
To the Graduate Council: 

I am submitting herewith a dissertation written by George Francis Brown, 
Jr., entitled "Estimates of Genetic Gain and Selection Strategy for 
Virginia Pine Christmas Tree Characteristics." I have examined the 
final copy of this dissertation for form and content and recommend that 
it be accepted in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy, with a major in Ecology. 

Edward R. Buckner, Major Professor 

We have read this dissertation 

and recommend its acceptance: 

Accepted for the Council: 

Vice Provost 

and Dean of The Graduate School 



ESTIMATES OF GENETIC GAIN AND SELECTION STRATEGY FOR 

VIRGINIA PINE CHRISTMAS TREE CHARACTERISTICS 

A Dissertation 

Presented for the 

Doctor of Philosophy 

Degree 

The University of Tennessee, Knoxville 

George Francis Brown, Jr. 

March 1987 



11 

ACKNOWLEDGMENTS 

I express my sincere gratitude to my Major Professor, Dr. Edward R. 

Buckner, for his cooperation, guidance and patience. Appreciation is 

also expressed to Dr. James B. McLaren, Dr. Robert A. McLean, Dr. Wil 

liam L. Parks and Dr. John C. Rennie for serving as committee members 

and for their valuable comments and suggestions. 

A special thanks is extended to Dr. Eyvind Thor, Professor Emeri 

tus, for initially serving as Major Advisor and for his inspiration, 

dedication to excellence and challenging comments. 

Special recognition is extended to Dr. William L. Sanders, 

Experiment Station Statistician for assistance in data analysis and 

statistical advice. 

I would also like to thank all of my fellow graduate students and 

research assistants at the University of Tennessee, the Highland Rim 

Forestry Field Station and Alabama A&M University for countless hours 

both in performing field maintenance and in taking measurements which 

made this study possible. 

Last, but not least, I thank Ms. Linda Taylor for her encourage 

ment, moral support and for typing this manuscript. 



Ill 

ABSTRACT 

Third-year data from half-sib progeny tests of Virginia pine 

located in north Alabama and central Tennessee were evaluated to deter 

mine the genetic and environmental sources of variation for character 

istics potentially important to the production of quality Christmas 

trees. Each progeny test was composed of 20 families from the Kimber-

ly-Clark Corporation seed orchard and 36 families from a previously 

established plantation at the Highland Rim Forestry Field Station, 

Tennessee. 

No major differences were found between the two seed sources and 

the source x location and family-within-source x location interaction 

terms were not significant. Families from either source may be utilized 

as seed sources for either location. Estimates of heritabilities for 

each location are given. Based on these estimates and the relative 

contribution of each characteristic to the overall quality of a Christ 

mas tree, height, branches per whorl, color, crook and rating were 

selected to evaluate trees to be included in a breeding program. 

Genetic gains are presented, resulting in an increase in height of 12 cm 

at age three and a 5 percent reduction in the number of cull trees. 

To determine if any characteristics pertaining to seed, seedlings, 

first-year field performance or second-year field performance can be 

used to predict third-year performance, eight seeds were selected from 

each of 57 half-sib families of Virginia pine. Each seed was measured, 

planted and subsequently remeasured as a seedling. The seedlings were 
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field-planted and measured annually. The two test planntations utilized 

to determine heritabilities were also measured annually. The linear 

relationship of each set of measurements to the next set was determined 

by use of canonical correlations. 

Seed, seedling and first-year field measurements were not accurate 

predictors of third-year field performance. Second-year measurements 

had canonical correlations ranging from 0.85 to 0.90 with third-year 

measurements and explained between 58 and 71 percent of the variance in 

the third-year measurements. Only the first canonical variate explained 

more than 2 percent of the third-year variation. The primary components 

of the first canonical variate were height and diameter which can be 

used to cull up to 66 percent of the trees without reducing the number 

of select trees. 
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CHAPTER I 

INTRODUCTION 

Historically, the Christmas tree industry was primarily located in 

northern states and in Canada. The vast majority of trees sold in the 

South were imported. During the seventies, several studies established 

that southern markets could support a southern Christmas tree industry 

(Murray, 1976; Whitfield, 1972). Parallel to these studies the grower 

interest in Christmas tree production increased and between 1960 and 

1980 several state growers' associations were organized, signifying the 

establishment of the industry in the South. The primary species being 

utilized throughout the South is the Virginia pine (Pinus virginiana 

Mill.) (Davis et al., 1981; and Hu and Main, 1980). Current figures in 

dicate that at least 10 million Virginia pines were planted across the 

South in the 1982-83 planting season (Murray, 1983). It is evident that 

Virginia pine has been accepted by consumers and growers alike and has 

become the foundation species for the industry. 

Prior to this interest, the Virginia pine was not considered a com 

mercially important species by the forest industries; therefore, little 

silvicultural or genetic information is available (Genys, 1966). Most 

of the planting stock available to growers is obtained from wild trees 

or from a limited number of orchard trees originally selected for pulp-

wood characteristics. Development of a genetically improved line of 
I 

Virginia pine specifically selected for Christmas tree characteristics 

should increase the quality and decrease production costs. For example. 



improvement and selection efforts could result in improved needle color, 

shorter rotation cycles, and a greater proportion of merchantable trees 

per acre. 

The first step in an improvement program based on tree selection is 

to determine if genetic gain is possible on the characteristics select 

ed. This involves measuring two factors, the heritability of each char 

acteristic selected and the amount of variation in a population. If 

there is no variation, or if it is not strongly controlled by genetics, 

then genetic improvement is improbable. The first objective of this 

study was to determine the amounts of genetic gain that could be real 

ized on several characteristics of Virginia pine that are important to 

their quality as Christmas trees. 

One goal of an efficient tree improvement program is to maximize 

genetic gains and to minimize the time and number of progenies in a 

genetic planting. Forest tree improvement is severely limited by two 

factors--time and numbers. It may take 20 to 30 years for a pulpwood 

rotation for any of the southern pines. It also takes a large acreage 

to grow the numbers of trees needed to provide a selection base. Both 

of these factors make conventional tree improvement work very expensive. 

Early selection, or selection before the end of the rotation, can only 

be accomplished if the expression of a trait at an earlier age can be 

used to reliably predict the trait at a given rotation age. Juvenile 

characteristics have generally not been shown to reliably predict mature 

characteristics. A general rule followed in many 'tree improvement 



programs is to wait until at least half of the rotation age before pre 

dicting characteristics at rotation age. 

The improvement of Virginia pine Christmas trees differs from a 

conventional tree improvement program in several ways. Rotation age is 

generally only five or six years. Mature parent trees cannot be select 

ed unless it is known how their progeny will perform. Virginia pine of 

ten begin to produce flowers by age four, which allows the selection of 

superior crop trees directly from a progeny test. There are also dif 

ferences in the economic aspects. An acre of properly managed Christmas 

trees has a much higher economic value than an acre of pine plantation 

for other forest crops. However, it also requires a higher investment 

to produce the Christmas tree. 

A conventional tree improvement program requires several acres in 

order to grow a few thousand trees. Virginia pine Christmas trees re 

quire up to four years of intensive cultural practices. Most tree im 

provement programs are considered to be successful if 10 to 20 unrelated 

"select" trees for a future breeding program are identified. If desir 

able trees could be selected at an earlier age or undesirable trees 

screened and eliminated early in the test, then potential gains could 

accrue more rapidly and program costs reduced. Therefore, the second 

objective of this study was to determine if the canonical correlations 

statistical technique would provide an efficient selection strategy for 

the evaluation of relevant characteristics at an earlier age. 



Objectives 

The objectives of this study were: 

1. To determine the amounts of genetic gain that could be realized 

on several characteristics of Virginia pine that are important to their 

quality as Christmas trees. 

2. To determine if the canonical correlations statistical tech 

nique would provide an efficient selection strategy. 



CHAPTER II 

REVIEW OF LITERATURE 

Ecology of the Species 

The native range of Virginia pine is from the southern tip of New 

York to the northern third of Alabama in a band approximately 400 miles 

wide (Dorman, 1976). Throughout its range, Virginia pine occurs as a 

pioneer species, being the first pine species to colonize severely dis 

turbed sites. It can grow on a wide variety of sites but does best on 

clay, loam and sandy-loam soils (Fowells, 1965). It requires a moderate 

to well-drained soil and does not do well on wet sites. 

Virginia pine is intolerant to competition and requires full sun 

light. On better sites it is usually quickly replaced by hardwoods 

(Fowells, 1965). Large Virginia pines are usually restricted to the 

poorest sites where hardwood invasion is slow. Because its growth and 

form on these sites is relatively poor, Virginia pine has earned a repu 

tation as a scrub species best adapted to the most impoverished sites. 

However, Virginia pine surviving where other trees cannot, does not 

mean' that it will not grow better on good sites as southern Christmas 

tree growers have been demonstrating for the past several years. Re 

search has shown that certain soil fertility levels can affect tree 

growth (Brown, 1983). Most of the Christmas tree plantations now being 

established in the South are on lands that were previously used for ag 

ricultural crops. These are commonly productive sites that are being 



converted to this new crop and not the eroded "old fields" earlier de 

scribed as the typical Virginia pine site. Recommended practices for 

the production of Virginia pine Christmas trees include the selection of 

well-drained sites, cultivation of the soil prior to planting, fertil 

ization if needed, and the control of competition by use of herbicides 

and mowing (Holemo and Brown, 1979). 

Genetic Improvement 

The general practice and procedures for tree improvement have been 

well developed in such texts as Wright's "Forest Genetics" (1976) and 

the FAO-North Carolina State Forest Tree Improvement Training Centre 

"Lecture Notes" (1969). More specifically, work with the southern pines 

is comprehensively covered in Dorman's "Genetics and Breeding of South 

ern Pines" (1976). It has been accepted that properly conducted tree 

improvement programs can yield significant gains at reasonable costs. 

Use of seed from current first generation orchards are expected to in 

crease wood yields 10 to 20 percent. Preliminary results indicate that 

even greater gains will result from second and third generation orchards 

(Dorman, 1976). 

One of the primary steps for beginning a tree improvement program 

involves selection of the best seed source (based on provenance tests). 

Genys (1966) established a Virginia pine provenance test in 1955 that 

included 17 provenances outplanted in Pennsylvania, Maryland, and Ten 

nessee. Trees from the southern sources had much higher mortality on 

the northern planting locations. The Atlantic coastal plain and 



Tennessee sources provided better growth on the Maryland and Tennessee 

locations after seven years. After 15 years (Genys et al., 1974), the 

northern sources were growing below the average rate at the southern lo 

cations. At the northern sites the southern sources grew at average or 

above average rates. 

