
that monoterpene composition could be used as a means 
of checking the purported origin of seed lots in seed certifi- 
cation. 

The data also show that one should avoid characterizing a 
species by sampling trees in only a few portions of the 
species range. With as much variation as is found in slash 
pine, results could be very misleading. 

Abstract 
Oleoresin obtained from cortical tissue was analyzed for mono- 

terpene composition in slash pines throughout the natural range 
of the species. Composition varied greatly among individual trees, 
families and seed sources. Trees were classified as having high or 
low levels of each monoterpene. Frequency distributions for 4 of the 
5 major constituents, 8-pinene, myrcene, limonene, and ß-phellan- 
drene, were bimodal, but the distribution for U-pinene was not. 
Percentages of trees having high amounts of each monoterpene 
varied greatly among seed origins and revealed distinctive geo- 
graphic patterns. Plantation effects were negligible, suggesting that 
wild trees in their native habitats can be used for studying geo- 
graphic variation in monoterpene composition. Results suggest the 
possibility of using monoterpene composition in seed certification 
and in identifying the seed origin of plantations of unknown origin. 

Key words: Pinus elliottii EI\~CEI.M. races, geographic variation, 
clinal variation, turpentine composition, essential oils. 

Zusammenfassung 
Die Untersuchung der Rinde von Pinus elliottii ENGELM. 

an 54 Herkünften aus dem natürlichen Verbreitungsgebiet 

(Provenienzversuch) ergab zwischen den Individuen, Fa- 
milien und Herkünften eine z. T. erhebliche Variation, was 
die Monoterpen-Zusammensetzung betrifft. Die Frequenz- 
verteilungen waren für 4 der 5 Hauptbestandteile, P-Pinen, 
Myrcen, Limonen und ß-Phellandren bimodal, für a-Pinen 
dagegen nicht. Die auf den Standort und die Kultur der aus 
Samen gezogenen Pflanzen zurückzuführenden Effekte hat- 
ten nur einen geringen Einfluß, so daß die Untersuchung 
der Monoterpenzusammensetzung zur Herkunftsbestim- 
mung geeignet erscheint. 
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Introduction 
There have been several attempts to summarize the re- 

sults of the IUFRO 1938 experiment on Norway spruce 
(VINCENT and VINCENT 1964, G ~ H R N  1960, BALDWIN 1967, LINES 
1974). VINCENT and VINCENT (1964) have divided the prove- 
nances into latitudinal groups and discussed them jointly. 
They concluded on the basis of French, Belgian, Swedish 
and Czechoslovak results that only limited northward 
transfers are justifiable. GDHHN'S (1966) was a descriptive 
approach consisting of a consecutive evaluation of results 
on each site followed by a Summary comment about some 
of the provenances. BALDWIN (1967) looked only at  the re- 
commendations arrising from each study and considered 
the degree of their concurrence. LINES (1974) tabulated 
jointly all data on height for each site and provenance and 
calculated by three different methods the percentage devia- 
tion of each provenance from the mean at a given site. 
From these data he calculated the average percentage 
deviation for each provenance over all the sites. In this way 
he presented an estimate of the average quality of each 
provenance. This approach has two defects arrising from 

* Dedicated to Professor LANCNER On the occasion of his 70th birth- 
day. 

the existence of interactions and lack of orthogonality. 
One, adrnitted by the author, is that for an experimental 
site with relatively more of the good provenances the per- 
centage estimates will be generally undervalued while for 
another with more of the poor ones the bias will be in 
the other direction. This difficulty could not be overcome 
even if a standard provenance appeared on all experiment- 
al sites, because the standard's value relative to other 
provenances need not be the Same on all sites. Thus the 
difficulty will remain with us, it need not be exaggerated 
however, because the choice of provenances for each site 
can be considered as random (since no data about the pos- 
sible value of the provenances were available in 1938) and 
therefore the averages comparable. 

The other bias LINES' approach is that the overall per- 
centage height estimates are based on different numbers 
of sites. This would be of no consequence it there were no 
provenance X site interactions, as has been frequently 
claimed for Norway spruce, ( G ~ I N R N  1966, BALDWIN 1967, 
LINES 1974), but as it will be shown this is not always the 
case. 

LINES' (1974) review is by far the most comprehensive, 
yet it does not easily allow a simultaneous look at  the per- 
formance of a provenance on all the sites where it was 
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