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CHEMOTAXONOMIC STUDY OF 
PINUS TORREYANA PARRY TURPENTINE 

EUGENE ~IAVARIN,* WILHELMN A HATHAWAY,? THOMAS REEHERT$ and YAN B. LINHART~ 

University of California, Forest Products Laboratory, Richmond, California 

(&ceivedx) December 1966) 

Abc&act-Oleorcsins from Torrey Pine (Pbus forreyuna Parry) from Santa Rosa Island and Torrey Pines 
State Reserve near Del Mar, California, have been analyzed by gas-liquid chromatography. In each of the 
two populations the turpentine composition was found to be remarkably similar between individuals. The 
content of b-phellandrene and limonenc di&rentiated the turpentines from the two stands. 

INTRODUCTION 

TORREY pine (Pinus ?orreyana Parry) is the rarest of pines, being confined to the north-eastern 
coast of Santa Rosa Island (Santa Barbara County) and to a short coastal strip south of Del Mar 
(San Diego County), California, where it is protected in the Torrey pines State Reserve (the 
two locations are separated by a distance of about 280 km). It is presently being extensively 
planted in soutbem California, New Z&laud, and Kenya. 

On Santa Rosa Island, the Torrey pines are located on bluffs overlooking the north-east 
coast and scattered over a series of saddles for a distance of about 1 km prefering the moist 
no~-~~-f~~ slopes. In addition there is a small group of about 10-15 trees located 
1 km inland, south-west of the coastal stands. The mature trees are 10-15 m tall with wide, 
open crowns. Young trees are numerous and the total number of trees on the island is about 
one thousand. 

Near Del Mar, Torrey pines grow in scattered groups along the coast from San Dieguito 
estuary southward about 8 km. On the exposed cliffs they are dwarfed and prostrate; how- 
ever, in the sheltered areas they attain a height of 15-18 m and a 4 m dia. The regeneration 
seems to be poor and the whole population munbers but a few thousand. 

Taxonomically, Torrey pine belongs to the group Macrocarpae (big-cone pines) of the 
sub-genus Diploxyloq which includes Digger pine (F. sabiniana Dougl.) and Coulter pine 
(P. coulteri D. Don); all three species possessing characteristic heavy cones and long, coarse, 
grayish needles. Their turpentines are characterized by the presence of varying but sizable 
amounts of straight~hain saturated hydrocarbons, such as n-heptane and n-undecane, 
(5 per cent in Torrey pine, 15 per cent in Coulter pine, and 95 per cent in Digger pine). It was 
mainly this occurmnce of normal pa&ins which caused Mirovl to include in Macrocarpae 
the ~~ two ~ipZo~~o~ pines with turpentines rich in these ~rn~~d~Je~y pine 
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(P. ~e~e~~ Grev. a. BalfJ (turpentine chiefly composed of n-heptane), and P. ~~c~~ Mirov 
(turpentine containing over 22 per cent of n-heptane and n-undecane). An up-to-date 
discussion of the taxonomy of big cone pines was published recer~tly.~ 

The prolonged isolation of the two populations of Torrey pines could be expected to 
result in the development of genetic differences. Indeed, some differences in the shape of the 
cones and also in the growth habit have been previously notedm3 In a recent study Ha&r4 
investigated the two populations more systematicahy and came to the conclusion there were 
genetic differences connected with morphology and color of the needles, cone shape, and 
growth habit. This prompted us to look into the possible differences in the imposition of 
turpentine between trees from these two populations, since turpentine composition, on a 
number of occasions, has been shown to be under genetic control.rb 

The turpentine from a composite sample of oleoresin obtained from Torrey pine trees 
planted in Golden Gate Park in San Francisco was investigated by Haagen-Smit et als5 who 
found it was composed of 75 per cent of limonene, 5 per cent of pt-undecane, 4 per cent of 
longifolene, 1.1 per cent of n-decyl aldehyde,* 0.2 per cent of lauraldehyde, O-2 per cent of an 
unidentified carbonyl compound and of less than 0.1 per cent each of n-nonane and n-heptane. 
Later, Williams and Bannister 6 used GLC to analyze a sample of turpentine from a Torrey 
pine of ~identifi~ provenance growing in the New Zealand Forest Service Arboretum at 
Whakarewarewa, near Rotorua. The sample contained 81 per cent of limonene, 2-O per cent 
of n-heptane, 2-O per cent of n-nonane, 25 per cent of cL-pinene, traces of camphene, 8.5 per 
cent of n-undecane, traces of &pinene, and 35 per cent of myrcene. The technique did not 
permit analysis of higher boiling turpentine ~mpo~nts such as ~squi~~n~ and straight- 
chain aldehydes. An analysis of Torrey pine turpentine (exclusive of higher -boiling materials) 
from a single tree has been also reported by Critchfield2 (3.2 per cent of n-heptane, 2-4 per 
cent of n-nonane, 1.8 per cent of a-pinene, 7.7 per cent of ~-undecane, traces of Bpinene, 
2.7 per cent of myrcene, and 822 per cent of limonene). 