In a more recent study 15 seed sources of Virginia pine grown in 

Lee County, Alabama, exhibited significant differences for all measured 

traits except limb diameter. (Warlick, Duba and Goggans, 1985) The five 

most northern sources consistently performed poorest with respect to 

growth-related traits such as height, diameter and internodal length. 

This is consistent with earlier findings from provenance studies. 

Northern sources were adapted to shorter growing seasons and usually 

grew less than comparable southern sources. Southern sources usually 

suffered higher mortality rates when planted north of their native sites 

because they were not adapted to the environmental conditions. Research 

has demonstrated that seed for Virginia pine Christmas trees grown in 

Alabama and Tennessee should come from the southern half of its range. 

The methods for conducting progeny tests to determine basic genetic 

inforination was comprehensively presented by Wright (1976). From such 

progeny tests the total amount of variation of a trait can be estimated 

along with the amount of variation due to families. These estimates are 

then used to calculate the portion of the total genetic variance (the 

heritability), the difference between the average and selected trees 

(the selection differential), and finally the genetic ^ain, which is the 

selection differential multiplied by the heritability. 
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In open-pollinated progeny tests the family component is interpret 

ed as being one-quarter of the additive genetic variance. Therefore the 

heritability can be calculated by: 

a 2 . 2 . 2 
a +o +0 
a e w 

where 

h = narrow sense heritability (additive genetic variance only), 
a 

2 
o = additive genetic variance, 

SL 

2 
o = environmental variance among plots in replications, and 
e 

2 
a = environmental variance among trees in plots, 
w 

A heritability estimate is not an exact figure. It is a relative 

estimate based on many varying factors, such as location, site condi 

tions, cultural practices employed during the experiment, competitive 

effects of neighboring progeny and age of the test material. As the ex 

perimental conditions become more similar to the production conditions, 

the heritability estimates become more accurate. A more detailed dis 

cussion of heritability estimates in forest tree breeding was presented 

by Rink (1974). 

The following progeny test results should be viewed with the above 

condition in mind. The results should vary as the test conditions vary. 

Heritabilities of Growth Characteristics 

In a test of 13 stands of Virginia pine plahted on four sites 

in Tennessee, one in Kentucky and one in Alabama, Evans and Thor (1971) 



reported heritability estimates for second-year heights varied from lo 

cation to location from 0.16 to 0.48 and for diameters from 0.08 to 

0.41. Using a diallel analysis, Kundt (1972) reported height herita 

bility estimates of juvenile Virginia pine to be 0.09, 0.14 and 0.11 for 

age 2, 7 and 10 months respectively. Meier and Goggins (1977), using 

one of the planting locations established by Evans, reported heritabili-

ties of 0.50 for first-year heights, 0.49 for second-year heights, 0.29 

for fifth-year heights, and 0.59 for eighth-year heights. Meier and 

Goggins also reported a heritability estimate of 0.33 for diameter after 

the eighth year. 

In another analysis of the progeny tests established in Tennessee, 

Kentucky and Alabama, Rink (1974) reported that fifth-year heritability 

estimates of height growth varied from 0.13 to 0.34 with as mean of 

0.26. For diameter, the estimates varied from 0.09 to 0.27 with a mean 

of 0.16. The fifth-year estimates appear to be increasing in uniformity 

over time. Rink also reported that neither of the two levels of geno 

type by environment interactions (location x stand and location x family 

within-stand) accounted for substantial amounts of phenotypic variance 

although the main effects were statistically significant. In all six 

locations, the single largest variance component was the within-plot 

component, which accounted for from 50 to 90 percent of the total 

variation. 

The only study of the genetics of Virginia pine for Christmas tree 

production was conducted by Warlick, Duba and Goggans (1985). A 

half-sib progeny test of 167 families from 15 seed sources was evaluated 
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after three years for height, internodal distance, number of branches 

per node, ground line diameter, crown width, needle length, limb diame 

ter, limb angle and taper. Seed source and family means were found to 

be significantly different for all characteristics except limb diameter. 

Heritability estimates for height and diameter were 0.16 and 0.13, re 

spectively. The single largest source of variation observed by Warlick 

was also the within-plot component. As demonstrated in the above cited 

studies, initial improvement in Virginia pine can be made by the selec 

tion of appropriate seed sources. The variation among half-sib families 

also suggests that further improvement can be made by family and indi 

vidual tree selection. 

Heritabilities of Crown Characteristics 

Silen and Wilson (1977) discovered while rating Douglas-fir Christ 

mas trees that the fastest growing families may not be the best for 

Christmas tree production if they possess undesirable crown characteris 

tics. Virginia pine is known for its branchiness and poor natural prun 

ing ability which causes excessively knotty wood rendering it unsuitable 

for lumber (Slocum and Miller, 1953) and undesirable for pulpwood 

(Curran, 1938). The same characteristics that make Virginia pine an un 

desirable lumber or pulpwood species make it a desirable Christmas tree 

species. 

Most branching characteristics have been found to be moderately to 

strongly controlled by genetics in most species (Barber, 1964; Strick 

land and Goddard, 1965; and Trousdell et al., 1963). Evans (1971) 
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and Rink (1974) have reported heritabilities for branch diameter and 

branch length to be highly variable based on differences from site to 

site and year to year from a minimiim of 0.05 to a maximum of 0.47. In a 

comparison of progeny from well pruned and poorly pruned Virginia pine 

2 
trees, the following heritabilities were reported: branch angle h = 

9 \\ 
0.75, branch diameter h = 0.29, branch length 2 = 0.42, total nxunber 

of branches h
2 
= 0.21, and nuunber of nodes h

2 
= 0.32 (Bailey et al., 

1974). Kundt (1972) obtained a heritability of 0.21 for the niunber of 

branch whorls on 10-month-old Virginia pine seedlings. 

The most relevant research to date on crown characteristics of Vir 

ginia pine Christmas trees was conducted by Warlick, Duba and Goggans 

2 
(1985). Their heritability estimates were as follows: crown width h = 

2 2 2
0.18, taper h =0.27, internodal distance h =0.14, limb angle h = 

2 2
0.25, number of branches per node h = 0.17, and limb diameter h = 

0.16. They also reported high correlations among several of the mea 

sured characteristics. For example, height was positively correlated 

with internodal distance (r
2 
= 0.52), number of branches per node (r

2 
= 

2 
0.23) and crown width (r =0.83). A taller tree tended to have a thin 

ner crown due to larger internodal distances. However, this was par 

tially offset by more branches per node. Their conclusion was that ge 

netic improvement of Virginia pine Christmas trees could be realized by 

family and individual tree selection. 

Because of the high amount of variation exhibited by Virginia pine 

and the moderate heritability estimates presented above, reasonable ge 

netic gains can be expected from a "typical" tree improvement program in 
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which half-sib seed are collected from numerous parent trees, seedlings 

are grown under uniform conditions and then outplanted in a replicated 

progeny test. The results from such a test can then be used to calcu 

late heritabilities and predict potential genetic gains. 

Early Selection 

The first level of selection could be on the seed prior to plant 

ing. Korstian (1927) and McComb (1934) have demonstrated that acorn 

weight is positively correlated with germination, survival and seedling 

growth of the oaks. Hough (1952) demonstrated that heavier seed pro 

duced significantly heavier 2-0 red pine seedlings. Langdon (1958) and 

Shoulders (1961) have reported similar results with slash pine. In 

loblolly pine, seedlings from large and medium seeds were about the same 

size while seedlings from small seed were smaller (Brown and Goddard, 

1959). Wycoff (1962) reported that although there was no difference in 

the germination of large and small white pine seed, seedlings from small 

seeds did not start to grow as rapidly as seedlings from large seeds 

which resulted in smaller seedlings. Burgar (1964) found that seed size 

did not affect total germination or first year's survival rate in white 

spruce. However, the seed size did have a highly significant effect on 

the first and second-years' seedling height and weight. Lavender (1958) 

reported opposite results for Douglas-fir; seed size did not affect 

seedling size but did affect survival of two-year-old seedlings. 

Using 271 open-pollinated feimilies of ponderosa pine, Wang and 

Patee (1974) reported highly significant correlations of seed length. 
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seed width, seed weight and germination capacity with the heights of one 

and two-year seedlings. Correlations of 0.55 and 0.38 were obtained for 

seed weight with first and second-year heights. Germination capacity 

gave correlations of 0.41 and 0.51 with these two height measurements. 

A correlation of 0.50 was obtained between first and second-year seed 

ling heights. Seed size and germination capacity were not found to be 

correlated. Mann (1979) failed to show any benefits from sizing seed of 

slash, loblolly, shortleaf and Virginia pines. From eight seed lots 

(two for each species), four significant correlations were found between 

seed weight and number of cotyledons. However, cotyledon number and 

height growth were not significantly related except for one of the seed 

lots of Virginia pine in which the correlation between the number of 

cotyledons and 120-day height was -0.34. No explanation for this was 

offered. Seed weight did not appear to be strongly related to seedling 

growth. In a comparison of large and medium seeds, and average and se 

lect seedlings of loblolly pine, Sluder (1979) demonstrated that both 

the larger seed and select seedlings were tallest at age 3. However, by 

age 15 the trees from the two large seed treatments were significantly 

shorfer. Seed size had no effect on survival while the select seedlings 

had higher survival and growth through age 15. 

The above studies were performed on batches of seed, not by family 

or by individual seeds. Helium (1975) weighed individual seeds from 9 

half-sib families of white spruce and found that the seed weight within 

a family is distinct and does not span the full range for all 9 families 

tested. In fact, if the heaviest 5 percent of the seed was selected. 
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only 22 percent of the families would be represented. It can be argued 

that sampling for seed weight is more of a genotype sampling than an in 

dicator of seed quality. Helium also reported that seed weight varies 

greatly from year to year for the same parent tree. A more complete 

discussion on the relationship of seed and seedling size has been pre 

sented by Righter (1945). He came to the conclusion that seed and seed 

ling size are controlled more by the environment than by heredity and 

cannot therefore be used as indicators of inherent vigor. Several argu 

ments in support of this conclusion were presented. One argument per 

tains to the seed coat. The seed coat contributes a relatively large 

percentage of the total seed weight, it varies proportionately to the 

weight of the seed and it does not contribute anything to inherent vigor 

of the seedling. However, the seed coats of Virginia pine contribute a 

smaller percentage to the total seed weight than many other pines (Mann, 

1979). 

Righter (1945) also presents much evidence to support the idea that 

seed weight is primarily controlled by the environment and not genetics. 

