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SOME FACTORS AFFECTING DOUGLAS~FIR
SEEDLING GROWTH AND ESTABLISHMENT

INTRODUCTION

The regeneration of many forest tree specles, includ-

ing Douglas-fir, Pseudotsuga menziesii (Mirb.) Franco, is

a very difficult task, Fallure of natural and/or artificial
regeneration represents a coat to our forest economy. The
cost of one attempt ie frequently so high that no further
effort is expended to correct the failure, These complete
or partial failures have been attributed to a variety of
causes. One important group of causes assoclated with the
failure of regeneration ls the impact of environmental
factors present at the site. It has been stated that site
1s not one factor and not all factors, but is the sum of
all effective factors among which usually one or more are
dominant (15, p. 10). Furthermore, many environmental
factors are not static. A factor may be important during
one period and completely absent in another perliod; there~
fore, one should not become preoccupied with a single
environmental factor.

The problem of regeneration is very complex and a
complete understanding 1s often prevented by a multiplic-
ity of interactions of the factors affecting regeneration.

Some of the more important factors are harvesting methods,

environment, genetic constitution, and regeneration




methods., For purposes of simplicity the two basic factors
affecting regeneration can be thought of as genetic con«
,‘k‘\ atitution and the environment of the individual seedling.
All other factors can be considered as modifications of
these two factors. Harvesting methods and regeneratlon
methods are modifications of environment through human
action. Much remalns to be learned abaut vhat form these
modifications may take and how they can be used to good
advantage to obtain the most satisfactory regeneration.
Lgsa'than adequate knowledge of the effect of harvesting
and regeneration methods on regeneration and incomplete
knowledge of environment and genetic constitution are une

avoidable, but the continuation of this situation is inex-

cusable.

Often the iegeneration objective 18 stated as a mini-
mum percentage of milacre plots occupied by one or more
seedlings of satisfactory vigor. However, it is felt that
this minimum level of stocking has only nominal meaning
in either bloiogical.or econcmic terms. Considering our
present level of knowledge in either the biclogy or
economics of regeneration it would be meaningless to have
inflexible regeneration objectives. However, effort to set

forth meaningful regeneration objectives ghould be con-

tinuous and in the direction of stating these objectives




in terms of environmentegenetic combinations which will
best satisfy our predicted economic needs.

Much of the difficulty in regeneration of Douglas-fir
arises from the large amount of variation in environment
and possibly genotypes. Isaae (17, p. 105) states, "Con-
ditions within the Dauglaaufig type are so varied that
simple, specific rules cannot be set forth for securing
regeneration over large areas, either in management of
young stands or the harvesting of over-mature virgin
forests." However, Isaac and others through research and
observation have come to identify many of the key factors
which determine the character of regeneration. Some ofF
these key factors are: excess and lack of heat, low
levels of light, animal depredation, molsture stress in
the atmospherse and in the soll, genetic¢ differences, and
avallabillty of seed. These same factors are couched in
a wide array of terms some of which are: topographic ase
pect, slope, slash classes; burn intensity classes, eleva=
tion, maximum and minimum temperatures, competition, soil
moisture, drought, precipitation, seed scurce, relative
humidity, etc. It is necessary to use many of the fore-
mentioned terms to desceribe the feasibility of obtaining
régeneration because they are usually more obvious and

easily recognized than inherent differences in
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physialogical activity between seedlings and subtle differ-
ences in physical forces which affect physiologlical activ-
ity. However, they do not always reflect the basic rela-
tibnshlp between a seedling (genbtype) and 1ts environment.
Some of the broader terms represent a conglomerate of basic
relationships., For example, topographic aspect could rep-
resent variations in light, heat, and moisture. Since
many of the factors operating in an environment are inter
relatéd and since they vary through time and space it is
doubtful that a completely accurate assessment is possible
for a given area and for a given period of time., Even more
unlikely is a prediction of future magnitudes and varia-
tions in these factors.

It is improbable thet a general prescription will ever
be effective in curing all the 1lls of regeneration.
This is due nét only to variation in environment in both
time and space and to variation in physlological reguire-
ments within and between individuals through time, but to
change 1n what we consider optimum regeneration from an
economic point-ofw-view. We are, therefore, forced to rely
on inference based on experimental results under roughly
compafable conditions and on observations in issuing a

prescription for a specific regeneration ill.

This thesis is concerned with variastlon between




groups of seedlings and varlatlions in environment. Any
inference drawn is applicable, with caution, to the area
of McDonald Forest. McDonald Forest ls the source of
study materials and the area in which the fleld plots are
located. MecDonald Forest, Judging from its irregular
terrain and its gross physiognomlce dlfferences in vegeta-
tion, is a good area to study variatlion in environments.
To ald in the interpretation of regeneration problems on
McDonald Forest a portion of this thesis is devoted to the
study of localized ecotyple variation within Douglas-fir
as well as environmenta; variatlon,

Two studies are presented. They are presented separw
ately for purposes of claritya The twe studies are re-
lated to the extent that they both are concerned with the
further understanding of the factors affecting the estab-
lishment and growth of Douglas«fir seedlings.

Study I was conducted under greenhouse conditions
using four well~defined seed sources, a relatively uniform

aerial environment, and two undisturbed soll series as the

root medium. The seedlinge were grown and observed for a

period of thiree months. The purpose of the study was to
test variastion between known seed scurces in thelr edapte
ability to soll differences. Study II was conducted on

four field plots selected on the basis of soll series and




topographic¢ aspect., Planting stock of 2.0 Douglas-fir were
traﬁsplanted to the field plots and observed for approx-
imately one year. This study was concerned primarily with
studying the interactlon between planting date and field
environment., The Alken and Dixonville soil series were
common to both studles. .

"The mere recording of the freguency and abundance of
reproduction is of little silvicultural value, but the
reasons-for its presence or absence are of the highest
value." (55, p. 325) It is hoped that this sage advice
was heeded in the following studies by the author of the
thesis,






REVIEW OF LITERATURE

Environmental factors have an assocciation with the
genetic makeup of trees occupylug a partlcular environs
ment. Past features of the environment have left their
mark on existing trees through the process of natural
selection and evolution. The current nature of environ-
mental factors will have an effect on the genetie charac-
ter of trees that will subgeguently exist. Therefore, the
subject of ecotyple variation cannot be discussed ade-
quately without mentioning environmental factors for they

are inseparable subjects.

Ecotypic Vaeriation

In recent years there has been a marked surge in the
attention given to the role in forest regeneration active
ities of genetic variation. Much of this attention has
been directed toward the eventual objective of bringing
together a genotype and environmment which will result in
the production of & phenotype that will best sulil our eco-
nomic needs. To date most of the research has been concen-
trated on the detection of ecotypic variation throughout a
wide portion of a specles range, Varlation in height growth,

phenology, frost resistance, disease resistance, and wood

properties have received much of the attention (16, 28,




35, 45, 59, 63). In spite of all this activity there is
much to be learned about where ecotyple variation exists,
and to what extent (63, p. 808).

Information provided by studles on ecotypic variation
hag given some indication of the necessity of deflning |
the limits of a seed source for a specles to be used in
regeneration. However, the materials for most of the
studies of ecotypic variation have been collected from
areas too large to give evidence of localized ecotyplc
variation. Assuming that different envirounments exert
differences in type and magnitude of selection pressures,
it should be possible to findg genetie differences within
small areas 1f there are marked differences in environ-
ments within short distances.

One rule-of~thumb for establishment of seed collec~
tion zones, which seeme to be fairly wldely used, is that
the area of seed collection should be within 100 miles and
should not be over 1000 feet higher or lower in elevation
than the area to be planted. Because we know very little
about the variation and sultability of various seed source
areas we have to adopt some kind of arbitrary standard.
Studies in Douglas~-fir indicate that there is considerable
variation throughout the range of this specles, but too

1ittle 48 known about this variation to turn it to




practical use,

Munger and Morris (33, p. 39-40) in a study initiated
in 1912 and summarizsd in 1936 found that there were
apparent genetic differences between itrees from 13 seed
source areas in western Washington and Oregon, Ching and
Bever (8, p. 16) in a study of plants from 14 seed source
areas found that & preliminary analysis showed a distinct
correlation between helght growth in the second year after
sowing and geographic¢ location. The seed source areas for
Ching and Bever's study extended from 42 degrees 20 minutes
North to 49 degrees 10 minutes North on the west side of
the Cascade Range. Irgens~Moller (16, p. 28) has demon=
strated that there is variation in date of bud-bursting
in Douglas«fir on the basis of response to temperature and
photoperiod. He also used materials from widely separated
locales, so the question of ecotyple varliation within a
small portion of the Douglas-fir range sitill remalns an
open question. A ,

Squillace and Bingham (50, p. 32) conclude from the
results of thelr study on localized ecotypic variation in
Pinus monticola Dougl. that where highly variable topog=-
raphy 18 present, infiltration of genes from trees on ad~
jacent sltee is reduced hecause of differences in selection

pressure due to wide variation in environment within very
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short diétancesa Two aveas from which sesd was collected
in the study by Squillace and Bingham were within one-half
mile of each other; seedlings from these areas exhibited
differences in rate of height growth when grown in a common
environment. Douglas~fir, in much of its range, occurs on
similarly broken terrain. Since topography is lirregular
throughout much of the range of Douglas~flir, it does not
seen unreagonable to expect that microclimate and other
environmental factor differences are associated with the

process of natural selection.

Environment

Studies on factors affecting natural regeneration of

Douglas«~fir cite many factors which influsnce the stockling

percentage on clearcuts, but for purposes of simplicity

they can all be put into three broad categories of cli-
matic, edaphie, and blotic factors. Of these three cate-
gories, climatic and edaphic factors are especially
pertinent to this study.

Isaac (17, p. 28, 45-46) states that local variations
in climate have & very profound effect on regeneration of
Douglas-fir, There may be more difference to the individual
seedling between a north and a south slope than between

the climate of the cosst and the Cascade reglon. As
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regards growth potentlalities, climate is a very important
element of site quality. In reference to early survival
of seedlings he cites temperature, especially surface soil
temperature, as being the most critical environmental
factor. The work of other researchers tends to confirm
this conclusion. The literature 1s replete with accounts
of the 1nfiuence of factors directly related to climate

on the survival and growth of Douglas-fir seedlings and

trees.

