GENOTYPIC VARIATION AMONG SHORTLEAF PINE
SEEDLINGS WITHIN OKLAHOMA

By
FLOYD EMMITT BRIDGWATER, JR.
Bachelor of Science
Oklahoma State University
Stillwater, Oklahoma

1967

Submitted to the Faculty of the
Graduate College of the
Oklahoma State University
in partial fulfillment of
the requirements for
the Degree of
MASTER OF SCIENCE
August, 1969



OKLAHOMA
STATE UNIVERSITY
LIBRARY

NOV 5 1969

GENOTYPIC VARIATION AMONG SHORTLEAF PINE
SEEDLINGS WITHIN OKLAHOMA

Thesis Approved:

Db 3 W)
Thesis Adviser
[Cobe X M. Reck
éZo},%Eu é?,/féga%y/’

Dean og tée Craguate Eollége

723869

ii



ACKNOWLEDGMENTS

Special thanks are due Dr. Clayton Posey, my thesis ad-
viser, who rendered great assistance and encouragement in
this work. The assistance of the other members of my gradu-
ate cgmmittee, Dr. Dale Weibel, and Dr. Robert Reed is also
appreciated. |

The nursery space and assistance in groWing the seed-

lings studied were provided by the Oklahoma State Division

of Forestry.

iii



TABLE OF CONTENTS

Chapter | Page
I, INTRODUCTION . . . . . . 1
IT. LITERATURE REVIEW . 3
Need for Seed Source Testing . . . . . . . 3
Rangwide Seed Source Tests . . . 4
Seed Source Studies Involvlng Smaller
Areas . 6
Justlflcatlon and Alms of a Seed Source
Study Within Oklahoma 7
Objectives of the Study 8
IIT. METHODS AND MATERIALS . . . . . . . . . . . . . . 10
" Nursery Layout . . . . . . . . . . o o« . . . 12
Sampling . . e V4
Statistical Methods S A |
Form of Heritabilities , . . . . . . . . . . 16
IV. RESULTS AND DISCUSSION . . . . , « « o o & - « o 17
Numerical Results . . . . . « . « +« o« o o . 18
Cotyledon Number . . . . ¢« &« o o o 4 o o o - 18
Cotyledon Length . . . . . . . « « « « « . » 20
Number of Stomatal Rows . . . . . o - . . . 21
Needle Length . . . . « ¢« o« « o o o o« o o o 22
Number of Limbs . . . . « . « « « « o o o » 22
Seedling Height . . . . . . ... . . . . « . 23
Winter Bud Set . . . . . « . « « + o« 5 o « o 24
Survival . . s e e e e e 0 e o . 26
Number of Growth Flushes e e e e e e e e e 27
General . . .
Herltabllltles . ) &
V. SUMMARY AND CONCLUSIONS . . . . ¢ « ¢« o o « o o = 34
LITERATURE CITED . . . . . « « o v v v v v v v o o o o . 36
APPENDIX . ., . . & ¢ & v o« o« o o o o o o s o o o o o « o &0

iv



LIST OF TABLES

Table Page
I. Extremes in Shortleaf Pine Site Conditions in

Southeastern Oklahoma . , . . . . . . . . . . . 8

II. Form of Analyses of Variancé s e« s o s w & « o 15

ITIT. Ratio of Component of Variance Associated With
Parent-Trees in Stands to the Component
Associated With Parent-Trees X Replications
in Stands for Nine Seedling Characters of v
Shortleaf Pine . . .. . . . « ¢ v « o o o o o o« 29

IV, Narrow Sense Heritabilities for Nine Seedling
Characters of Shortleaf Pine . . . . . . . . . 33

V. Means, Maximum and Minimum Values for Nine
Seedling Characters of Shortleaf Pine on the
Basis of Stand Means and Parent-Tree Means . . 4l

VI. Simple Correlation Coefficients Among Nine
Seedling Characters of Shortleaf Pine and
Selected Site Factors Associated With the
Geographic Location of the Staand . . . . . . . 42

VII. Mean Squares and Estimates of Variance
Components for Cotyledon Number of Shortleaf
Pine Seedlings . . . - « o« o « = o o 5 o« o o o &3

VIII. Mean Squares and Estimates of Variance
Comportents for Cotyledon Length of Shortleaf
Pine Seedlings . , . . + « « « « « o o o .« . . L&

IX. Mean Squares and Estimates of Variance
Components for Number of Stomatal Lines of
Shortleaf Pine Seedlings . . . . . . . . . . . 45

X. Mean Squares and Estimates of Variance
Components for Needle Length of Shortleaf
Pine Seedlings . . . o &« & o « o o 4 o o o o o 4b

XI. Mean Squares and Extimates of Variance
Components for the Number of Limbs of
Shortleaf Pine Seedlings . . . . . o « « o .« o &7



Table = » Page

XII. Mean Squares and Estimates of Variance
Components for Seedling Height of Shortleaf
Pine Seedlings . . . . . . . . ¢« ¢« « « « « . , 48

XIII. Mean Squares and Estimates of Variance
Components for Winter Bud Set of Shortleaf
Pine Seedlings . . . . . « « + « « = « « « - . 49

XIV. Mean Squares and Estimates of Variance ,
Components for Survivors per Parent-Tree Row '
for Shortleaf Pine Seedlings . . . . . . . . . 50

XV. Mean Squares and Estimates of Variance
Components for the Number of Flushes of
Shortleaf Pine Seedlings . . . . . . . . . . . 51

XVI. Ratio of Variance Component Associated With
Stands to Variance Component Associated With
Parent-Trees in Stands for Nine Seedling
Characters of Shortleaf Pine . . . . . . . . . 52

vi



LIST OF FIGURES
Figure ' _ o o Page

1. Location of the Thirteen Study Stands in
Scutheastern Oklghoma . . . . . . . . « « « o o . 11

vii



CHAPTER I
INTRODUCTION

There are approximately five million acres of commercial
forest land in Oklahoma. The predominant softwood species

on these acres is one of the southern pines, shortleaf pine

(Pinus echinata Mill.). This species,‘alonngith another

southern pine, loblolly pine, (Pinus taeda L.), occupies ap-

proximately 1.1 million acres of Oklahoma's forest area.
The remaining acreage is covered by broadleaf types such as
cak-hickory, e1m~ash—cottonwood, and oak-cypress-gum.

Indiscriminate ¢utting practices.have.reSulted ih the
removal of the avefage or Better phenotypes. Most trees
which are presently producing seed for natural and artifi-
cial regenefatian are trees which were 1eft in the forest
because of léw vigor, or poor wood quality. Offspring from
poor quality trees form poor natural stands and are low
value seeds for forest tree plantings.

