential annual solar radiation,
in percent.
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analyses, the differences in growth between stock types were

investigated with the effect of initial seedling size and vegetative

competition included as covariables.

For the trees associated with vegetation group one, it can be

seen, by means of Table 5A, that the initial seedling size and esti-

mate of vegetative competition were important factors in explaining

the variation in five-year growth. The insignificnt F value for the

stock types indicates that the adjis ted five-year growth between

stock types is not significantly different in this vegetation group.

The importance of initial seedling size and vegetative competition as

factors affecting growth are further documented by comparing the

mean growth for each stock type before and after adjustment for the

two covariables (Table 5B) The deviation from the grand mean is

reduced in all cases but for the 2-0 stock type. Table 5B also dis-

2plays the coefficient of multiple determination (r ), which for this

analysis was .555; almost 56% of the variation in growth could be

explained by s tock type, vegetative competition, and initial seedling

size. From survival data, it is also apparent that plot effect would

likely have explained additional variation, but to no useful purpose.

For the trees associated with vegetation group two, stock type

was also insignificant after adjustment for vegetative competition and

initial seedling size (Table 6A). As in group one, vegetative

competition and initial seedling size were very instrumental in



Table 5A, The analysis of covariance for those seedlings in vegetation group one (88 cases were
processed), Growth is the dependent variable, stock type is the factor, and initial
seedling height and degree of vegetative competition are the covariables.

Covariable Beta
Initial seedling height 1. 930
Degree of vegetative

competition -22. 397

Source of variation Sum of
squares df Mean

square F
Significance

of F

Covariables 22586.543 2 11293.272 48.489 .001
Initial seedling height 16767. 980 1 16767. 980 71, 995 .001
Degree of vegetative

competition 6158.831 1 6158.831 26.444 .001

Main effects 1228. 370 3 409. 457 1,758 . 160
Stock 1228.370 3 409.457 1.758 .160

Residual 19098. 177 82 232.905
Total 42913.091 87 493.254



Table 5B.. The multiple classification analysis for those seedlings in
vegetation group One

aThe grand mean is the mean five-year growth for all observations.

Variable and
category

Unadjusted deviation
from grand mean

Adjusted for independents
and covariables

Grand mean 3532a

Stock
1-0 plug - 13. 32 -1.95
2-0 seedling 7.62 7.69
1-0 bullet -14., 96 -3,94
1-2 transplant 14.42 -0.50

Multiple r2 0.555

Multiple r 0.745



Table 6A. The analysis of covariance for those seedlings in vegetation group two (130 cases
were processed). Growth is the dependent variable, stock type is the factor, and
initial seedling height and degree of vegetative competition are the covariables,

Source of variatton Sum of
squares df Mean

square F
Significance

of F

Covariables 9165.532 2 4582.766 39.065 .001
Initial seedling height 1453.228 1 1453.228 12.388 .001
Degree of vegetative

competition 5743.283 1 5743.283 48,958 .001

Maineffects 742.394 3 247.465 2.109 .101
Stock 742.394 3 247.465 2.109 .101

Residual 14546.506 124 117.311

Total 24454.431 129 189.569

Covariable Beta

Initial seedling. height 0. 910
Degree of vegetative

competition -17.267



Table 6B. The multiple classification analysis for those trees associated
with vegetation group two,

Variable and
category

Grand mean ZO,48a
Stock

1-0 plug
2-0 seedling
1-0 bullet
1-2 transplants

Unadjus ted deviation
from grand mean

Adjusted for independents
and covariables

2Multiple r

Multiple r

aThe grand mean is the mean five-year growth for all observations,

U,

- l, 93 0032
6. 93 4,78

-4,58 -3 51
13,11 3.72

0.405

0.637



58

explaining variation in five-year growth and Table 6B shows that the

deviation from the grand mean was substantially reduced after

adjustment for the covariables. The r2 value for this analysis was

only .40.

Table 7A shows the analysis of covariance for the trees

associated with vegetation group three. Unlike the first two

analyses, there was a significant difference in growth between the

stock types, However, an examination of Table 7B shows that much

of the variation between the stock types was attributable to vegetative

competition and initial seedling size. After adjustment for the

covariables the deviation from the mean was again greatly reduced.

Nevertheless, the differences in mean growth between the stock

types was great enough to show up as significant in the analysis

Mean five-year growth was the greatest for 1-2 transplants, followed

by 2-0 seedlings, 1-0 plugs and 1-0 bullets (Table 7B). The r2 value

for this analysis was .51,

The analysis for trees in vegetation group four, revealed a

different trend than the previous analyses. Trees in group four

were associated with encroaching woody vegetationand did not

experience overtopping competition. Consequently, the vegetative

competition covariable was insignificant (Table 8A). This means that

vegetative competition from encroaching vegetation does not affect

growth as much as vegetative competition from overtopping



Table 7A. The analysis of covariance for those seedlings in vegetation group three (111 cases
were processed). Growth is the dependent variable, stock type is the factor, and
initial seedling height and degree of vegetative competition are the covariables,

Source of variation Sum of
5. uares df

Mean
S s ua r e

F
Significance

ofF
Covariables 25039.310 2 12519.655 47, 981 ,001

Initial seedling height 18640.038 1 18640. 038 71. 437 . 00 1
Degree of vegetative

corn petition 760,393 1 760.393 2.914 .087

Main effects 3642.046 3 1214.015 4.653 .005
Stock 3642.046 3 1214.015 4.653 .005

Iesidual 27397.636 105 260.930

Total 56078. 991 110 509.809

Covariable Beta

Initial seedling height 1.824
Degree of vegetative

competition -7.514



Table 7B. The multiple classification analysis for those seedlings in vegetation
group three.