Silen (47, p. 92-141) found that a few weeks old seed-
lings treated for 60 minutes at 123 degrees Fahrenhelt
usually show a discoloration or lesion at soil surface on
the hypocotyl. Mortality rose sharply at 125 degrees
Fahrenheit. It was found that 90 per cent of the south
sloﬁes had surface temperatures reaching 125 degrees Fahren-
heit during the summer. Silen concludes that heat flow in .,
calories rather than temperature as such 1s the best
measure of expected mortality of Bouglgs-flr seedlings.

Other studies on factors affecting the natural regen=-
eration of Douglas~fir on clearcuts give evidence that ex=
posure has an influence on the per cent stocking (2, 16,

22, 25). The higher stocking percentages were found on

northerly exposures and lower stocking percentages were

found on southerly exposures. The other exposures were
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intermediate in stocking. In terms of site elass, Urle
(57, p. 14) found that north and east aspects were superior
to south and west slopes. Varlablility was greater on the
south and west aspects; all the site V stands were on the
south slopes or level ground. Heavy cover classes of come
peting vegetation and medium to extreme burn intensitles
were found to be assoclated with low levels of stocking (2,
p. 35; 25, ps 26). The differential effect of exposure on
stocking is probably a reflection of the direct influence
of the environmeﬁhal factors of heat, frost, and molsture
stress. The direct effect of differences in burn intensity
and cover classes is also probably through the factors of
heat, frost,}and moisture, plus 1light, soil nutrition, and
soil structure.

Drought, a complex phenomenon in itself, 1a considered
to be of lmportance 15 some parts of the Douglas-fir range.
In the Willamette Valley Foothills, Youngberg (66, p. 843)
has found that when molsture tension in the soll goes above
the 1 atmosphere level the rate of mortality of Douglas-fir
seedlings 1e very rapid. In his study the one atmosphere
molsture level was reached early in the summer. Griffith
(13, p; 18) found that on the University of British Colum=

bia Forest available soil moisture in the B horizon was

the most significant variable affecting the growth of
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Douglas=fir. Carmean (5, p. 335) found that in south=
western Washington site quallity of Douglas-fir incresses
with an increase in precipitaticn especlally summer pree
cipitation. Although i1t may not always be clear as to
what factors are operating in the phenomenon of drought
and to what intensity, it can be said that climate always
has a role and in meny cases a dominant role,

Studies of ecotypic variation have concenirated on
response to the aerial environment or the total environe
ment. In a search of the literature no studles were found
on adaptive respeonse to the sgoll environment alone. There
is no question that the soil environment varies widely.
The role of the soil environment differences in ecotyple
differentiation is poorly understood.

Soil differences may be suitable for the testing of
ecotypic differentiation for the following reasons: {1)
Soil is influenced by all other variables in the environ-
ment including the vegetation. (2) Many soll characterw
istics such as texture and structure are more stable than
biotic or climatic factors., Photoperiod, being the most
stable of environmental factors, is a noteworthy excep-
tion.

It 1s, therefore, felt that some features of the soil

may act with a more constant selection pressure., Of
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course, it is to be remembered that differences in vege=-
tative response may be difficult teo attribute to soll
differences alone, unless all other variables are held
constant and this is usually impractical or impossible.
Most studies of ecotypic variation have used measure-
ments on the aerial pértions of seedlings because it is the
aerial portion which most concerns commerciai forestry.
Other reasons for not devoting more attention to the roots
are: It is more difficult to obtain measurements of the
roots without seriously injuring the seedling, altering
. the énvironment, or even sacrificing the study materlials.
Also, &ince the plant functions as a unit the roots reflect
variations in the aerial environment and it is difficult
to distingulish response to aerial en?irohment from response
to the soil environment. Richardson (42, p. 437) found
that in Acer saccharinum L;, changes in night températurea
caused changes in shoot photosynthate productlon which 1n
turn resulted in changes in réte of root elongation within
15 hours. Perhaps the roots reflect the aerial environment
or the total environment as well as the shoot. However,
the roots if for no other reason than thelr direct contact
with.the s0il should he the most sensitive indicators of

variastion in the soll environment.

The principal objectives of this study were:
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(1} To test for the presence or absence of localized
ecotyplc variation with respect to root characteristics in
Douglag=fir seedlings reared from seed collected on areas
wlthin the confines of McDonald Forest.

{(2) To test for differential adaptation by these
seed sources to two soil series in a reasonably uniform
aerial environment.

(3) ?o test the value of root characteristics as

useful indicators of ecotypie variation,
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METHODS AND MATERTALS

The experimental portion of the study was begun on
December 24, 1959. Seed for the experiment was collected
from four areas on McDonald Forest. The seed from these
four seed sources are hereafter identified by two capital
letters., The first capital letter indicates whether the
seed was collected from & south or north slope. The second
capltal letter indicates the relative altltudinal positlon
of the two slope classes; L indicating low elevation and H
indicating high elevation. Seed collected on the area
with & north aspect and at an elevation of 300 feet were
labelled NL. Seed collected on the area with a north
aspect and at an elevation of 1050 feet were labelled RH.
Seed collected on the area with a south aspect and at an
elevation of 700 feet were labelled SL. Seed collected
on the area with a south aspect and at an elevatlion of

1450 feet were labelled SH.

Solls

The soil used in this study is from the Alken and
Dixonville soil series and waes collected from two soil pits
located on MeDonald Forest under the direction of Dr.
william K. Ferrell. Youngberg and Dyrness (67, p. 1)

desceribe these soils as having developed on residuum from
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basic igneous rock, They have developed under grass,
grass-oak, and Douglas-fir cover and are primarily in the
reddish brown latosol great soll group. The Alken seriles
is the most productive from the standpoint of Douglas~fir
site quality, averaging site III and small areas of site II
on lower north slopes and some site IV on the shallower
phases found on MecDonald Forest, The deeper, less stony
phases of the Dixonville average site IV and the shallower,
stonier phases that are timbered fall in low slte IV and V,
Urie (57, p., 78-81) gives the following dilfferences between
Alken and Dixonville: "Dixonville solls are differentiated
from the Alken serlies on the basls of higher pH, more
blocky structure of the B horizon, and generally shallow
rocky subsoils, Subsoll colors are usually less red then
in Alken. The Alken series includes solls of a wlde range
of characteristics from shallow rocky solls with fractured
basalt fragments common in the subsoll to deep, clayey
solls with moderate B development." He also states that
the forested solls of the Oregon Coast Range have been
differentiasted into soil series but they are not yet clear-
1y defined. Sabhasri and Ferrell (44, p. 78-88) concluded
that the Dixonville soll series and the environment in
which it occurs on MecDonald Forest is more favorable to

shrub growth than is the Alken serles under its
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environmental conditions. However, they found varlation
in response within and between individual shrub specles
to Aiken and Dixonville soile in per cent cover, age, and
height growth.

Twenty«four blocks, twelve each of Alken and Dixon-
ville, were placed, undisturbed, in square, plywood boxes
during the summer of 1959, These boxes had a capacity of
one cubic foot. The sides of the boxes were lined with
polyethylene to reduce water loss through evaporation.
The top one-foot of the goll was taken intact following
the removal of the undecomposed organic material: The
strong structure and plasticlty of the soll made it pose
sible to obtain a relatively undisturbed block of soil.

Subsequent to the removal of the soll blocks the
soll adjacent to the pits was described. The Aiken soll
pit is situated on a ridge at an elevation of 1200 feet.
The area which has been logged has since become occupled
by pole~sized big leaf maple Acer macrophyllum Pursh. The
overstory is very dense approaching 100 per cent cover.
The pit is located next to the road and as a result of
side-~light a heavy cover of herbs, grasses, and shrubs
occeupy the understory. The predominant understory specles

are thimbleberry, Rubus parviflorus Nutt. and bracken

fern, Pteridium aguilinum (L.) Kuhn var. pubescens
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Underw., The soll was moist when sampled.

A, 0-3" Dark reddish brown(5YR 3/4) moist, clay loam,
strong fine crumb, friable, sticky, and
slightly plastic, lower boundary abrupt and
wavy.s ' v

Az 3-10" Dark reddish brown(5YR 3/3) moist, clay loam,
strong fine to medium granular, friable,
stieky, and slightly plastic, lower boundary
gradual and wavy.

By 10-12" Dark reddish brown(5YR 3/4) moist, clay,
moderate fine subangular, frisble, sticky,
and plestic.

Only the top twelve inches of the soll profile was de-

scribed because soll below the 12-1nch level was not used

in the study.

The Dixonville soil pit ig situated on a 30 per cent
slope with a south aspect and convex slope. The soll pit
is within 100 feet of & ridge top and at an elevatlon of
1400 feet. The overstory is comprised of meture, medium-
stocked Douglas~fir and scattered decadent Oregon white
oak., This stand adjoins an open, grass-occupled area,
which has been planted to ponderosa pine, Pinus pondergsa
Law. The stand appears to be encroachlng upon the parke
like area. The understory ig comprised of a light cover
of grasses and herbs. Judging from the relative vigor of
the grasses and the herbs, the grasses are gradually giving

way to the herbs. The soil was moist when sampled.
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Ay 03" Dark brown(lOYR 3/4) moist, silty clay loanm,
strong fine to very fine sub=-angular blocky,
firm, sticky, and plastie, lower boundary
abrupt and irregular. :

Az 3-6" Dark brown(lO0YR 3/3) moist, silty clay loam,
strong fine sub-angular blocky, firm, stlcky,
and plastle, lower boundary abrupt and ilrrege
ular.

B, 6~12" Dark brown(1lOYR 3/4) moist, silty clay loam,

' strong fine to medium subeangular blocky,
very firm, stleky, and very plastic‘ ‘

Bulk dengltlies of the soil bordering the soll pits
were determined in hopes that they would ald in establishe-
ing a relationship between bulk density and rooi penetrae
tion., Urlie (57, p. 39) found that scatter-diagrams indi-
cate a decrease in site index values with an lncrease in
bulk density of the subsoll horizons. 1In a separate
regression analysis, he found that thls relationship was
gignificant for non-stony soils of the bssalt parent
materlal group which includes Alken and Dixonville serles.
1t was thought that there might be a differential resiste
ance to root penetration between Alken and Dixonville-
soils. The rate of root penetraﬁiaﬁ by the rvots could be
an inmportant factor in areas of summer drought.

Samples for determination of bulk density were cole-
lected approximately one foot from the sdge of the soil
pits. Twelve undisturbed samples were collected at each

soil pit, six each from the 0«2 inch level and six from
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the 6-8 inch level. The samples were oven-dried at a
temperature of 105 degrees centigrade for a period of 50

hours and the data are reported in Table 8.