Tree imprbvement research, necessary to improve the
productive potential of‘Oklahoma'S férested lands, has al-
ready begun. Two breeding orchards for the production of
certified shortleaf pine seed are currently being

established.



Information sought in this study is necessary for the
efficient operation of an appliediprogram of forest tree

selection and breeding,



CHAPTER II
LITERATURE REVIEW
Need for Seed‘Squrce’Testing

Forest tree seed should not be planted on a site dif-
ferent from that to which it is adapted. In pointing out
the impo:taﬁce of extremes in climatic coﬁditiqns in natural
selection of genotypes, Bates (2) surmised that variation in
climatic conditions can alter the genotypic structure in
local populations. Using sevefal forest‘tree'species,.
Frankhauser (7) gave éxamples of survival as related to al-
titude and climate of origin of seed. He concluded that
forest tree seed which has been.collected as néarly as pos-
sible to the planting site shéuld be used. This is not al-
ways true. . In a study by Posey eﬁ'al.(15)cﬁlwoodproperties‘
of shortleaf pine, Arkansas races Sngived as well and pro- |
duced more celluiosevthan trees from local Oklahqma sources.
Realizing the importance éf determinihg.pétterns of geo-
graphic variation in forest tree species, Squillace (21)
stated that '"the nature of geographic;variation is important
to land managers because if differences are 1argely‘genetic,
they must use cére in selecting sources 6f’seed for forest

plantings."
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A knowledge of variation patterns becomesvéxtremely im-
portant when considered in conjunction with tree improvement
progfams. Rudolf (16) stated that "the priméry objéctive of
forest tree improvement usually is to develop trees which
combine large‘size, relatively rapid growth, desirable form
and branching habit, and good quality wood. ~Unless these
~ trees are hardy in the locality in which they are to be
grown, possession of these valuable characters will be of

little value."
Rangewide Seed Source Tests

Racial variation has been repdrtedvin virtually every
commeréially'important tree species. Critchfield (6) found
a correlation for the geographic origin of lodgepole pine

(Pinus contorta Dougl.) with germination time and germina-

tion amount. Three ecotypes for winter hardiness, branching
habit, and rooting habit were described by Wright (29) in

nursery tests with white ash (Fraxinus americana L.) seed-

lings from the eastern United States and Canada. A similar

nursery test of red ash (Fraxinus_pgnnsylvanica Marsh.)

showed that this species was also composed of three ecotypes
for one-year height growth and winter hardiness (30). Vari-

ation in cotyledon number of Douglas-fir (Pseudotsuga men-

ziesii.Mirb.) demonstrated a significant correlation with
source of seed in a study by Owen (14). Sitka spruce (Picea

sitchensis Bong,) seedlings from forty-seven provenances.

showed a developmental variation pattern in shoot apex



development which was related to the natural species distri-

bution (4),  Significant differences were observed by Genys

(8) among one and two-year-old white pine (Pinus strobus L.)
seedlings from different sources. He observed that some |
traits which showed differences were related to geographic
factors, By examining differenées in foliage characters,
Weidman (25) delinegted geographic sources in pondercsa pine

(Pipus pondergsa Laws.). .Squillace (20) stated that thirty-

six percent of the variation in height growth of ponderosa
pine 1s due to geographic seed source. An ecotypic pattern .
of variation Was‘described by Wells (26) both between and
within two varieties of ponderosa pine for several charac-
ters of one and two-ygar old séedlings.,vNeedle character-

istics of slash pine (Pinus elliotti Engelm,) were correlated

with the geographic distribution of that species in studies
by Mergen (10) and Sorensen (17). Squillace (21) found
highly significant differences for heedle length, one-year
height, and stomatal distribution in slash pine seedlings
from stands throughout the species range. Differences in
velume production among geographicvseed sources of loblolly
pine were reported by Wakeley (23) and Maple (9). Wells (28)
reported differences among sources for the same species in
height growth and rust infection as did Thor (22)‘for number
of stomatal lines. Differences in height of two-year-old
'sh@rﬁleaf pine‘wére reported in southern'lllinois by
Minckler (12). He attributed the differences to the fact

that seed were collected from widely separated parts of the



species range. Wakeley (24) reported significant differences
in survival and height grthh of,shorﬁieaf pine seedlings
three and five years of age from different géographicsources.
There were differences among spurces ranging from north to
south, bﬁt little or>no variation among sources ranging from
east to west. This means that, in general, one can go
farther east or west to collect seed for plantings than

north or south.
Seed Source Studies Involving Smaller Areas

Studies of variation in forest trees, for the most part,
have involved samples taken from the entire species range.
These studies generally revealed large amounts of both
phenotypic and genotypic variation. In carrying out these
studies researchers began to realize that with more refined
techniques, both experimentally and statistically, a broad
region represented by a few sources might be found to be
made up @f‘many provenances (11). Rudolf stated that seed
source'studies‘should be localized'to cover the range of
growing conditions in which the species may be planted (16).

In seed source studies répresenting small portions of a
species ?ange, researchers found that differences among seed
' sources were present bﬁt generally smaller than those rer~
ported in studies of larger areas. |

In a test of thirteen Douglaswfir seed sources, Morris
(13) found significant differences in rate of growth.

Wright (31) reported differences in winter kill and



branchiness for silver maple (Acer sacchag;pum L.) seedlings
from four sources in Indiana, Barber (1) found significant
differences in survival among_oﬁe-yearwold and three-year-
old offspring of three loblolly pine stands in Georgia. Many
studies_have been made over areas involving one or two
states. These studies are necessary prerequisites to selec-
tion and breeding programs iwthin these states., Squillace
(19) showed distinct site-moisture ecbtypes as little as one-
half mile apart in continuous stands in a study of western

white pine (Pinus monticcla Dougl.).

Justification and Aims of a Seed

Source Study Within Oklahoma

If the localities from which sample plots are chosen
are characterized by different environments and scme degree
of reproductive isolation is present; racial variation will
occur, It has been shown that seleétion pressures may‘dis?
criminate against gene infiltration ffom trees which are
'adapted to radically diffefentvsités, even though the sites
are adjacent. In studies of smaller areaé, the areas should
be characterized by varying environmental conditions. Upon
observation of a few facts concerning the environmeﬁtal di-
versity in eastern Oklahoma, it may be seen that the oppor~
tunity for racial differentiation does exist.

The values in Table I represent the maximum and minimum
for nine site factors at the sites from which seeds were

collected. The differences, in some instances, are as large



as those which have been reported for studies of much larger
areas. Since Oklahoma 1s located on the extreme western
edge of the shortleaf pine range, the opportunity for differ-

entiation is present.