For example, seeds from large cones are heavier than those from small 

cones, even when both cones are from the same tree. Also, seedlings 

produced from small seed of a superior cross are more vigorous than 

seedlings from large seeds of a poor cross. He also demonstrated a pos 

itive correlation between seed weight and seedling size, but for the 

above reasons it was justifiably concluded that selection based on seed 

weight is not a sound nursery practice. Selection within progenies ac 

cording to either seed size or seedling size would have no adverse 
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genetic consequences. Therefore, it is clearly justifiable to obtain 

cultural benefits by culling the smaller seeds. 

If the first level of selection is on seed, then the second poten 

tial level would be at the seedling stage prior to planting. In addi 

tion to Sluder's work (1979), Zobel, Goodard and Cecb (1957) and Zarger 

(1965) have shown that "super" seedlings selected in the nursery bed 

maintained some of their superiority up to 10 years in the field. Zobel 

reported that "super" loblolly pine seedlings maintained their height 

superiority in 90 percent of the comparisons made after four years in 

the field. Zarger reported similar but lower results working with 

loblolly, shortleaf, and Eastern white pines. Working with either slash 

or loblolly pine, Foulger (1960), Barber and von Haverbeke (1961), 

Bengtson (1963), Hunt (1967), and Hatchell et al. (1972) have reported 

that selected seedlings were between lA and A5 percent taller than their 

controls from A to 10 years after planting. The above studies were com 

pleted to determine if nursery selection was a feasible means of select 

ing superior genotypes. They were not designed nor did they report any 

actual relationship between seedling characteristics and similar charac 

teristics at a later age. 

One of the strongest argximents against nursery selection is that 

much of the variation in seedling size is due to nongenetic factors, 

such as seed quality (as previously discussed) and environmental fac 

tors. Another concern is the reliability of the relationship between 

juvenile and mature characteristics. As the tree grows there may be a 

shift in the degree to which a set of genes affects a characteristic. A 
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more in-depth discussion of juvenile-mature relationships has been pre 

sented by Webb (1963). 

The characteristic which has received the most attention has been 

height growth. Webb (1963) presented a summary of correlations ranging 

from .48 to .85 between different heights at 2 to 30 years on several 

different species. These correlations were not strong enough by them 

selves to warrant their exclusive use in the selection of superior 

genotypes. Webb concluded that the "true value" of juvenile performance 

evaluation may be for the elimination of progenies or races showing un 

desirable traits that are known to be genetically controlled and can be 

recognized at an early age. 

Height growth is only one of several characteristics that affect 

seedling quality for Christmas trees. Commercial nurseries commonly 

screen seedlings by root collar diameter. The diameter of the seedling 

has been accepted as an important factor, especially when used together 

with seedling height. 

The final selection of a superior tree is never based on a single 

characteristic, such as height or diameter. Superior trees are general 

ly those that exhibit the best combination of a group of desired charac 

teristics. As opposed to the methodologies used in the studies present 

ed above, it would seem logical that the evaluation of juvenile material 

should also be performed on multiple characteristics. It is unlikely 

that any one juvenile characteristic will be so strongly correlated with 

future performance of the several characteristics that it can be used 

exclusively for selection or screening purposes. There may be several 
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characteristics of the seeds and seedlings that can be related to char 

acteristics of importance in Christmas tree production. These relation 

ships need to be identified in order to select from desirable or elimi 

nate undesirable seedlings. The correlation of multiple characteristics 

with another set of characteristics is called canonical correlation 

analysis. 

Canonical Correlation Analysis 

Canonical correlation analysis, developed by Hotelling (1936), can 

most easily be explained by first looking at two other correlation tech 

niques that are more familiar to most researchers. The simplest corre 

lation is the product-moment correlation which measures the relationship 

between two variables. If a linear combination of a set of variables is 

formed and its relationship to one variable measured, then it is called 

a multiple regression analysis (Clark, 1975). Multiple regression anal 

ysis generally takes the form of a "y" dependent variable with several 

"x" independent variables. The beta or "b" coefficients determine the 

linear relationship of the x's to y in the equation y = b^ + b^Xj^ + ̂ 2^2 

+ ... + If there are multiple y variables and the relationships 

between the two sets of variables is measured, then a canonical correla 

tion analysis has been performed. In canonical correlation analysis, 

the relationship of a linear combination of one set of variables (x's) 

with another set of variables (y's) is determined. The canonical corre-

lation analysis produces two sets of coefficients that maximize the 
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correlation between the two sets of variables. It does not maximize the 

amount of variance of one data set accounted for by the other. 

Because canonical correlation analysis determines how one set of 

variables is related to another, a few of its uses could be to relate a 

set of variables at one time to the same variables at another time, 

symptom states with disease states, environmental measures with biologi 

cal measures or easy to obtain data with hard to obtain data. The usage 

and popularity of this tool has recently been steadily increasing in the 

biological sciences. 

Smith (1980) has proposed that canonical correlation analysis holds 

"some promise for wildlife habitat studies, and its use should increase 

as researchers become more familiar with it." She presented a complete 

review of the use of canonical correlation analysis for wildlife habitat 

studies that is pertinent to other fields of biology. According to 

Smith, there are A statistical assumptions which apply to canonical cor 

relation analysis. First, "the covariance matrix must be of full rank, 

i.e., there must be more samples than ntunber of variables in both data 

sets combined." In reality, the sample size should be at least 3 to A 

times larger than the total number of variables. The second assumption 

is "no singularities can exist within the data matrices, i.e., all rows 

(or columns) must be independent." A matrix becomes singular if one of 

the rows (or columns) is a linear combination of one or more of the oth 

er rows (or columns). For example, if volume is a linear function of 

diameter and height, the use of all three variables would cause a matrix 

to become singular. The third assumption is that a multivariate normal 
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distribution exists. The final assumption is that there are linear re 

lationships among variables. 

A major problem with the interpretation of results from a canonical 

2 
correlation analysis is that the R value measures the variance shared 

by the canonical variates and not the original data sets. In order to 

determine the amount of variance in one set of original variables that 

is explained by the variate of the other data set, Stewart and Love 

(1968) developed a measure called redundancy. According to Young 

(1981), the most useful redundancy measure is that of the response set 

given the predictor set; that is the proportion of the variance of the 

response set variables that is explained by the canonical correlation of 

the predictor set (Rdy). The sum of the Rdy value for each canonical 

correlation gives the total variance of the response set explained by 

the successive canonical correlations of the predictor set. A more com 

plete discussion of canonical correlations is presented by Clark (1975), 

Smith (1980) and Young (1981). 

Canonical correlation has been found to be more sensitive and real 

istic than more conventional methods of analysis such as regression 

(White and Sinha, 1980; and Young, 1981). White and Sinha were able to 

relate wheat quality variables (fat acidity values, C02%, 02%, dust 

weight, moisture %, germ and endosperm damage, and seed germination) 

with the level of activity of 6 different insects and one fungus. Young 

combined two sets of data, and obtained similar relationships between 6 

plant growth responses and 8 environmental factors to those reported by 

the original researchers "using more laborious methods of conventional 
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analysis." Not only did the use of canonical correlations allow Young 

to more efficiently detect known relationships, it "also proved to be 

sufficiently sensitive to detect hitherto undetected patterns of varia 

tion." 
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CHAPTER III 

HERITABILITY AND EXPECTED GAINS OF VIRGINIA PINE 

CHRISTMAS TREE CHARACTERISTICS 

Introduction 

In the 1960s and 1970s, Christmas tree growers from several south 

ern states organized growers' associations, signifying the establishment 

of the industry in the South. The primary species being utilized was 

Virginia pine (Pinus virginiana) (Davis et al., 1981; Hu and Main, 

1980). Over 10 million Virginia pines were planted across the South in 

the 1982-83 planting season (Murray, 1983). It is evident that the Vir 

ginia pine has been accepted by consumers and growers and has become the 

foundation species for the Christmas tree industry in the South. 

The key to a successful Christmas tree operation is the production 

of high quality trees. The quality of the trees is largely dependent 

upon the cultural practices used by the grower and the genetic potential 

of the tree. While appropriate cultural practices were established ear 

ly, little has been done to improve the genetic component. Seedlings 

being used to establish Christmas tree plantations are grown from seed 

collected from wild stands or from parents in seed orchards originally 

selected for pulpwood characteristics. To compound the problem, a large 

portion of the seedlings (possibly between 30 and 50 percent) planted 

throughout the South have originated from one orchard comprised of eight 

clones, all selected from one county in Alabama. 
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Estimates of heritabilities are necessary before an effective 

breeding program can be initiated. They also are used to predict the 

amount of genetic gain that can be anticipated from the improvement pro 

gram. The purpose of this study is to give estimates of heritabilities 

("narrow sense") and the potential genetic gains they indicate for sev 

eral characteristics of importance in Virginia pine Christmas tree pro 

duction. 

Objectives 

The specific objectives of this study are: 

1. To determine if there is a difference between the Kimberly-

Clark Corporation seed source and the Highland Rim Forestry Field Sta 

tion seed source for several characteristics important for the produc 

tion of Virginia pine Christmas trees. 

2. To determine if there are interactions between locations (north 

Alabama and central Tennessee) x seed sources and locations x families-

within-source. This will influence the degree to which the same genetic 

material can be used for the establishment of seed orchards at both 

locations. 

3. To estimate heritabilities and potential genetic gains for the 

characteristics of height, diameter, branches per whorl, limb angle, 

internodal distance, needle color, stem straightness ^nd an overall 

quality rating. 
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4. To determine which of the above characteristics should be 

emphasized in future improvement efforts to produce higher quality 

Virginia pine Christmas trees. 

Materials and Methods 

One of the primary sources of Virginia pine seed used by Christmas 

tree growers throughout the South is the Kimberly-Clark Corporation 

orchard located in Coosa Pines, Alabama. From this orchard, open-

pollinated seed was collected from 20 different clones during the fall 

of 1979. Because this source was from Jefferson County, Alabama, it may 

not be suitable as a source for more northern plantings, such as in 

Tennessee. To compare the performance of trees from this source with 

that of trees from other sources, seed was also collected from 36 open 

pollinated trees located in an experimental Virginia pine plantation lo 

cated at the Highland Rim Forestry Field Station, Tennessee (previously 

described by Thor, 1964 and Rink and Thor, 1976). The plantation was 

established in 1967 from open-pollinated seed collected from nine stands 

in Tennessee and four in Kentucky. It was assumed that these 36 half-

sib families were representative of Virginia pine from the south-central 

part of its range. 