Ireatment of Soil Blocks

The twelve boxes of each soil series were left out-
side the greenhouse untll early November. Then the boxes
were arranged on a bench in three rows of eight each in
such a fashion that a box containing a glven soil seriles
was not Joined on any side by a box contalning the same
soil series. This‘arrangement provided for cancelling the
effect of differences in greenhouse climate that may have

been present from one end or side of the plet to the other

end or side. There was an sgirspace of three inches between
any two boxes; 1t was hoped that this would tend to equalize
the temperature throughcout the plot and wlthin the boxes

of soll. If the hoxes had been touching there may have
been a gradient in temperature and/or moisture from plot
extrémities to the plot center.

The period between placing the boxes In the greenhouse
and the time of planting provided an opportunity for
temperature and moisture within the solil to become stabile
izeds The sﬁabilization period also provided favorable

conditions for the germination of "weed" seeds and the
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sprouting of some plant roots. These germinates and
sprouts were removed t0 reduce the weed prdblem following
planting of the Douglas-fir seed. |

The surface of the aoii in the boxes was not level at
the time of collection. The soil was leveled, loose or-
ganlc debris removed, and cultivated to a depth of approx-
imately one-~fourth inch on éll boxes. Cultivation and
removal of organic debris was done to facilitate planting
of the Douglas~fir seed; otherwise difficulties would have
been encountered during planting. Cultivating should have
had 1little influence on the results of the study since
roots did not occcupy the upper ome~fourth inch of soil.
This may be due to the fact that the soll surface dried

out very rapidly even though watering was frequent.

Seed Source

Seed source means different things to different people.
Seed source has connotations not only of locallty where the
seed was collected, but also of a distinet genetlic ldent-
1ty. The Soclety of American Foresters (49, p. 19) defines
seed source as "usually, the locality where a seed lot was
collected, Synonymous with geographic race, provided the

latter has been demonstrated,” In this study seed source

meansg specifically the locality where the seed lot was
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collected.

The description for each area used as a seed source
1s presented 1n Table 1. This table lists only gross dife-
ferences; no attempt was made to describe subtle differences
of environment. The stagse of succession exlsting of the
respective areass differs, no doubt, but exact placement of
each atend in the proper place in the suceessional pattern
is difficult and was not attempted. The socuth slope areas
are probably in an earlier stage of succession than the
north slope areas as indicated by the proximity of open
areas occupied by grasses and the occurrence of Oregon
white oaks, Quercus garryana Dougl. on the fringes of
these south slope stands. It is generally held that north
glopes in the Willamette Valley are more amenable to the
establishment of Douglas«fir than are the south slopes;
therefore, Dougles-~fir has in all likelihood occcupied the
north slopes for a longer period of time than the south

slopes.

Ireatment of Seed and Planting

The seed for this study was collected in the fall of
1959 under- the direction of Dr, William K, Ferreli. Follow-
ing extraction from the cones the seed was stored in glass

Jars at room temperature and low humidity. The storage




Table 1. Description of seed sourece areas. Addlitlonal comments on areas are
found in the text.

' R Areas -
Characteristic A WL S . SL ' = .
Aspect north north south south
Elevation 200 feet 1050 feet 700 feet 1450 feet
Slope {per cent} 17 30 25 35
Slope direction N25E N1OW s30W 820E
80il series Alken Alken Dixonville Dizonville
Soil depth _ 36 Ainches, %6 inches, 12<18 inches to 18 inches to

plus plus broken basalt  broken basalt
Average helght
of dominants 67 fest 118 feet 64 feet 42 feet
Average age of :
dominants 36 years 92 years 38 years 26 years
Stocking(normal) ]
in basal area 38 sq.ft. 250 sqg.ft. 70 sq.ft. 16 sq.ft.
Stocking(this stand) ,
in basal ares 60 sg.Tt. 110 sg.ft. 70 sq.ft. 20 sq.ift.
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Table 1. Description of seed source sreas. Additional comments on areag are
found in the text. (Cont'd)

T _ __Areas .
Characteristic RS | — I —5H
Per cent stoeking 61 44 160 125
Site Index 130 , 120 110 110
Site Class I1I Iv IV Iv
Type of understory grass, shrubs hophorn- fern, grass grass

herbs beanm, maple
graass
Denaity of ,
understory very llght heavy medlum very heavy

Age conmpositlon unevenaged avenaged unevenaged evenaged
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of the seed at room temperature and low humidity was fol-
lowsd by stratification of & portion ¢f each seed lot., The
geed was placed between layers of molstened paper toweling
and placed in open, plastic bags. The moist stratification
of the seed at temperatures just above freezing was contine
ued for a perlod of three weeks, Following stratification,
the seed lots were placed in open petrl dishes and covered
loosely by & piece of polyethylene and provided continuous
light, Within four days most of the seeds had radicle
emergence., To arrest growth untll the preparations for
planting were completed, the seeds were placed in storage
at a temperature of 35 degrees Fahrenhelt for eight days.
The seed was then planted.

Only seeds that had a radicle emergence of at least
one-fourth-inch were planted. Some of the radicles were as
long as three-fourths~inch, but these were few in occur-
rence. The seed was planted at a depty of one-fourth to
one=half inch. There were 16 uniformly distributed seed
spots in each of the seoll blocks; four each per seed lot.
The selection of seed spots was done by random draw, A
record was kept as to the exact location of all the replli-
cates for all four seed lots in all 24 soil bloecks., Three
geeds from seed lots NH, SH, and SL were planted per seed |

spot. Only two seeds from seed lot NL were planted
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becauge an insufficient number of seeds had germinated to
plant three. Approximately the same amount of seed from
all four seed lots was stratified; the reason for the dif-
ference in the amount of germinated seed in the NL seed lot
from the other seed lota.waé not apparent.

Investigations in Dr., Irgens-Moller's laboratory (pere
sonal correspondence) on the same seed sources have shown
that unstratified seed from the south aspects germinated
more quickly than seed from the north espe¢tis, but when
stratified this difference disappeared, It was thoﬁght that
seed weight might glve some hint on the difference in rate
of germinstion, but no clear relationship was demonstrated.
The NL seeds were intermediate in weight. Dr. Irgens-Moller
reports that the 1000«seed welght for these seed lots, as
determined by one of his students, is as followsé (per-

sonal correspondence)

1000-seed Welght Seed lot
10.10 grams NH
lc.70 " NL
11,83 " SL
12,29 " . SH

Lavender (23, p. 5) demonstrated in his study that in
Dougles~fir there is a decrease in germinative vigor with
a decrease in seed slze and that there is no correlation

between seed size and welght and size of resulting
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seedling. Righter (43, p. 134) found that seed welght in
genus Pinus is correlated with seedling size bul not wlth
inherent vigor.

Some of the possible explanations for the difference
in rate of germination between NL and the other seed lots
are: (1) The storage and treatment may have had a differ-
ential effect on the sesd lots, (2) There could have been
& difference in maturity c¢f the seed lots at the time of
eollection. (3) There could have been more selfing in the
NL seed lot and consequently, more empiy seed coats and
decreased viability. (4) The NL seed lot may have been

genetically inferlor in germinative capacity.

Light Source and Fhotoperiod

During the stabillzation period six fluorescent units
containing warm-daylight lamps were suspended above the sur-
face of the soil blocks at a distance of 15 inches. The
lights were automatically turned on at 6 a.m. and turned
off at 8 p.m. Paclfic Standard Time, This provided a 14
hour photoperiod throughout the duration of the study.
Irgens-Moller {16, p. 81) found that bud-bursting of Doug-
las-fir seedlings originating in the Corvallis ares vere
influenced very little by duration of photoperiod. Temper-
ature rather than photoperiod might be the critical factor
in the growth of seedlings from the Corvallis area. In
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this study only the duration of the photoperiod wae cone
trolled; minimum light intensity was measured, but maximum

light intensities were not known.

The study was conducted during that tlme of the year
when days are shortest and since the growth of the seed-

lings was vigorous and rapid the fluorescent lights must

have provided light in excess of the threshold value for
photoperiod. Table 2 glves the 1light intensity at the soil
surface as measured in the complete absence of solar radia-
tion. The center row of the boxes had a consistently higher
light intensity from the fluorescent lights than did the

outer rows. The reverse was true when solar light was
present because of the shading by the light units. Most
likely light levels 4id not have a differentlal effect on
the rows of 201l blocks. If there was a differential effect

1t would have been cancelled in the statistical analysls,

Temperature and Relative Humigitz

Temperature was recorded with an Autolite Thermograph

|

|

|

!
which gave a continuous temperature reading at plot center
throughout the duration of the study. Temperature record-

ings served the purpose of indicating whether temperatures

approached injurious levels. Minimum temperatures were

kept up by greenhouse radiators while the maximum




Table 2.

Light intensities in foot candles
of the soil blocks as measured in
solar radiation and with a Weston
Meter, Model 756 (quartz filter).

20

at the surface
the absence of

Illumination

Box_Kumber

Tight Intensity

Tenter of DOX

Range within box

I
1T
111
IV

v

VI
ViI
VIII
IX

X

X1
XIT
XIII
X1V
XV

- XVI
XVII
XVIII
XIX
xx
XXT
XXII
XXIII
XXIV

Minimum 1light intensity measured
Maximum light intensity measured

Mean light intensity for centers

380
470
330
420
530
280
380
500
340
400
520
380
350
510
390
360
480
370
330
420
330
300
390
2300

Aiken soll blocks

Mean light intenslity for centers

Dixonville soil blocks

of
of

180
540

400.8

"

H

399.2

260430
390-510
210420
00490
500=540
260450
260-440
480530
260440
280480
480-520
270470
290450
490510
270«430
260-440
450490
260«440
240-3%90
410440
250+380
190-380
340400
180-380
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temperatures were reduced by lncreasing greenhouse ventila-
tion, The minimum temperatures were never lower than 40
degrees Fahrenheit and the maximum temperature exceeded

100 degrees for brief periods on two days. Diurnal temper=-
atures were etrongly influenced by the intensity of solar
radiation.

A hygrothermograph was placed on a bench adjacent to
the bench on which the study was being conducted from
February 9 through February 17. As was expected relative
humidity varied directly with temperature. The minlmum
relative humidity during this period was 35 per cent; the
maximum was 80 per cent. Molisture atress should not have
reached injurious levels because of watering during warm
weather. There was no evidence of wilting or heat lesions

even on the warmest days.