TABLE I

EXTREMES IN SHORTLEAF PINE SITE CONDITIONS
IN SOUTHEASTERN OKLAHOMA

Site Factor Max. Min. Diffo

— Sonp—r T a o—— g e

Avg. Number of

Frost-free Days 240 200 40
Av%ﬁcﬁggual Precipitation, 51 41 10
Avgégggéz gemperature, 83.2 79.8 3.4
Avg. January Temperature - .

degrees F. | ’ 44,7 38.7 6.0
Avg. Summer Precipitation,

inches (June-Aug.) .9 3.5 1.4

Latitude | 36°00° 33%45° 3%45°
Longitude 96°00" 94°30° 1°30"
Elevation 2267 403 1864
Site Index 65 29 36

*Site index is a measure of site quality based on the
average height that the dominant and codominant trees at-
tain at 50 years of age.

Objectives of the Study

(1) The first objective is to study inherent variation\\
in shortleaf pine seedlings and the association of this vari-

ation with environmental fagtors in Oklahoma.



The amount and type of variation inherent in a ttee
species can have an important effect ﬁpon the method of tree
selection and breeding employed, For example, if little
variation is present within stands then individual-tree se-
lection would not be g promising method for obtaining im-
proved types. This same principle applieSgto inherent varia-
tion associated with the geographic position of the stand.

If inherent wvariation can be related to factors of the
environment we may conclude that these factors were instru-
mental in natural selection which alters the genetic struc-
ture of a population.

(2) The second objective is to help delineate practical
seed collection zones for shortleaf pine in Oklahoma,

Trees should be planted on sites to whichvthey are
adapted. Once seedlings are planted, the forester must man-
age a crop which cannot be easily or cheaply‘changedn |

(3) The third objective is to determine the heritabil-
ity of some taxonomic and morphological characteristics of
shortleaf pine seedlings.

(4) The final objective is to gather evidence to help
determine whether the maintenance of two seed orchards sep-
arated on the basis of stand location is justified.

The maintenance of two seed orchards can be justified
only if heritable differences in ecohomically important

traits can be related to the geogfaphic origin'of the seed.



CHAPTER III
METHODS AND MATERTALS

In 1964 a study of morphological chafacters of mature
shortleaf pihe in Oklghoma'was initiated, Fifty stands were
- selected to provide representation of geographic variation
in Oklahoma by choosing stands closest to the intersection
of each 15 degrees of latitude and longitude over the range
vof shortleaf pine in eastern Oklahoma. Each stand consisted
of forty acres of timbered land.

From éach stand 10 parent trees'weréfselected with the
following stipulations:

(1) No copen grown trees were selected.

(2) Only dominant or codominant treeé were chosen.

(3) Selected trees were at least two hundred feet apart

to reduce the liklihood of having the same
parentage.

One hundred six parent trees representing thirteen
stands in eastern’Oklahomal(Eigure 1) yielded sufficient
seed for nurséry planting. The seeds Were kept separéte by -
parent treesn.

The seeds were stratified by soaking in distilled water
at r@@mvtemperature for twenty-four hours, drawing the water

off, then storing at thirty-five degrees farenheit for sixty

10
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in Southeastern Oklahoma
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days, After stratification the seeds were treated with

latex as a binder, arasan as a bird repellant, and aluminum

: powder to keep the seeds from sticking together. The seeds
were sown in the Oklahoma Forest Ttee Nursery at BrOken;BOW;

Oklahoma.
Nursery Layout

‘The nursery design used was a spiit-plot, Each of the
thirteen stands were randomized within each of eight repli-
cations. FEach parent tree was then randomized within each
stand-plot. All seedlings from a given stand were adjacent
in every replication. This Was done to facilitate the de-
tection of differencesvamong stands and among, parent trees
within stands. This design has one undesirable feature in
that it will cause an increase in the precision of testing
‘individual-tree progenies and an overestimation bf within~
stand variance as'éompared with between-stand variance.

Seeds were ?lanted in a single nursery bed forty inches
wide and approximately five hundred feet long. Twenty seeds
were sown in each row. Rows were planted six inches apart
and seeds two inches apart within each row. Each row of

seedlings thus representéd a half-sib progeny group,
Sampling

A total of nine seedling characters were sampled. The
number of cotyledons was counted on the first five seedlings

in each parent-tree row. The length of two cotyledons, one
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from the north and one from the south side of the seedling,
was measured to the nearest miliimeter._ The number of growth
flushes and the nﬁmber of-liﬁbswefécbunted immediately be-
fore the seedlings were lifted fbr-outplanting. Survival
-was recorded as the number of surViQing seedlings in each
parent-tree row, The numbef of surviving seedlings with
winter buds set was counted on December 20, 1967. Seedling
height was measured to the nearest hélf inch as the seed-
lings were lifted. Seedlings were meésufed‘from the root
collar to the top of the terminal bud.

Befaore lifting the seedliﬁgs, two needle fascicles were
collected for later examination in the laboratory. These
needle fascicles were removed‘just‘beneath the first whorl
of limbs. Only mature needles were chosen. The following
measuremen®s were taken from the needles. One needle from
each fascicle was measured to the nearest millimeter to
determine its length. The number of stomatal lines on the
curved face of the same needle was counted.

Trees on the edge of the seédbed were used only when

determining survival and the percent survivors with winter

buds set.
Statistical Methods

- No parent trée which had less than three seedlings sur-
viving in each replication was used in the analysis of the
experiment. This reduced the number of parent trees to

five per stand, and the total number of individual-tree
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progeny ta fifteen hundred sixty. This was deemed necessary
because of poor sﬁrvival in the nursery which caused imbal—
ance in all levels of sampling. This imbalance would.have
‘made the analysis of data with prepared programs for the
I.B.M. 7040 computer extremely difficult. It would also
héve made the estimation of variahce components less
reliable,.

Analyées of variance were performed for each of the
nine study variables in the form shown in Table IT. The ex-
pected mean squares shown and subsequently the estimates of
the components of variance, were derived from a random ef-
fects model for a partially heirarchical situation presented
by Brownlee (3). To test for significant differences among
stands (i.e., Ho:ij== 0) the F' test described by Cochran
(5) was used. Confidence levels below‘the .050 level of |
confidence will be referred to as nonsignificant.

Simple correlatibns were computed for all possible com-
binations of the nine study variables and selected site
factors in an attempt to determine which envirommental fac-
tors might have been involved in natural seiection upon the
study variables;

Variance components wefe estimated by solving the equa-
tions for the expected mean squares shoﬁn in Table 11,

These estimates were then used.to determine heritabilities

for the nine study variables.