Variable and Unadjusted deviation
category from grand mean

Grand mean 3534

Stock

Adjusted for independents
and covariables

athe grand mean is the mean five-year growth for all observations.

1-0 plug - 14.28 -8.05
2-0 seedling 3,47 5.11
1-0 bullet -17.61 -11.65
1-2 transplant 19.63 9,66

Multiple r2 0.511

Multiple r 0.715



Table 8A. The analysis of covariance for those seedlings in vegetation group
were processed). Growth is the dependent variable, stock type is
initial seedling height and degree of vegetative competition are the

four (91 cases
the factor, and
covariables.

Source of variation Sum of
s qua r e S

df Mean
square F Significance

ofF
Cova riables 8929.251 4464.625 6. 796 , 002

Initial seedling height 6706 964 6706. 964 10., 210 .002
Degree of vegetative

competition 1663, 959 1 1663. 959 2. 533 111

Main effects 13974.050 3 4658.017 7.091 , 00 1

Stock 13 974, 050 3 4658.017 7.091 . 00 1

Residual 55837. 139 85 656.908

Total 78740.440 90 874. 894

Covariable Beta

Initial seedling height 1. 500
Degree of vegetative

competition -18. 331



Table 8B. The multiple áiassification analysis for those seedlings in vegetation
group four.

aGrand mean = 58,34

Stock

aThe grand mean is the mean five-year growth for all observations.

1-0 plug -28.14 -20.83
2-0 seedling 13. 98 14,07
1-0 bullet -16.65 - 8.68
1-2 transplant 0.62 - 6.95

Variable and Unadjusted deviation Adjusted for independents
cateorv from grand mean and covariables

Multiple r2 0. 291

Multiple r 0. 539
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vegetation. Again, initial seedling size accounted for much of the

variation in growth, but there was still a significant difference

between stock types (Table 8B). The 2-0 seedlings had the greatest

five-year growth followed by the 1-2 transplants, the 1-0 bullets, and

1-0 plugs. The low r2 value (.291) ndicates that growth of the trees

in this group is a function of many variables not included in this

analys is.

As in groupIour, growth of trees associated with vegetation

in group five was not influenced greatly by vegetative competition.

In this group, vegetative competition operated only through herbaceou.s

ground cover species. As shown in Table 9A, the vegetative compe-

tition factor was highly insignificant as recorded, and as such is

unimportant in explaining the variation in growth between trees in

this group. The deviations from the grand mean were, therefore,

explained mainly by the initial seedling size variable (Table 9B).

However, there was still a significant, but small, difference in

five-year growth between stock types in this group independently of

size. The 1-2 transplants demonstrated the greatest five-year

growth followed by the 2-0 seedlings, 1-0 plugs and 1-0 bullets.

The r2 value for this analysis is .274.

Table 1OA shows the analysis of covariance for trees associated

with no vegetative competition. There was no significant difference

between stock types after adjustment for initial seedling size for



Table 9A. The analysis of covariance for those seedlings in vegetation group five (702 cases
were processed). Growth is the dependent variable, stock type is the factor. and
initial seedling height and degree of vegetative competition are the covariables.

Source of variatton
Sum of
squares df

Mean
square F

Significance
ofF

Covariables 131404.110 2 65702.055 116.139 , 00 1

Initial seedling height 130873. 791 1 130873,791 231,341 .001
Degree of vegetative

competition 199,639 1 199.639 0.353 .999

Main effects 17211. 980 3 5737.327 10. 142 .001
Stock 17211.980 3 5737.327 10.142 .001

Residual 393739.558 696 565.718

Total 542355.648 701 773.689

Covariable Beta

Initial seedling height 1.942
Degree of vegetative

competition -2. 378



aThe grand mean is the mean five-year growth for all observations.

Table 9B. The multiple classification analysis for those seedlings in vegetation
group five.

Variable and
category

Unadjusted deviation
from grand mean

Adjusted for independents
and covariables

Grand mean

Stock
1-0 plug -14.40 - 6.47
2-0 seedling 2. 19 3.79
1-0 bullet -20. 15 -12.55
1-2 transplant 15.14 6. 35

Multiple r2 0.274

Multiple r 0.523



Table bA. The analysis of covariance for those seedlings in vegetation group six (127 cases
were processed). Growth is the dependent variable, stock type is the factor, and
initial seedling height is the COVa riable.