DISCUSSION 

Compounds were identified using GLC by their relative retention volumes shown in 
Table 1. 

As can be seen from Tables 2 and 3, the trees from each of the two provenances show a 
remarkable constancy in the composition of their turpentines. This is not surprising in view 
of the extremely limited range of both populations and of the long isolation of the respective 
stands. Comparison of the material from Santa Rosa population with that from Del Mar 
reveals consistent differences which, ~~0~~ small by comparison with what one occasionally 
finds with other species, are definitely significant, particularly in view of the low variability 
on individual level. The main diflerences are in the amount of limonene (73.4 vs. 84.2 per cent) 
and ~-phe~~d~e (8.7 vs. 0.1 per cent). Smaller difherences include higher per cent of 
pr-hydrocarbons in Santa Rosa population (13.4 vs. 10-O per cent), as well as lower per cent of 
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3 A. D. LIMDSAY, Tormy Pine (pinus torrepm Parry) Coronae Forestry Bmeau Leaflet No. 23 (1932). 
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each myrcene, longifolene and peak 0.65. Also, cineole and ndecyl aldehyde seem to be 
either absent or present in amounts escaping detection in Santa Rosa oleoresins. The results 
for Del Mar material agree well with the data reported earlier by Haagen-Smit et&5 Williams 
and B&&q6 and CritchfieldZ thus indicating that the corresponding seeds always 
originated from this particular provenance. The markedly lower content on n-heptane and 
n-nonane observed by Haagen-Smit et uL5 was probably due to mechanical losses during 
distillation of these relatively volatile materials. 

Of the remaining four pines of Macrocarpae sensu lato, Pinus jefreyi and P. sabidana, are 
essentially n-heptane pines. As mentioned, the presence of this normal hydrocarbon in their 
turpentines links these pines chemically to P. torreyana. While the first of the two does not 
cross with P. torreyana, hybrids between P. torreyana and P. sabiniana have been obtaimd2 
In addition to normal pa&ins P. coulteri contains 1635 per cent of /3-phehandrene and 

TABLET. RELA~VB -NVOLU?~SOFSOMEMATERLUSKNCO- 

/3&Oxydipropionitrile column, 65” Carbowax 20 M column, 142” 
, , , , 

Compound Rel. ret. volume Compound Rel. ret. volume 

n-Hexane 
n-Heptane 

nNonane 
?I-Deane 
a-Pinene* 
n-Undecane 
B-m- 
n-We 
Terpinolene 
Cineole 

O-19 
0.27 
O-36 
O-57 
0.95 

::: 
3.52 
3.36 
4.25 
485 

tz-Octyl aldehyde 
n-Decyl aldehyde 
n-Dodecylaldehyde 
Lollgifolen~ 
Peak 0.65 

DEGS column, 
Limonene 

gzd”” 

Peak 0.65 
Decylaldehyde 
Longifolcne 

109” 
O-26 
0.28 
O-31 
0.62 
O-91 
l-0$ 

* Appeared under these conditions a&r 5.8 min. 
t Appeared under these conditions after 12.8 min. 
$ Appeared under these conditions atter 22.8 min. 

3.0-3.9 per cent oflimonene and P. ouxmanu 15-l 6 per cent of limonene in its turpentine. Thus, 
of the two provenances of P. torreyunu investigated, the Santa Rosa population seems to be 
chemically slightly closer to Coulter pine due to the presence of /3-phellandrene. While 
crossing of the Del Mar P. torreyanu with P. coulteri, yielded no germinable seed2 it would be 
interesting in view of these results to repeat this experiment using Santa Rosa material. 

In regard to P. oumcma, although the presence of limonene in its turpentine links it 
chemically to P. torreymu little can be said as to which of the two populations shows more 
affinity to that pin% particularly as the turpentine of P. oaxucanu has not been analyzed by 
GLC methods, and /3-phellandrene could have been overlooked in the only analysis available. 

The oleorcsin for our study was obtained from seven Torrcy pine trees growing on Santa 
Rosa Island and from thirteen trees growing at the Torrey Pines State Reserve by the method 
described in our earlier publication7 and the wounds were corked after oleoresin extraction. 
On Santa Rosa Island the sampled trees were scattered throughout the whole population and 

7 N. T. Mmov, E. ZAVARIN, K. SNAIBERK and K. CosmLLo, Phytochem. 5,343 (1966). 
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were 100-200 m apart, while at Del Mar the sampled area was about l-5 km long with sampled 
trees 5-150 m apart. 

TABLE 2. ‘WIWENTINE ANALYSIS OF Pinus forreyma FROM SANTA Rosa ISLAND* 

195 2.5 2.0 3.0 7.0 0.5 1.5 70.5 12.5 - 20.7 
1% 4.5 2.5 3.0 9.0 tr 1.5 71.0 9.0 - ;3 z :.; 18.5 

2.5 2.5 60 tr 1.5 77.5 6.5 - tr - 2.5 25.5 
3.0 7.5 tr 

8.5 tr 
9.0 - 0.3 - 3.5 

2.5 2Fo 

Mean 3.6 2.4 28 7.4 0.1 1.7 73.4 8.7 - O-1 - 2.8 21.5 
Mean 

dev. 1.0 O-3 0.2 O-9 @2 0.3 2.1 1.2 - @2 - 0.6 1.6 

* In per cent of total terpenes. Last column in per cent of total oleomin. 