Soil Moisture

A it ii————

Watering was done on the basis of the dryness of the
surface soil as indicated by color of the soil surface.
Sufficient water was applied at ecach watering to bring the
soll moisture up to fleld capaciﬁjﬁ Excessive water could
not accumulate because of the good drainage allowed by the
boxes and the small mass of the soil blocks. The degree

of wetness of the Dixonville soil was shown by an obvious
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change in the color of the soll surface. The longest per-
jod between waterings was five days which should not have
been long enough period to allow the soil moisture to
approach the permanent wilting point. Admittedly, the
need for water and the amount of water supplled was done
subjectively, but it is doubtful that this had any effect
on the results of the study; all soil blocks were watered
at the same time and given sufficient water to bring all

the soil blocks to field capacity.

Mortallty

Within one week following planting of the seed & few
seed coats appeared above the soil surface: however, 1t
was two weeks before most of the seed spots hed signs of
shoot emergence. During(thie period there was damplng-off
and slug-caused mortality. To reduce the ineidence of
mortality caused by damping-off and slugs, Arasan and slug
balt were applled to the soil surface on all soll blocks.
At the time of application, seed spot mortality was 12;6
per cent. One month followlng planting the mortality of
seed spots was 14.1 per cent. '

Although it appesred that slugs and damping-off fungl
were the prineipal causes of mortallty other factors had

a role. Attempts to catalog causes of mortality were
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abandoned because of the difficulty in deteramining the
gpecific causes of mortality for individual seedlings.
With the passage of time it appeared that damping-off and
slug damage ceased altogether and other causes became
dominant, Perhaps inherent weakness of individual seed-

lings became more important.

Thinning

On January 29, a little over one month following
planting, the seed spots having more than one seedling
were thinned to one seedling. By this time most of the
seedlings had a couple of whorls of secondary needles and
were growing rapldly. The seed spots were thinned of the
least vigorous seedlings when there was a noticeable dif-
ference in vigor. Thinning was accomplished with & scis-
gors by clipping the seedlings to be removed off at the
surface of the soil. The only treatment the seedlingé
received after being thinned was periodic watering and the
occasional removal of a weéds The seed spots were thinned
in order that all seed spots would have only one seedling;
thereby eliminating the possibility of differences due to

the number of seedlings occupying a seed spot.
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Removal

At the time of planting two boxee, with one glass
glde and containing representatives of the soils and seed,
were placed next to the study plot. These boxes were used
ag guldes in the timing of removal of the seedlings from
the study boxes., It was hoped that root development could
be observed through the glass, but for some reason the
roots could not be observed.

On March 11, the seedlings from one of the glass-slded
boxes were removed. At thls time the deepest penetration
of the primary roots was eight inches. It was declded
not to remove the seedlings from the study boxes. The ob- i
Jective was to allow maximum development of the seedlings
in the study boxes, but to remove them before the roots
reached the bottom of the boxes. Abnormalities might have
resulted if the roots were allowed to reach the bottom.

On March 22, the remeining glass-sided box was taken
apart to check the progress of root development. It was
found that the longest primary extended to a depth of 10
inches. The decision was made to remove the seedlings in

the main boxes,
The seedlings in the study boxes were removed on

March 23 and March 24, One side of the box was removed

and the seedlings were removed by directlng a stream of
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water on the soll block with a garden hose. In thls manner
all the seedlings were removed from the soil blocks. Fol-
lowing removal the remaining soil attached to the roots was
removed and the seedlings were wrapped in damp cloth and
placed in a refrigerator untll meaéurements were taken.
Considerable difficulty was encountered during removal be-
cause of the compactness of the s0ll and the intertwining
of grass and shrub roots within the soil. On some of the
seedlings part of the root éystem was lost during the
removal. Only the shoote were used in the analysis when

the root system was damaged in removal.

Measurements

Number of surviving seedlings, length of primary root,
total length of lateral roots, number of growing root
tips, and number of laterals were recorded soon after re-
moval and prior to obtalning dry weight. To obtain shoot
and root dry weight the shoot was severed from the root
system at the ground line which was easily determined by
observing the change in color of the stem from green to
light brownq The dissected seedlings were placed in
i1ndividual containers and oven-dried at 106 degrees centi-

grade for a period of 50 hours.

To obtain an index of root form the length of the
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laterals was divided by the length of the primary. Also
obtained were root/shoot ratios. This was done by dividing
the dry weilght of the root system by the dry welght of the
shoot.

In obtaining the length of laterals and the number of
laterals, those laterals under one-fourth inch in length
were excluded because they were few in number and difficult
to measure, To determine the number of actively growing
root tips, color 4ifference between the turgld zone and
the subérized zone and the length of the turgid zone were
used as the criteria. The turgid zone was cream to white
in color while the suberized zone was brown in color.

Root tips with a turgid zone of less than two millimeters
in length were not considered to be actively growing. It
was not difficult to distingulsh root actlivity on this
basig and there were very few marginal root tips. The
demarcation between active growth of root tips and arrest-

ed growth was almost always readily apparent,

Statistical Analysis

Analysis of variance was used to determine the signif-
jcance of differences within the data. Averages of com=
binations of two or three boxes were used because some

individual boxes had a seed source or seed sources missing
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through mortality. A combination of three boxes was used
in the analysis of root data and the root/shoot ratios.
It was not possible to use a combination of two boxes for
analysis of root data because of the loss of usable root
systems during removal. A combinatlon of two boxes was
used in the analysis of shoot measurements and survival.
With the three box combination an attempt was made to
cancel out differences, if there were any, due to position
in the plot by combining two boxes from the outside rows
with a box from the center row., In the case of the two
box combinations this was not possible since there wvere
three rows, but no two boxes from the same row were com-
bined.

Where significant differences were indlcated by the
analysis of variance for a particular measurement the linear
combination test was used to determine what seed source or
seed sources were significantly different from the other

seed sources within a soil (26, p. 221-233).
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RESULIS

The mean values for the characteristics measured were
computed by solls {Tables 3 and 4), between all seed
sources (Tables 5 and 6), and for each seedling charactler-
istic within a soil (Table 7).

The length of the laterals/length of primary ratio
was significantly greater in the Alken soll than in the
Dixonville soil (Table 7) and was the only characteristic
for all seed sources showing significant difference between
the soils. There were significent differences between seed
sourees in shoot weight, numbef of laterals, and root/
shoot ratioc on both soile (Tables 5 and 6). There were no
significant differences between seed sources in shoot
length, length of primary root, root dry weight, number of
actively growing root tips, survival, and length of
laterals/length of primary ratio in elther soil. In Alken
801l there were significant differences between seed
sources in length of laterals, but no significant differ-
ences 1ln Dixonville soil.

There were obvious differences between boxes in the
vigor of the shoot growth, but due to the need to use com=-
binations of two or three boxes in the analysis these 4dif-
ferences are not apparent. The differences were probably

due to differences in productivity between individual
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boxes of soil. Also, differences in aerial environment
may have played a role in the differences in vigor. That
there were differences in aerial environment throughout
the plot 1is supported by the obseﬁvation of differences in
the rate of drying of the soil surface. The soil surface
remained more moist on the three boxes closest to the
greenhouse wall than the other boxes. The reason for this
difference in rate of soll surface drying 1s probably in
some way related to the microclimate of the greenhouse.

The bulk densities for the respective levels of the
Alken s0l1l were consistently lower than the bulk densities
of the Dixonville soil (Table 9)., These findings are com-
parable to those of Youngberg and Dyrness (67, table 2),
but with slightly lower overall values. |

In general, based on obsefvation and mean values, 1t
can be said that the Aiken soil produced more vigorous and
healthy Douglas-fir seedlings than Dixonville soll under
the conditions of thié study.
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Table 3. Mean values for root and shoot characteristics
on Alken soll serlies.

- Seed Source

Characteristic WL WH__ 8L __on
Shoot length 1.89 1.94 2.04 1.90
{(inches)
Shoot dry weight 61.9 55.6 66.1 55.2
(milligrams
Length of primary 6.18 5.4% 5.04 5.06
root (inches)
Length of lateral 5.02 3.98 6.50 4,88
roots (inches)
Number of 809 6.3 9-9 7.8
lateral roots
Root dry weight 274 21.7 29.3 23.5
(milligrams) '
Number of ,
actively grow- 8.9 7.8 8.6 7.6
ing root tips
Root/shoot ratio W47 ¢35 45 W45
Length of
laterals/length .84 .72 1.34 .93

of primary root
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Table 4, Mean values for root end shoot characteristics
on Dixonville so0il.

—_Seed dource

Characteristic NL_____NH_____SL —SH
Shoot length 1.80 1.80 1,75 1.83
(lnches?
Shoot dry welght 51.6 47.5 50.2 54,4
(milligrans)
Length of primary 5.32 5.67 4,80 5.84
root (inches)

Length of lateral 4,05 2.70 2.75 4312
roots (lnches) : X
Number of lateral 8.8 6.1 5.7 7.0

roots '
Root dry weight 29.5 25.9 22.0 30,2

(milligrams)

Bumber of aGtively 903 7:1 6o9 7»0
growing root tlps
Root/shoot ratio .58 +53 A6 .58
Length of

lateralS/length v78 . &9 t60 . 73

of primary root
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Table 5. Statistlical comparison of mean values for root
and shoot characteristics on Alken s0il series
(#, significant at 5% level and ns, non-signif-
lcant.
, Comparison made —
SH SH SH SL SL NH
VB. 'VB. VB. VS. VS. VSO
Characteristic _B8L NH NL NH NL NL
Shoot length ng ns ns ns ns ne
(inches)
Shoot dry weight # nse ns # ns ns
(milligrams)
Length of primary ns ns ns ns ng ns
root (inches)
Length of lateral # ns ns #* ns ns
roots (inches)
Number of lateral ns ns ns # ns ns
roots
Root dry welght ns ns ns ns ns ne
(milligranms)
Number of actively ns ns ns ns ns ns
growing root tips
Root/shoot ratio ns # ns #* ns #
Length of laterals/
length of primary na ns ns ns ns ns

root
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Table 6. Statistical comparison of mean values for root
and shoot characteristics on Dixonville soll
gseries (%, significant at 5% level and ns, non-

significant)
Comparison made
SH SH SH SL SL NH
V8 - VB - VS » VS . VB ) VS s
Characteristlc _SL __NH KL __ NH NL ___NL
Shoot length ns ns ns ns ns ns
{inches)
Shoot dry weight ns # ns ns ns ns
(milligrams)
Length of primary ns ng na ns - ng ns
root (inches)
Length of lateral ns ng ns ns ns ns
roots (inches)
Number of lateral ng ns ne ns %* na
roots
Root dry weight ns ns ns ns ns ns
(milligrams)
Number of actively ns ns ns ns ns ne
growing root tips
Root/shoot ratio # ns ns ns % na