Initial seedling height 1. 887

Source of vartatton Sum of
squares df

Mean
square F

Significance
of F

Covariables 21244.172 1 21244.172 51.028 .001
Initial seedling height 21244. 172 1 21244. 172 51,028 .001

Main effects 1570,796 3 523.599 1,258 .291
Stock 1570.796 3 52.3.599 1.258 .291

Residual 50791.410 122 416. 323

Total 73606.378 126 584. 178

Covariable Beta



Table lOB, The multiple classification analysis for those seedlings in vegetation
group six.

Grand mean

Stock

aThe grand mean is the mean five-year growth for all observations.

1-0 plug - l6,44 - 3,02
2-0 seedling 3., 18 4.36
1-0 bullet -10.60 1,78
1-2 transplant 13.28 - 3.96

Multiple r2 0.310

Multiple 0.557

Variable and Unadjusted deviation Adjusted for independents
cate: ory from grand mean and covariables



trees in this group. The variation about the grand mean is sub-

stantially reduced after adjustment for initial seedling size and the

means between the stock types are similar. The r2 value for this

analysis is 31.

The relative importance of initial seedling size is borne out

in Figure lZ Within vegetation group six, a comparison of growth

between stock types is illustrated in a histogram which shows growth

as a function of initial seedling size and residual effects within the

stock type, Consequently, growth in each stock type was partitioned

into two segments. The total growth for each stock type was based on

the mean growth before adjustment for size. That segmeTlt of the

growth response which was attributable to initial seedling height was

derived by multiplying the partial regression coefficient for initial

seedling height (1.887) times the average initial height of each stock

type in vegetation group six. The importance of initial seedling

height is particularly noticeable with the 1-2 transplants. Other

factors may have had a large influence on the growth response for the

container-grown and 2-0 seedlings.

By comparing the means of each stock type between the various

vegetation groups, it is possible to determine the pattern of growth

between the six "vegetation groups" (Table 11). The five-year

growth, after adjustment for vegetative competition and initial

seedling size, is always the least in "vegetation group" number two
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Table 11. The adjusted mean five-year height growth for each
stock typein each vegetation group based on the
indicated number of observations.

Stock type Adjusted mean
row th

No, observations

70

Vegetation group 1
33. 37 31p

2-0 43.01 19
B 31.38 15
1-2 34.80 39

Vegetationgp 2
P 20.80 64
2-0 25.26 39
B 16.97 69
1-2 24.20 29

Vegetation group 3
27.29 38p

2-0 40.45 32
B 23.69 24
1-2 45.00 44

Vegetation group 4
P 37.51 10
2-0 72.41 43
B 49.66 19
1-2 51.39 41

VegetatLon group 5
P 42.96 168
2-0 53.22 235
B 36.88 153
1-2 55,78 345

Vegetation group 6
35.75 34p

2-0 43. 13 50
B 40.55 23
1-2 34.81 48
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and greatest for the 2-0 seedlings and 1-0 bullets in "vegetation

group" number four. This table also demonstrates the interaction

between stock type and vegetation groups since the ranking of

growth for each stock type was not similar between the vegetation

groups. For example, in vegetation group six (trees associated with

no vegetative competition), the 1-0 plugs and 2-0 seedlings were

ranked third in growth, the bullets were ranked second and the 1-2

transplants were ranked fourth.

The results of the analysis for the trees planted in 1971

demonstrated the importance of initial.seedling size and stock type in

explaining the variation in growth between seedlings (Table 12A and

12B). From Table 12B it can be seen that there is still a significant

difference in the four-year growth between the 2-0 seedlings and

the 1-0 plugs and bullets even after adjustment for the difference

between planting units and initial seedling size. The adjusted means

for the growth between the various planting units also demonstrates

the efficiency of the randomized block design since there was a

significant difference in growth between the sites.

Damage Observations

Constraints to seedling growth were examined by tabulating the

frequency of various types of damage to surviving trees. This

permitted estimation of the partial contribution of each factor to a



Table 1ZA. The analysis of covariance for those seedlings planted in 1971 (542 cases were
processed)0 Growth is the dependent variable, stock type and site are the
factors, and initial seedling height is the covariable.

Source of variation Sum of
squares df

Mean
square F

Significance
of F

Covariables 8718.290 1 8718.290 lZ7422 0001
Initial seedling height 8718.290 1 8718.290 127.422 .001

Main effects 6314.427 5 1262. 885 18.458 .001
Stock type 3648.490 2 1824. 245 26.662 .001
Site 1948.793 3 649.598 9.494 .001

Residual 27231,392 398 68.421

Total 42264. 109 404 104.614

Covariable Beta

Initial seedling height 1. 303



Table 1ZB., The multiple clansification analysis for those seedlings planted
in 1971.

aThe grand mean is the mean five-year growth for all observations.