TABLE II

FORM OF ANALYSES OF VARIANCE

Source of Variation d.f. Expected Mean Squares
. 2 2 2 7
Replications (r-1) Vot p VEXM(S) + mp Vpyg + smp Vg
4 ' 2 2 2 2 ' 2
Stan s (s-1) | V; + p VﬁXM(S) + mp VEXS + rp Vi(s) + rmp Vg
| 2 2 ,
Reps X Stands (rfl)(s—l) V} +p VEXM(S) + mp vﬁXS
, 2 2 : ,
Parent-trees in Stands s (m~1) | Vo +p VEXM(S) + rp Vﬁ(s)
' o : 2 2 '
Parent-trees X Reps in S s(r-1) (m-1) V§.+,p vﬁXM(S)
Progeny in Pt in Reps in S rsm(p-1) Vp
2
Vg = variance due to dlfference in geographic location of the stands.
Vg _ variance due to the fallure of progeny from a stand to perform ‘the same in
RXS " each rep.
.2 o .
Vﬁ(s) = variance due to differences among families pooled across stands.
) | o , _ |
VﬁXM(S) _ variance due to the failure of progeny of a parent-tree to perform the same
2 in each rep pooled across stands.
V% = variance due to differences within a family.

¢1
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Form of Heritabilities

Heritability is a measure of the relative degreé of in-
- fluence of heredity compared to environment. The narrow
sense heritability of a character is the fraction Qf the
total variation that is contributed by additive genetic dif-
ferences and is thus important fq plant breeders.

Narrow sense heritabilities were compufed in the follow-
ing form for each of the nine study characters except sur-

vival and winter bud set.

2

2. 4y
T2 4 4
Vo + Vo + V3
P+ riou(s) T u

Narrow sense heritabilities were computed for survival

and winter bud set on a progeny-mean basis.

2
b2 o M
vg 2
RxM(S) T M
R

This was necessary begause of the lack of an estimate
of variance within a parentmtree row for these two study
characters. |

A high heritability indicates that the character is
under a high degree of genetic control and is affected

little by the environment,



CHAPTER 1V
RESULTS AND DISCUSSION

Physiological traits are related to the life processes
and functions of organs and tissues. The plant breeder's
interest in improving traits which enable the plant to sur-
vive or perform better in its environment should be obvious.
Interest in studying other traits may be somewhat less
evident. | |

There afe three reasons for studying these traits. The
first is that if genetic differences in these traits exist
between populations these traits provide a means for identi-
fying the populations. This is particularly important in
young plants. The identification of individuals not adapted
to a site before planting saves the expense of planting and
maintaining that individual which would perform less well
than an adapted plant. Secondly, these characters provide a
means of studying inheritance in trees at an early age.
Lastly, these seemingly unimportant traits in young plants
can provide meaningful infermation about variation in a pop-
ulation. If natural selection can modify the genetic struc-
ture of a population for these traits, modification of the
genetic structure @f the same population for more immediate-

ly important traits would seem likely.

17
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Numerical Results

Means, maximum, and minimum values for the nine study
characters on the baéis of stand means and partent-tree
means are presented in Table V for comparison

Simple linear correlatioﬁ coefficients for the nine
study characters With selected site factors are presented in
Table VI. Correlation coefficients were computed on the
basis of stand means.

In Tables VII through XV mean squares and estimates of
variance components for each of the nine study characters
are presented for comparison. Levels of significance are
also shown in these same tables for each test performed,

For each comparison, the compenents of variance for
stands and for parent-trees within stands are presented in
Table XVI as a ratio. This ratiolwas computed by dividing
both components of variance by the cemponent of variance

associated with stands,
Cotyledon Number

Cotyledon number is a useful trait in distinguishing
between intra-apecific hybrids in forest trees. Hybridity
was confirmed in Douglas-fir seedlings by observing average
cotyledon numbers, even though the eotyledon numbers on
individual seedlings varied from 5 to 9, and the average
cotyledon number of the crosses varied from 6.6 to 7,6»(18)}

Differences in cotyledon number have been demonstrated in’
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other forest tree species both among and within geographic
locations (21, 8). ‘

In this study cotyledon numbers ranged from 3 to 10
among individual.seedlings, from 5,7 to 6.5 on a stand mean
basis, and from 4.7 to 6.8 when éonsidering parent-tree
averages. Differences among stand means are significant at
the ,025 level of confidence, and differences among parent-
tree means are significant at the q005‘1eve1 (Table VII).

By examining the ratio of variance associated with
stands to that associated with parent trees, 1:3.0, it may
be seen that most of the genetic variation associated with
this trait is due to differences among parent-trees within
stands. A meaningful portion is also related to the loca-
tion of the stand. The 1:3.0 ratio means that 25% of the
total genetic variation is associated with differences among
stands and 75% with differences among trees within stands,

Stands with a high average number of cotyledons are
from low elevations while stands with low averages are found
at high elevations. The correlation coefficient between
elevation and number of cotyledons is -0.642,

Elevation in itself could not cause natural selection,
Changes in environmental factors, such as temperature, mois-
ture availability, and soil characteristics, which are as-
sociated with changes in elevation are likely resp@nsible
for genetic differentiation.

The average number of c¢otyledons wvaries positively with

the average number of frost-free days and negatively with
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the average precipitation during June, July, and August,
The correlation coefficients are +0.607 and -0.587,
respéctively.

Elevation of the stand and the average precipitation
during the summer are very strongly cofrelated, The corre-
lation coefficient is +0.898. Thus,RWhen there is a corre-
lation betwéen elevation and a study character, there is a
corresponding correlation of the same sign with summer pre-
cipitation.

The average number of cotyledons is carrelated positive-

ly with seed weight. The correlation coefficient is +0.605,
Cotyledon Length

Cotyledon length varied from 21.i mm. to 25.6 mm. on
the basis of stand means and from 18.1 mm. to 28.6 mm, on
the basis of parent-tree means. Stand means are signifi-
cantly different at the .050 level of confidence and parent-
tree means are different at the .005 level (Table VIII).

The average cotyledon length is strongly correlated
with the average number of fﬁostwfree days at the Parent;
tree stand (+0,832), Average cotyledon length is peositively
correlated with the average January temperature at the stand
(+0.576) and with the average July temperature at the stand
(+0.645). Cotyledon length is strongly correlated with seed
weight (+0.842), | |

Upon consideration of the ratio of among stand to with-

in stand variati©n1(124°2) it may be seen that the proportion
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of genetic variation associated with differences among
stands is approximately 20% of the total genetic wvariation
and thus would deserve due consideration in a program of

selection and breeding.
Number of Stomatal Rows

Stomatal analyses have been shown to be a valid test
for identifying putative pine hybrids (10). The number of
stomatal lines showedbevidence of ractal variation among six
lohlolly pine sources tested in Tennessee (22).