Seedlings were grown as containerized stock using Spencer-Lemire 

roottrainer books during the spring and simmer of 1980 in a greenhouse 

at the University of Tennessee, Knoxville. In August they were moved to 

a cold frame on the campus of Alabama A&M University and allowed to 

harden-off for the winter. 
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During February and March of 1981, the seedlings were planted on 

two test locations. The first plantation was established on the campus 

of Alabama A&M University (A&M) on a Decatur silt loam soil that had 

been used for row crops the previous growing season. It was not sub-

soiled or otherwise site prepared. The second plantation was estab 

lished on a Dickson silt loam soil at the University of Tennessee High 

land Rim Forestry Field Station (HRFS) located six miles south of 

Tullahoma, Tennessee. This site was an open field which had previously 

been occupied by a hardwood stand up to 1969. From 1969 to the estab 

lishment of this test, the site was burned twice and periodically bush 

hogged. The site was bush hogged and disked prior to planting to control 

hardwood sprouts. The A&M location was noticeably more compacted and 

harder to plant than the Highland Rim location. 

At each location, seedlings were outplanted in rows spaced seven 

feet apart with six feet between trees within each row. Each set of 

four consecutive trees formed an experimental unit comprised of four 

samples of one of the 56 families. The experimental units were arranged 

in a randomized complete block design with eight replications. One bor 

der row was planted around each plantation. The plantations were main 

tained for 3 years following standard practices for the production of 

Christmas trees (Holemo and Brown, 1979). This included the use of 

herbicides for weed control in the rows and mowing of the weeds between 

rows and regular sprayings for control of the Nantucket pine tipmoth. 

The plantations were not fertilized nor were the trees sheared. 
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Measurements 

Measurements of all traits described below were made at the end of 

the third growing season (during January and February of 1984), on all 

surviving trees in both plantations. Total height was measured to the 

nearest centimeter. The diameter of the trunk was measured (nearest 

millimeter) 15 cm above the ground line using a caliper. 

An estimate of branches per whorl was obtained by averaging the 

number of branches on the second, third and fourth whorls from the top 

of the tree. The limb angle was measured using a large protractor 

placed vertically on the stem for one limb on each of the three whorls 

used to estimate branches per whorl. Internodal distance was measured 

(nearest centimeter) between the second and third whorls and the third 

and fourth whorls. 

Needle color was evaluated by classifying the needles into seven 

classes. To establish the seven classes, needles were sampled from sev 

eral trees and sorted by color. This resulted in the formation of five 

distinguishable classes. One additional class was added to each end of 

the scale to account for extremely dark or light foliage. Munsel color 

standards were then selected to match each color group. The Munsel col 

or standards that resulted were 7.5 GY 4/4, 6.5 GY 4/4, 5.6 GY 5/6, 2.5 

GY 5/6, 2.5 GY 6/6, 2.5 GY 7/8 and 2.5 GY 8/8. Mature needles of the 

current year were selected from the south side of each tree. The dorsal 

surface of the needles were carefully compared to the seven color chips 
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and classified on a scale from 1 to 7, with 1 being the lightest and 7 

being the darkest. 

Stem straightness and overall quality were subjectively measured on 

each tree, both on a 5 point scale with 3 as the mean. These measure 

ments and the 7 point color scale approximated a normal distribution 

which permits statistical analysis of the data as if they were continu 

ous variables. Each tree was evaluated for straightness, with 5 being a 

straight stem. A classification of 4 was given to those trees that were 

straighter than the "average" Virginia pine, but not as straight as a 5. 

A rating of 3 was given to average trees, 2 to trees less than average, 

and finally 1 to the trees with the worst crooks in the main stem. An 

overall "quality rating" was assigned to each tree using the following 

guidelines established by growers of Virginia pine Christmas trees: 1, 

cull trees that would normally be removed by most growers; 2, trees re 

quiring major corrective work; 3, average trees; 4, trees better than 

average but with at least one noticeable defect; 5, trees with no 

noticeable defects. 

Statistical Analysis 

To analyze the variances between locations and reduce the data 

matrix to save computing time and expenses, an analysis was performed on 

plot means combining both locations. All effects were assumed to be 

random except location and sources, which were fixed. The linear model 

for this analysis was: 
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^ijkl = k + L. + E(L)y + k SL^. + F(S)^^ + F(S)L.^j + E. , 

where: 

Y(ijki) = the individual plot mean, 

y = the overall mean, 

= the effect of the ith location, 

R(L)^j = the effect of the jth replication within each location, 

Sj^ = the effect of the kth source, 

= the effect of the interaction of source with location, 

F(S)ki = the effect of the 1th family within each source, 

F(S)L^k]^ effect of the within source interaction of location 

with family, and 

Ej^jki ~ error term resulting from the pooling of the inter 

actions of replications, sources and families-within-

source. 

The expected mean squares for this model are presented in Table 1. 

These analyses were performed using the General Linear Models (GLM) pro 

cedure of the Statistical Analysis System (SAS), 

Separate analyses were performed for each location using individual 

tree data. These analyses were performed to obtain the variance compo 

nents needed to calculate narrow-sense heritabilities for each location. 

Because of the large size of the data matrices, the GLM procedure of SAS 

could not be used. Instead, the data were analyzed using the Variance 

Component procedure. The linear model for this analysiis was: 

"ijk - P + k Sj k RSij k F(S,.) k EF(S)j,. k , 
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Table 1. Analysis of Variance and Expected Mean Squares for 
Combined Analysis of Alabama A&M and Highland Rim 
Forestry Field Station Based on Family Plot Means 

Source of variation df Expected mean squares 

Location L-1 

Replications (Locations) (R-l)L 

Sources S-1 c\+I!FLk\ 
Locations x sources (L-1)(S-1) 

Families (sources) (F-l)S °V^°\xF(S)'^^°\(S) 
Locations x families (L-1)[(F-1)S] 
(sources) 

Error L[(F-1)(R-1)S 
2 

° E
+(S-1)(R-1)] 

L = number of locations. 

R = number of replications. 

S = number of sources. 

F = nvimber of families within sources. 

= pooled component of variance due to interaction of 
replications within locations with sources and replica 
tions within locations with families within sources. 

= component of variance among replications within loca°^R(L) 
tions. 

K = component of variance between locations. 

K = component of variance between sources. 

= component of variance due to interaction of families
LxF(S) 

within sources with locations. 

= component of variance among families within sources.
F(S) 
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where: 

= the individual tree observation, 

y = the overall mean, 

R. = the effect of the ith replication,
1 

Sj = the effect of the jth source. 

~ the effect of the interaction of replication with 

source, 

= the effect of the kth family within each source, 

RF(S)^j^j = the effect of the interaction of replication with 

families-within-source, and 

^ijk ~ effect of the individual tree within each plot. 
The expected mean squares for each location are presented in 

Table 2. 

Results 

Combined Location Analysis 

The sources of variation, degrees of freedom, mean squares, and 

levels of significance are presented in Table 3. The measured parame~ 

ters that are growth dependent (height, diameter and internodal dis 

tance) were significantly different (.01 level) at the two locations. 

Highly significant differences for all measured parameters were found 

among replications within each location. These differences were due to 

the sensitivity of the Virginia pine to site differences. Studies cur 

rently being evaluated are demonstrating that soil compaction greatly 

reduces the growth of young Virginia pine trees. An increase of up to 
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Table 2. Analysis of Variance and Expected Mean Squares 
for Half-Sib Families at Each Location 

Source of variation df Expected mean squares 

Replications R-1 ''V"'''RxF(S)™"'^RxS«SFa\ 
Sources S-1 o^^+WFRK^g 
Replications x sources (R-1)(S-1) 

Families (sources) (F-l)S 

Replications x families (R-1)[(F-1)S °V^°\xF(S)
(sources) 

Within plot (W-l)RFS o^W 

R = nvimber of replications. 

S = number of sources. 

F = number of families within sources. 

W = number of trees per plot. 

= within plot variance component.
W 

= component of variance due to interaction of replications
RxF(S) 

with families within sources. 

= component of variance among families within sources.
F(S) 

= component of variance due to interaction of replications
RXS 

with sources. 

K = component of variance between sources. 

= component of variance among replications.
R 
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30 percent in height growth has been obtained by mold-board plowing a 

heavy clay soil very similar to the soil of the A&M test location. The 

Highland Rim soil is less compacted, allowing greater root growth. The 

shortest family at the Highland Rim location was taller than the tallest 

family at the A&M location. 

The means for all characteristics for each location are presented 

in Table 4. The highly significant differences for all characteristics 

due to the replications within each location is also a reflection of the 

sensitivity of this particular test within the experimental design. 

There was a significant difference between the two seed sources for 

diameter, branches per whorl, needle color and limb angle, but not for 

height, crook, rating or internodal distance. Trees originating from 

the Kimberly-Clark Corporation orchard tended to be slightly larger, had 

a slightly higher average number of branches per whorl, less acute limb 

angle and were slightly darker than the trees originating from the High 

land Rim Forestry Field Station plantation. These differences were all 

relatively small in magnitude (Table 4). 

There appears to be a relatively small interaction between loca 

tions and sources for the characteristics of height, branches per whorl, 

needle color, and internodal distance. Although this interaction is 

significant for the above characteristics, it does not account for more 

than 0.5 percent of the total variation for any of the cjharacteristics. 

It appears that the Kimberly-Clark source may have slightly greater 

height growth, branches per whorl and internodal distance on the High 

land Rim location, whereas the differences between the sources were much 
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less at the A&M location. Needle color, in contrast, had greater dif 

ferences observed at the A&M location. 

The effect of families-within-source was highly significant for all 

characteristics. Of greater importance in this analysis is that there 

were no significant interactions between families and locations. 

Individual Location Analysis 

The sources of variation, degrees of freedom, mean squares, and 

levels of significance for each location are presented in Tables 5 and 

6. There are two results that were the same for most characteristics. 

First, the differences among replications and the sources of variation 

involving the interactions with replications tend to be significant, 

particularly at the Highland Rim location. This is a reflection of the 

sensitivity of Virginia pine to site differences and because the first 

replication at the Highland Rim location was located in a corner bor 

dered on two sides by paved roads. Competition in this replication was 

largely from various grasses whereas in the other replications competi 

tion was from a mixture of woody sprouts, broadleaf weeds and a few 

grasses. The second general result was that variation among families-

within-source was significant for all characteristics except limb angle 

at the A&M location. The results for each characteristic are as 

follows: 

Height: Height growth differences were not significant between the 

two seed sources at either location. The height differences among 

families-within-source was highly significant at the A&M location and 

significant at the Highland Rim location. The interaction between 
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families-within-source and replications was highly significant at both 

locations. This suggests that families that do best on one micro-site 

may not be the best performer on other micro-sites. However, individual 

trees cannot be bred for each and every micro-site, nor can fields of 

trees be managed according to each micro-site within the field. Had the 

replications been identical, which is improbable, then this source of 

variation would represent a true error term for the families-within-

source in that it is a measure of the amount of variation on repeated 

measures of the same family. Since Virginia pine is characterized by a 

large amount of tree to tree variation, it is not unreasonable to assume 

that a large portion of the interaction term between families-within-

source and replications is due to the inherent variation observed among 

Virginia pine trees. For these reasons, it was assumed that this inter 

action term when significant, is the most appropriate error term for 

families-within-source. In those statistical tests where this inter 

action was not significant, it was pooled with the within-plot term 

prior to testing the families-within-source. 