Variable and Unadjus ted deviation
cate or fromrandmean

Adjusted for independents
and covariables

Grand mean 1455a

Stock
1-0 plug -5.63 -4.48
2-0 seedling 4. 90 3.68
1-0 bullet -7. 42 -5.12

Site
A -2.74 -0.89
B -1.16 -4.08
C 3.89 1.24
D 5.27 3.63

Multiple r2 0.356

Multiple r 0.596
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total set of problems for each stock type. Figure 13 shows the

percent of surviving trees which were affected by animal damage,

chemical damage, top dieback (attributable to frost or non-hardened

nursery stock), and mechanical damage. Mechanical damage was

recorded in the summer of 1975 and consisted of downslope soil

movement or debris on the tree; both these factors created a static

bending stress on the seedling which tends to affect seedling height

growth (Riech, 1966). The other damage-categories were recorded

once a year if they were affecting the seedling that year. Conse-

quently, some seedlings may have experienced damage several years

since they were planted in 1970 and they-may have experienced

several, types of damage. Animal damage, for example, occurred on

some trees three oit of the five years they were in the field,

The frequency of at least one year of animal damage on each

stock type was examined to determine if browsing frequency was

proportionately greater for certain stock types. A chi- square test

was used to examine this relationship for the trees established both

in 1970 and 1971. The actual frequency ratings and the chi-square

calculations are shown in Appendix III. The results for the trees

established in 1970 showed that the percentage of animal damage

was statistically equivalent for each stock type. The pattern for the

trees established in 1971, however, was different by a significant

margin by the chi-square test. After performing a subsequent
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chi-square test it was found that the predicted frequency of at least

one year of animal damage was higher than the actual frequency or

the two container-grown stock types and lower than the actual Ire-

quency for the Z-O seedlings. Reasons for this will be discussed

later.
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DISCUSSION

Biological Pattern

Survival is a very important variable in evaluating the economic

efficiency of stock types for reforestation plans. Unfortunately, it is

very difficult to predict the outcome of reforestation attempts because

of the many confounding variables which may have an effect. In

addition to the environmental factors on the planting site, other

factors such as the care used in transporting and planting the seed-

lings, and pre-conditioning at the nursery will affect survival. A

difference in survival may also be caused by variations in the climate

the year that the trees were planted.

Figure 14 shows the first year survival of 2-0 seedlings and

1-0 plugs which were established every year since 1970 in the Oregon

Coast Range. The difference in survival from year to year within a

stock type could reflect differences in the physiological condition of

that stock type each year which could be mediated by different treat-

ments in the nursery. Differences in survival between stock types

from year to year might indicate an interaction between stock type and

weather the first year of planting, For example, a dry growing

season daring 1972 may have caused more mortality in the 2-0

77

3An analysis of survival and growth was not conducted for those trees
planted after 1971.
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trees per stock type for 1970, 575 trees per stock type for
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seedlings than the 1-0 plugs because of the greater ability of the plugs

to tolerate initial droughty conditions. The high survival of both the

2-0 seedlings and 1-0 bullets planted in 1974 may be an indication

that the physiology of seedlings is more understood now than it was

five years ago. Furthermore, the technological gap which once

existed between the production of bare-root and container-grown

trees may be closing.

Before critical evaluations can be made of the economic

efficiency of the various stock types the question of what constitutes

a successful reforestation attempt must be answered. Some organiza-

tions may consider an area adequately stocked if the percent survival

after five years is sufficient to meet the goal of a predetermined

number of trees per acre. This policy assumes that mortality after

the fifth year is negligible. Data from this study seem to support

that practice, but add the notion that seedlings reaching 4 1/2 ft

(137 cm) in height are also low in vulnerability regardless of age.

Figures 15 and 16 show the average survival every year since

planting for stock types planted in 1970, and three of the stock types

planted in 1971. The rate of mortality after the third growing season

was greatly reduced for trees planted in both years and by the end of

the fifth growing season the rate of mortality had decreased to zero

for those trees planted in 1970. It is also interesting to note that the

rate of mortality for the container-grown stock was greater than for
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Figure 15. Average percent survival for 1-0 bullets, 1-0 plugs, 2-0 seedlings and 1-2
transplants every year since planting in 1970. Percents are based on a sample
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stock type.
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the bare-root stock. The practice of monitoring plantations for five

years is therefore a safe procedure if establishment is based on

survival. However, the decision to monitor the plantations for five

years is more critical for container-grown trees than for bare-root

trees because of their higher rate o.f early mortality and prolonged

tenure in a vulnerable size range.

A distinct advantage of larger, faster-growing seedlings is

their capability to dominate the site sooner and therefore prevent the

reed for interim plantation maintenance, The biological definition for

plantation establishment should therefore be based on the status of

the seedling in relation to competing vegetation in addition to the

stocking level, based on survival.

The discussion of the biological patterns up to now has been

based on survival data obtained on the Hinman Tree Farm. There are

several points from the Eddyville study which should also be dis-

cuss ed.

The poorer survival of the Douglas-fir wildlings on the treated

site may be attributable to the longer storage time experienced by

these seedlings (see Appendix I). The longer period between the

pulling and planting of the Douglas-fir wildlings on the treated site

may have been sufficient to physiologically weaken or kill the trees

before they were planted, thus confounding seedling description and

site with handling procedures.
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The poorer survival of the spruce plugs on the treated site may

have been caused by the hotter temperature there which was probably

mediated by the black soil surface after the fire and no shade from

surrounding brush.

