
THE INFLUENCE OF ENVIRONMENT, GENETICS AND GROWTh
CHARACTERISTICS ON TRACHEID LENGTH AND SPECIFIC GRAVITY

VARIATION IN A DOUGLAS-FIR PROVENANCE STUDY

by

DARREL DEAN NICHOLAS

A ThESIS

submitted to

OREGON STATE UNIVERSITY

in partial fulfillment of
the requirements for the

degree of

MASTER OF SCIENCE

August 1963



AN ABSTRACT OF THE THESIS OF

Darrel Dean Nicholas for the M0S. in Forest Products

(Name)

Date thesis is presented st 7, 1963

Title THE INFLUENCE OF ENVIRONMENT, GENETICS AND GRUTH

IN A DOUGlAS-FIR PROVENANCE STUDY

Abstract approved
(Major p.ofessor)

A study of the causes of variation in specific gravity and

tracheid length was conducted on dominant trees in three 50-year-old

Douglas-fir plantations established from known female parents which

had been open-pollinated. Specifically, the effects of environ-

ment, genetics and growth rate were individually evaluated, as well

as possible correlations between tracheid length, specific gravity,

tree height and tree diameter.

It was found that both genetic and environmental effects were

important factors in the total variation of specific gravity and

tracheid length. From this study, it appears that the environ-

mental component of variation is considerably greater than the

genetic component of variation.

From a comparison of tracheid lengths in adjacent rings ex-

hibiting a growth ring width differential, it was found that an in-

creased growth rate resulted in a decreased tracheid length.

(Degree) (Major)

CHARACTERISTICS ON TEACHEID LENGTH AND SPECIFIC GRAVITY VARIATION



Though highly significant, this decrease in tracheid length was

quite small.

Correlations between specific gravity, tracheid length, tree

diameter, and tree height did not show consistent patterns0 Conse-

quantly, none of these correlations were established in this study.
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THE INFLUENCE OF ENVIRONMENT, GENETICS AND GROWTh
CHARA.CTERISTICS ON TRACHEID lENGTH AND SPECIFIC GRA.VITY

VARMTION IN A DOUGLAS-FIR PROVENANCE STUDY

INTRODUCTION

In recent years there has been considerable interest in wood

quality-genetics relationships. In this general area there is a need

for more information concerning basic wood properties which are used

for criteria for wood quality. It is important to learn more about

the patterns of variation within and among trees. Furthermore, the

influence of genetic-envirormiental factcrs on wood properties should

be further studied to assist in intelligently selecting trees for

future forests.

The places in the world where such information can be obtained

are rare, indeed. Studies in the United States and Europe from con-

trofled parentage or vegetatively propagated trees are still quite

young, with one exception. This is the half-century-old Douglas-fir

Heredity Study, established by the U. S. Forest Service in 1912 from

known female parents. Five replicates of this study are now intact,

each containing progeny rows from 120 parent trees originating from

13 localities in Western Oregon and Washington. The study is

presently receiving intensive analysis for the heritability of

growth, survival, form and many other traits by research personnel of

the U. S. Forest Service. Cooperative arrangements were made with

the Oregon State University School of Forestry to study inheritance

of wood characteristics. This study, covering a small number of

parents, is one of a series of investigations planned for these



plantations.

LIRA.TURE REVIEW

General

Position in the tree, tree age, environment, and heredity are

the principle factors responsible for variation of wood properties.

By using proper sampling methods, the position in tree and tree age

variables can be controlled. The environmental and genetic com-

ponents are interrelated to a degree, and any clear separation is un-

possible. A specific characteristic can be inherited, but may or may

not be developed under a given environment. Consequently, it is im-

portant that the environmental conditions of a wood quality study be

aearly stated.

In order to facilitate the comparison of different degrees of

inheritance, a quantitative measure of heritability has been de-

veloped. Heritability is defined as the ratio of genetic variance

to the genetic plus environmental variance. Heritability is

generally divided into the narrow sense and broad sense, depending

on whether the material has been propagated by sexual means or by

vegetative means, respectively.

There is no general agreement on which wood property is most

important in wood quality. This situation is compQunded by the fact

that desirable wood properties fluctuate with the end use. In

general, the literature reveals that specific gravity, tracheid

length, fibril angle, cellulose content, lignin content, cell wall

2
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thickness, 'and extractive content are regarded as important wood

quality indices. Attempts have been made to find a single, all-

inclusive factor for wood quality, but this has not been achieved

to date. Consequently, all of the important wood quality properties

must be studied0 Tracheid length and specific gravity have been

chosen for this study.

Tracheid Length

There has been a considerable amount of research conducted on

tracheid length as a wood quality factor, Dadswell and Wardrop

(5, p. 117-121) and (2), (3), (6), (7), (s), have concluded that

tracheid length should be given consideration along with other

factors in tree breeding programs. Kennedy (13, p. 213-217) has

shown that tracheid length is correlated with tensile strength and

cellulose content in Douglas-fir. Other investigators (i), (4),

(12), (24), (27), have shown that tracheid length is correlated with

fibril angle in various species0 Krahiner l5, p. 439-441) has shown

that tracheid length is related with permeability of Douglas-fir.

In general, it appears that tracheid length is an important criterion

of wood quality, mainly because it appears to be correlated with

other important factors, However, additional research will be re-

quired before these correlations can be unequivocally accepted.

