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Pirw radiuta D. Don, in all areas where it occurs, 
is highly variable in its morphological character- 
istics and this was reflected in early beliefs that the 
stands were mixtures of more than one species [ 11. 
The wide range of morphological variants has, 
however, now been grouped as a single species, 
and chemotaxonomic methods (using monoter- 
pene analysis of wood oleoresin) have reinforced 
this classification 121. 

Despite some relative variation, the principal 
monoterpenes had been identified as (&-)-cc-pinene 
and( -)-b-pinene [3]. These have been described as 
constituting 987; of the monoterpene fraction, with 
x-pinene concentration varying from 12.6% to 
58):0, together with trace amounts of camphene, 
limonene, and P-phellandrene, as well as a further 
unknown 141. These analyses were of the steam 
distillate from oleoresin collected at breast height 
level from mature trees. More recent analyses 
showed that in younger trees-as well as in differ- 
ent tissues-more variation and more components 
were evident. Limonene appeared as a major con- 
stituent (as well as F and /I-pinenes), together with 
variable quantities of /Gphellandrene. A”-carene, 
camphene, sabinene, and myrcene [S]. 

Preliminary examination of the monoterpene 
fraction of P. rcldiato cortical resin revealed even 
more extensive variation. This was found to be due 
to our sampling the resin from young growing tis- 
sues, and not from older suberized regions. 

Accordingly we wish to report the identification 
of further monoterpenes in P. radiata, and the var- 
iation in composition in oleoresin samples from 
resin canals of young cortical tissues. The results 
(and properties of compounds actually isolated) 
are summarized in Table I. The data are based on 
the analysis of the cortical oleoresin (first-year 

upper laterals) from 316 trees from populations 
originating at Kaingaroa, Nelson (both in New 
Zealand), Ano Nuevo, Monterey, and Cambria (all 
in the U.S.A.), and Guadalupe (in Mexico). 

It is obvious that in oleoresin from the apical 
region of this pine species the number of monoter- 
pene constituents is both greater than, and in dif- 
fering proportions from, that existing in wood 
oleoresin. It is confirmed that in the oleoresin of 
these younger tissues r- and /?-pinenes do not pre- 
dominate; instead A3-carene, limonene, /J-phellan- 
drene, and terpinolene were found to be the major 
constituents. However, analysis of the resin blister 
oleoresin from the same trees showed, as expected 
from previous reports, that a- and /?-pinenes are 
the main components. It may be concluded that 
with P. radiata the sampling position is all-impor- 
tant for consistent and valid comparisons of 
monoterpene composition. Toluene was also iden- 
tified in certain extracts; its presence was clone 
dependent and analysis on glass or metal columns 
did not affect its relative proportion. It was poss- 
ibly formed by decomposition of non-monoter- 
pene components of the oleoresin. 

EXPERIMENTAL 

Advsus. Analytical GLC was carried out on samples of 
oleoresin collected from both the apical regions and at breast 
height. The resin samples were dissolved directly in dicthyl ether 
prior to analysis, and no attempt was made to determine abso- 
lute masses. so that all results are as relative percentage compo- 
sition of the volatile fraction. Peak areas were obtained with a 
Kent Chromalog II integrator, and as detector responses were 
almost identical for all substances tested no relative response 
corrections were necessary. Various packed columns were used 
(APL, Carbowax 1540, Carbowax 400/Porasil C. ii. /j-oxvdinro- 
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pionitrile,1,2.3-Tris(2cyanocthoxy)propane. FFAP. or a I : 1 
mixture of Carbowax and FFAP), but a capillary Carbowaw 
1540 or SCOT FFAP capillary was essential for best resolution 
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r-Pinene 
Toluenc 
Camphene 
/&Pinene 
Sabinene 
Myrcene 
A%‘arene 
z-Phellandrene 
r-Terpinene 
Limonene 
/I-Phellandrene 
y-Terpinene 
p-Cymene 
Terpinolene 

* Routine analytical conditions precluded separation: these data obtained Ihr other wmplcs :mal?~cd under ditfet-cut condition\. 
t We wish to thank Dr. G. Leary. Chemistry Division. DSIR. Wellington, for asji\tancc with the G(’ MS facilltics ured to ~dcn- 

tify this compound. 
$ These data are for the oleoresm from the young cortical 11ssue: breast height anal~scs of ~mplc~ iron1 [chin bltsters o~‘thc same 

trees gave the following major peak frcqucncq: r/-pincnc 70.2”,,. /;-pmcnc 2x.5”,,, limoncnc O.Y”,,. and ICI p~nolcnc (I-.:“,,. f LL‘II th~si. 
data may not truly represent “mature” material. IIS at the tlmc of saml~ling (Jan V;IIK+ iY71 1 the tt-ep UC‘TC 7-i !c;I,-s old 

of the complete naturally occurring mixture. The folio\\ ing con- 
ditions were used to obtain the data m the table: anal! tical con- 
ditions; Pye 104 with FID. I.5 m x 6 mm glad column. (‘a~-- 
bowax 4OO/Porasil C, I25 1 35 ml.‘min NZ. 

Bulk est~~fion. Young, defoliated twigs and stems (5 kg) 
from trees of a New Zealand population \\crc chopped and 
extracted overnight with diethyl ether. the solvent decanted OK 
and the tissues re-extracted. The combined cxtrxts ivcre con- 
centrated and then steam-distilled to LieId an oil ( I.X.Y.3 g). 01 
which the principal monoterpene consiitucnta wt‘~-c ibolarcd h\ 
preparative GLC (Pye 105. 3 m x Y.5 mm glass columnb. 20”,, 
Carbowax 1540 on GC P lO(> I?0 mesh. I20 40 ml n~ln I\;,) 
A similar procedure was followed using extracts from a tree 
known to be high in P-phcllandrenc. so its idcntlt> could lx 
verified by IR spectroscopy. 