It was too early to critically evaluate the effect of the "Vexar

tubes on survival or growth since seedling response the first year in

the field is still largely determined by preconditioning at the nursery

and the seedlings are vulnerable to animals or more than one year

after outplanting. According to a recent report by Campbell and

Evans (1975), seedlings protected by flyexar?? tubes in high damage

areas (40% or more seedlings damaged) produced 36 to 47 feet more

height growth per 100 seedlings than unprotected seedlings.

Campbell and Evans (1975) also pointed out some of the prob-

lems of using "Vexar" tubes. Poor installation may cause the

terminal, shoot to escape from the side of the tube and, hence,

negate the benefits of the protectors. Natural factors, such as animal

trampling, snow, and detritus, may cause the tubes to bend and

prevent the tree from retaining its normal vertical position. Prob-

lems with the "Vexar" tubes at the Eddyville brushy site seemed to

cause more damage than they prevented. Furthermore, the tubes

could not be installed on the large Douglas-fir wildlings to prevent the

serious damage these seedlings sustained from mountain beavers.
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Direct control of the mountain beaver population would, therefore,

have been a more efficient control measure.

The analysis of growth for the trees planted in 1970 provided

some insight as to the nature of height growth between trees o each

stock type. Seedling size explained more of the variation in growth

than stock type for those trees associated with "vegetation groups"

one, two, and six. A possible explanation for this may be that the

inherent growth advantage of a larger seedling is readily apparent at the

extremes of vegetative competition. The bracken fern (Pteridium

a9ui1inun) and thimbleerry (Rubu parviflorus) in vegetation group

two, as well as bigl,eaf maple (Acer rz-iacrophyl1m) in vegetation

group one, provided serious limitations of light for the seedlings,

whereas trees associated with vegetation group six did not experience

any constraints on light. Jowever, the bare area around each seed-

ling in vegetation group six may have been caused by downslope soil

movement which would have affected the growth pf smaller seedlings

to a greater extent than the larger ones.

Seedling size was still an important factor in explaining the

variation in growth between the stock types in the other vegetation

groups, but there were still some attributes characteristic of each

stock type which distinguished their growth rates even when compared

at a common level of initial size. Characteristics such as the root

collar diameter and method used to plant each stock type could have
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made a difference in five-year growth between stock types. A differ-

ence in seed source between the stock types may also have been

important since some provenances of Douglas-fir have been shown to

exhibit greater growth than others (Rowe and Ching, 1973). Unfor-

tunately, seed source records were not kept.

The poor performance of the 1-0 bullets is attributable to the

inability of the roots to properly escape from and subsequently

break the casing (Figure 17). Consequently, the roots were unable

to establish maximum contact with the soil, and support normal shoot

growth.

Partitioning the surviving trees into the six vegetation groups

made it possible to determine the most important vegetation influ-

ences. As could be expected, only the overtopping vegetation was

important in explaining the variation in growth between the trees; the

vegetative competition variable was significant for vegetation groups

one, two, and three, Competition for light is, therefore, an

important factor affecting growth after the first growing season.

However, there is some evidence to suggest that certain vegetation

types may exhibit allelopathic influences. Gliessmann and Muller

(197Z), for example, found that dead bracken fern produces water

soluble phytotoxins that inhibit the radicle growth of Bromus rigidus

and Avena fatua by means of leachates washed into the soil. There-

fore, the affect of allelopathy should not be discounted as a factor
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responsible for the comparatively low height growth (mean = 20.48

in.) of those trees associated with bracken fern and thimbleberry even

though these species had a high overtopping influence.

Of the various types of seedling damage, mechanical damage

and animal damage were the most prevalent. The percentage of

mechanical damage (debris on the tree and soil ravelling) seemed to

be equivalent for all stock types. The percentage of animal damage,

however, was not equivalent for the three stock types planted in 1971.

One plausible explanation for the greater incidence of browsing on the

2-0 seedlings may be that they were more visible than the container-

grown stock. Furthermore, the survival of the container-grown

stock may have been too poor to elicit the same percentage of brows-

in g.

Economic Interpretation

The firs t-year survival pattern for the various stock types at

the EddyviUe site is of interest to landowners opting for the production

of wildlings in field nurseries. Because individual landowners have a

greater time preference than a corporation or government agency,

they will demand a higher alternate rate of return and are prone to

selecting lower investments in reforestation, Consequently, the use

of wildlings poses an attractive alternative to buying nursery or

greenhouse seedlings if labor can be substituted for capital. Even
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though the wildlings exhibited a much lower survival rate than the

nursery and greenhouse trees, their larger size may compensate for

ineffective or even no site preparation. The effectiveness of wildling

hemlocks is documented in a recent report by Newton (1976). In his

study, Newton showed that there was a strong interaction between the

size of the wildling and the severity of brush competition. Small

seedlings were badly suppressed by brush but seedlings 60 cm (24 in.)

or taller responded positively to shading, with the largest seedlings

demonstrating maximum growth in heaviest brush. Newton also

showed that seedlings transplanted in February had greater vigor at

all stages of development than those transplanted in December,

January, or April

Based on the survival and growth data from the Hinman Tree

Farm, an economic analysis of stock choice can be made for

comparison of economic efficiency. The choice of stock type is

usually followed by higher order decisions such as the scheduling of

planting areas, and the choice of site preparation technique, a

sequence that prohibits proper planning for matching of stock to

problems. Nevertheless, a comparison between stock types can be

useful in determining the cost per surviving tree so that policy goals

can be more accurately evaluated and scheduling efficiency improved.