TABLE 3. TC~PENTINE ANAL~~ISI OF Pha torreyana PROM NEAR DEL MAR* 

239 

$1: 2.5 

0.5 2.5 6.0 0.5 2.0 85.5 

tF 

2.0 0.5 240 

:: 1.5 I.5 2.5 3.0 6.5 5.0 840 1.0 0.5 :5 33:: 24.5 26.5 
242 3.0 2.0 2.5 6.0 25.0 
z :I! 1.5 1.5 25 2.5 7.0 6.0 tr tr 2.0 3.0 86.0 85.5 tr 2.5 1.0 0.5 0.5 0.5 0.5 4.0 3.5 24.0 

255 
245 2.0 1.5 3.0 6-O tr 83.0 07 tr 2.0 26.0 

3.0 7.0 tr 82.0 tr 1.0 :5 z5 40 24.5 
;:: 6.0 6.0 0.5 0.5 2.0 85.5 83.5 - - 20 

:5 

0.5 0.5 E5 5.0 3.0 24.0 
26.0 

249 
:I: :*; 

3-O 5.5 tr 85.0 0.5 0.5 2.0 25.0 
250 3.0 6.0 

:5 
2.5 84.0 tr 0.5 0.5 0.5 4.5 24.5 

251 1.5 2.0 3.0 6.0 2.5 84.5 - 0.5 0.5 0.5 5.5 21.5 

Mean 2.2 l-7 2.7 61 0.2 2.9 84.2 0.1 0.9 0.5 0.4 3.8 24.7 
Meall 

dev. 0.4 0.2 0.2 04 0.25 0.6 1.1 0.15 0.5 0.1 0.2 0.8 0.9 

* In per cent of total terpenes. Last column per cent of total oleoresin. 
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EXPERIMENTAL 

For analysis, an Aerograph Hy-Fi Model 600 C gas-liquid chromatographic i&rument in combination 
with Brown-Honeywell “Electron&” recorder was used. Quantities of individual compounds were calculated 
fromtheinte~~peakareaqusingadiskchartintagrator,Model2OlB. ‘Iheoleoresinwasiqjecteddirectly 
(aboutO.2X)afterdilutinsit1:15withcarbondisulfide;thisdiluentgivesan 
flame conductivity detector, thus allowing analysis of low-boiling materials such as n-heptane appear& early 
on the chromatogram. The co mmercial carbon disuhide usually contains an impurity which gives rise to a 
small peak at relative retention volume of l-19 (relative to a-pinene). This rarely interferes with the analysis 
because of its low intensity and good separation from the &penes. However, prolonged use of carbon 
disuhide results in an appreciably faster rate of corrosion of the metallic parts of the flame detector. 

Forthemonoterpme~~,al0ftby~in.i.-d.cohat65”(flowratesl0ml/minforbothH~andN2) 
5lled with 8, @wydipropionitrile 10 per cent on acid-washed Chromosorb W 60/80 was used. The relative 
retention volumes of terpenes encountered were published earlier8 Table 1 lists relative retention volumes of 
normal pa&his, most of which were identified in this study, together with some terpenes for comparison. 

Foranalysisofhigher-boilingmaterials, an 8ft by4in.i.d. cohmmfilledwithCarbowax20M, lopercent 
on Chromosorb W 60/80 acid-washed at 142” with flow rates of 10 ml/mm for both Hr and Ns was used. 
Table 1 gives relative retention volumes for the various materials encountered. 

The total terpene content of each oleoresin sample was determimd by the internal stamkud method, using: 
a 15 per cent solution of isopropylbenxene in mineral oil. Isopropylbenxene with a relative retention vohune of 
44(c@rene)appearsrightafter~-phellandreneonthechromatogram. Thecontentoftheterpeneandpara5 
hydrocarbons was set as 100 per cent, and the per cent of oxygenated materials and sesquim was calcu- 
latedonthisbasis. Tabies2and3givetheresults. 

In addition to the compounds mentioned, n-hexane, n-octane, camphene, f-carene, sabinene, and ter- 
~~ewereoftcn~~~in~amoun~ineitheroPthetwopopulations;DelMarmaterialalso 
contained xdodecyl aldehyde in small amounts. The identZcation of /I-phehamhwne, cineole,anddecyl 
aldehyde has been substantiated using DEGS column (10 per cent DEGS on Chromosorb W 60/80 acid- 
washed, 15 ft x *in. i.d. column, T= 109”, flows 10 ml/& for both Hs and Nz)-_Table 1. Because materials 
encountered in substantial amounts were previously identified by preparative methods, ail identi6cation.s were 
performed by comparison of relative retention volm only. 
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