A number of reports concerning tracheid length inheritance have

been published0 Zobel (30, p. 65-70) and Goggans (11, p0 32-34) re-

cently reviewed the literature and concluded that tracheid length is

at least partially genetically controlled0 However, an adequate
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measure of the amount of genetic control is not available at this

time. This is exemplified by the fact that heritability estimates

are lacking in most of the studies. Furthermore, much of the re-

search has been conducted with seedlings or young stands and the

same results may or may not be obtained with mature trees. A great

deal of additional research will be required before the magnitude of

genetic gains can be determined.

Specific Gravity

Specific gravity is regarded as one of the most important wood

quality properties. The relationship between specific gravity and

the various strength properties have been investigated by several

workers, and is summarized by McKiinmy (18, p. 31). Higher strength

is generally associated with higher specific gravity. Furthermore,

several investigators have correlated specific gravity with pulp

yields and quality (14), (21), (22), (26, p. 602-605), and (33, p.

167-170). In general, the higher the specific gravity, the greater

the pulp yield. Conversely, wood of low specific gravity was found

to produce puips of higher quality in some properties.

From Zobel's recent publication (30, p. 65-70) it is apparent

that specific gravity has been intensively studied and a considerable

amount of information is available. This review led him to conclude

that genetic control of specific gravity in certain species was suf-

ficient to have a significant effect on pulp yields.

More recently, Squillace, Echols and Dorman (25, p. 599-601)

studied the heritability of specific gravity of 14-year-old control-
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and-wind-pollinated progenies, and 12 to 14-year-old clones of slash

pine. A narrow sense estimate of 0.21 was obtained from wind-polli-

nated progeny. data, and 0.56 from control-pollinated data. Broad

sense her.tability was estimated at 0.73 from the clonal data.

Van Buijtenen (26, p. 602-605) recently published data from a

heritability study of wood density in one to five-year-old loblolly

pines. The estimates of heritability varied from 0.17 to 0.4.

These recent studies lend additional support to Zobel's con-

clusions.

EXPERIMENTAL PURPOSE

The specific objectives of this study were: (1) to determine

if consistent differences in tracheid length and specific gravity

could be found between the progeny of five mother trees grown under

three environmental conditions, (2) to determine if a relationship

exists between tracheid length, specific gravity, tree height and

diameter, and (3) to determine if a relationship exists between rate

of growth and tracheid length.

The plan was to determine the influence of genetics and environ-

ment on tracheid length and specific gravity by establishing their

respective heritabilities. However, the scope was limited to

determining the general range of the heritabilities and not to

establish absolute values. In addition, this study was not designed

to establish the variation in wood properties and heritabilities in

the geographical areas represented by the plantation. A much larger

and widely spaced sample at each plantation would be required to



Sjuslaw Plantation

reach a general conclusion about the effect of plantation areas.

Furthermore, the determination of possible correlations between

tracheid length, specific gravity, tree height, and diameter was an

attempt to obtain additional information from available data. Conse-

quently, the object was to see if any strong relationships edsted

which could be investigated in future studies.

DESCRIPTION OF AREkS SAMPLED

The Douglas-fir trees used for this study were from three of

several early plantations created from known parents. These planta-

tions were planted in 1915-16 by the U. S. Forest Service, and are

described by Munger (20, p. 1-40). Seed for these plantations was

collected from 120 different open-pollinated trees that grew in 13

localities in Western Washington and Oregon, as shown in Figure 1.

The seed was sown in a nursery in 1913, and when the seedlings were

two years old, they were outplanted in burned-over areas selected for

plantations. Each plantation was laid out in accordance i.dth the

same diagram (see Figure 2), and contains equal numbers of progeny

from the same mother tree.

The following is a brief discussion of the three plantations

selected for this study.

The Siuslaw area is located in the Coast Range, ten miles inland

from the Pacific Ocean, and 60 miles southwest of Portland, Oregon.
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MAP SHOWING THE LOCATION OF STED COLLECTION

SITHS AND PLANTATIONS

INGTON

Mt. Hood - 2800 and 4600 ft. j
'Siuslaw - 2100 ft.
-..A- Gates - 950 ft.

Santiam - 2800 ft.

Race Track - 2600 ft.
Wind Riv- -' son - 400 ft.

me;- 2000 and 3000 ft.
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aTrees from these rows were used in this study.

FIGURE 2

PLANTING SCHEME AT EACH PlANTATION
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The elevation is 2100 feet above sea level. The winter temperature

is less severe than the Wind River and Mt. Hood plantations. The

summers are marked by high relative humidities and frequent morning

and afternoon fogs. The soil is a well-drained, gravelly, clay loam.

For Douglas-fir, the site quality is about II. For the 50 trees

sampled from this plantation, the average 1960 height was 67.2', and

the average diameter at breast height was 11.6". At the point of

sampling, there were an average of 40 rings from pith to bark.

Wind River Plantation

The Wind River plantation is located 40 miles northeast of Port-

land, Oregon, and seven miles north of the Columbia River. It lies

on the flat, mi1e-wide floor of the mountain valley, drained by the

Wind River. The elevation is 1100 feet. The soil is a deep, sandy,

clay loam. For Douglas-fir, the site quality is III. For the 50

trees sampled from this plantation, the average 1960 height was 82.9',

and the average diameter at breast height was 11.5" At the point

of sampling, there were an average of 38 rings from pith to bark.