Growth of the various stock types must be considered in

estimates of cost-effectiveness. Rapid establishment means brief
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exposure to losses and an earlier harvest. These have a major

effect on the expected present net worth.

The format described by Colby and Lewis (1973) was used to

calculate the cost per surviving tree of each of the four stock types

which were planted in 1970. Table 13 enumerates the calculated cost

per surviving tree, the cost per acre if policy dictates 300 trees per

acre, the number of years it takes for that stock type to reach

4 1/2 ft. the advantage of each stock type over the slowest growing

one in relation to establishment time, and the number of seedlings

which must be planted to attain the goal of 300 per acre9

Some organizations consider a tree established once it has

reached 4 1/2 ft. This definition will be used here and it is assumed

that the initial advantage of those stock types reaching the establish-

ment height sooner will be carried through to the rotation. Calcula-

tions of expected present net worth will not be made since the out-

come would fluctuate according to the yields for a particular site,

the varying stumpage prices, and the type of management regime

practiced on various ownerships (e.g., an interim commercial

thinning would yield additional income sooner and vary the quality of

the logs in the final cut, therefore causing a variation in the expected

present net worth).

Colby and Lewis (1973) used the following formula to determine

the cost per thousand surviving trees:



Table 13. Summary of important factors for judging the economic efficiency of 1-0 bullets
and plugs, 2-0 seedlings and 1-2 transplants.

aAssumes that the policy dictates 300 trees /acre.
bThe no. of years it takes the slowest growing stock type to reach 4 1/2 ft minus the no.
of years it takes the specified stock type to reach 4 1 /2 ft.

cBased on the average survival rate for each stock type (e. g., for the bullets the no. of
seedlings which must be planted equals 300/.43 or 698 seedlings).

Factor
Values for each stock type

1-0
bullet

1-0
plug

2-0 1-2
seedling transplant

Cost/surviving tree ($) .23 .22 .17 .19

Cost/acre ($)a 69 66 51 57

No. years to reach 4 1/2 ft 8 8 6 4

Relative advantageb 0 0 2 4

No. seedlings which must be planted
to attain policy goalc 698 612 500 385



X = (Pr+T+P)/S

total cost per thousand surviving trees

production cost per thousand plantable seedlings

transportation cost from nursery site to planting site

site preparation and planting cost per thousand trees

S = survival rate of trees planted preferably at the time
trees are considered established

This procedure was used to compare the cost per surviving tree of the

four stock types in this study with the following modifications: 1) the

transportation and site preparation costs will be assumed as being

equal for all the stock types and therefore will be excluded; 2) the

survival rate at the end of the fifth growing season will be used; and

3) the cost per surviving tree will be calculated instead of the cost per

thousand surviving trees.

Table 14 shows the assumed costs of production and planting,

the mean survival for each stock type on typical Oregon Coast Range

brushy sites, the total cost per surviving tree, and the compounded

cost per surviving tree based on the differential periods for each

stock type to reach 4 1/2 ft. Planting costs are based on the assump-

tion that a good tree planter can plant about 800 2-0 seedlings per

day depending upon topography and suggested spacing. It is

assumed that the 1-2 transplants would be slower to plant because
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where

X =

Pr =

T =

P =



Table 14. Relative costs for establishing 1-0 bullets and plugs, 2-0 seedlings, and 1-2
trans plants.

aBased on labor costs of $5.00 per hour and planting rates of 88 trees per hour for 1-2
transplants, 100 trees per hour for 2-0 seedlings, 125 trees per hour for 1-0 plugs, and
167 trees per hour for 1-0 bullets.

bObtained from the multiple classification analysis provided with the analysis of
variance in the statistical package for the social sciences computer program.

Clnterest rate of 6%,

Type of cost 1-0
bullet

1-0
slut

2-0
seedlin:

1-2
trans slants

Production cost ($) .07 .07 .05 .09

Planting cost ($)a .03 .04 .05 .06

Total cost ($) . 10 .11 10 15

Mean survival rate (%)b .43 .49 .60 .78

Cost per surviving tree ($) .23 22 17 .19

Compounded cost based on
differential periods for each
stock type to reach 4 1/2 ft ($)c ,37 ,35 .24 .24
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their larger size prevents carrying as many trees as would be

possible with the 2-0 seedlings or container-grOwn trees. The cost

of planting the 1-2 transplants is therefore assumed to be slightly

higher than the 2-0 seedlings and the cost of planting the 2-0 seedlings

is assumed to be higher than the container-grown stock. The planting

cost estimates are based on labor costs of $5.00 per hour.

The results in Table 13 would seem to suggest that the 2-0

seedlings are superior to the other stock types in economic efficiency.