Length of laterals
/length of primary ns ns ns ns ns ns
root
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Table 7. Mean values by soll for root and shoot character-
istics with the four seed sources combined

—Soil_ - —
Characteristic Aiken ——pixonville
Shoot length . 1.94 1.80
(inches)
Shoot dry welght 59.7 50.9
(milligrams
Length of primary 5.43 5.41
root (inches)
Length of lateral 5.10 z.40
roots {inches)
Number of laterals
over 1/4 inch 8.2 6.9
in length
Root dry weight 25.5 26.9
(milligrams)
Root/shoot ratio 43 54

Number of actively ,
growing root tips 8.2 7.6
over 2 mm in length

Length of laterals
/length of primary .96 # .65 #
root

# Significantly different at the 5 per cent level.
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Table 8., Bulk densities of samples by soll serles and
| position in soil profile taken from the site
used for collection of undisturbed soil blocks
used in the study (values in grams per cubic
} centimeter).
; , Sample Source
| Sample Alken Aliken Dixonville Dixonville
0=2" 6-8" Qm2" _6-8"
1 0.73 1.03 0.94 1.23
2 0.79 1.05 0.95 1.06
3 0.85 0.95 0.98 1.25
4 0.79 1.14 0.93 1.12
5 0.76 1.07 0.98 1.09
6 0.83 0.94 0.89 1.16
mean 0.79 1.03 0.94 1.15
range 0.12 0.20 0.09 0.19




DISCUSSION

The statistical anelysis gives evidence of differen-
tial adaptation for some of the seedling characterlistics
measured within Alken and Dixonville soils, but these dif-
ferences were not the same on the two soil types., VWhat
environmental factor or factors are assoclated with the
differential responses is not evident. Observatlon of
general vigor durlng the course of the study leads to the
conclusion that there was not only consilderable variation
within & soil, but also within some individual blocks of
s01l. Variation of scil characteristics, principally
variation in resistance to root penetration and expansgion
within a bloeck of soil, was apparently the cause of var-
iation in the vigor of the seedlings. Thls observation is
indirectly supported by the statistical analysis which
failed to show significance in some cases when group
means seenm to indicate considerable difference. If too
large, variation wlthin a group would cancel out any
statistical significance between groups of seedlings.

Based on group means, Alken soll bloecks, in general,
were the most productive. Seedlings grown in Alken soil
had heavier shoots and roots than did seedlings grown in
Dixonville soil although variation was large.

*
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There were inconslstencies between the two solls for
a given seedling characterlstic especially for seedlings
of the SL seed source in relation to the seedlings from
the other three seed sources. The seedlings of NH, KL,
and SH seed sources have a comparatively uniform relation-
ship of mean values for the various characteristics meag-
ured on both the soils. The SL seedlings, however, had a
complete reversal in thelr relative position with the other
seed sources between the two solls, On Alken soll the SL
seedlings had the longest shoots and roots, and a compar-
atively high root/shoot ratio. On the Dizonville soil
the reverse was true. Perhaps the switch in position of
relative growth rate occurs when the genetic potential of
the SL seedlings for high growth rate is present, but 1s
in some way controlled, so that it isvexpressed only under
certain environmental conditions. Or to put it another
way -= the SL seedlings when grown in an environment which
eliminates fast-growing, succulent seedlings have &n en-
vironment sensitive, genetically~controlled mechénism
which resulte in a slower-growling, more hardy seedlling.
Sabhasri and Ferrell (44, p., 81 and 83) in a study on
brush specles occurring in small openings of and in Doug=-
las-fir stands of the Willamette Foothills found a similar

reversal in response of shrub cover and helght growth of
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certain species to Alken and Dixonville solls.

It is possible that the respoﬁse of a seedling to a
glven environmental factor is conditioned by other factors
in the environment. The combination of the Alken goil and
greenhouse climate could be more ideal for the expression
of genetic differences between seed sources then the com-
bination of Dixonville so6ll and greenhouse climate.

There are several possible explanations for the var-
iation in the study results. A few of the more obvious
reasons will be mentioned. The seed used to rear the test
seedlinge was collected from open-pollinated cones, thus
there almost certalnly exlats genetic heterogeneity. How
much genetic heterogeneity contributes to variatlion within
a seed source is indeterminable because the seed from
gseveral trees on a seed source area were mixed together;
consequently, some meaning 1s lost from the results., Other
workers have pondered a similar problem when values for
individual seed lots varied considerably even within areas
possibly because of inherent individual tree.variatioﬁ.
Theoretically 1t is possible to have nearly as much vare-
i1ation within progeny from & single parent tree as among
progenies from several parent trees (46, p. 28). A better
experimental method would have been to identify the seed

from each parent tree on each seed source ares.
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The 861l blocks do not truly represent the in~the-
field soil environment. Although the soll blocks were re-
moved intact from the soil mass in the field, their small
mass makes them somewhat artificial. Differences in mass
would have an influence on the character and rate of move-
ment of soil 1liqulds and gases. The small mass of the
soil blocks may have resulted in "border effect" extending
throughout the soll block. Because soil molsture was
artificially maintained, to near field capacity, it could
be expected to depart from the soil moisture typically
occurring during the growing season in the fleld. Assum~
ing that low levels of moisture had an important role as
a selectlon forece in the MeDenald Forest area in the evo-
lution of the existing genotypes then it may have been
better to maintaln a lower level of soll meisture in the
study. This would be especially true if low soll moisture
levels have had a differentisl influence between seed
gource areas. |

The same can be said for the greemhouse climate with
1ts semi-controlled light and temperature being less rigor-
ous than the field serial environment. It all adds up to
the fact that differential responses in an artificlal en-
vironment cannot be taken as absolute proof of a similar

response under field conditions,



There are a great varlety of characteristics that
gould be used to detect ecotyple varlation and the ones
used in this study may or may not have been the most
sensitive. The determining of the most sensitlive measure
of ecotyplic variation would be a study in itself. Root
characteristics did not demonstrete any greater sensitlve
1ty to environment in comparing seed sources than did the
shoot characteristies. In fact it was a combination of
reot dry weight and shoot dry welght in the form of a
ratio which proved to be the most sneslitive indlicator of
ecotypic variation in this study. Sine the roote and the
shoot are reciprocally dependent on each other, 1t would
be expected that there is a balance between them which is
optimum for survival and growth of the seedling. For
example, Richardson (41, p. 781) concludes that any change
in the environment of the shoot which causes a change in
the rate of photosynthesis has a commensurate effect on
the rate of root growth. Vinokur (58, p. 2?3) states
that soil temperature affgcts intensity of photosynthesis
and rate of flow of "plastie® substances from leaves. He
further states that heating of roots involves an increased
flow to them of these substences from leaves which in turn
intensifies the process of photosynthesis and is apparently

one of the basic causes of the sharp increases in growth
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of roote and surface organe. In another study Merritt
(32, p. 1513) found that the basic pattern of root growth

of red pine, Pinus resinegss Ait., is inherently controlled,

but environmental variations produced guantitative changes
in root growth and influenced the timlng of events.

When obtaineble, the root/shoot ratio because it re-
flects both the differences in soll and aerisal environment
through direct contact of the respective parts should have
some advantages over a measure taken from the roots or
shoot alone.

Root form (length of laterala/length of primery) was
the only measure used which demonstrated significant dife
ferences between soils, but there were no significant dif-
ferences between seed éourcea with this variable., It 1is
felt that the difference in root form between Alken and
Dixonville solls is primarily a reflection of differences
in phyeieal characteristics of the itwo solls. Alken has
s lower percentage of clay, lower bulk densitles, and
weaker ped structure than Dixonville scil; thus Alken 1is
more frisble and offers less resistance to lateral develop-
ment. Also, Aiken with a higher level of potassium, nitro-
gen, and organic matter is the more fertile of the two
soils (67, teble 1). Urie (57, p. 39) found that with
a decrease in bulk density of the subsolil there wes an

increase in site index. OCarmean (5, p. 334) found that
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as soll compaction (soil consistence) increased, site
quality decreased in southwestern Washington. He cone
cluded that soil compaction restricts root development
because of poor aeratlon and internal drainage. Haasls
(14, p. 302) attributes variation in root form of ponder-
osa plne to soll texture and structure. Physical differ-
ences have also been considered as lmportant in root dis-
tribution and growth (29, p. 52). The mean value of the
four combined seed sources for length of laterals/length
of primary ratio was 0.97 for seedlings grown in Alken and
0.65 in Dixonville.

The results of this study agree with the observa= '
tions of Youngberg and Dyrness (67, table 2) that Alken
soils are more productive than Dixonville soils in terms
of the growth of Douglas-fir, Productlvity was judged by
root and shoot weight of seedlings in this study and on
the basis of height-age relations in their study. How=-
ever, why Alken soils are more productive has not been
completely elucidated in elther study.

Lower fertility and greater physical resistance of
the Dixonville soil results in a narrower range of expres-
sion of differences in growth rate of shoots and rootis;

certainly genetlc differences between the four seed

sources were less evident (Tablesb5 and 6). Lower
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productivity was indicated by lower mean values for shoot
length, shoot welight, root length, and root welght of the
seedlings from all four seed sources in Dixonville when
compared with all the seedlings grown in Alken.

Youngberg (66, p. 844) in discussing differences in
reaction of Douglas-fir seedlings to solil méisture stress
on Alken and Climax solls suggests that these differences
may be due to environmental factors other than soil mols-
ture or physiological differences between lots of nursery
stock used. It would seem that a difference in root form,
resulting from differences in resistance Lo root expansion,
could be an explanation of this difference in reaction to
soll moisture stress. This would result in differences of
the amount and placement of absorbing surface capable of
sustaining the seedling., Also under conditions of hlgh
moisture stress a difference.in root/shoot ratios might
result in a differential reaction to the stress, In teras
of survival the ratio could have an import effect under
’ drought conditions, assuming that equal weights of shoot
have equal stress for moisture on roots which have an equal
capacity to supply moisture per unit of welght.

Very 1likely drought conditions vary considerably be-
tween the four areas used as seed sources in this study.