Mt. Hood Plantation

This plantation is located in the Cascade Range, 40 miles south-

east of Portland, Oregon, in the Still Creek drainage basin. The

area is located on a narrow bench, just above the creek, at 2800

feet elevation. it is subject to winter cold and summer night

coolness typical of the mountains. On this area the growing season

is shorter than on any of the other plantation areas; only four
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months in the year have a normal mean daily temperature above 460 F,

Douglas-fir on the Mt0 Hood area bursts its buds about June 15, or

four to six weeks later than on the other areas0 The area is charac-

terized by a shallow soil with much rock mixed with the sandy loam

topsoil. The area is a site class IV for Douglas-fir0 For the 50

trees sampled, the average height in 1960 was .54O!, and the average

diameter at breast height was 79", At the point of sampling, there

were an average of 36 rings from the pith to bark0

NEThODS AND PROCEDURES

In order to determine the best sampling procedure, a knowledge

of the variation pattern is required, According to Mitchel (19, p.

150-156) the variation in wood properties is generally greater among

trees than iithin a tree at a given height0 Consequently, from the

statistical standpoint it is usually best to take a single core from

several trees than to take several cores from a single tree,

Furthermore, as a result of the study conducted by Zobel, Henson

and Webb (31, p. 155-162) it appears that a boring from breast height

was a good indicator of the specific.grairity for the entire tree,

The authors also stated that the same pattern probably edsted for

tracheid length. With these factors in mind, it was decided to use

a single boring at breast height from each tree,

A number of researchers have foundthat coniferous tracheid

length and specific gravity at a given height increase rapidly for the

first 10 to 15 growbh rings from the pith0 After this initial rapid

increase, the tracheid length and specific gravity reach a more or
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less constant value. Dadswell (3), Dadswell and Wardrop (7), Echols

(9, p. 43-44), Kramer (16, Po 22), Weliwood (2, o 3442) (29, p.

36i-36), and Zobel and McElwee (32, p. 158161) are some of the most

recent investigators to verify these relationships0 Assuming that

this variation pattern is fairly consistent, a sample beyond approxi-

mately 15 years should be an adequate measure of the specific gravity

and tracheid length in the mature portion of the tree0 This general

plan was followed for tracheid length and specific gravity measure-

ment in this study.

Selection of Trees

In all three plantations, progeny from the Carson, Racetrack,

Lakeview, Gates, and Santiam parents had been planted in long rows,

folloi.ing the planting pattern shown in Figure 2 Each row contains

100 progeny from a single mother tree. Five of the rows, one from

each of the five parent tree locations, were selected for sampling

in this study. Selection of progeny for sampling in this study was

accomplished by first dividing each row into units of ten trees9

then selecting the tallest tree from each unit0 This provided ten

dominant trees for each of the five parent tree locations, which gave

a total of 50 trees from each plantation, and 150 trees for the

entire study. These same trees were originally selected by person-

nel at the Pacific Northwest Forest and Range Experiment Station for

growth studies. This growth study data was used for comparison with

tracheid lengths and specific gravities obtained in this study.



Securing Borings

A single boring was obtained from each of the selected trees

dth a ten millimeter increment borer0 All trees were bored midway

between internodes at breast height on the uphill side of the tree0

After removal, the borings were coded, wrapped in aluminum foil,

placed in a plastic bag, and stored in a cold room at
350 F0 until

used.

Masceration and Measuring Techniqu

The current year's growth was removed from all borings and dis-

carded. The next three rings, growth rings for the years 1959-61,

were then removed and constituted the sample for tracheid length

measurement. For masceration, the three ring samples for tracheid

length measurement were cut into thin slices in the radial direction,

parallel to the longitudinal axis0 Each sample was then placed in a

25 milliliter Erlenmeyer flask. A solution consisting of one gram

of sodium chlorite and ten drops of acetic acid per 35 milliliters of

water was added to each flask. The 'samples were then cooked for

three hours at 94° C, Following this, the sodium chlorite solution

was decanted, the samples rinsed wtth water, and a small amount of

water added to each flask. Next, the tracheids were separated by

vigorously shaking the flask for a few minutes0 Finally, a few drops

of safranin stain were added to each flask, followed by thorough

agitation, and about three drops of the suspension were poured di-

rectly onto a glass slide and covered with a large slip cover.

12
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A total of five slides were :prepared for each tree, and ten

intact tracheids were measured from each slide0 This provided a

total of 50 fibers per tree, which is the number required to provide

an accuracy of 0.1 millimeter at the five percent level0 An azupli-

scope with 27X magnification, similar to the one described by Echols

(10, p. 43-44) was used to measure the tracheids0 The screen was

randomized by stretching three strings across the screen0 Starting

with, the top string, and proceeding from left to right and top to

bottom, the first ten tracheids crossing the strings were measured.

Both summerwood and springwood tracheids were measured; hence, the

average tracheid length for each tree was composed of surnmerwood and

springwood tracheids. The relative number of springwood and summer-

wood tracheids measured for a given tree was detennined periodically.

From this analysis it was concluded that approximately an equal

number of springwood and summerood tracheids were measured for each

tree.