In this study no significant differences were found
among stands for the number of stoﬁatal rows at the ,050
level of significance (Table IX). The stand means ranged
from 7.0 to 7.8, There is considerable variation among
parent trees within stands, Parent-tree means range from
6.6 to 9.0. These differences are significant at the .005
level of significance (Table IX).

The number of stomatal rows is negatively correlated
with annual pgqg}pitation at the parent stand (m00564)°
Seedlings with mgre rows of stomates are from stands which
have smaller amounts of precipitation annually. This trend
may seem reversed, but the relationship between environment |
and stomatal frequency is much more complicated than the
simple correlaticon between annual precipitation and the
number of stomatal rows suggests.

Upon examination Qf the ratio of variance among stands

to variance within stands, (1:13.1), it is evident that the
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importance of selecting.among stands'is less important than

- with cotyledon number or cotyledon length.
Needle Length

The stand ﬁeans for needle length ?aried from 82.0 mm.
to 99.5 mm. andldemonstratéd a positive correlation with
seed weight (4+0.622). Parent-tree averages ranged from 80.4
mm. to 109Q8 ﬁmQ; Differeﬁces among.these means are signif-
icant at the .005 level of confidence (Table X),

The variance component associated with stands is insig-
nificant when compared to thé variance component asscciated
with parent trees within stands, The ratio of these two

components of variance is 1:81.7.
“Number of Limbs

k.The number of limbs is an important consideration in
trees of merchantable_ageo In conifers‘compressian wood 1is
assoclated with limbs. Compressionvwood has an increased
amount of lignin and an accompanying decrease in celluloée
content. The effect of-compression‘wood'is to maké the wood
less desirable as'lumber‘or for pulping.

If the relationships.befween tfees in’this study hold
constant in the continuing stﬁdy of the outplanted seedlings,
this will provide an important tocol for use in early screen-
ing of selections, | |

Variati@n on an individual seedling basis for humber‘of

limbs is very great in this study. Seedlings had from C to
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9 limbs. Stand means were not significantly different at
the .050 level of significance, ranging from 1.3 to 2%.1.
However, differences among parent trees within stands are
significant at the .005 level of confidence (Table XI). On
a parent-tree mean basis the minimum and maximum are 0.5 and
3.3. |

The estimate of the component of variance associated
- with differences among stands is a small negative value.
The best estimate for this component is zero, hence the 0:1
ratio between variance components associated with stands and
parent trees within stands, This ratio demonstrates that
selection for number of limbs should be carried out on an

individual-tree basis,
Seedling Height

.Onesyear seedling heights vary from 5.0 inches to 8.5
inches within stands and frem 5.2 inches to 7.2 inches among
stands. These differences are numerically small. However,
they‘represent increases in height over the poor tree of 70%
and the poor stand of 19%, respectively. Differences among
stand means are not significantly different at the ,050 level
of confidence. These differences are éignificant at the ,25°
level of confidence (Table XII).

The 1:4.7 ratio between variance components associated
with differences among and within stands demonstrates that

about 20% of the genetic variation is associated with
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location of the stand and thus becomes important in an im-
provement program,

If these relationships hold as the outplanted seedlings
approach merchantable age, differences will be very meaning-
ful. |

One~year seedling heights on a stand mean basis are
negatively correlated with elevation (-0.883) and positively
related to the average number of frost-free days (+0.555).
Seedling heights are also negatively correlated with the
average amount of summer precipitation (-0.807).

It is interesting to note that the four stands with the
highest mean seedling heights are not lowest in elevation or
highest in the average number of frost-free days. These
four stands are the only stands located on coastal-plain
soils., Coastal-plain sqgils are light-colored acid sandy to
loamy soils as opposed to heavier and shallawer soils devel-
oped on sandstone and shales which characterize the Ouachita
highlands (Figure 1). This may he indicative of an adapta-
tion to soil-moisture relationships which faver rapid early

growth in shortleaf pine seedlings.
Winter Bud Set

Many woody plants protect themselves from the rigors of
winter by going dormant. In forest trees this is commonly
called “hardening off". Shortleaf pine seedlings exhibit a
characteristic purple hue in their needles when they go

dormant. Many of the seedlings also set terminal buds.
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Differences in winter bud set were significant among
stands at only the .10 level of confidence (Table XIII).
Stand means varied from 4.9% to 16.7%. Differences among
parent trees within stands are significant at the .005 level
of confidence (Table XIII). These means range from 1.2% to
25.9%.

Stand means for winter bud set were negatively corre-
lated to average annual precipitation (-0.592). It is tempt-
ing to attribute the onset of dormancy to a lack of moisture.
There are, in all 1liklihood, several other factors which
contribute to bringing about dormancy in seedlings. This
statement is supported by the relationship of longitude with
winter bud set. The correlation between winter bud set and
longitude of the parent-tree site is very strong (+0.738).
Since longitude and average annual rainfall are significantly
correlated this suggests that other faétors of the environ-
ment which are associated with latitude are affecting the ap-
parent natural selection for percentage of winter buds set.
The relationship of position of stand to winter bud set may
offer more information. The four stands which have the
greatest percentage of buds set, stands 23, 45, 48, and 49
(Figure 1), are located on the extreme limits of the short-
leaf pine range. This may mean that trees on the extremes
of the species range have adapted to extremes in environ-
mental factors by going dormant earlier.

The percent winter buds set showed a meaningful portion

of genetic variation associated with stands. The ratio of
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1:3.1 between components of wvariance associated Withlgtands
and trees in stands suggests that the location of the stand
from which trees are selected is wery important in improve-
ment for this trait., This means that about 25% of the total
genetic variation is asscciated with the geographic position

of the stand.
Survival

Survival for the experiment as a whole was poor, The
average number of survivors per parent-tree row for the
whole experiment was 11.8. This represents a survival per-
centage of 59 based on a possible twenty survivors per
parent-tree row.

This low Survival can be attributed in great part to
heavy rains during the week following planting. These rains
washed seeds in some areas of the seed bed completely away
and moved others so that identification was impecssible.
These unidentifiable seedlings were pulled shortly after
they emerged and thus were not included in survival counts,
For this reason the results of the analysis on survival can-
not be extended to apply to matural pepulations of shortleaf
pine seedlings.

Number of survivors per parent-tree row averaged 10.8,
(54%), to 13.4, (67%). These differences are not statisti-
cally significant. Differences within stands are signifi-
cant at the .005 level of confidence (Table XIV). They

range from 8.2, (41%), to 16.0, (80%). Survival is strongly
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correlated with seed weight (+0.776). This indicates that
selection fdr heavier}seed for plantings is advantageous |
from the standpoint of susivalg |

| Thé best estimate of the component“of variance associa-
ted with differences among stands is again zero. The ratio
of variances associated with stands and trees in stands,
(0:1),.pqints to the fact that selection_among stands for
survival Would‘not>be as profitable as selection on an

individual-tree basis.
Number of Growth Flushes

The average nﬁmber of growth'flushes showed essential-
ly no differences among stands. The mean of parent trees
varied only from 1.2 to 2.2 even though they Wéré statisti-
cally significant at the ;005 level of confidence (Table XV).