Diameter; The analysis of variance for diameter was very similar 

to that of height. Both are growth factors that are controlled by the 

interaction of site and the genetic makeup of the different families-

within-source. 

Branches per whorl: The trees from the Kimberly-Clark seed 

orchard had significantly more branches per whorl at the Highland Rim 

location but not at the ASJi location. There were more branches per 
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whorl for both sources at the Highland Rim location than the A&M 

location (Table 4), although this difference was not significant. It 

appears that a better site quality may increase the number of branches 

per whorl and a poor site may inhibit the expression of any seed source 

differences. This is supported by the fact that although there was not 

a significant difference between seed sources at the A&M location, there 

was a significant interaction between seed sources and replications. 

There were significant differences among families-within-source at both 

locations. 

Limb angle; Other than for replications, there were no significant 

differences in limb angle due to any of the sources of variation at the 

A&M location. There were highly significant differences due to the 

interaction of replications with sources and due to the families-within-

source at the Highland Rim location. However, the significant inter 

action term only accounted for 1.4 percent of the total variation and 

may be significant partially because of the sensitivity of the test. 

Families-within-source accounted for 7.8 percent of the total variation 

at the Highland Rim location and 5.4 percent at the A&M location. Dif 

ferences among families, between sources or between locations, although 

statistically significant, accounted for only a very small percentage of 

the total variation. These small differences will not likely affect the 

overall quality of a Christmas tree when compared to the magnitude of 

the differences of some of the other measured characteristics. 
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Another factor affecting limb angle became apparent while taking 

field measurements, but was not analyzed. It appears that there are dif 

ferences in limb angle due to the location of the limb on the tree. The 

limb angle generally increases (becomes less acute) from the top of the 

tree to the bottom. 

Internodal distance; Families-witbin-source was the only signifi 

cant source of variation in internodal distance at either location. 

Color: The effect of seed source on needle color was highly sig 

nificant at the A&M location, but not significant at the Highland Rim 

location. The Kimberly-Clark families were darker than the Highland Rim 

families at the A&M location (Table 4, p. 33). At the Highland Rim 

location, the Kimberly-Clark families were not as dark as they were at 

the A&M location, while the Highland Rim families were slightly darker 

than at the A&M location. These two slight changes resulted in no sig 

nificant differences between the two sources at the Highland Rim loca 

tion. The interaction between location and sources may be due to the 

planting of an extreme southern source (Kimberly-Clark) in a more 

northern climatic zone. Variation among families-within-source was 

highly significant at both locations. 

Crook: There was a significant interaction between replications 

and sources at the Highland Rim location but this is not considered to 

be important because it only accounted for 1.1 percent of the total 
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variation. The families-within-source was significant at the A&M loca 

tion and highly significant at the Highland Rim location. 

Rating; The analysis of the rating scale gave results very similar 

to those for crook. The only difference was that families-within-source 

was highly significant at the A&M location for rating while it was only 

significant for crook. The relationship between crook and rating will 

be discussed later. 

Heritabilities 

The variance components obtained in the above analyses can be used 

to calculate heritabilities (narrow sense) which in turn enable the cal 

culation of expected genetic gains. The estimates of variance compo 

nents are presented in Tables 7 and 8. The within-plot component was by 

far the largest source of variation and accounted for between 42 and 

61 percent of the total phenotypic variance (Tables 9 and 10). The sec 

ond largest source of variation in all cases was the component due to 

the interaction of replications and families-within-source. These two 

components accounted for between 73 and 90 percent of the total variance 

for all characteristics. This is another indication of the high amount 

of inherent variation in Virginia pine. 

The estimates of variance components presented in Tables 7 and 8 

were used to calculate narrow-sense heritabilities according to the for 

mula: 
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2 

y2 ̂  F(S) 
2 . 2 . 2 ' 

® F(S) ® RxF(S) W 

These estimates of heritabilities for each characteristic are presented 

by location in Table 11. The heritabilities for height, branches per 

whorl and internodal distance were considerably higher at the A&M loca 

tion than at the Highland Rim location. A higher heritability can be 

the result of either or both of the following: (1) the denominator of 

the equation, primarily the component due to the environmental variance, 

may be smaller, and/or (2) the additive genetic component, families-

within-source, is larger. 

In this study the relative amount of environmental variance, pri 

marily the within-plot variance component, was less at the Highland Rim 

location than at the A&M location. This suggests that the better site 

benefits the poorer trees relatively more than the better trees, result 

ing in less tree to tree variation within a plot. 

The relative amount of variation due to families-within-source was 

larger for all three characteristics (height, branches per whorl and 

internodal distance) at the A&M location. Virginia pine is well known 

for its ability to survive on poor sites. It appears that a poorer site 

favors the expression of the additive genetic component. The expression 

of desirable genetic qualities at the family level was greater on a poor 

site than on a better site, resulting in higher heritability estimates 

for these characteristics. 
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Table 11. Estimates of Heritabilities of Three-Year-Old 

Virginia Pine by Location 

Location 

Variables A&M H.R.F.S. Average 

Height 0.282 0.131 0.206 

Diameter 0.164 0.152 0.158 

Branches/whorl 0.163 0.110 0.136 

Limb angle 0.032 0.187 0.110 

Internodal distance 0.193 0.057 0.125 

Color 0.387 0.377 0.382 

Crook 0.122 0.193 0.158 

Rating 0.153 0.149 0.151 
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Application of Results 

The first objective was to determine if there was a significant 

difference between the two seed sources at either of the locations. Be 

cause there are no significant differences between the two sources for 

most of the characteristics, superior families and individuals from ei 

ther source should be equally successful in a breeding program for north 

Alabama or central Tennessee. Also, because there were no major inter 

actions between sources and locations, both sources are equally appro 

priate for both areas. 

The next level was selection of the best families within each 

source. There were significant differences among families for all mea 

sured characteristics. There were no significant interactions between 

families and locations. The best families can be used in a breeding 

program for both areas negating the need to make separate selections and 

establish different seed orchards for each area. 

The next selection level was the selection of individuals within 

families. However, this brings up an important question: What charac 

teristics should be emphasized in a breeding program? A quality Christ 

mas tree is a combination of several characteristics, such as good 

growth, dense crown, straight stem, and dark needle color. To maximize 

one characteristic would likely be at the expense of other characteris 

tics. This could result in an overall decrease in tree quality or per 

formance. 

One purpose in calculating heritabilities is to determine which 

characteristics can be improved through a breeding program. If a 
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characteristic has a low heritability, then genetic improvement would be 

slow. A review of the estimated heritabilities in Table 11 reveals that 

the two lowest estimates are for the characteristics of limb angle and 

internodal distance. As previously stated, limb angle appears to be a 

function of the position on the main stem on young trees. An optimum 

limb angle for Virginia pine Christmas trees has not been established. 

The minor differences among families was not sufficient to cause any 

noticeable differences in tree quality. 

Internodal distance is closely related to height with a significant 

correlation of 0.54 at the A&M location and 0.42 at the Highland Rim lo 

cation. Therefore, selecting individual trees within a family to mini 

mize internodal distance would also have an undesirable effect of the 

reduction of total height. Trees with excessive internodal distance 

were down-graded in the "rating" evaluation. For the above reasons, the 

characteristics of limb angle and internodal distance were eliminated as 

potential selection characteristics. 

Stem diameter was also eliminated as a selection characteristic for 

similar reasons. The best Christmas tree would be the tallest with the 

smallest stem diameter. However, there is a positive correlation be 

tween height and diameter of 0.83 at the A&M location and 0.80 at the 

Highland Rim location. Selection for a smaller stem diameter may result 

in a negative effect on height. 

In an attempt to determine which characteristics have the greatest 

influence on overall tree quality, a multiple regression analysis was 

performed using the rating as the dependent variable being predicted by 

the other characteristics. The most significant characteristic 
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accounting for more than 37 times the amount of variation of the second 

factor, was the crook value. The magnitude of importance of this 

characteristic was somewhat surprising. To verify this, three Christmas 

tree growers and two experienced field workers remeasured and evaluated 

one replication at the A&M location. The result of the regression 

analysis of the data was similar, in that crook was the predominant 

predictor of overall tree quality. A shorter or "open" tree can still 

be a merchantable product, whereas a crooked tree, regardless of its 

height or density is commonly not salable. It is obvious that growers 

would rather have shorter salable trees than tall culls. Therefore, one 

of the most important characteristics for a breeding program is stem 

straightness. 

Next in importance in accounting for variation in the rating index 

was height. This was followed by needle color and branches per whorl, 

although neither of these two characteristics accounted for more than 

two tenths of 1 percent of the total variation in rating. Needle color 

had the highest heritability estimate, indicating the greatest potential 

for improvement. However, the darkest color recorded was still too 

light to be merchantable without the application of a colorant spray. 

Needle color, because of its high heritability, could be considered 

as a characteristic that should be improved separately from the other 

characteristics. For example, trees would be selected only for their 

darker color, bred for maximum color gain and then selected for the 

straightest, tallest, best trees to be eventually crossed with trees 

selected for stem straightness and height. 
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Based on the above findings, it appears that the selection of supe 

rior trees should be most heavily weighted by the "quality rating" char 

acteristic and stem straightness, followed by height growth with the 

least emphasis being placed on branches per whorl and needle color. 

A commonly used method of selecting families for more than one 

trait is to remove all families not significantly better than the family 

with the worst performance. As previously stated, there was a large 

amount of variation in the error term for families-within-source. This 

results in a relatively large value as the least significant difference 

(L.S.D.). For example, the tallest family at the A&M site averaged 148 

cm tall compared to 110 cm for the shortest family. Although there is a 

38 cm difference between the tallest and shortest, the L.S.D. value was 

18 cm. When adjusted by a Duncan's Multiple Range means separation, 

this would result in 33 families being removed because of being not 

significantly better than the worst. Repeating this procedure would 

result in the removal of 38 families for crookedness and 30 families for 

rating. The final result would be that only 8 faimilies at the A&M 

location and 16 families at the Highland Rim location would survive this 

culling procedure. Only two families would be suitable for use at both 

locations. This culling is too drastic to maintain the genetic 

diversity needed for a breeding program. 