Tracheid Length Vs. Growth "Rate

Preliminary evaluation of the borings indicated that a differ-

ence in growth rate existed in the sampling area for the various

parents. Since some of the literature (11, p. 20) indicates that

growth rate affects tracheid length, an attempt was made to evaluate

this effect. The method outlined by Kramer (16, P. 22) was used and

consisted of selecting several borings from each progeny row at two

plantations which exhibited a growth ring width differential of

approximately 1:2. In order to eliminate possible bias, the sequence
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was revised for approximately half of the samples, and a growth ring

differential of approximately 2:1 was used. These two adjacent

growth rings exhibiting the growth rate differential were then

mascerated separately and 70 tracheids consisting of both spring-

wood and summerwood were measured from each ring.

Specific Gravity

Samples for specific gravity determination were obtained from

the same borings used for the tracheid length measurement. Five

growth rings, representing the years 1954 through 1958, were used

for the specific gravity determination. In order to determine the

possible influence of extractives on specific gravity, ten samples

from the Wind River plantation were extracted with an alcohol-benzene

solvent after the specific gravity had been determined. The extrac-

tive content was found to be quite low, so correction for extractive

content was not necessary. This result would be anticipated since

the area sampled was sapwood.

The maximum moisture content method as described by Smith (23,

p. 1-8) was used to determine specific gravity. Essentially, this

method assumes that the wood substance has a density of 1.53. Once

this is established, the specific gravity can be determined by ob-

taining the weight of the sample saturated with water and the oven

dry weight of the sample. The specific gravity is determined from

the following relationship:



Specific Gravity = 1

MmMo+ 1
1.53

15

Where:
Mm = Saturated weight

of sample

= Oven dry weight
of sample

The samples were inunersed in distilled water, under vacuum, for

a minimum of seven days to insure complete saturation. In order to

reduce weighing errors, all samples were weighed in glass weighing

bottles on a Mettler automatic balance to an accuracy of 0.1 milli-

gram.

Analysis of the Data

Genetic and Environmental Effects. Evaluation of the environ-

mental and genetic effects in this study was accomplished by ana-

lyzing the data for consistent differences in specific gravity and

tracheid length between the parents- at the three plantations. A

consistent variation of these properties among the various parents

would be an indication of genetic influence. Furthermore, a con-

sistent pattern in the quantitative ranking of the. parents according

to tracheid length and specific gravity would be expected at each

plantation if a strong genetic influence is present. On the other

hand, variation of one of these properties for a given parent when

11n this study, "parent" refers to a tree in a particular geo-

graphical area. The parent tree is represented by the mean value for

a given property obtained from several progeny. For example, the

Gates parent is represented by ten progeny grown from seed collected

from a single open-pollinated mother tree located near Gates, Oregon.



2This ratio is generally called a narrow sense heritability on

a progeny mean basis.

'/-

i6

the progeny are grown at different plantations would be nainly at-

tributed to environment.

A factorial analysis of variance, described by Li (17, p. 309-

343) was used to test the significance of variation among planta-

tions, among parents, and the interaction between them. For trache-

id length, an individual tracheid was the 5ampling unit, and 50

measurements per core were obtained. The average of these 50

tracheids was then used as an observation for the statistical ana-

lysis. For the specific gravity analysis, the specific gravity of

the five ring sampling unit was used as an observation.

The heritabilities for tracheid length and specific gravity

were calculated from an individual analysis of variance for each

plantation and from the combined factorial analysis of variance for

all plantations. The following formula was used2:

Heritability = 62 + K

62 + (62 + K 2) where:

62 = error mean square.

626 = parent mean square.

K = number of progeny sampled per parent.

Tracheid Length Vs. Growth Rate. A paired t test, described by

Li (17, p. 87-9) was used to test the significance of the effect of

growth rate on tracheid length. All trees from the Wind River and

Siuslaw plantations were combined in a single test.
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Correlations. A linear regression analysis, described by Li

(17, p. 21J.-3O8) was used to test possible correlations between

specific gravity, tracheid length, tree height and tree diameter at

all three plantations. For this analysis, all parents were combined

at each plantation, correlation coefficients were calculated from the

error sums of squares, rather than the total sums of squares, which

statistically removed the parent effect from the correlation coef-

ficients.

RESULTS

Trácheid Length

Figure 3 provides a good picture of the variation patterns. The

average tracheid length for aU parents is much shorter at the

Siuslaw plantation than at the Wind River or Mt. Hood plantations.

Another important relationship shown in Figure 3 is that at all

plantations the average tracheid length is longer for the Gates and

Racetrack parent than for the Carson parent.

Statistical Analysis. The average tracheid length value for

each parent at each plantation is shown in Table I. Also shown in

Table I is a summary of the factorial analysis of variance. This

statistical analysis was used to test the significance of variation

among plantations, among parents, and the interaction between them.

As can be seen from the table, the variation among plantations and

among parents is significant at the one percent level. This indi-

cates that the environmental component represented by the among-
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TABLE I

COMPARISON OF AVERPLGE TRA.CHEID LENGIS OF THE VARIOUS.
PARENTS AT Th±L PIANTAUONS

aEach value is an average of 10 trees and 50 tracheids per tree.