The ratio 0:1 between variance componénts assoclated
with stands and trees in stands again demonstrates that
genetiévdifferenqes among stands are.small as compared to
differences among_tfees Withiﬁ stands; |

The average number of*growthlflushes exhibited a'cor-

relation‘coefficient.of +0.585 with seed weight.
- General

The basic premise underlying a seed source study is a
simple one. Forest trees growing in different localities
are phenotypically different. They differ due to differences

" in genotype and'enVironment; Seeds from different trees
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grown in a common environment exhibit only genotypie differ-
ences. The difficulty in studies of this type, especially
when examining very young trees, is prOViding a common
environment |

The difficulties become evident when one considers that
each genotypebhaS»carried a little of its environment with
it to the study site in the form of the seed.]vThus? it may
be seen that if a character is strongly related to seed
cheracteristics, differences may not be entirely genetic in
nature.

| Cotyledon number, cotyledon length, survival, needle
length, and thebnumber of flushes are correlated with seed
weight on a stand mean basis.

If there is an effect of seed.weight upon the genotypic
-expression of a eharacter it would tend to make maternal
half-sibs more alike due to a common environment during seed
formation than progenies less cloSely related, .Thds, ancth-
er indication of non-genetic maternal\effects might be an
unusually large component of variance associated with parent-
trees in relation to the‘eomponent of Variance'associated
with its error term (21). Table III shows ratios of the
variance component associated.with differences due to parent-
tree X replication interaction for each study variable. |

The correlation between seed welght and cotyledon
length equals +0.842 and the correlatlon between seed weight
and cotyledon number equals 4+0.605. The ratios between the

components of variance agsociated with parent-trees to its



TABLE III

RATIO. OF COMPONENT OF VARIANCE ASSOCIATED WITH PARENT-
TREES IN STANDS TO THE COMPONENT ASSOCIATED WITH
PARENT-TREES X REPLICATIONS IN STANDS FOR
.NINE SEEDLING CHARACTERS OF

. SHORTLEAF ' PINE

_Study Character | Ratio
Cotyledon 6.8
Number
e s
;Numbef of ) _‘ | : 1.2
Stomatal Lines _ ’
Needle Length j - 1,2
Numbef of Limbs ' S 1.6
- Seedling Height 1.0
Wintef Bud Set | 0.2
Survival o - 0.3
Number of | | | 2.2

Growth Flushes
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error term for cotyledon length and cotyledon number are
48.6 and 6.8; respectively. Based on this apparent associa-
tion with seed weight and on thése large ratios it may be
'éeen that maternalteffects pfobably“play an_important role
in determinations of genetic variation in cotyledon 1ength,
and possibly to a lesser dégfee.ih cotyledon number. ’

‘The other variables associated with seed'weight (sur-
vival, needle iength,vand'the number of growth flushes) méy
not be related difectly to seed Wéight, but to some factor
of the environment which‘also affects éeed weight.

Cotyledon length and cotyledon number show significant
statistical differences amOngvstands at thé',OSO and .025
levels of confidence,‘respectiVely; All nine study varia-
bles demonstrate differencés among parentQtreés‘Within
stands significant'at the .005 level bf confidence.

Significance of differences among stands for the»re-
maining seven study variables may‘be masked by three factors.
First, the replication X stahd interaction ié very large for
most of the study variables. ‘Secondly,'the’nursery_planting
utilized does not allow separétionbof the effects ofvdiffer-
ences among standé'from the effects due to differences among
the plots in which all trees from the stand were planted.
Finally, the F' test may not be precise for thé case of four
variances (5). | | | o

Differences among and}within stands are-numerically
small for all study variableé. This is not:surprising in

one-year-old material collected from stands located in a
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relatively small area. If these reléfionships hold as the
outplanted seedlings approach maturity, theee differences
will take on new meaning. The ebility to select forveconom-
ically importaht characters based on seedling performance
would be very advantageous. |

The maintenance of two seed orchards may be justified.
This study has revealed that'differences_between dne-year
seedling heights aﬁd the number»of.cbtyiedons are‘related to
the elevation of the stand. This fact in itself is not suf-
ficient justification, but lends credence to empiric observa-
tions on the natural population which seem to justify this |
dual maintenance. Further juStification may be found in the
study of differenees.in theboﬁtplanted seedlings as they

mature.
- Heritabilities

Heritabilities for ali'nine_study characters are pre-
sented;in Table IV. These values are not to be interpreted
‘as exact values beéause estimetes of hefitability based on a
relativelyvsmall’number of families"g?own in only one loca-
tion tend to be unreliable. ' The ﬁeritabilities_eemputed in
this study may be examined relative to one another.

Cotyledon length and cotyledon number both have Very
high heritabilities. They are 1.00 and 0.82, respectively.
The estimate of heritability for cotyledon lengﬁh exceeded
1.00. This value is not possible on the scale from 0.0 to

1.0 where 1.0 denotes complete control by the‘genotype and
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no environmental modification. The cause of this inflated
estimate 1is probably thatvthe varianée among half-sib fami-
lies is inflated due to maternal effects. These non-genetic
"effects probably affected thé estimate of heritability for
cotyledon number in the same way.

It éhould be pointed 6ut’again that the éstimates of
heritability for survival, 0;70,'and the percent winter bud
set, 0.62, were computed on a family-mean basis. A great
over-estimate of genetic gain will result if family herita-
bilities are used when the selection is based on the phenc-
typic performance of individual trees (32).

. Needle length, number of limbs, number of stomatal rows,
and the number of growth flushes have heritabilitiés of 0.38,
0.34, 0.32, and 0.30, respectively. - | | |

The estimate of heritability for seedling height is
0.48. Traits that have méaningfulvvariation‘on an
individual-tree basis and relatively high heritabilities,
offer great prospects for improvement. As an example, 70%
difference was noted earlier between the low and high
parent-tree means fot one-year seedling height. If we use
70% as the selection differential, and apply the heritabil-
ity of 0.48 for seedling height, we can expect gains of

33.6% in one generation of individual-tree selection.
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TABLE IV

OF SHORTLEAF PINE

NARROW SENSE HERITABILITIES FOR NINE SEEDLING
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Growth Flushes

Study Character Héritability
Cotyledon

Number 0.82
Cotyledon *

Length 1.00
Number of

Stomatal lines 0.32
Needle length 0.38
Number of Limbs 0.34
Seedling Height 0.48
Winter Bud Set 0.62
Survival 0.70
Number of 0.30

*The value of h2
exceeded 1.00.

for CotYledon length



CHAPTER V
SUMMARY AND CONCLUSIONS

The findingé of this study indicate that there is con-
siderable variation among seedlings of shortleaf piné from
natural stands in Oklahoma.