The method utilized in this study was based on the .calculation of 

the standard error of the means for each characteristic. Those families 

which were more than one standard error below the overall mean for two 

or more characteristics were culled. All families more than two 
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standard errors less than the overall mean for any one characteristic 

were also culled. This procedure resulted in the culling of 14 families 

at the A&M location and 9 families at the Highland Rim location. This 

resulted in the removal of the worst families at both locations, while 

leaving a broad genetic base for future improvement efforts. 

From the remaining families, the 20 best individuals were selected 

for each location according to the following criteria: 

a. A score of 4 or 5 for both the crook rating and overall rating. 

b. Maximum height growth. 

c. When two or more trees had approximately the same height, then 

the tree with the higher number of branches per whorl or darker 

needle color was favored. 

Only one tree from each family was selected. 

The difference between the means of the 20 select trees and the 

overall mean for each characteristic was computed, resulting in the 

selection differential. Expected genetic gains were then computed 

according to the formula: 

Gain = heritability x selection differential. 

These results are presented in Table 12. For comparison the maxi 

mum expected gains were also computed for each characteristic. Between 

80 and 90 percent of the gain can be realized for the combined selection 

of crook, rating and height. Needle color should show some improvement 

with a very modest increase in the number of branches per whorl. 
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The expected gain for most characteristics, such as height, has a 

definite, clear meaning. For example, the expected gain for height was 

calculated to be between 9.20 cm and 15.93 cm at age three. This simply 

means that the progeny from the selected trees should exhibit a 9 to 16 

cm increase in height. However, the expected gains in "quality rating" 

of 0.247 at the A&M location and 0.276 at the Highland Rim location do 

not have a clear meaning. One method for obtaining a better understand 

ing of the meaning and impact of these gains is to study the rating fre 

quencies which produced the observed means and the changes which are 

anticipated to realize the expected gains. 

The actual rating frequencies (adjusted to a per 1000 tree basis) 

observed at each location are presented in Table 13. These frequencies 

produced the observed means of 3.112 and 2.752 for the quality rating. 

If the expected gains are realized, then the progeny will have means of 

3.359 and 3.028 at the A&M and Highland Rim locations, respectively. A 

straight percentage increase from each rating to the next, would result 

in a 26.1 and 28.0 percent increase from each rating class to the next 

to achieve the new means at the A&M and Highland Rim locations, respec 

tively. This would result in the expected frequencies presented in 

Table 13. These increases may be slightly inflated because of the top 

limit of 5 on the ratings. Each lower rating had to be adjusted slight 

ly more to compensate for no increase from 5 to 6. 

Assuming that a 27 percent average increase from one rating class 

to the next is realistic, then there would be 27 percent reduction in 1 

rated trees which are all culls. There would also be approximately a 
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Table 13. Actual and Expected Rating Frequencies 
per 1000 Trees 

A&M H.R.F.S. 

Rating Actual Expected Actual Expected 

1 91 66 119 86 

2 165 145 254 215 

3 353 305 402 361 

4 323 332 206 261 

5 68 152 19 77 

Average 
rating 3.112 3.359 2.752 3.028 
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14 percent reduction in 2 rated trees--those which require major correc 

tive procedures. It is impossible to correct all trees rated 2 to make 

them all salable. In fact, it would be more accurate to assume that on 

ly 50 percent of 2 rated trees can be made into a salable product. A 27 

percent reduction in 1 rated trees and a 14 percent reduction in 2 rated 

trees, assviming half of these are not salable, represents an average in 

crease of 44 merchantable trees per 1000 or approximately per acre. 

A clearer understanding and more meaningful measure of the above 

gains can be obtained by assigning a dollar value to them. Assuming a 

value of $2.00 per foot, or $12.00 per tree as a wholesale price for a 

6-foot Virginia pine Christmas tree, an additional 44 trees marketed per 

acre represents an increase in income of $528.00. An increase in height 

of 12.57 cm (the average gain of the two test plots) on 834 trees per 

acre would represent a gain of $688.00. Of possibly greater importance, 

but not easily measured, is the percentage of the trees that will be of 

better quality and will have required less maintenance. Also, more 

trees will be merchantable at an earlier age, increasing the rate of 

return on a grower's investment. 

'It is apparent that the genetic improvement of Virginia pine 

Christmas trees will provide significant gains to the industry. Howev 

er, it is also apparent that no amount of genetic improvement will com 

pensate for a poor site. 

Gains from mass selection, as was done in this study, are usually 

lower than gains from two or three-stage selection. However, this test 

was not designed to test multiple sources and the two sources that were 
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tested were not significantly different. Furthermore, the method uti 

lized for family selection effectively eliminated the poor families, 

rather than selecting only the best. Therefore, an increase in gains 

from family selection would be fairly small. 

The precision of the estimates of heritabilities and genetic gains 

is not a critical consideration. The actual gains will be evident with 

in three years. The A&M plantation has already been rogued to 80 select 

trees. Seed is being collected from all parent trees for further proge 

ny testing prior to the final selection of orchard trees. A similar 

procedure will be followed at the Highland Rim plantation to convert it 

to a seed orchard for Tennessee. 

A conclusion from this study of Virginia pine is that there is a 

large amount of inherent variation in young Virginia pine trees. This 

conclusion became evident from the results presented earlier in the 

analyses of variance. Two trees from the same family planted six feet 

apart are often very different. This has two serious consequences. 

First, it has a large negative influence on the estimates of 

heritabilities and consequently on the expected gains. This is attrib 

uted to the large replication by families-within-source interaction and 

the within-plot variance components. Every effort should be made in 

future research to make test conditions as uniform as possible. Howev 

er, despite these efforts, a certain amount of this variation is inevi 

table particularly when evaluating young trees. For example, maternal 

effects may still be present in some trees more than others. Differenc 

es in planting or site preparation may also have a residual effect on a 
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tree even after three years in the field. These effects could result in 

at least a height reduction of one foot. This reduction of one foot has 

a greater influence on the relative variation in height of three-year-

old trees than it would have on five-year-old trees. 

The second consequence of the high amount of variation in young 

Virginia pine trees is that actual genetic gains may not be readily 

identified by most growers. An increase of 12 cm in height may be dif 

ficult to detect without accurate measurement. Such a gain in height is 

even less discernible because of inter-tree variation in a production 

planting. Without an inventory, it is impossible to determine the num 

ber of merchantable trees per acre. Most growers do not measure the 

heights of their trees nor do they know precisely how many trees per 

acre they are managing. Consequently, the gains may actually be real 

ized but may not be apparent to the growers. Additional genetic gains 

will be necessary to have a plantation of improved trees that will be 

visibly superior to most Christmas tree growers. Fortunately, Virginia 

pine flowers at a very early age (by their fifth year) which permits a 

breeding program to establish crossings among select trees at an early 

age for the eventual establishment of a second generation orchard. This 

work has already been initiated and should result in second generation 

selections in 1991. 

Conclusions 

The objective of this study was to estimate heritabilities and 

predict genetic gains for several characteristics of Virginia pine 
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Christinas trees. This information can then be used to initiate a breed" 

ing program for the genetic improvement of Virginia pine Christmas 

trees. To accomplish this objective, the genetic and environmental 

sources of variation were determined by evaluating data collected from 

open-pollinated progeny tests planted at Alabama A&M University and the 

Highland Rim Forestry Field Station. The progeny originated from two 

seed sources, the Kimberly-Clark Corporation seed orchard in Coosa 

Pines, Alabama and a previously established progeny test at the Highland 

Rim Forestry Field Station in Tullahoma, Tennessee. 

On the basis of the results obtained in this study, the following 

conclusions were reached: 

1. There was not a major difference between the two seed sources 

and the interactions of sources x locations and families-within-source x 

locations were relatively minor. This implies that families from either 

source can be used as breeding material for either location. Separate 

seed orchards for north Alabama and central Tennessee will not be 

required. 

2. Based on the calculated estimates of heritabilities and poten 

tial genetic gains, the genetic improvement of Virginia pine for Christ 

mas trees is possible and practical. 

3. The greatest improvement of Virginia pine for Christmas trees 

can be achieved if the selection of superior trees primarily focuses on 

the characteristics of overall quality rating and stem straightness, 

followed by height growth with the least emphasis being placed on 

branches per whorl and needle color. 
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4. The selection of the 20 best individuals for each location 

should result in progeny which average over 12 cm taller at age three. 

The progeny should also produce approximately five percent fewer cull 

trees per acre. These two factors alone represent an increase in com 

mercial value of at least $1,200.00 per acre. 

5. The Virginia pine is a species which is characterized by a 

large amount of tree-to-tree variation, which is particularly pronounced 

in juvenile trees. One objective of future research efforts should be 

to try to minimize the environmental source of variation within a test 

location. This variation causes reduced estimates of heritabilities and 

may mask much of any realized genetic gains without accurate measure 

ments. 

https://1,200.00
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CHAPTER IV 

CANONICAL CORRELATION OF SEED, SEEDLING AND FIELD CHARACTERISTICS 

OF VIRGINIA PINE CHRISTMAS TREES 

Introduction 

The method of selecting superior trees used in the preceding 

chapter required the planting of almost 2,000 trees at each of the two 

locations--A&M and H.R.F.S. These trees were managed for three years 

and then evaluated. This represents a considerable commitment of re 

sources for the eventual selection of twenty to forty select trees. 

There are two potential ways to expedite the identification of these 

trees and reduce maintenance costs. First, if there are seed or seed 

ling characteristics which can be utilized as predictors of field per 

formance, then screening for such characteristics would increase the to 

tal number of select trees. Secondly, if there are characteristics at 

the seed, seedlings, or first and second-year growth stage which are in 

dicators of a poor third-year performance, then these characteristics 

could be used to eliminate individual trees, thereby reducing the total 

number of trees maintained in order to achieve the same end result. 

However, in order to accomplish this goal, the relationships among seed, 

seedling, first, second and third-year field performance must be known. 

Objectives 

The specific objectives of this study are: 
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1. To determine if seed or seedling characteristics can be used to 

predict third-year field performance of Virginia pine Christmas trees, 

thereby permitting the screening of seed and/or seedlings to increase 

the relative number of select trees. 

2. To determine if first or second-year field performance can be 

used to predict third-year field performance of Virginia pine Christmas 

trees thereby permitting the culling of test trees at an earlier period. 

3. To determine the specific tree characteristics from reliable 

predictor sets which can be used for screening purposes. 