ANALYSIS OF VARIANCE

*Significant at the one percent level.

19

Elev.
Ft.

Seed
Source

Plantation
AverageSiuslaw Wind River Mt. Hood

400' Carson 2.mma 3.5mm 3.3mm 3.2mm

2600' Racetrack 3.2mm 3.8mm 3,8mm 3.6mm

100' Lakeview 2.9mm 3.7mm 3.6mm 3.4imi

950' Gates 3.2mm 3.&mn 3.8mm 3,6mm

2800' Santimn 3.0mm 3.6mm 3.6mm 3,4mm

Average 3.0mm 3.7mm 3.6mm

Source of Variation DF
Sum

of Squares M,S. F,

Plantations 2 13.6776 6.83880 78.7336*3-

Parents / 4 3.4423 0.86058 9.9077**

Plantation x Parents 8 0,3563 0.04454 0.5128
Error 135 11.7263 0.08686

Total 149 29.2025



TABLE II

SUWARY OF THE HERITABILITTES FOR TRACHEID LENGTH AND SPECIFIC
GRAVITY AT EACH PLANTATION AND FOR ALL PLANTATIONS COMBINED.

20

Plantation

Tracheid Length
HeritabiJty

Specific Gravity
Heritability

Siuslaw 0.27 0.33
Wind River 0.11 0.17
Mt. Hood 0.23 0.52
All Plantations 0.23 0.30
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plantation variation and the genetic component represented by the

among-parent variation are both important factors. The interaction

between plantation and parent tracheid length is not significant and

infers that the quantitative parert ranking according to tracheid

length is consistent from one plantation to another.

Heritability. Th heritability for tracheid length was calcu-

lated from an individual analysis of variance for each plantation

and from the combined factorial analysis of variance for all planta-

tions. These heritabilities are shown in Table II. For all planta-

tions combined, the interpretation is that 23 percent of the total

variation in average tracheid length of trees of different parents.

was due to inherent differences. The remaining... 77 percent was due

to envirornriental differences.

Specific Gravity

Figure 4 shows the general variation patterns for specific

gravity. As can be seen, the Santiam parent has a consistently high-

er specific gravity at each plantation, and the Racetrack parent is

among the lowest in specific gravity at each plantation. Further-

more, the combined average specific gravity of all parents is highest

at the Wind River plantation, and lowest at the Mt. Hood plantation.

Statistical Analysis. A factorial analysis of variance was used

to test the significance of variation in specific gravity among

plantations, among parents, and the interaction between parents and

plantations. A suTnmry of this analysis is shown in Table III and

±
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TABLE III

COMPARISON OF AVERAGE SPECIFIC GRAVITY OF THE VARIOUS
PARENTS AT THREE PLANTATIONS

23

ANALYSIS OF VARIANCE

*Significant at the Live percent level.
*Significant at the one percent level.

Elev. -

Ft.
Seed

Source
Plantation

AverageSiuslaw Wind River Mt. Hood

400' Carson 0.483 0.482 0.391 0.452
2600' Racetrack 0.421 0.453 0.401 0.425
100' Lakeview 0.467 0.503 0.431 0.467
950' Gates 0.422 0.484 0.405 0.437

2800' Santiam 0.489 0.506 0.459 0.485

Average 0.456 0.486 0.417

Source of Variation DF
Sum -

of Squares M.S. F.

Plantations 2 0.116691 0.058345 48.2J)*
Parents 4 0.067071 0.016768 l3.86)*
Plantation x Parents 8 0.024399 0.003050 2.52*
Error 135 0.163374 0.001210
Total 149 0.371535
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shows that the variation among plantations and among parents is

significant at the one percent level. This analysis indicates that

the environmental component, represented by the among-plantation

variation, and the genetic component, represented by the among-parent

variation, are both significant factors. The interaction between

plantation and parent specific gravity is significant at the five

percent level, and indicates that the quantitative parent ranking

according to specific gravity is not consistent from one plantation

to another.

Heritability. The heritabilities for specific gravity, calcu-

lated by the same methods used for tracheid length, are shown in

Table II. The variation in heritability among plantations is greater

than found for tracheid length. A greater amount of variation in

heritabilities for specific gravity would be anticipated since the

interaction of plantation and parent is significant for specific

gravity and not for tracheid length.

Tracheid Length Vs. Growth Rate

The data used for this analysis is shown in Table IV. This data

shows a definite pattern, with an increase in growth rate resulting

in a decrease in tracheid length. This supposition is verified by

the paired t test which is significant at the one percent level. It

is also apparent that the data is more consistent at the Siuslaw

plantation than at the Wind River plantation.



TABLE IV

EVALUATION OF ThE EFFECT OF GRGñTH RATE ON TRACHEID
LENGTh IN ADJACENT RINGS. AVERAGES ARE FROM 70 TRACHEIDS

MEASURED PER RING

WIND RIVER PlANTATION

25

SIUSLAW PLANTATION

Paired t test: t = 3.0 (significant at the one percent level).

aValues are in units. One hundred units = 0.24 inches.