Correlations between environmental factors at the
parent-tree site and patterns of variation in seedlings
grown in the ﬁursery suggest that these environmental factors
caused selection pressure and subSequent clinal variation in
several traits of shortleaf pine‘séedlings;

| These relatibnships‘further suggest that a separation
of seed orchards on the basis of geographic;locationbof»the
parent-tree stand may prove practical. |

Comparison of the components'df variance}associated
with differences among sténds and differénées émong parent-
trees within stands indicate;thatvif sélections_were made
forkany~of the nine study variables; the‘gfeatest'gains
could be made by individual-tree selection.. However, for
cotyledon length, cotyledon number;vseedling height, and
percent winter bud set, the ldcation of the stand should be
considered when making seleétions; | |

‘Seedlings from lower elevations exhibited greater

height growth at the end of one growing season. Among

34
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stands frdm_lower elevations, thoée on coastal-plain SOils
produced seedlings with the greatest‘oné-yéar heights. Seed-
lings from stands at lower elevationshalso had the greatest
number of cotyledons. | ; |

Seedlings from stands with the léngest frost-free
periods had the longest cotyledons.

- The percent seedlings with winter buds set on one date
was associated With'averagé annual precipitation and longi-
tude of the parent-tree stand“ The'four‘stahds with the
highest percentage of winter buds are located on the ex-

tremes of the range of shortleaf pine in Oklahoma.
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TABLE V

MEANS, MAXIMUM AND MINIMUM VALUES FOR NINE SELECTED
CHARACTERS OF SHORTLEAF PINE ON THE BASIS OF
STAND MEANS AND PARENT-TREE MEANS

Seedling Population ;zzgg‘ Parﬁgg;gree

Character Mean ViE Max. Min, Max.
Cotyledon 6.0 5.7 6.5 4.7 6.
C°EZ$§§EH (mm. ) C 287 21.1 25.6 . 18.1 28.
Nugzg;aggl Lines 7.6 7.0 7.8 6.6 %
Neigégth (mm.) . °9Ly5  82.0  99.5  80.4  109.
Number of - 1.7 1.3 2.1 0.5 3.
Segi%éﬁ% (in.) S Bud 5.2 7.2 5.0 8.
WigESrSet (%) 10,0 4.9 16.7 1.2 25,
Survival . 11.8 10.8 13.4 8.2 16.
Number of 1.7 1.5 1.8 1.2 2.

Growth Flushes
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TABLE VI

SIMPLE CORRELATION COEFFICIENTS-AMONG NINE SEEDLING
CHARACTERS OF SHORTLEAF PINE AND SELECTED SITE
-~ FACTORS ASSOCTATED WITH THE GEOGRAPHIC

LOCATION OF THE STAND

Character ng;;: Site Factor

Cotylédon Number -0.642*: Elevation
Cotyledon Number 0.607* Av. No. of Frost-Free Days
Cotyledon Number -0.587* Summer Precipitation
Elevation 0.898*¢ Summer Precipitation
Cotyledon Number 0.605* Seed Weight
Cotyledon Length 0.832** Av. No. of Frost-Free Days
‘Cotyledon Length | 0,‘5767'c Av..January Temperature
Cotyledon Length 0;645* Average July Temperature
Cotyledon Length 0.842** Seed Weight
No. of Stomatal Rows -0.564* Av. Annual Precipitation
Needle Length 0.622  Seed Weight
Seedling Height -0.883*"  Elevation |
Seedling Height 0.555# “Av. No. of Frost-Free Days
Seedling Height -0.807""  Summer Precipitation
% Winter Bud Set -0.592  Av. Annual Precipitation
% Winter Bud Set 0.758"  Longitude |

" No. of Survivors 0.776"  Seed Weight
No. of Flushes 0‘,585'7'c

Seed Weight

7 . L] ‘ ' . . N . ‘ . ) * .
indicates the correlation coefficient is significantly
different from zero at the .050 level of confidence,

*indicates the correlation coefficient_is»significantly
different from zero at the .010 level of confidence
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'TABLE VII

MEAN SQUARES AND ESTIMATES OF VARIANCE COMPONENTS
FOR COTYLEDON NUMBER OF SHORTLEAF PINE SEEDLINGS

rEétigagé Level
Soutce i Mean of of
T Squares  Variance Signif-

in stands

Variation Component icance
Replications .7 0.72222 0.00066 N.S.
Stands | 12 7.77189 - 0.03740 = .025
R X S | 84 0.59215 0.00836 N.S.
Parent-trees 4 ' s

i 65 3.15833  0.11214  .005
- Paremt-trees X R 364 0.46675 0.01648  .005

' Prbgeny in Pt X R | v o - ,
in stands ; %Q4Q‘ ‘0,41730 0.41730

The significance level associated with each mean square de-
notes the probability of obtaining an F (or F' in testing
for differences among stands) as large as the‘calcglated
value of F (or F') under the null hypothesis, Ho:w4 = 0.

N.S. means level of significance is less than .05.
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MEAN SQUARES AND ESTIMATES‘OF VARIANCE COMPONENTS
FOR COTYLEDON LENGTH OF SHORTLEAF PINE SEEDLINGS

in stands

. Estimate Level
Sogﬁce d.f. Mean of of
: e P Squares Variance Signif-
Variation Component icance
Replications 7 45.13605 0.18311  .005
Stands 12 279.56966 1.22631  .050
R XS | 84 ' 9.38988  0.20642  .010
Parent-trees ~ = ’
in stands : 65H129.31506 5.l2589. .005
Parent-trees X R = CqAca
rent-tree 364 6.29348  0.10537 005
- Progeny in Pt X R 1040 5’97737- 5

.97737

The significance 1evel associated Wlth each mean square de—.
notes the probability of obtalnlng an' F (or F' in testing
for differences among stands) as large as the calcglated

value of F (or F') under the null hypothesis,

‘Ho ¢

N.S. means level of significance is less than .05,
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'MEAN SQUARES AND ESTIMATES OF VARIANCE COMPONENTS
FOR NUMBER OF STOMATAL LINES OF
SHORTLEAF PINE SEEDLINGS

.

