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Introduction 

Geographic variation in monoterpene composition has 
been studied in several species and appreciable differences 
have usually been found, especially where a large portion 
of the species range was covered. In sampling only a limited 
portion 01 the range of slash pine ( P i n u s  e l l io t t i i  ENGELM.), 
SQUILLACE and FISHER (1966) found evidence of clinal varia- 
tion. The present study was designed to sample the entire 
range of this species and also to determine effects of plant- 
ing site on monoterpene composition. 

Materials and Methods 

Samples for this study were obtained from slash pines in 
9-year-old provenance planlations establishcd in 1962 at  
Macon, Georgia; Olustee, Florida; and Fort Myers, Florida. 
These plantings were established from seed collected from 
trees at each of 54 locations scattered throughout the species 
range. A detailed description of the study was given by 
SQUILLACE (1966). 

To study seed source effects, up to 3 individuals in each 
family in the Olustee plantation were sampled (725 trees). 
To study planting site effects and interaction between 
planting site and seed source, 5 individuals in each of 2 
families from each of 5 seed sources at  each of the 3 planta- 
tions were used (150 trees). 

Oleoresin samples were obtained from cortical tissue by 
excising lower crown branch buds X inch from the tip. 
Exuded oleoresin was placed in small screw-cap vials, 
sealed and stored in a refrigerator until analyzed. All sam- 
ples were collected in the fall to minimize any seasonal ef- 
fects. Samples were analyzed within a few weeks of col- 
lection to reduce effects of storage (SQUILLACE, 1971). The 
monoterpene composition of each sample was determined 
by gas-liquid chromatography on a 20-foot, 3/16 inch, 60180 
mesh chromosorb W eolumn packed with 20 percent carbo- 
wax 20 M. The relative amount of each monoterpene was 
expressed as a percentage of total monoterpenes. 

Results 

I n d i v i d u a l  t r e e  v a r i a t i o n  u n d  c lass i f i ca t ion  

Ac expected from earlier studies of variation in mono- 
terpene composition of slash pine (SQUILLACE and FICIIEK, 

I )  Plant Geneticist and Chief Plant Gcneticist, respectively, USDA 
Forest Service, Coutheastern Forest Experiment Station, Olustee, 
FL 32072. 

1966 and SQUILLACE, 1971), much individual .tree variation 
was found ( T a b l e  1). 

Table I .  - Mean and range of monoterpene composition of cortical 
oleoresin at  Olustee plantation.* 

Monoterpene 
Mean Range 

percent - 
q-pinene 30.8 3-95 
ß-pinene 44.0 0-76 

myrcene 7.0 0-60 
limonene 7.1 0-81 
P-phellandrene 11.0 0-69 

* Small or trace amounts of camphene and (1-phellandrene were 
also found in some samples. 

Frequency distributions of 4 of the 5 major chemicals, F- 
pinene, myrcene, limonene, and P-phellandrene, were bi- 
modal. This was expected because SQUILLACE (1971), using 
progenies of known parentage, had previously shown 
single-gene inheritance for presence of high /'$-pinene and 
myrcene. Also, more recent progeny data (to be published 
separately) suggested that limonene and P-phellandrene 
were also controlled by single genes. The only other major 
chemical, U-pinene, showed some indication of bimodality, 
but single-gene control could not be shown for it on the 
basis of control-pollinated progeny data. 

In order to check further on the distribution of a-pinene 
and also to develop a refined classification scheme, all 
available data on the composition of monoterpenes in slash 
pine were combined with the present seed source study 
data. A total of 2292 trees were included. 

Preliminary criteria for classifying concentrations of each 
chemical as "high" or "low" were first chosen on the basis 
of the modes found in the frequency distributions for all 
trees. Criteria were set for each of the 4 major chemicals 
with obvious bimodal distributions. Then all trees were 
grouped into the 16 possible phenotypes that trees can 
exhibit (high or low for 4 chemicals). Frequency distribu- 
tions of all 5 major chemicals, within each phenotype, were 
then examined individually. 

The bimodal tendency for a-pinene (F ig .  1 C) in the dis- 
tribution of all trees is caused by a strong negative cor- 
relation between concentrations of this chemical and myr- 
cene. Trees having high myrcene concentrations had low 
U-pinene (F ig .  1 A), while trees having low myrcene had 
high U-pinene (F ig .  1 B). There was no clear evidence of 
bimodality in F i y u r e s  1 A and 1 B. The small mode on the 
left of F i g u r e  1 B and the extended tails on the right of 
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