This conclusion would be v3lid if the establishment time (time to

reach 4 1/2 ft) were not considered. From Figure 18, it can be seen

that the cumulative five-year height growth for the 1-2 transplant

stock is much greater than either the 2-0 seedlings or container-

grown stock. Furthermore, the 1-2 transplants had nearly reached

4 1/2 ft at the end of the fourth growing season. The 2-0 seedlings,

on the other hand, will reach 4 1/2. ft at the end of the sixth growing

season and the container-grown stock will reach 4 1/2 ft at the end

of the eighth growing season.4 By reducing the establishment period,

the use of 1-2 transplants has the advantage of producing wood sooner

The projected cumulative height growthof the 2-0 seedlings and
container-grown stock is based on the growth rates observed from
the 1974 to the 1975 growing season. For example, the average
height growth for the container-grown stock in 1974 was 6.4 in.
and for 1974 was 7.7 in. which means that growth was increasing at
a rate 1.2 times the previous year's growth.
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and either reducing the rotation age or increas ing yield. The ultimate

efficiency of the various stock types would, therefore, depend on the

calculated expected present net worth based on the time it took to grow

a merchantable tree, The differential periods of establishment could

also be considered by comparing the compounded costs in Table 14.

A hypothetical example comparing the 1-2 transplants and 2-0

seedlings should clarify the importance of a reduction in rotation age.

If the goal o reforestation is to obtain 300 established trees per acre,

the cost per acre can be readily estimated by multiplying the cost per

surviving tree times 300. The cost per acre for establishing 2-0

seedlings is, therefore, $51.00 and the cost per acre for establishing

1-2 transplants is $57.00, excluding site preparation costs. The

expected present net worth for each stock type is then calculated as

follows, remembering that the rotation age for the 1-2 transplants is

two years less than the 2-0 seedlings:

EPNW = Y / (l+i)

where

EPNW = expected present net worth

Y = expected yield

i = interest rate

R. = rotation age for stock type j

C = planting cos ts



Using a 6% interest rate and assuming a return of $2, 700 per

acre, the EPNW of the 1-2 transplant stock and 2-0 seedlings is

$34.97 and $30.85, respectively. Table 13 summarizes the impor-

tant parameters for judging the economic efficiency of the various

stock types.
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CONCLUSION

A comparison of nursery and wildling seedlings has identified

the principal constraints characteristic of each seedling type and

each habitat. Nursery stock, in general, had greater survival than

the wildlings. The use of large wildlings may compensate for certain

inadequacies in site preparation. Care must be taken to avoid root

injury while gathering and handling the wildlings; survivors exhibited

symptoms characteristic of poorly balanced seedlings undergoing

"planting check. The smallest hemlock wildlings, for example, were

most readily lifted and planted and also had the best survival.

Furthermore, the long period between the lifting and planting of the

Douglas-fir wildlings on the Eddyville treated site could have caused

the lower survival for the Douglas-fir wildlings planted there.

Vexar" tubes were not an efficient means of preventing animal

damage on the Eddyville brushy site. Problems with broken laths and

bent tubes created more damage to seedlings protected by the tubes

than was attributable to animal damage to unprotected seedlings.

In addition, the tubes were too small to fit over the large Douglas-fir

wildlings. Consequently, mountain beaver damage to the wildlings,

as well as other vulnerable seedlings, could have been effectively

prevented by direct control measures. The combination of site
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preparation and direct control eliminated a potential mountain beaver

problemon the treated sited

Survival and growth of seedlings are both related to initial

height of the seedling at the time of planting The size advantage of

the larger 1-2 transplants and the larger seedlings of the other stock

types enabled these seedlings to endure adverse agents on the site.

Consequently, the larger seedlings exhibited greater survival. The

smaller container-grown seedlings, exhibited a precipitous drop in

survival for the first two years, whereas the larger 2-0 seedlings

and 1-2 transplants exhibited lower mortality rates for the first two

years. This suggests that as the seedling becomes larger it also

becomes less vulnerable to constraints on the site; once a seedling

reaches a meter in height it is essentially free to grow unless

severely overtopped.

Seedling growth is a function of size, almost independently of

stock type. This relationship is consistent among vegetation types,

varying somewhat in degree, with the heavier brush types and areas

of soil ravelling characterized by conditions totally inimical to small

stock. In areas where conditions are less severe, the initial height

of the seedling was less crucial to the growth performance of the

seedling and other characteristics, besides initial seedling height,

made the growth performance between stock types distinguishable.

Nevertheless, the larger 1-2 trans plants invariably demonstrated
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the greatest growth, illustrating that root collar diameter may also

be an importantparameter related to growth potentiaL

By selecting a seedling from a large size class, problems

crucial to small seedlings are avoided0 Furthermore, the faster

growth rate of larger seedlings decreases the period of exposure to

mortality-causing factors and, therefore, reduces or eliminates the

expense of pest control measures In effect, the higher cost of a

larger seedling is more than compensated for by the decrease in

establishment costs.