4. To evaluate the use of canonical correlations as a statistical 

tool for measuring the above relationships and for developing a selec 

tion strategy. 

Materials and Methods 

To determine the relationships among seeds, seedlings and field 

performance, eight full seeds were selected from each of 57 half-sib 

families of Virginia pine. The 57 families were originally selected 

from eight different seed sources located in Alabama, Mississippi and 

Tennessee. The 57 families from eight sources were utilized to assure 

genetic diversity and to assure that the material tested is representa 

tive of Virginia pine in these three states. 

Each seed was weighed to the tenth of a milligram and the length 

and width were measured to the tenth of a millimeter. Each seed was 

then placed in an individual cell of a Spencer-Lemire roottrainer book 

filled with a growing medium (Jiffy-Mix) with one seed of each family in 
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each of eight replications. They were then moved to a greenhouse on the 

campus of Alabama A&M University, watered and allowed to germinate and 

grow for one year. Initially, they were checked daily in order to 

record the number of days to germination for each seed. Each new seed 

ling was remeasured within four weeks for the height to the cotyledons, 

number of cotyledons and length of the cotyledons. The seedlings were 

allowed to continue to grow and then harden-off in a cold frame during 

the onset of autumn. They were measured for height, stem diameter, num 

ber of branches and total number of buds immediately prior to field 

planting. 

Due to seed which did not germinate and seedling mortality, the 

field arrangement was modified to eliminate missing cells. The seed 

lings were planted in one-tree-plots of 52 families, replicated six 

times and arranged in a randomized complete block design, hereafter re 

ferred to as the canonical correlation experiment. Spare seedlings were 

used to fill in blanks within the field layout and in an extra row on 

one side of the entire plot. One border row was planted around the ex 

periment. The use of a randomized complete block design was not neces 

sary for the determination of the relationships among the various char 

acteristics at different ages. However, if a set of relationships was 

found to be useful for screening purposes, then the results of the 

screening could be compared directly with the results of the analysis of 

the randomized complete block design. 

The trees were measured at the end of the first year in the field 

for total height, diameter at 15 cm above ground and total number of 
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branches. All trees were remeasured after two and three years for total 

height, diameter at 15 cm, number of branches per whorl (average of the 

2nd, 3rd and 4th whorls from the top), stem straightness and an overall 

quality rating (both on a 5-point scale as previously described). 

To obtain a more reliable estimate of the relationships among 

first, second and third-year field performances, two half-sib progeny 

tests located at Alabama A&M University and the Highland Rim Forestry 

Field Station were measured at the end of the first and second growing 

seasons for the same characteristics as above. The first and 

second-years' data were combined with the third-year data obtained for 

the experiments described in Chapter III. 

Statistical Analysis 

The data from the canonical correlation experiment were divided in 

to the following data subsets: seed, seedling, first-year field results, 

second-year field results and third-year field results. The data ob 

tained from the two progeny tests were each divided into three subsets, 

one for each year's data. This resulted in the analysis of three dif 

ferent experiments, two each with 3 data subsets and one with 5. 

Each data subset within an experiment was compared to each other 

subset by use of the canonical correlation procedure of the S.A.S. (Sta 

tistical Analysis System) program. These analyses yielded the linear 

relationship of one subset of data to the next which had the maximum 

correlation between the two subsets. For example, the analysis of the 

first experiment yielded the correlations of seed characteristics with 
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seedling characteristics, first, second and third-year field results. 

An analysis was then conducted to determine the correlation of seedling 

characteristics with the data obtained from each year's measurements. 

Each year's measurements were then used as a predictor set for the fol 

lowing year's measurements. The same procedure was used with the data 

from both of the progeny tests, resulting in the linear relationships 

between the first and second, first and third and second and third-

year's field measurements. 

Simple product-moment correlations were also obtained between all 

variables within an experiment (Appendix A). An analysis of redundancy 

was performed, which gave the proportion of the variance of the response 

set of variables which is accounted'for by the canonical variables of 

the predictor set. 

Results 

The canonical correlations between each data set and those that 

follow it are shown in Table 14. Seed measurements were significantly 

correlated with seedling measurements, but not with first and second-

year field performance. The were significantly correlated with the 

third-year field performance, however the correlation was low (r = 

0.2936). The seedling characteristics were significantly correlated 

(.01 level) with the first and second-years' field performance, although 

these correlations were also low. First-year field performance was 

significantly correlated (.01 level) with both the second and third-year 

results at all three locations. There was a 0.10 to 0.12 reduction in 
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Table 14. Canonical Correlations of Seed 

Through Year 3 Measurements 

Predictor Set 

Response Set Seed Seedling Year 1 Year 2 

Seedling 0.3289** 

(Can. Corr. Exp.) 

Year 1 0.2725 0.2995** 

(Can. Corr. Exp.) 

Year 2 Can. Corr. Exp. 0.2985 0.2835** 0.8118** 

A & M test 0.5818** 

Highland Rim test 0.7678** 

Year 3 Can. Corr. Exp. 0.2936* 0.1994 0.6955** 0.8516** 
A & M test 0.4750** 0.8864** 
Highland Rim test 0.6603** 0.8969** 

*Signifleant at a = .05. 

**Signifleant at a = .01. 
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the correlations between first and third-year field response compared to 

that between first and second-year field response, indicating a general 

reduction in correlation as the time period between measurements 

increased. Second and third-year field performance was significantly 

correlated (.01 level) (correlations were between 0.85 and 0.90) at all 

three locations. 

To be an effective predictor of future responses, a set of canoni 

cal variables needs to not only be significantly correlated with the re 

sponse variables, but also explain a relatively high proportion of the 

variance of the response set. Table 15 shows the proportion of the 

variance of the response sets which is explained by the canonical vari 

ables of the predictor sets for all three experiments. The seed or 

seedling data sets when used as predictors account for less than 4 per 

cent of the variances of all response sets. First-year field perfor 

mance accounts for between 26 and 56 percent of the variation in 

second-year measurements, but drops to accounting for between 18 and 

36 percent of the variance of the third-year measurements. Between 58 

and 71 percent of the variation in third-year measurements is explained 

by the canonical variates of the second-year measurements. 

It appears that because of the highly significant correlation 

between second and third-year field performance and the relatively high 

percentage of the third-year variance explained by the canonical vari 

ates of the second year, the second-year measurements can be used to 

predict third-year performance. Up to this point the results are some 

what abstract in that they do not present a clear understanding of the 
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Table 15. Proportion of Variance of Response Sets 
Explained by Canonical Variables of 
Predictors (Redundancy Analysis) 

Predictor Set 

Response Set Seed Seedling Year 1 Year 2 

Seedling 
(Can. Corr. Exp.) 

0.0248 

Year 1 

(Can. Corr. Exp.) 
0.0220 0.0048 

Year 2 Can. Corr. Exp. 
A & M test 

Highland Rim test 

0.0316 0.0340 0.5619 

0.2620 

0.5059 

Year 3 Can. Corr. Exp. 
A Sc M test 

Highland Rim test 

0.0170 0.0213 0.3478 

0.1806 

0.3558 

0.5792 

0.7138 

0.6682 
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linear relationship between the sets of measurements. However, there 

are several possible linear combinations of two sets of original vari 

ables. Canonical correlation analysis determines the linear combination 

with the maximum correlation, and then determines each new linear combi 

nation that maximizes a new correlation, subject to the condition that 

each linear combination is independent or uncorrelated with the others. 

Each pair of linear combinations is referred to as a canonical variate. 

Tables 16, 17 and 18 present a more in-depth analysis of the first three 

canonical variates for the second and third-year relationships for each 

of the three experiments. 

The first set of numbers in these tables shows the raw canonical 

coefficients, which can be used with the original variables in a similar 

manner as multiple regression coefficients. For example, using the 

first canonical variate of Table 16, if represents the second-year 

variables and represents the third-year variables, then the two lin 

ear combinations are: 

V,=0.0290X,+0.0517X„-0.0320X--0.0734X,+0.1282X^ 
i 1 2 3 4 5 

W.=0.0119Y,+0.0525Y„-0.0850Y--0.0969Y,+0.0537Y^ 
1 1 2 3 4 5 

The canonical variables, and Wj^, have a highly significant cor 

relation of 0.8516. 

Because each variable was measured in different units, the size of 

the raw coefficients cannot be used to indicate the relative importance 

or size of the contribution of each original variable to the final 
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canonical corrslation. Thcrsfors, the coefficients for the standardized 

data are also given (Tables 16, 17 and 18). 

The probabilities of obtaining a larger F-statistic from the canon 

ical correlations of the first three variates from all three locations 

indicate that they all are highly significant. However, only the 

second-year canonical variables within the first canonical variate ac 

count for a reasonably large amount of the third-year variance. There 

fore, the second and third canonical variates do not possess much value 

and will not be discussed further. 

The standardized canonical coefficients for the first canonical 

variate for each location are almost identical. It is primarily the 

growth variables, height and diameter, which are highly correlated from 

the second to the third year. Over 80 percent of and is due sole 

ly to these two factors, with less than 20 percent being accounted for 

by the branches per whorl, stem crookedness, and overall rating. 

Because the use of canonical correlation analysis is less conven 

tional, a more familiar approach would be to use multiple regression 

analysis to predict each variable from the previous years measurements. 

For example, how well does the second-years' measurements of height, 

diameter, branches per whorl, crook rating and overall rating predict 

third year height? To cross-check the results of the canonical correla 

tion analyses, multiple regression analysis was performed on each indi 

vidual variable using the previous sets of measurements as the indepen 

dent variables. This resulted in the generation of 79 multiple 
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regression equations. For the purpose of simplicity, only the squared 
2 

multiple correlations (R ) and corresponding F-values are given (Appen 

dix B). 

The multiple regression analyses produced results that were in com 

plete agreement with the results generated by the canonical correlation 

analyses. The only R values over 0.50 for all three experimental loca 

tions were those resulting from predicting third-year height or diameter 

2 
from the second-year measurements. The only other R values over 0.50 

were those predicting the second-year heights or diameters from first-

year measurements on the canonical correlation experiment and the High 

land Rim half-sib progeny test. Trees at these two test locations had 

superior initial growth. In all three test locations, the third-year 

variance explained by the second-year canonical variables is within 

2 
1 percent of the multiple regression R value for either height or 

diameter, whichever was lowest for each location. For example, the 

greatest difference between the amount of variance accounted for by the 

canonical correlation analyses and the multiple regression analyses 

occurred in the analysis of the third-year results of the Highland Rim 

half-sib progeny test. The second-year canonical variables accounted 

for 67 percent of the total third-year variance. Whereas, the second-

year variables in the multiple regression analyses accounted for 68 and 

76 percent of the variances of height and diameter, respectively. 
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Application of Results 

The objective of this research was to determine the relationships 

among seed, seedling, first, second and third-year variables for Virgin 

ia pine Christmas trees. It was done in an attempt that these relation 

ships could then be used to develop a more efficient method for conduct 

ing tree improvement field experiments, either by prescreening for 

desirable seed or seedling characteristics, or by early detection and 

elimination of undesirable trees. 