Estimate Level

Soggce a.f Mean of - of
A A Squares Variance Signif-
Variation Component icance-
Replications ’ 7 2.17635 ~-0.00044 - N.S,
Stands 12 6.42611 0.00960 - N.S.
RXS 84  2.26264 0.04198 .050
Parent-trees : g :
in stands 65  4.64399  0.12546 .005
Parent-trees X R - | - :
in stands 364 _1.63283 0.10345 .005
Progeny in Pt X R 1040 1.32247  1.32247

in stands

The 51gn1f1cance 1eve1 assoc1ated with each mean square de-
notes the probability of obtaining an F (or F' in testing
for differences among stands) as large as the calc%}ated

value of F (or F') under the null hypothesis, Ho:<

= 0.

N.S. means level of significance is less than .05,
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TABLE X

MEAN SQUARES AND ESTiMATES;OF-VARIANCE COMPONENTS
FOR NEEDLE LENGTH OF SHORTLEAF PINE SEEDLINGS

Estimate Level
SogEce , d.f. Mean of of

s Squares Variance Signif-

Variation : Component icance
Replications 7 ~126,60750 -8.64401 N.S.
Stands 12 2511.36458  0.32429 N.S,

R XS 84 1812.19040 101.31743 .005

. Parent-trees _ o
in stands ' 65 928.36530 26.49735 .005

Parent-trees X R ' |
in stands | 364 | 292.42890 21;12720' 5005

~in stands 1040 ‘ 229.04739 229.04730

The significance level associated with each mean square de-
notes the probability of obtaining an F (or F' in testing
for differences among stands) as large as the-calculited
value of F (or F') under the null hypothesis, Ho: t< = 0

N.S. means level of significance is less than .05."
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TABLE XI

MEAN SQUARES AND ESTIMATES OF VARIANCE COMPONENTS
FOR THE NUMBER OF LIMBS OF SHORTLEAF
PINE SEEDLINGS

Estimate Level
Soggce d.f Mean of of
e Squares Variance Signif-

Variation Component icance
Replications -7 1.55199 -0.02482  N.S.
Stands 12 9.73557 -0.01829 N.S.
RXS 84 6.39268  0.24260  .005
Parent-trees ' S g manar _

in stands 65 8i29134 0.23073 _ .005
Parent-trees X R ) R o ’

in stands . 364 2.75361 0.14116 .005
Progeny in Pt X R : »

in cLands 1040 2.33013 2.33013

The significance level associated with each mean square de-
notes the probability of obtaining an F (or F' in testing
- for differences among stands) as large as the'calcul%ted
. value of F (or F') under the null hypothesis, Ho: ¥ < = .0

N.S. means level of Significance is less than ,05.



48

TABLE XII

MEAN SQUARES AND ESTIMATES OF VARIANCE COMPONENTS
FOR SEEDLING HEIGHT OF SHORTLEAF PINE SEEDLINGS

Estimate Level
Sog;ce d.f Mean of of
S Squares Variance Signif-

Variation Component, icance
Replications : 7 9.08609 -0.06793 N.S.
Stands ' 12 39.85046 0.07490 N.S.
RXS 84 v22°33350 1.27128 .005
Parent-trees . '

in stands - 65 »11.79246 0.35534 ,005
Parent-trees X R

vin stands 364' 3'26429,» 0.33595 . 005
Progeny in Pt X R -, :

“in stands ‘1040 ‘2,25643 2,25643

The significance level associated with each mean square de-
notes the probability of obtaining an F (or F' in testing
for differences among stands) as large as the calculated
value of F (or F') under the null hypothesis, Ho: ¢2 = 0.

N.S. means level of significance is less than .05.
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TABLE XIII

MEAN SQUARES AND ESTIMATES OF VARIANCE COMPONENTS
. FOR WINTER BUD SET OF SHORTLEAF PINE SEEDLINGS

Estimate Level
Soggce d.f Mean of of
T Squares Variance Signif-

Variation Component icance
Replications 7 938,32100 12.52940 N.S.
Stands 12 533.23100  6.31517 N.S.
RXS 84 123.91000 5.45180  .005
Pagﬁngggiggs’ 65 253.36500 19.58925  .005

Parent-trees X R 364  96.65100 96.65100

The significance level associated with each mean square de-
notes the probability of obtaining an F (or F' in testing
for differences among stands) as large as the calcul?ted
value of F (or F') under the null hypothesis, Ho: ¥¢ = 0

N.S. means level of significance is less than .05,



TABLE XIV
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MEAN SQUARES AND ESTIMATES - OF VARIANCE COMPONENTS
FOR SURVIVORS PER PARENT-TREE ROW OF

SHORTLEAF PINE SEEDLINGS

Estimate Level

Source Mean of of
Var?gtion -£. Squares Variance Signif-
Component icance
Replications 7 4.,17133  -0.36664 N.S,
Stands 12 20.57560 -0.54027 N,S.
RXS 84  28.00324  4.37254  .005
Parent-trees
in stands 65 ‘20.32403 1,77293 .005
Parent-trees X R
in stands 364 6,14053

© 6.14053

-

The significance level associated with each mean square de-
notes the probability of obtaining an F (or F' in testing
for differences among stands) as large as the calcul&ted
value of F (or F') under the null hypothesis, Ho: ¥+ = 0

N.S. means level of significance is less than .05.
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TABLE XV

MEAN SQUARES AND ESTIMATES OF VARIANCE COMPONENTS
FOR THE NUMBER OF FLUSHES OF SHORTLEAF
PINE SEEDLINGS

Estimate ‘Level
Soggce d.f Mean of of
T Squares Variance Signif-

Variation . Component icance
Replications 7 0.24101 -0.00289 N.S.
Stands o 12 1.11046 -0.00199 N.S.
RXS 84 0.80600 0.0340L  .005
Parent-trees g5  0.84006 0.02268  .005

in stands
Parent-trees X R . \ _
in stands _ 364 | 0.29574 0.01033 .005

Progeny in Pt X R ‘ g
in stands | 1040 0.26474 _»O°26474

The significance level associated with each mean square de-
notes the probability of obtaining an F (or F' in testing
for differences among stands) as large as the calculited
value of F (or F') under the null hypothesis, Ho: ¥4 = 0

N.S. means level of'significénce is less than .05.

°



TABLE XVI

RATIO OF VARIANCE COMPONENT ASSOCIATED WITH STANDS
TO VARIANCE COMPONENT ASSOCIATED WITH PARENT-
TREES IN STANDS FOR NINE SEEDLING CHARACTERS

OF SHORTLEAF PINE

Study Character Ratio

Cotyledon )
Number 1: 3.0
Cotyledon o | .
Length 1L+ 4.2
Number of ' , _ 1 .
Stomatal Lines 1. 13.1
Needle Length 1 : 81.7
Number of Limbs 0: 1
Seedling Height 1 : 4.7
Winter Bud Set 1 : 3.1
Survival 0: 1
- Number of ' - . 0: 1

Growth Flushes
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