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Introduction 

A study of natural variation within a species of com- 
mercial interest is important because success in genetic 
manipulation depends on thorough understanding of both 
the amount and nature of such variation. This is especially 
important in species of wide natural distribution like lob- 
lolly pine whose range Covers a large portion of the South- 
eastern U.S.A. Geographic variation in loblolly pine was 
studied and as part of a range-wide seed source study 
(WELLS and WAKELY 1966). Results from this study indicated 
strong clinal variation in growth and survival from the 
east coast westwards and from South to North on the east- 
ern extremity of the species range. There were also indica- 
tions of great geographic variation in fusiform rtist (Cro- 
nartium fusiforme Hedc. and Hunt ex. Cumm.) resistance 
but this was not as clinal as the other two traits. Geo- 
graphic variation in wood specific gravity was studied by 
ZOBEL (1961). In  these studies, he found the relative propor- 
tions of geographic, sites within geographic areas, tree to 
tree and within tree variations to be 15%, 3%, 70% and 
12% respectively. From these kinds of studies the breeder 
can determine where to place his efforts to the maximum 
benefit. For instance, large geographic variation suggests 
benefits from provenance testing and selection while large 
tree to tree variation suggest that intrapopulation selection 
program is a viable breeding strategy. Based On these kinds 
of information ZOBEL and DOHMAN (1973) have defined seven 
different provenances within the loblolly pine range that 
could be used in different areas as exotics. 

Another objective for studying natural variation aims at 
determining the amount of genetic differentiation with a 
species range. This kind of information is very useful as a 
basis for planned preservation of gene pools which could 
be used, later On, to create new gene combinations. Wide 
crosses among such genetically differentiated races can 
play a key role in the creation of new gene combinations. 
The wide Cross study, as has been detailed earlier offered 
some limited opportunities for studying the amount of 
genetic differentiation within the loblolly pine range. The 
specific objectives of this study were: 

1. To estimate the additive genetic components for open- 
pollinated progeny from different geographic sources 
when grown in Halifax County, North Carolina. 

2. To estimate the degree of genetic differentiation among 
the geographic sources for height growth, fusiform 
rust resistance, crown form, and stem straightness. 

Historical Background 

Most of the Southeastern U.S. was under water until 
recent geologic times. WAKELY (1961) hypothesized that the 
present distribution of loblolly pine originated from two 
islandic relic sources; one in Florida and the other in Texas. 
He further hypothesized that the wide Mississippi drainage 
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formed a barrier between the two relic sources. According 
to this hypothesis, population expansion has taken place 
from the Texas source eastwards and from the Florida 
source north and westwards. 

Originally, loblolly pine occupied lowlands bordering or 
within swamps, pocosins and savannas (WAHLENBERG 1962). 
Upon widespread agricultural failures of the colonial settle- 
ments of the 19th century, loblolly pine had ecological re- 
lease into abandoned cotton old fields and most of the 
present natural stands are on such old-fields. 

Genetic Memoranda 

Geographic variation can be due to three possible causes: 
(1) differential selective pressures over the species range, 
(2) random genetic drift, (3) historical accidents that have 
contributed to the heterogeneity of the populations but not 
yet cancelled by diffusion (CAVALLI-SFORZA and BODMER 
1971). For loblolly pine, the clinal variation in growth and 
survival is evidence of differential selective pressures. Ran- 
dom drift could also have played a major role in genetic 
differentiation since the old field invasion started with 
small stands. Under such circumstances, large genetic drift 
effects could result in accordance with the founder prin- 
ciple. Possible crosses between Texas and Florida relics that 
have not reached equilibrium can be listed under historical 
accidents. Interspecific hybridization with other pine spe- 
cies with which loblolly readily hybridizes should be in- 
cluded in this category. Geographic variation can also be 
caused by the Baldwin effect at the species range ex- 
tremeties whereby chance mutations or recombinations 
prove beneficial in these harsh environments and are sub- 
sequently fixed in isolate populations (GRANT 1963). The 
above factors tend to cause geographic differentiation but 
can be counteracted by the forces of migration and gene 
flow. In continuous populations, effective population size 
is taken as the neighborhood size i.e., the largest panmictic 
unit (WRIGHT 1962). The folrmula N = na6 d where d = the 
number of trees per acre for hermaphroditic population 
having areally continuous range, ad = standard deviation 
of pollen dispersion distance was used by MCELWEE (1970) 
to determine the neighborhood sizes of from 1.5 acres (150 
trees) to 5.75 ares (600 trees) in natural stands of loblolly 
pine. I t  has been shown by WRIGHT (1962) that for a neigh- 
borhood size of N, sizeable differentiation (geographic 
races) can be expeded within an area N tihles the neigh- 
borhood size. Using this rough estimation, genetic differen- 
tiation can be expected within 40 acres of continuous lob- 
lolly pine stand. The sources included in the present study 
were well beyond these limits and therefore, appreciable 
degree of genetic differentiation between them could be ex- 
pected. I t  must, however, be remembered that these old 
field population have existed only for about five genera- 
tions. 

Materials and Methods 

There were 32 open-pollinated seed identified by mother 
tree from 10 widely distributed sources in the natural range 
of loblolly pine. All the families were represented in the 
planting in Halifax County, North Carolina. Randomized 
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