However, seed, seedling and first-year field characteristics cannot 

be used to accurately predict future characteristics. Most relation 

ships were not significant, or if they were, they did not account for 

enough of the variance of the response set to be usable. The lowest 

canonical correlations were obtained between seed or seedling character 

istics and field performance measurements. It appears that when the 

seedlings are planted, they are exposed to a new set of environmental 

conditions which are not related to the measured seed or seedling char 

acteristics. As indicated by previous research, Virginia pine is a 

species which exhibits a large amount of tree-to-tree variation and its 

growth may be affected by various site factors. The micro-site condi 

tions at the planting site appears to contribute more to the initial 

growth of the tree than any of the seed or seedling characteristics 

which were evaluated. 

Once the trees become established, then a trend toward higher cor 

relations among characteristics from one year to the next was observed. 
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It is also apparent that the physical condition of the soil affects the 

initial growth of the trees. This has a direct effect on the length of 

time required to obtain reliable measurements to predict future respons 

es. The Highland Rim half-sib progeny test was planted on a site with 

noticeably less compacted soil than the A&M half-sib progeny test. It 

produced the greatest average of growth per tree for the three years of 

the study. The canonical correlation between first and third-years' 

measurements was 0.66 for the Highland Rim test compared to only 0.48 

for the A&M test. The canonical correlation experiment was planted two 

years later on a site next to the A&M test in a soil almost identical to 

the original site. However, this site was intensively prepared by sub-

soiling, multiple turnings and diskings in an effort to loosen the soil 

and create more uniform site conditions. This resulted in a canonical 

correlation between first and third-years' measurements of 0.70 as com 

pared to 0.48 for the A&M test located next to it. 

Regardless of site condition, it appears that the trees are estab 

lished after two years in the field. All three test sites had canonical 

correlations between second and third-year measurements of between 0.85 

and 0.90. The canonical variates derived from the second-year measure 

ments accounted for from 58 to 71 percent of the variation in third-year 

measurements. The second-year measurements can be used to predict 

third-year results allowing the culling of undesirable trpes after two 

years in the field. 

The primary characteristics which had the highest correlations from 

the second to third years were height and diameter. Based on these 
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correlations, the removal of undesirable trees after two years culls 

those trees which exhibit the slowest growth. 

The canonical correlation analysis of the data from the A&M and 

Highland Rim half-sib progeny tests allows evaluation of actual cases of 

the application of these results. These two tests were evaluated using 

a randomized complete block design. Heritabilities, variance components 

and genetic gains had already been calculated (Chapter III). Based on 

this information, superior trees were selected for height growth, stem 

straightness, overall quality rating, branches per whorl and needle 

color. Comparison of the canonical variables (V^^) calculated for the 

first and second-years' measurements of the select trees against all 

trees permits the determination of how many trees could have been rogued 

after the first and second years without removing any of the select 

trees. Based on a ranking of canonical variable values, trees in the 

lowest 24 and 66 percentile for the first and second year respectively, 

could have been removed without the loss of any of the select trees. 

The roguing of the smallest 24 percent of all trees one year after 

planting should be a conservative thinning because it is based on pro 

tecting the select trees in the A&M half-sib progeny test. Trees within 

this test had the slowest growth and the lowest canonical correlation 

between first and third-year measurements. The removal of up to 66 per 

cent of the trees after two years appears to be an effective technique 

for conservation of time and costs regardless of site conditions. 

The use of canonical correlation analysis was found to yield more 

information which was easy to assimilate and interpret than the use of 
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multiple regression analysis. This research required the interpretation 

of 16 different canonical correlation analyses. The same research would 

have required the interpretation of 79 multiple regression analyses that 

would not have yielded any information on the interrelationships among 

the response set of variables. The canonical correlation analyses pro 

duced results which compared very favorably to the multiple regression 

analyses in being able to account for the variation in the response 

sets. 

Conclusions 

The selection of a few superior trees often involves growing and 

maintaining several thousand trees. If a characteristic or set of char 

acteristics pertaining to the seed or seedlings of a species is related 

to field performance, then the screening of the seed and/or seedlings 

for the related characteristics would increase the efficiency of a 

breeding program. Additionally, if first or second-years' field 

performance measurements are related to third-year measurements, then 

they can be utilized to rogue trees after the first and second year to 

reduce maintenance costs of the experiment. To determine if these goals 

could be successfully accomplished for the improvement of Virginia pine 

Christmas trees, the relationships among seed and seedling characteris 

tics and their subsequent years' field performance were evaluated. 

On the basis of the results obtained in the study, the following 

conclusions are warranted: 
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1. Seed and seedling characteristics of Virginia pine are not 

highly correlated to third-year field performance and should not be used 

for screening purposes. The ability of a seedling to adjust to field 

conditions appears to far outweigh any measured characteristics of the 

seed or seedling. 

2. A minimum of one year after planting is required to detect 

reliable relationships among each year's characteristics. The physical 

condition of the soil affects the initial growth of the trees which in 

turn affects the amount of time required before reliable estimates of 

year-to-year relationships can be determined. If newly planted trees do 

not grow well during the first year, then a second year is required 

before culling more than 24 percent of the trees. 

3. Second-year-field characteristics are strongly related to 

third-year-field characteristics and can be used to cull up to 66 per 

cent of the trees without substantially reducing the number of select 

trees. 

4. The relationships detected were primarily those related to 

growth factors, namely height and diameter. The screening of trees 

after one or two years in the field is a culling of the slowest growing 

trees. 

5. The use of canonical correlation analysis was more efficient, 

yielded more complete information and accounted for similar amounts of 

variation of the response sets when compared to multiple regression 

analysis. 
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Table B-1. Squared Multiple Correlations of Multiple 
Regression Analyses of Virginia Pine Characteristics 

Using Prior Years' Measurements as Predictors 
from Canonical Correlation Experiment of Seed 

Through Third-Year Field Performance 

Dependent Independent 
variable variable set R F value 

Seedling: 

Height Seed 0.0290 1.256 
Diameter Seed 0.0247 1.062 
Branches Seed 0.0984 4.584** 
Buds Seed 0.0252 1.086 

Year 1: 

Height Seed 0.0429 1.375 

Seedling 0.0507 3.696** 

Diameter Seed 0.0590 1.922* 

Seedling 0.0411 2.965* 
Branches Seed 0.0157 0.489 

Seedling 0.0736 5.506** 

Year 2: 

Height Seed 0.0639 2.680* 

Seedling 0.0503 3.630** 

Year 1 0.5644 119.651** 
Diameter Seed 0.0339 1.377 

Seedling 0.0641 4.690** 

Year 1 0.6218 151.834** 

Branches/whorl Seed 0.0574 2.394* 

Seedling 0.0165 1.152 

Year 1 0.0523 5.093** 
Crook Seed 0.0320 1.300 

Seedling 0.0364 2.589* 

Year 1 0.1623 17.895** 
Rating Seed 0.0534 2.216* 

Seedling 0.0259 1.821 

Year 1 0.3146 42.382** 
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Table B-1 (continued) 

Dependent Independent 
variable variable set 

Year 3: 

Height Seed 

Seedling 
Year 1 

Year 2 

Diameter Seed 

Seedling 
Year 1 

Year 2 

Branches/whorl Seed 

Seedling 
Year 1 

Year 2 

Crook Seed 

Seedling 
Year 1 

Year 2 

Rating Seed 

Seedling 
Year 1 

Year 2 

*Significant at a = .05. 

**Significant at a = .01. 

r2 F value 

0.0A54 1.426 

0.0220 1.527 

0.3470 48.525** 

0.5892 78.583** 

0.0284 0.878 

0.0238 1.654 

0.4456 73.413** 

0.6494 101.513** 

0.0573 1.824 

0.0088 0.600 

0.0279 2.619 

0.0534 3.091** 

0.0530 1.680 

0.0115 0.787 

0.0124 1.149 

0.1150 7.119** 

0.0334 1.036 

0.0053 0.363 

0.0612 5.949** 

0.2174 15.222** 
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Table B-2. Squared Multiple Correlations of Multiple 
Regression Analyses of Virginia Pine Characteristics 
Using Prior Years' Measurements as Predictors from 

Alabama AStM Half-Sib Progeny Test 

Dependent Independent 
variable variable set R F value 

Year 2: 

Height 
Diameter 

Branches/whorl 
Crook 

Rating 

Year 1 
Year 1 

Year 1 
Year 1 

Year 1 

0.2650 

0.3188 

0.0A39 

0.03A7 

0.0769 

137.018** 

177.799** 

17.465** 

13.665** 

31.659** 

Year 3: 

Height Year 1 0.1794 84.696** 

Year 2 0.7336 607.950** 

Diameter Year 1 0.2159 106.658** 

Year 2 0.7215 571.900** 

Branches/whorl Year 0.0135 5.302** 

Year 0.0927 22.567** 

Crook Year 0.0361 14.494** 

Year 0.1840 49.794** 

Rating Year 0.0537 22.000** 

Year 0.2953 92.525** 

Color Year 1 0.0103 4.012** 
Year 2 0.0330 7.536** 

**Signifleant at a = .01. 
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Table B-3. Squared Multiple Correlations of Multiple 
Regression Analyses of Virginia Pine Characteristics 
Using Prior Years' Measurements as Predictors from 

Highland Rim Half-Sib Progeny Test 

Dependent Independent 
variable variable set R F value 

Year 2: 

Height 
Diameter 

Branches/whorl 
Crook 

Rating 

Year 1 
Year 1 

Year 1 
Year 1 

Year 1 

0.5107 

0.5415 

0.1021 

0.0728 

0.1724 

506.511** 

573.264** 

55.185** 

38.083** 

101.089** 

Year 3: 

Height Year 1 0.3569 267.082** 

Year 2 0.6848 611.764** 

Diameter Year 1 0.3933 312.056** 

Year 2 0.7572 877.978** 

Branches/whorl Year 1 0.0181 8.868** 

Year 2 0.0480 14.208** 

Crook Year 0.0143 6.965** 

Year 0.1308 42.359** 

Rating Year 0.0666 34.335** 

Year 0.2222 80.479** 

Color Year 0.0204 10.024** 

Year 0.0529 15.721** 

**Signifleant at a = .01. 
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