An economic interpretation, based on these results, illustrates

that large seedlings are generally a better economic investment for

the Coast Range than plugs or 2-Os of the small size classes. Under

certain identifiable circumstances, the risk of failure from using small

2-0 seedlings or container stock is very high. The better survival

characteristics of large seedlings generally mean a lower cost per

surviving established seedling and a lower risk of nonstocked spots

under all conditions encountered. In addition, the increased growth

potential of larger seedlings means a shorter exposure to pests and,

therefore, fewer costs in maintenance and protection and a shorter

time to harvest. Large seedling stock is thus effective in fulfilling

both the biological and economic needs required for efficient

refores tation.
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Plot
no.

1B-6B

1B-6B x x
7B-1OB x x x
iD-liD x x x
1F-9F x x x

7B-1OB x x
iD-liD x x
1F-9F x x

8C-i2C x x
1E-5E x x

8C-12C x x
1E-SE x x

All plots

All plots

8C-12C x
1E-5E x

(Continued on next page)
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APPENDIX I. PLANTING ACTIVITY AT THE EDDYVILLE SITE

Stock types

bo

00

a)
a)

a) a)

a)

0

a)

x

A. Treated site

3/8/75

3/8/75
II

3/8/75
3/8/75
3/9/75

Cloudy &wet

Intermittent rain &
sunshine

15

15

60
60

GreenMt.
Elkton nursery
Green Mt.

II

GO

x Elkto nursery - 3/9/75 Intermittent rain & 60

x sunshine 60

x 60

Beaver Creek 3/18/75 3/22/75 Cloudy, scattered 25
" rain & snow 25

x Elkton nursery 3/22/75 Cloudy, scattered 25

x I? rain & snow 25

x x Elkton nursery 3/22/75 Same as above 100

x Beaver Creek 3/18/75 3/22/75 Same as above 100

Green Mt. 3/26/75 3/?6/75 Cloudy 25
25
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Polystichum munitum
Prunus emarginata
Pteridium aquilinum
Rhamnus purshiana
Rhus divers iloba
Ribes sanquineum
Rosa gymno
Rubus lacinatus

Rub us
Rub us leucodermis

arvif1orus

APPENDIX II

VEGETATION ENCOUNTERED ON THE HINMAN
TREE FARM PLOTS

Vegetation
group

Acer circinatum 3 O 4

Acer macrophyllum '1

Alnus rubra
Arctostaphylos columbiana 3 o 4

Berberis nervosa 3 or 4
Berberis repens 3 or 4
castapsis chrysophylla 3 or 4
Ceanothus velutinus 3 or 4
Cornus nuttallii 1

Cornus occidentalis 1

Corylus cornuta californica 3 or 4
Firbs 5

Gaultheria shallon 3 or 4
Grass 5

Ho1odscus discolor 3 or 4
5

3 or 4
2 or 5
3 or 4
3 or 4
3 or 4
3 or 4
3 or 4
3 or 4
2or4

Rubus spectabilis 3 or 4
Rubus vjtifolius 3 or 4
Salix sp 3 or 4
Sambucus glauca 3 or 4
Symphoricarp albus 3 or 4
Vaccinium ovatum 3 or 4
Vaccinium2arvifolium 3 or 4
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APPENDIX III

PART A

Chisquare Test for Animal Damage Frequency on the
Stock Types Planted in 1970

1. = observed frequency of damage for stock type i

F. = predicted frequency of damage for stock type i

f = 43plugs

fz_o =

f = 40bullets

= 99

F = .214(235) = 50.3 : I - F
plugs plugs plugs

F20 = .259(235) = 60.9 - F20 = 7.9

F = .188(235) = 44.2 f F = 4.2
bullets bullets bullets

F12 = .339(235) = 79.7 - F12 = 19.3

= (f F.)2 / F.

= 1.06 + 1,02 + .40 + 4.67

= 7.15

tabled with three degrees of freedom at p = . 10 = 7.81

The probability of obtaining a value as large as 7.81 is .1.

Since 7. 15 < 7.81 it can be concluded that animals probably do not

prefer one type of planting stock over another.
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= 40

f =2bullets

F .273(47) = 12.8 : f - F -7.83
plugs plugs plugs

F20 = .591(47) = 27.7 f20 - F20 = 12.27

F = .136(47) = 6.4: f - F 4.39
bullets bullets bullets

PART

Chi-square Test for Animal Damage Frequency on the
Stock Types Planted in 1971

f. = observed frequency of damage for stock type i

F. predicted frequency of damage for stock type i

1plugs
=5

= 4.78 + 5.43 + 3.02

= 13.23

tabled with two degrees of freedom at p = .005 = 10.64

Since 13.23 > 10.64 it can be concluded that animals did pro-

portionately more damage to one type of planting stock than another

Subsequent tests

(plug-bu1let) =

f2_0 = 40

F = .409(47) = 19.223 : £
(plug-bullet) (plug-bullet)

F = -12,223
(plug-bullet)

= .591 (47) = 27.777 ; 2-0 - F2..0 = 12,223
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2
= E(f. - F.)

I i

7.77 -5.38

= 13.15

2.tabled x with one degree of freedom at p .005 7.88

Since 13. 15 > 7.88 it can be concluded that animals did pro-

portionately more damage to the container-grown stock and propor-

tionately less damage to the 2-0 seedlings than expected.
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