- -

S I
Tree Wdtha of Width of T.L. of T.L. of Differenc

No. Narrow Ring Wide Ring Narrow Ring Wide Ring A - B

200-22 53 87 2.9 3.0 -0.1mm
200-94 26 72 3.4 3.4 .0.0
200-94 16 24 3.8 3.7 0.1
169-19 29 118 2.9 3.2 -0.3
169-53 33 49 4.3 4.0 0.3
110-44 35 52 3.7 3.7 0.0
75-23 61 95 3.1 3.1 0.0
75-47 35 52 3.9 3.6 0.3
64-99 19 32 3.6 3.3 0.3
64-77 41 60 3.2 3.0 0.2

Total 348 641 34.8 34.0 0.8
Average 34.8 64.1 3.5 3.4 0.1

200-46 11 - 19 3.2 3.1 0.1mm

200-40 11 20 2.9 2.9 0.0
200-94 20 35 3.1 2.7 0.3
169-40 II 26 3.3 3.2 0.1

169-70 19 30 3.1 3.0 0.1
75-82 21 40 3.1 3.1 0.0
75-21 13 26 3.4 3.2 0.2
64-46 20 30 2.7 2.8 -0.1
64-40 22 46 2.8 2.4 0.4

110-87 16 33 3.1 2.9 0.2

Total 164 305 30.7 29.3 1.4
Average 16.4 30.5 3.1 2.9 0.14



Correlations

A summary of the linear regression analysis for the comparison

of tracheid length, specific gravity, tree height and tree diameter

is given in Table V. The strongest relationship appears to be be-

tween specific gravity and tree diameter. For this relationship,

the negative correlation coefficients are significant at the Siuslaw

and Wind River plantations, but not at the Mt. Hood plantation. The

relationship between tracheid length and tree height is unusual

since it shows a significant negative correlation coefficient at the

Siuslaw plantation, and a fairly high but not significant positive

correlation coefficient at the Mt. Hood plantation. As can be seen,

the other relationships are not significant at any of the planta-

tions

DISCUSSION

Genetic and Environmental Effects

Analysis of these data leaves little doubt that tracheid length

and specific gravity are at least partially genetically controlled.

The estimates of heritability and the consistent variation of these

properties among the various parents support this supposition.

It is interesting to note that the individual heritabilities at

each plantation vary considerably. This variation among plantations

is of particular importance since it exemplifies the need for widely

spaced plots if one is to obtain a representative heritability figure

for a given property. It is also apparent that the heritabilities

26



TABTF. V

CO IATION COEFFICIENTS FOR. ALL VARIBtES AT
THREE PLANTATIONS

27

Plantation: Siuslaw Wind River Mt. Hood

Trach. Trach. Trach.

Variable S Gr. Length Sp. Gr. Length Sp. Gr. Length

Sp. Oravity .00 -.054 1.00 -.011 1.00 -.002
Tree Height .071 -.311* -.212 ±.097 +.004 +.229
Tree Dia. .370* -.037 .445 .056 ,033 +.239

*Signifi cant at the five percent level.
3E*Signjficant atthe one percent level.
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for specific gravity vary more than the tracheid length herit-

abilities, greater variation in the specific gravity herit-

abilities s:ems to indicate that this characteristic is more vari-

able than t acheid length.

It is portant that the among-plantation variation of herit-

abilities ar.d other characteristics be interpreted correctly. From

this study, it is not possible to reach any conclusions about the

effect of geographical areas, represented by the plantation loca-

tions on wo d properties. A much larger and widely spaced sample

at each pla tation would be required before a conclusion about

geographica areas could be advanced with any degree of qertainty.

It is entir ly possible that variation in the characteristics

studied and their heritabilities could be obtained from widely

spaced plot at any one of the plantation areas.

It is nfonnative to compare the heritabilities found in this

study with hose of other researchers. There is very little inf or-

mation avai able on tracheid length heritability, but in comparisin

with those 'eported by Goggans (11, p. 101) for loblolly pine, and

(7) for Monterey pine, the values for this study are considerably

lower, For specific gravity, the heri.tabilities found in this study

are lower than the values reported by Goggans (11, p. 101) for

loblolly pi e, but in the same range when compared with the values

obtained by Squillace, Echols and Dorman (25, p. 599-601) for sash

pine, and V n Biujtenen (26, p. 602-605) for loblolly pine.

In comparing heritabilities, it should be pointed out that

this study has several contrasting features when compared to other
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studies. In the first place, Douglas-fir was used in this study,

and an unqualified comparison of several species simply because

they are conifers would be unwise. In the second place, the mature

portion of the tree was sampled for this study, while all previous

studies have utUized juvenile wood. Finally, the sample size and

sampling methods in this study were not designed to establish direct

comparison or support broad generalizations about heritability,

Another poiit of interest is the comparison of geographic

location of the parents and their respective tracheid lengths and

specific gravities. The Carson and Racetrack parents are from oppo-

site ends of the Wind River valley, approximately 13 miles apart.

The Gates and Santiam parents are from opposite ends of the Santiam

valley, approximately 22 miles apart. In both cases there is a con-

sistent difference in tracheid length between the respective parents

located in the same valley. The same relationship .i true for

specific gravity althougb the, two traits were not related, One

would naturally wonder if the same relationships could be found in

trees growing side by side. This question can not be answered from

this data, but suggests a possibility for future research.

Tracheid Length Vs. Growth Rate

The effect of growth rate on tracheid length has been a subject

of considerable controversy over the years. Although the sample

size in this experiment is fairly small, it appears that an in-

creased growth rate results in a slight decrease in tracheid length.