Expected would be an increase in moisture stress on the
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seedling with a deérease in elevation and with an lncrease
in incldence of solar radiation. Using expected differe
ences in incldent solar réaiaticn and temperature as
influenced by elevation and aspect of the aréas from which
the seed was collected could be ranked according to Ex=
pected intensity of drought, SL would have the highest
intensity, SH second highest, Hi third highest, and NH
would have the lowest expected intensity of drought. The
analysis of root/shoot ratios and length af‘laterals/
length of primary, in part, confirm the logle of ranklng
the four areas according to expected intensity of drought.
Grouping the seedlings grown in both soils; 5L has the
greatest length of laterals/length of primary ratio, SH
second highest, NL third highest, and NH the lowest, For
root/shoot ratios NL hed the highest, SH second highest,
SL third highest, and NH had the lowest.

Other results of the study tend to support the ranke
ing of the séed source areas. In Alken soil, SL geedlings
had significantly greater number of and length of laterals
than did NH seedlings and significantly greater length of
laterals then SH seedlings. It should not be too 1llog-
ical to expect greater numbers of and greater length of
laterals to make a seedling mofe drought resistant., On

the other hand, in Dixonville soll SL seedlings had the



least number of laterals and the shortest in Iength.

The results of this study do not in themselves solve
any problems in regeneration, but they should ald in guld-
ing future research in the problems of regeneration. The
practical applicatlion of the results 1s'that they provide
further evidence that there is one best combination of
genotype and environment which is most likely to produce
the desired resulte. The possibllity existe that these
combinations of genotype and environment are more lmport-
ant than is often realized because there is greater diverw
sity of genotypes and environments then is generally

belleved.
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SUMMARY AND CONCLUSIONS

On the baslis of the results of this study there 1s
evidence of localized ecotypic variatlon in Douglas-fir
found on MeDonald Forest. It is believed that there 18 a
close associatlon between the occurrence of localized eco-
typic variation and irregular terrain. Irregular terrain °
represents discontinulity in environment.

The evidence that there 1s genetic differences between
trees on areas within relatively short dlstances suggests
that the respective environments have exhlblted dlfferences
in kind and/or magnitude of selection forces.

Under the solil conditions of the study the results
indicate that the soll had a role in the expression of eco-
typic variation., Taking all ecotypes together, however,
root form 1s the only characteristic studied which differ-
ed significantly between Alken and Dixonville soils. The
differences in root form appear to be independent of seed
source under the étuay conditions.

The statistical analysis shows no significant differ-
ences, with the forementioned exéepticn, between.soils;
but between the group means of the seed sources there are

seemingly large differences for some of the characteristles
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which demonstrated no significant differences. It ls
possible that these dlfferences could be of lmportance 1n
assessing regeneration problems on the two solls.

Root characteristice of seedlings have as much promlse
as shoot eharacteristics‘for use as indicators of ecotyple
variation. Roots have the advantage of being in direct
contact with the soil environment and because the roots
and surface organs are reciprocally independent, roots
reflect the influence of the total environment.

The ratio of root to shoot in terms of dry welight was
the most sensitive measure used in this study. The results
of the statistical analysis, 1n part, confirm an expected
pattern of drought on Mc¢Donald Forest. The seedlings
grown from seed-eollected at a high elevation and on a
north slope, an.environment which should be leés droughty,
had seedllings with amallér roots in pfopcrtion to the shoots
than seedlings from lower éléVations and south slopés, a

more droughty environment.



STUDY II
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INTRODUCTION

The requirements of forest regeneratlon can be sun-
marized as follows: A seedling will survive 1f it has ite
physiocleglical requirvements, which are determlned by the
genetic makeup of the seedling, satisfied by the environ-
ment in which i1t ig properly established.

Proper establishment, over which foresters should have
considersble control, is far from being well defined or
understood. One of the more elusive aspects iz the time
of establishment. Proocf that there is nominal apprecla-
tion of an optimum period for successful planting, which
may be ghort in duration and vafy fron year to year in
timing, is evidenced by & recommendation by a committee of
esteemed foresters (61, g.»4#~45)i "Me cheice of planting
season is naturally during the period when stock is dor-
mant, which is from lat@.Segtémber to late April. The
season of planting shmuld be chosen to fit the area to be
reforested and this is principally gulded by weather con-
ditions as reflected by soil moisture and temperature,"

Planting date is that period when the combinatlion of
environment, in which the planting stock is to be pilanted,
and the physioclogical status of ﬁhe planting stock ls such
that the probability of survival is hlghest, Therefore,
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planting date is more complex than ig impllied by dormancy,
level of soil moisture, time of year, and solil temper-

ature.
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LITERATURE_REVIEW

If dormancy (cessation of all growth) is a prerequl=
site for successful planting then, for at least some
specles, there 1s no periocd throughout the year when we
can plant with assurance of success. There appears to be
a relationship between the level of growth activity of
roots or the regernerative power of roots and the likelie
hood of the seedlings surviving transplanting, but what
this relationship is has thus far eluded researchers. Of
the specles studled there are differences in pattern of
growth between the roots and the surface organs, The re-
lationship with surface organs and the level and perlode
icity of physiological activity of subsurface organs should
have some influence on timing of 1lifting and planting.

It has been found that shortleaf, Pinus echinata
Mill., and loblolly pine, Pinug taeda L., made recordable
root growth during every elght-day period for two years
(56, p. 149). There were, however, two marked periods of
semidorﬁaney from December 1 to March and from the end of
June through August, under greenhouse conditions. Roots
of ponderosa pine in one study had root growth during every
month of the year (53, p. 330). Like ahoitleaf and lob=-
lolly pines, ponderosa pine manifested a dilstinet period-

ieity of root growth under greenhouse c¢ondltions. The
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transplanted ponderosa pine seedlings hed no root elonga-
tion or root initiation vhen transplanted in July or
August. Root elongation was evident only on ponderosa
pine seedlings transplanted from December to June; howe
ever, the greatest activity was in the spring immediately
before the terminal bud brcke; Reed (49# p. 65) in another
study on the roots of shortlieaf and loblolly pines cone
cludes that although it was impoasible to establish an
exact mathematical relaticnéhiélb@tween root growth and
either temperature or soil moisture, the evidence indie
cates that deficlent scoil moisture may limit growth of.
reots during summer mgnﬁhs; aﬂd.law soil temperatures may
have & like effect on root growth during the winter months.
Stevens (51, p. 68) concludes that there is no evidence
that a winter rest period_is inherited or necessary for

the roots of eastern vhite pine, Plnus strobusz L.

In transplantingQ the regeneration of new roots to
replace those loet in the proecess may be critical factor
in the survival of the seedling; Wilcox (62, p. 233)
found that the period of most active root réegeneration of

noble fir, Ables procera Rehd., was frem June 1 to Septeme

ber 1, In a few seedlings there was an additional earlier
period in February and March. In & Californlie study using

Douglas-fir, it was found that when transplanted greatest
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root regeneration occurred from the middle of November to
the mlddle of March. This period colincided with the
planting dates having the highest percentage of survival
of field plented 2« and 3-year-old Douglas-fir (52, p. 15).
During the removal of Douglas-fir seedlings for this
study 1t was noted that at the Oregon State Nursery near
Corvallis the roots of Douglas-fir seedlings never appear=-
ed to be completely dormant., A majority of the root tips
were creamy white in color and turgid in appearance,
throughout the winter. These same seedlinge manifested a
marked increase in root elongation Just priof to bud~burst.
There 1s some indieation that seedlings of at least
some species have lower rates of survival if they are
transplanted following initistion of bud-burst. Simon
(48, p. 450) from the results of his study concludes that
there is evidence that lifting Engelmann spruce, g;ggg
engelmannii Parry, two weeks and lodgepole pine, Pinus

contorta Dougl., four weeks after the beginning of bud-

swelling lmpalred the capaciiy of the seedlings to survive.
Storage had a more marked effect on Engelmann spruce and
lodgepole pine following the inception of bud«swelling.

For some specles there are incongrulties in the
results for a given planting date from year to year.

Krygier (20, p. 8~10) found that there were conflicting
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results when comparing fall planting with spring planting

of Port-Orford-cedar, Chamaecyparis lawsoniana (A. Murr.)

Parl., outside its native range. He algso found that in a
given year the survival rate for the fall planting showed
significant differences between exposures on which the
plantings were made. The spring planting showed a signif-
icant differehce in survival by exposure. Perhaps an early
frost accounted for the differences by exposure in the fall
planting.

Chapman (7, p. 826) working with shortleaf pine demon=
strated in his study that spring-planted stock was much
superior to falleplanted stock in survival rate. He also |
found that while top and root pruning or top pruning alone
markedly increased the survival rate of spring-planted
stock, the differences were not as great as théy were with
falle-planted stocks The reaction of fall-planted stock to
pruning might be an indlcation that the tops ha&e a greater
dependence on the roots for sustenance through the period
of "dormancy" than during periods of active top growth.
During the late fall months conditions such as incomplete
contact with the soll, shock due to differences in soll
teﬁ?erature between nursery and field soils, or any other
aspects of the enviromment which could disrupt the physio-

logical balance between roots and top could possibly be
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deleterious to the extent of lmpsiring chances of survival.
In the spring the aerial and soil environment, beling more
amenéble to growth activities of both tops and roots, off-
set the effects of mechanical damage to the roots during

. transplanting and the time required to sdjust to the new
environmeﬁt. |
| Limstrom (27, p. 50) recommends that planting strip-
mined land.be done anytime from the last week in February
to the middle of March in the central states. This period
most likely coincides with the time just prior to or dur-
ing the inlitial stages of spring growth of the roots and/or
tops. '

That different classes of planting stock can act
differently to obscure the importance of planting date is
'hrought out in a study made by Cooper, Schopmeyer, and
MeGregor (10, p. 29). When they used 1-0 wildling sand
pine, Pinus clausa (Engelm.) Sarg., they found that uni-
formly poor survival resulted from monthly plantings in
October through February. Using nursery stock and plaht~

} ing in November and December the data indicated that the

f seedlings planted in December had significantly less mor-
tality than the seedlings planted in November. These
findings could be ar indication that the nursery stock
had not sufficiently "hardened off" 1nvNovember to
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withstand transplanting as well as the more "hardened off"
gtock planted in December.
Walters and Soos (60, p. 6~12) who used Douglas-fir

and Scots pine, Pinus sylvestris L., in a planting date

study conclude that generalizations about planting dates
are risky. The differences between rates of mortality by
plantingxdate were considerably less in 1959 than in 19%58.
1959 hgd more summer precipitation, lower summer temper-
atures, and a shorter duration of days between rainfall
than in 1958. In summary they infer from their data that
falleplantings are in general preferable to spring-plante
ings. To a small degree thelr results aré negated by
uging different-aged planting stock in successive years.
Also, planting was done from April through November; thus
no test was made of late winter and early spring plantings
which may be the most succeasful.

All possible references have not been ineluded. How-
ever, those that have been reviewéd should point out thét
the seemingly definitive phrase, planting date, has many
ramifications and 1mplieatlons which deserve further re-
search and observation. It is recognized that factors not
related to planting date can be of equal or greater import-
ance in the effect on survival aaxd growth of éeedlings

than planting date, but it 1s also apparent that there is
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a period of time which is opitimum for planting and it may
be of relatively short duration and vary in timing from

yYear to year.
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PURPOSE

‘Regeneration on south slopes in particularvhas been
an especially difficult proposition in the foothlills of
the Willamette Valley (2, p. 11-12; 25, P, 20-21), Other
exposures present their problems but southern exposures
present the greatest challenge to those responsible for
the establishment of Douglas~fir. This study is pfimarily
concerned with the determination of the best planting date,
but to give more depth and possible eluclidation, exposure
and soils were combined with planting déte for study.

This makes the study a test of physiological status (plant-
ing date), soil, and exposure., Another criterlon in
selection of the study plots was the lack of sufficlent

stockling of Douglas-~fir.,




68

METHODS ARD MATERIALS

The study area consisted of 4 plots located on MeDon-
ald Forest. On each of these plots 5 subeplots were
located, each representing a different planting date,

The planting stock was 2-0 Douglas~fir grown at the Oregon
State Nursery, Corvallis, Oregon, from seed collected on
MeDonald Forest., Forty seedlings were planted at each
plot on five planting dates making a total of 800 seed-
lings used in the study. The planting dates were Novembér
21, 1959; December 23, 1959; January 30, 1960; February 27,
1960; and April 2, 1960.

The seedlings were removed from the nursery beds by
shovel; specisl effort was taken to avold damage o the
roote during removal. All abnormally large and all ab-
normally small seedlings were discarded; other than this
gross grading, no other attempt was made to grade the
seedlings. The roots were not pruned. However, in the
process of removal a few of the smaller roots were some=
times severed. Within a few hours following lifting the
seedlings were planted to prevent dessication or undue €x=-
posure, During the interval between 1ifting and planting,
which did not exceed six hours, the seedlings were packed

in nmoistened sawdust.

Prior to planting the plots were cleared of all
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vegetation which would overhang the seedlings. The ground
was not scalped for this would have been but temporary
relief without some other treatment. The pl&ntihg wes

done with a planting bar. Care was taken to plant all
seedlings in the same manner and without alr pockets around
the roots. The seedlings were planted with a spacing intere
val of 1.5 feet. The small spacing interval was used to
reduce the amount of area the plot covered, thereby reduc-
ing the probability of the effects of site differences
influencing the results.

Location of the plots was done on the basls of soil
type and topographlic aspect. The factors of soll and
aspectvﬁere considered to be important in regeneration.
That they are gross reatures representing a myriad of
variables is admitted, but the objlective was to see 1if
these gross features could be used as & means of ldentify-
ing potential difficulties in regeneration. More insight
on the differences between the plots can be gleéned from
the desecriptions given in Table 9. Hereafter the four
plots are identifled by two capital letters: ND for the
plot having & north aspect and Dixonville soil; NA for the
plot having a north aspect and Alken soll; SD for the plot
having a south aspect and Dixonville soll; and SA for the

plot having a south aspect and Alken soil.
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Table 9, Description of the plots used in Study II.
, Plot —— .
Charscteristic _ND SD. NA SA
Aspect north . south north gsouth
Soll series Dixonville Dixonville Alken Alken
Elevation (ft.) 1000 1500 1300 1400
Slope (per cent) 15 25 50 20
Soll depth very deep  shallow deep shallow
Soil very very friable slightly
plasticity plastic plastic plastic
Presence of none a few none moderate
rock fragments large nunbers
in upper 1 foot of large
of soil
Soil color dark grey  black reddish reddish
brown brown

S0il texture gilty clay silty clay clay elay

loanm loam loam loam
Predominant ghrubs grass herbs grass
ground cover
Density of very heavy very heavy medium  very
groeund cover heavy
Gross logged and park-like logged recently
appearance slash opening and logged

burned slash

burned
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RESULTS

The plots were examined and date collected on May 22,
1960, July 14, 1960 and November 26, 1960. The examlna-
tion on May 22, 1960 was done by the author; Dr. William
K. Ferrell made the examinations on the other two dates.
The number of dead or mlesing seedlings was recorded for
the respective planting dates on each plot as was the
number of seedlings frost-damaged or browsed.

On the first examination there was 1little difference
in mortality by planting site or by planting date (Table
10). However, on the last two examinations it became very
apparent that planting site had & very significant impact
on mortality. The south slope plots had a much higher
rate of mortality than the north slope plots. Differences
in rate of mortality by planting date were smaller. The
number of seedlings that died between examlnatlons varied
considerably by planting date, but on the two south slope
plots attrition was continuous with the passage of time.
On the north slope plots attrition was sporadlc and was
possibly due to chance.

A chi-gquare test was used to compare number of dead
or missing seedlings on the SA plot on the second and
third examinations (Table 13). The November, January, and

February plantings had signifiecantly less mortality than
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the December and April plantings at the time of the second
examination. At the time of the third examinatlion the
February planting had significently less mortality than
the other planting dateé¢

On the first examination it was found that on the
piots with a south agpect there ﬁaS'a considerable amount
of frost injury, 58.0 per cent in aggregate (Tabla 11).
Those seedlings which were planted in November had the
least amount of frost injury and those which were planted
in Ap}il had the greatest amount of frost injury. The
frost injury was only on the current year's growth; there-
fore, the frost was not, in 1ﬁself, a killing frost, It
18 not known how much frost contributed to the total
mortality.

To compare the number of frost-injured éeedliﬁgs on
the two south slope plots a chi-square test weas uséd
(Table 13). On the SA plot the November and December
plantings had significantly less frost injury than the
other plantings. The February planting had significantly
less frost injury than the April planting. Other compar-
1gons of frost injury by planting date showed no signif-
1cant differences on the SA ploet. On the SD plot the
November planting had significantly less frost injury than
the other planting dates., Thé January planting had




73

gignificantly less frost injury than the April planting.
All other comparizons of frost injury by planting date were
not significantly different on the 8D plot.

on the first examination a count was made of the seed-
lings that had been browsed by deer; no apparent browsing
followed the first examination. Deer browsing had been
observed to ococur before all the séedlings had been plant-
ed. One possible explanation for the difference 1n amount
of browsing between the April planting and the other
plantings is that the Douglas-fir may have been largely
replaced 1n the dlet by other plant apecies by April, As
in the case of frost injury and total mortallity the plots
on the south slopes suffered the greatest amount of deer
browsing. Browaing appesred to be predominantly of the
branch tips. Position, palatability, and/cr nutrition were
very likely the reasons brarnch tips were browsed. Also,
it was observed that a very small number of the seedlings
were pulled from the ground by the deer, These seedlings

were counted as dead.
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Table 10. Accumulative number of dead or missing seedlings
by planting date and planting site.

— Tlanting oite ‘ _
Planting date _ ND _  SD NA sa . Total

Firast Examination
(May 22, 1960)

11/21/59 2 1 0. 1
12/23/59 0 0 0 2 2
1/30/60 0 0 0 0 0
2/27/60 0 0 1 0 1
4/2/60 0 0 g 0 0
Second Examination
(July 1%, 1960)
11/21/59 2 34 1 9 46
12/23/59 0 30 0 35 65
1/30/60 1 12 0 7 20
2/27/60 1 6 1 1 9
4/2/60 . 0 9 0 24 33
Third Examinstion
(November 26, 1960)
11/21/59 4 40 % 33 80
12/23/59 0 40 2 37 79
1/30/60 1 39 0 34 4
2/27/60 1 38 5 21 65
b/ 2/60 0 40 4 36 _80_
Total 6 197 14 161 378

Per cent 3.0 98,5 7.0 80.5 47.25




Table 11, Number ¢f frost injured seedlings by planting

date and site.

Planting Site

ND

SD NA____SA —  Total

Plantlng date
11/21/59 0 12 0 11 23
12/23/59 0 25 0 10 35
1/30/60 0 23% 0 27 50
2/27/60 0 27 0 23 50
4/2/60 L. 3T 0 37 Tk
Total 0 124 0 108 2%2
Per cent 0 0

62.0

54,0 29.0

Teble 12, HNumber of seedlings browsed by deer by planting

date and site.

T Planting Site

Planting date WD 5D NA _ BA__ Total

11/21/59 1 12 0 0 173

12/23/59 0 5 1 28 34

1/3%0/60 0 3 0 10 13

2/27/60 0 6 0

4/2/60 0 0 9 _o_ 0

Total 1 21 7 38 67
Per cent 0.5

lOtS 395 1960 804
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Table 13, Chi<squarc tect of significance of nmortality
and frost injury (%, significant at 5 per cent
level} .

Mortality on SA Plot
at Second Examination

Comparison Made Chi=-sgquare Value
12/23/59 vs. 4/2/60 less than 1.0 with 1 d.f.
11/21/59 vs. 4/2/60 11.61% with 1 &.f.

Mortality on SA Plot
at Third Examipation
11/21/59 va. 2/27/60 - 8.21% with 1 d.f.
Frost Injury
on SD Plot
11/21/59 vs. 1/30/60 _ 6.15% with 1 d.f.
1/30/60 va. 4/2/60 0 13,09% with 1 d.f.

12/23/59 va. 4/2/60 1.82 with 1 d.f.
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DISCUSSION

Influence of Soll and Aspect on Survival

It has been recognized that south slopes are the most
difficult to regenerate in the Willamette Valley foothills;
this study is further confirmation of this difficulty. The
differential in rate of survival between north and south
slope plots is in all llkelihood due to a comblnation of
factors, but principally the lntensity and dufation of
solar radiation. Differences in solar radiation would
cause differences in evaporation, transplration, éir temn=
perature, soil surface temperature, relative humidity and
in any other measure which reflect the water economy of
the seedlings. It was most likely the water economy of
the seedlings which set the pace of survival or death in
older seedlings.

There are several approaches which might be used to
combat the problem of obtaining satisfactory regeneration
of Douglas«fir on south slepes; One approach ig to reduce
the competition for the available moisture. This could be
done by scarification, application of heﬁbicides, or
smothering of the competing vegetation. Another, less
direct method of reducing the moisture stress on the seed-

lings, is to insure partial shading for the first few
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years, This could be accomplished by erecting artificial
barriers to direct sunlight, or to employ a partlial cut
method of timber harvest, A asystem of partial cutting
might also reduce the amount of frost injury and deer
browsing. It would reduce frost injury by redueing the
amount of out-going radiation and slowing down the rate of
thawing in the event the seedlings are frozen. Partial
cutting by prolonging the initiation of spring growth in
comparison to the openings might reduce the amount of deer
browsing. The presence of an overstory would alsc reduce
the amount and variety of vegetabtion, thus reducing the
attractiveness of the area to deer. Furthermore, with the
presence of an overstory the deer would tend toward the
warm sunny openlngs on spring days.