Since a growth rate differential of 1:2 resulted in only
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approximately 0.1 millimeter decrease in tracheid length, this

effect appears to be negligible for most practical purposes.

In a previous study, Kramer (16, p. i) used the same tech-

nique of comparing the tracheid length in adjacent rings in loblolly

pine. From this work, he concluded that growth rate had no in-

fluence on tracheid length. This conclusion is in contrast to the

esu1ts found in this study and, probably is attributable to differ-

ences in species.

Correlations

It is apparent that none of the correlations investigated in

this study are clear. A correlation between two characteristics

may be significant at one or two plantations, but not at all three.

This discrepancy could possibly be attributed. to two factors. First,

the relationships could possibly be influenced by a change in

environment from one plantation to another. As discussed before, a

more thorough study would be required to verify this contention.

However, if this hypothesis were true, it would be of great signifi-

cance to researchers tryi.ng to establish these relationships, and

warrants further investigation in the future. Secondly, t is

possible that some of the sampling procedures in this study were not

adequate to establish correlations. For example, a seent of a

single core from each tree iay not be sufficient to adequately esti-

mate the average tracheid length and specific gravity. In addition,

it would have been better to measure tracheid length and specific

gravity from the same core senent. Furthermore, some of the trees



had broken tops, which reduced the accuracy of this measurement.

SUIVIMARY AND CONCLUSIONS

A study of the causes of variation in specific gravity and

tracheid length was conducted on dominant trees in three 50-year-old

Douglas-fir plantatiorestablished from known female parents which

had been open-pollinated. Specifically, the effects of environment,

genetics and growth rate were individually evaluated, as well as

possible correlations between tracheid length, specific gravity,

tree height and tree diameter. On the basis of this study, the

following conclusions were reached:

A consistent pattern of variation in tracheid length was found,

with a given parent retaining the same quantitative ranking at

all three plantations. A fairly consistent pattern was also

found with specific gravity.

The narrow sense heritabilities for specific gravity and

tracheid length were calculated for all plantations combined

and found to be 0.30 and 0.23 respectively. The heritabilities

were also calculated at each plantation and found to vary

among plantations from 0.11 to 0.27 for tracheid length and

from 0.17 to 0.52 for specific gravity0

Both specific gravity and tracheid length were found to vary

considerably from one plantation to another0 This environ-

mentally-caused variation ranged from.3.O millimeters to 3.7

millimeters for tracheid length and from 0.42 to 0.49 for

specific gravity.

31
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From a comparison of tracheid lengths in adjacent rings, which

exhibited a growth ring width differential, it was found that

an increased growth rate resulted in a decreased tracheid

length. Though highly significant, this growth rate differ-

ential of approximately 1:2 resulted in only approximately 0.1

millimeter decrease in tracheid length.

5. Correlations between specific gravity, tracheid length, tree

diameter and tree height did not show a consistent pattern. A

correlation between any two characteristics was not significant

at all three plantations, and in some cases, the correlation

coefficient changed its sign from one plantation to another.
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TABlE Al

TYPICAL ENANPTF OF THE TRACHEID LENGTH VARLA.TION WITHIN A SAMPLING

aEach value represents one tracheid in mflhinieters.
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UNIT FROM A GIVEN TREE. ThESE VALUES ARE FHOM TR NO0 11o6
LOCATED AT THE WIND RIVER PLkNTATIONO

302a 403 4.0 46 404

30 304 307 5.2 4.0

304 3,9 2. 304 2.9

3,5 4.0 305 5.8 404

4.0 4.2 4,6 4.1 401

3.2 4.0 2.8 5.2 307

403 309 3.2 3.2 4.0

403 3.6 405 300 309

4.2 2.B 3,3 305 304

4.0 4.6 3.0 400 2.9



TABTF All

SAMPLE OF THE REGRESSION ANALYSIS CALCUlATIONS USING TRACHEID
LENGTH VS. SPECIFIC GRA.VITI AT THE TlN]) RIVER PL&NTATION

LINFAR. REGRESSION ANALYSIS

37

r
=

= -.423

Carson Racetrack Lakeview Gates Santiain
Trach.
Leth

Sp.
Gr.

Trach.
Length

Sp.
Gr0

Trach.
Length

So
Gr0

Trach.
Length

Sp.
Gr.

Trach.
Length

Sp.
Gr.

3.7 .477 4.3 .477 4.1 .507 4.0 46 303 0511

3,5 o484 3.7 .506 4.3 .474 4.0 0477 304 .510
3.0 .474 3.7 .402 3.3 .476 4.0 .479 36 0527

3.5 456 306 0471 304 .491 306 0428 305 .512
304 489 4O 0430 307 .510 309 465 3.4 0468

305 .566 3,6 .399 3.8 .480 309 .460 3,8 .533
3,8 .472 3,8 .473 3.5 p532 309 .512 3.5 0537

3.2 0496 3.8 .437 3,5 .450 307 0482 303 .517
4.1 .472 4.0 0476 308 .535 404 .560 4,2 .456

_.6 ,436,3.4 0459 3.7 .573 32 511 309 .485

p35.3 4,822379 4.53037.1 J5.028 38.6 484O 35.9 5.056

Tracheid Len h S.ecific Gravit
n 50

184,8
n 50 n 50

24.276()2 34,151.04 (x)(y) 4480,37856
)2 589.3242

(x)2/n 683.0208 (Ex)(J)/n 89.6075 )2n 11.7865
687,72 895547 11.8559

4,6992 SF 0.0528 SSy 0,0694
r/io 1Q,Tjcsr2/1O 89e7261 ty2 10 11.8042

DF SSx SF SSy
Total 49 4.6992 -'.0528 p0694 SSxSSy = .16435
TTparenttt 4 1.5202 +,1186 .0177
Error 45 3,1790 -.17l4 p0517 VSSXSSY = 0405



lEGEND:
Tree No.

racheid
Len

TABLE Alil

AVERAGE TRACHEID LENGTH FOR EA.CH TREE SA1'1PLED AT THE SIUSIAW PLANTA-

TION. EkCH VALUE IS AN AVERAGE OF 50 TRACHEIDS.

aparent tree number.

38

(64)a
Car on

(75)
cetr.ck

(110)
Lakeview

(169)
Gates

(200)
Santiam

8

I II

6

41111 411 II liii 30mm

- .1 i

21

3.0mm

Ill

:

H II

I

111111

Ill III I

46

4 I

56

300mm

III

Ø 20 8uim I I

2.m
87

liii091

2,6mm

95

3. OuI

91

30 m

:

207mm



LEGEND:

TABLE AIV

AVERAGE TRACHEID LENGTH FOR EA.CH TREE SM4PLED AT THE MT0 HOOD PLkNTF

TION. EACH VALUE IS AN AVERAGE OF 50 TRA.CHEIDS.

aparent tree number.

39

(64)a
Carson

(75)
Racetrack

(110)
lakeview

(169)
Gates

(200)
Santiarn

5

.3mm

9

3.8mm

2

305mm

3

4.1111111

3

3 0L4JIllfl

12

3.4mm

18

3,8mm

19

35mm

17

3.7mm

17

3.6mm

27

4.1mm

26

4.Oimn

23

3,5mm

27

3.8mm

29

3.5mm

3,4mm 3.7mm

55

6mm

58 /
304mm

56

4i7mm

53

/'o inun
60

3 9mm

61

3.1mm

64

3,6mm

67

3.9mm

61

3,8mm

62

3.9mm

71

3. 2rmn

80

4,0mm

74

.3IflIfl

74

3.8mm

76

4,0mm

84

2 8mm

82

0mm

82

.1mm

87

3,6mm

86

.3,5mm

92 97

3.7mm 3,5mm



TGEND:
Tree
No.

cheid
ength

TABlE AV

AVERAGE TRACI-IEID lENGTH FOR EACH TREE SAMPTFJ) AT THE WIND RIVER

PLkNTATIONO EACH VALUE IS AN AVERAGE OF 50 TRACHEIDSO

aparent tree number.

40

Carson
(64)a (75)

Racetrack
(110)

Lakeview
(169)
Gates

(200)
Santin

6

4.3mm

5

4.1mm

4

3mm

19

305rnm

14

3.7mm

14

4.3mm

19

40Omm

15

3.4mm

25

3.Onm,,..'i'71nm

23 .#' 27

3.3mm

20

3.9rmn

22

3.6rmn

3 6mm 3.6mm

40

3.5mm

3 4mm 4 3 7mm 4

43

56 58

3 7mm

53

3.

66 62

3 5mm

69 64

imn

3. 305mm

71

3.3mm

84

4

88

4

86

4 .

99

3 6mm

96

,'i. 4mm



LEGEND:

TABLE AVI

AVERAGE SPECIFIC GRAVITY FOR FIPCH TREE SAMPT,ET) AT THE SIUSJAW
PlANTATION

aparent tree number.

41

a
Carson Racetrack

110
Lakeview

1.9
Gates

200
Santia.in

8

.421

6 7

.525

1 4

.519

11

.517

17

.425

19

.540

3

.478

16

.532

28

1SI.

1I

.474

40

.467

.405

46

.425

.1 .

.417

56

.493

S

381

.425 42.4O3 .498

.479 .383

87

.444

74

.370

89

524

91

.

95 91

.449



LEGEND:

TABLE AVII

AVERAGE SPECIFIC GRAVITY FOR RACH TREE SAMPTFJ) AT ThE MT. HOOD
PlANTATION.

42

aparej-t tree number.

Carson Racetrack
I

Lakeview
.

Gates
II

Santiain

-

pppp_

.431,- .411

97

44g

61

.370
ppppp._

'I.

.481

111l1

82

.T .428

92

.410 46O



TGEND:

TABLE AVIII

AVERAGE SPECIFIC GRAVITY FOR EACH TREE SAMPTD AT THE WIND RIVER
PLkNTATION

at tree number.

43

(64)
Carson

(75)
Racetrack

(110)

Lakeview
(169)
Gates

(200)
Santiam

.474 .402
*0'47

.479 .527

34

.456

38

.471

40

.491

33

.428

40

.512

44

.489

47

.430

44

.510

44

.465

43

.468

56

.566

56

.533

.472 473.532 .512, 537

.496 .437 .450 .482 .517

84

.472 .476

86

.535

81

.560

83

.456

96 96 15
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