Other possible approaches to regeneration of south
slopes are employment of a speclal pattern of planting on
grass-occupied openings and planting prior to clearcuttiing
on areas to be harvested., A special pattern of spatial
placement of planting stock in grassy clearings bordered
by shrubs or trees would be developed in the form of pro-
gressive centripetal, concentric planting; this is to take
advantage of the favorable microclimate provided by the
earlier plantings and the initial stand border. Planting
at the base of trees to be harvested one to two years

prior to removal of the overstory would allow the

¢
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scedlings to recover from planting shock and become more
firmly established in & more moderate microclimate than is
normally present following clearcutting. The major dif-
ficulty in this approach would be the educatlion of the
loggers to avoid unnecessary damage to the seedlings while
felling and yarding.

0f course the breeding of drought resistant stock or
the recognition of existing straing which are comparative«
ly drought resistant is an approach of considerable merit.
However, this approach is longer-ranged in scope, whereas
the other approaches mentioned could be tested in the
field immedlately with less detall in planning.

Soil moisture was probably the soil factor which
exerted the greatest 1nf1uénce‘on survivel of the seed-
lings. Variations in s30il moisture vefy likely accounted
for most of the variation in study results., Studies by
Youngberg (65 and 66) sufficiently illustrate the import-
ance of soil molsture; therefore, no attempt was made to
record similar data.

As has already been alluded, oversimplificatlon 1s
easy. The influsnce of soll moisture, for example, 1s &
complex of factors and is dependent on amount of precliplta-
tibn, atmospheric moisture stress, intensity and timing of

demands on goil moisture by plants as well as differences




80

in so0ll features. This is further complicated if there are
differences in abillties within a group of Douglas«fir
seedlings and between a group of Douglas«fir seedlings

and other plants to extract moisture and survive at low
levels of soil moisture,

The etudy data provided only limited evidence that difw
ferences in soll had a differentisl effeet on survival dur-
ing the first year. On the south slope plots, for all
planting dates, the plot having Alken soil had 18 per cent
greater survival than did the plot having Dixonville soil.
On the north silope plots the situation was reversed, but to
& lesser degree. The plot having Dixonville soll had a

four per cent advantage 1in survival over the plot having

Aiken soll.

On the south slope plots the plantings made during
Januvary and February had a conslderably higher per cent of
survival up to July, 1960. Had there been more late
summer preclipitation these two plantinge may have demone
strated s distinst advantage over the other planting dates.
The February planting on the SA plot was superior to all
other plantings on both the south slope plots. Therefore
there 1ls some evidence‘that planting just prior to initia-
tion of rapid spring root growth can improve the per cent

of survival on south slopes. If late winter planting was
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combined with special site preparation and/or unique regen-
eration methods & ressonable level of survival might be
achieved on south slopes.

On south slope areas that have been indiseriminately
clearcut, the approach to regeneration will have to be from
the point«cfeview of reducing or removing the competing
vegetation and reducling the intensity of solar radiation
and outgolng radiation. It is a difficult problem and
moet likely uneoconomical in teéerms of planting and treat-
ment at the present time. The rate of planting is not
sufficlent to take care of those areas which are feasible

to plant economically and blologlcally.

Deer Browsing

No pattern appeara to be pregent by planting date in
the data on deer browsing. Brown (3, p. $6) states that
in his study, Douglas-fir was used in small quantitles
throughout the year, but shows two peaks. The one in
February was caused by heavy use durlng winter periods of
greater than normal severity, while the June pesk correse
ponds to the start of new growth., In this study there was
no apparent peak due to heavy winter uce. There was, how-
ever, an apparent increase in use by deer with the flush

of spring growth.
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The browsing of a partiocular group of seedlings 1is
very likely due to chance; the occurrence of seedlings
directly in the path of a deer in his wanderiﬁgs. This
is not to say that deer are not creatures of hablit or that
they do not have preferences, but observatlon seems to
lead to the concluslon that browsing coincldes with the
direction of the deer's travel rather than a seeking out
of a particular group of seedlings or having & preference
for any one planting date.

Three theories are offered as explanatlon of the dif«
ferences in amount of browsing between the north and south
slope plots: (1) The climate of the south slopes, higher
day-time temperatures and higher incidence of sunshine, 1is
preferred by the deer in early spring. (2) The earlier
initiation of spring growth on south slopes provides a
preferred forage and results in a higher conceéentration of
deer on south slopes. (3) The juxtaposition of habitat
requirements may be more favorable on south slopes because
of a greater degree of mixing of vegetative types, e.g., a
mosale of grassy openings, shrubby glades, and patches of
timber.

Brown (3, p. 10) has observed that a Douglas-fir
though heavily browsed by deer, will make some helght

growth each year., He also stated that some trees which
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weré heavily browsed will grow at a faster rate than normal
for the first year or two after browsing. In this study,
other than pulling some of the seedlings out of the ground
1t appears that deer were not a significant deleterlious
agent. If their numbers are in balance with the carrying
capacity of their range little effect on regeneration can
be anticipated from browsing., Since McDonald Forest and
other areas of the Willamette Valley have relatively good
access to goodly numbers of nimrods the deer population

should be controllable.

Frost Injury

That there wasz frost injury to 58 per cent of the
seedlings on the south slopes and none on the north slopes
can be attributed to any or all of the following condle
tions: (1) Rapid thawing can be just as harmful as freez-
ing (11, p. 203-204). The south slopes may have sustalined
more frost injury through rapid thawing than the north
slopes which warm up more slowly in the mornings followlng
frosts. (2) There is less natural protectlon on south
slopes than on north slopes, thus more outgoing radiation
on cloudless nights. Tall shrubs bordering the north
slope plots should reduce the amount of outgolng radlia-

tion. On the south slope plots whieh were bordered by
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low=lying grass for some distance from plot borders would
have little or no effect on outgolng radiation over the
plot. Geliger (12, p. 55, 398) considers the reduction in
outgoing radiation afforded by overstory vegetatlon as
being of great importance in preventing frosts at levels
near the soil surface. (3) The fact that the plots had
dense sod which was not removed while the plots on the
north slopes were largely devold of plant debris on the
soil surface would cause a greater reduction in night
temperatures near the ground on the south slope plots.
Geiger (12, p. 398) gives two reasons why temperatures are
lower over grass and weeds than over bare s80il: Heat loss
through evaporation is considerably higher over grass than
over bare soll and plant debris 1ls a poorer conductor of
heat than is bare soll. (4} There is also the possibile
1ty that drainage of cold ailr on the south slope plotits was
impeded to a greater degree than on the north slopes. On
the south slopes timber was situated on the downhlll side
of the plots at a distance of approximately 200 feet;
while on the north slope plots timber had been removed
from the entire drailnage in one area and from a point just
above the plot to the bottom of the drainage in the other
area.

Seedlings for all five planting dates on both the
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south slope plots did not recelve comparable frost injury.
A possible explanation for the differences is the ocecur=
rence of important differences in microclimete of the plot
and perhaps within a given planting, since the seedlings
of each planting date were grouped together. Of special
interest is the lower incidence of frost damage on the
first planting on the SD plot and the first and second
plantings on the SA plot when compared with the later
plantings. The last planting, the April planting, when
compared with the other planting dates had a considerably
higher incidence of frost injury. It is thought that the
April planting suffered more frost injJury because growth
activity had commenced prior to transplanting and at an
earlier date than on the seedlings already planted; theréa
fore, because of the earlier initiation of growth activity
they were more susceptible, The nursery environment was
favorable for an earlier flush of growth than that of the
field environment. The first planting may have had a lower
incidence of frost injury because of the longer period of
"Pield conditioning." In effect the first planting seedw
lings may have adjusted their physiological activity to
the regimens of the field environment to & greater degree
than subsequent plantings. No explanation can be offered

for the differences in frost injury of the second planting
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between the two south slope plots.

If frosts ccecur frequently enough to be a threat to
regeneration on the south slopes of McDonald Forest the
following proposals might be tested: (1) Change the har-
vest method on south slopes from clearcutting to partlal
cutting, Overstory reduces outgoing radiation. (2) 1In
openings where Douglas-fir had been absent for long periocds
plant a species such as Oregon white oak which in turn will
be underﬁylanted with Douglas«fir. The nurse crcp would
ameliorate the microclimate and maybe even produce a com=
mercial product at some future date. (3) Breed a frost
resistant strain of Douglasafir or use recognized frost-
hardy, exlsting strains. Pauley and Perry (38, p. 186)
conclude that speclies of Populusg are adapted to habltats
which vary in length of frost~free season through a genetlc
mechanism which controls thelr seasonal period of growth.
Nienstaedt (36, p. 1) suggests from the resulis of his
study on frost resistance in eastern hemlock, Tsuga

canadensis (L.) Carr., that relative frost resistance can

be predicted with reasonable accuracy from small indoor.
tests of growth performance. (4) Remove plant debris and
eliminate sod so that heat loss through evaporatlon 1s re-
duced and better conduction of heat from the soil is
agsured. (5) The planting of Dougles-£ir strains having
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a comparatively late bud~burst could possibly increase the

chances of avolding damage by late frost.
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SUMMARY AND CONGLUSIONS

Recognizing that this study covered'the apan of only
one year and that past and future years could preaent come
pletely different results in a planting date study, the
followling summary and conclusions are presented:

(1) Planting on north slopes from November to early
April meet with equally high success. The percentage sur-
vival on the south slope plots was very low. The differ~
ences 1n per cent of survival between the planting dates
on the south slopes were small, but of potentisl importance,

(2) Transplanting the seedlings to the fleld follow-
Ing the initiation of accelerated root growth in the
spring, late March in this study, appears to be the least
desirable of the planting dates studied.

(3) Frost injury to the transplanted seedlings was
present only on the south slope plots‘. There wasg some
indication that planting in the fall versus planting in the
early spring or late winter may better "econdition" the
seedlings to withstand late frosts because of a longer
"adjustment period” to the field environment,

(4) Browsing of Douglas~fir seedlings by deer was
more pre#alent on the south slope plots than on the north

slope plots.
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