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Abstract-The botanical complexity of Pinus elliottiiis briefly reviewed; chemical composition of turpentine 
of tbis species has been studied extensively but not completely. The present investigation revealed the following 
composition of P. elliottii var. elliottii turpentine: a-pinene, 56.6%; camphene, 0.6%; kpinene, 35.6%; 
myrcene, @3%; dipentene, 1.5%; 8_phellandrene, 3-3°/0;pcymene O-2%; methyl chavicol, O-7’?& Camphene, 
myrcene andp-cymene are reported for the 6rst time as constituents of P. elliottii var. elliottii turpentine. 

The difference of turpentine composition between var. elfiottii and var. &ma and chemical relation of 
P. elliottii to other pine species are discussed. The possible relationship of the Caribbean pines is suggested; 
further studies appear to be necessary. 

INTRODUCTION 

Pinus elfiottii Engelmann, called slash pine, grows from southern South Carolina through 
southern parts of Alabama and Mississippi to southeastern Louisiana. To the South its area 
extends through southeastern Georgia to central Florida (Fig. 1). 

The botanical history of P. elliottii is long and complicated. Originally it was described as 
Pinus teedu L. var. kterophyh El1iott.l Later it became known as P. EZhottii Engelmann.* 
Both Sudworth3 and Shaw’ included it in P. curibaea Morelet. Little and Dorman5s6 
restored the name P. elliottii Engelmann to the slash pine of the southeastern United States 
and also described the slash pine of southern Florida a8 P. elliottii variety densu Little t 
Dorman. By virtue of this rearrangement, American slash pine became a species independent 
of P. caribaea Morelet of the Caribbean Islands and Central America. 

As the variety delzsu was added by Little and Dorman to the typical P. elliottii, the rules of 
botanical nomenclature (Art. 25, 8th Int. Bot. Congr., Paris, 1924) demanded that the 
typical P. elliottii become known as P. elliottii var. elliottii. If, in the future, P. elliottii var. 
dema is given a rank of an independent species (which is possible) the change would also 
affect the nomenclature of the typical P. elliottii in that its varietal epithet “elliottii” would 
automatically cease to exist. 

Little and Dorman tabulated morphological differences between P. elliottii var. elliottii 
and P. elliottii vm. denm. The most interesting morphological character of the demu variety 

*Presenta-: Department of Geography, University of California. 
t NSF Summer research participant at the Forest Products Laboratory, University of California. 

1 S. &L~IxT, .Yketck of tke botany of South Carolina and Georgia, Vol. 2. J. R. Schenk, Cbarlston (1824). 
2 G. -E-, Acad. Sci. San Louis. Trans. 4,161(1880). 
3 G. B. SUDWORTH, Torrey Botan. Club. BulL u), 40 (1893). 
4 G. R. SHAW, Publ. Am. Ark 5 (1914). 
5 E. L. L~~~LJI, JR. and K. W. DORMAN. US. Forest Service. S-E. Fw. Exp. Sta. Paper No. 36,82 (1954). 
6 E. L. Lrrr~e, JR. and K. W. I)oRwLAN. J. Forestry 50,918 (1961). 
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is the so-called “grass stage” of its seedlings. characterized by very short stem. many cro\+ ncd 
needles. thick hypocotyl. and thick tap root. “Grass stage’” is also found in P. pnlrwtr-is, a 
species ofthe mouthed-estern United States. P. i~~i~i~.~~~isof Cuba. P. ~~~[~tttc=~ir~tu~ of Mrvrco and 
some other Mexican pines and (subject to verification) in P. rrnrlilrsiiof Burma and Viet Nam. 
but not of Sumatra. Although I’. diottii has been crossed urtiticinllq \\ilh P. prrhtris, IN 

natural hybrids between thcsc t\\o species have been reported: It is possible, ho\\eler. that 
occasionally they do mtercross. According to personal cl~mlnuni~~ti~~n of Dr. ‘4. E. Squillace 

of the U.S. Forest Scrk~ce. there are no cxpcrimental indicatmns of I’. elhttir bar. elliottii 
crossing naturally with P. clh’oftli var. ~Jwso. 

EARL\ CHEMICAL INVESTIGATIONS 

P. dliottii var. elliotrii (together M ith P. pahtris) has been the chief source of ” Naval 
Storeb” (IX. rosin- and turpentine for industnal purposes). Accordingly chemistry of itb 
tur~ntine has been studied by many investigators. 

The turpentme of Pims rllioftii var. diottii (referred to a6 P. hc~e~r~pl~ylf~ Sud\\.) was 
analyzed in 1929 by DuPont and Barraud.’ The product was obtained from the Hercules 
Powder Company. Physical constants of the turpentine \\ere: Denstry. tlz5 -I WG33: index 
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of refraction, racy = 14631; optical rotation a, = - 30.78”. The turpentine contained: 
1-a-pinene, 75.6 %; l-p-pinene, 21.2 %; and tails, 3.2 %. 

In 1932 Palkin* reported the following data for fresh gum slash pine turpentine: 
Density, di5.6 = O-8657; index of refraction, e = 1.4694; optical rotation, a= -2558”; 
The composition of this turpentine was as follows: I-a-pinene, 61%; I-p-pinene, 33.7 %; and 
tails, 5.3 %. 

Chadwick and Palkin g reported that the tails of slash pine turpentine contained dipentene, 
methyl chavicol, and very little of alcohols, esters, and others other than methyl chavicol. 
Possibly some components of the higher fractions (tails) were of a secondary origin. 

Further investigations at the U.S.D.A. Naval Stores Laboratory, Olustee, Florida 
revealed presence of varying amounts of fl-phellandrene (detected and identified by vapor 
phase chromatography methods) in the turpentine samples taken from individual trees of 
P. elliottii var. elliottii.10 

EXPERIMENTAL 

In 1962 we obtained a large composite sample of P. elfiottiivar. elliottii oleoresin gathered 
from a group of 400 trees near Olustee, northern Florida. These trees were a part of an experi- 
ment of inducing flow of oleoresin and their wounds were sprayed for this purpose with a 
2 per cent solution of an amine salt of 2,4dichlorophenoxyacetic acid (“24-D”). 

A batch of 3763 g of oleoresin was distilled at 30 mm pressure with the distillate coming 
over between 27” and 180”. At the end the distillate was removed, the pressure was lowered 
to 1 mm and the rest of the turpentine was distilled by raising the temperature to 218”. Both 
turpentine fractions were combined. 

Results: water, 185.8 g; turpentine, 777.3 g ; rosin, 2510-O g ; Constants of turpentine: 
Specific rotation [a]y - 2660; index of refraction np5 14688, density dz5 0.8639. 

A portion of 714 g of turpentine was fractionated using a Todd fractionating column 
(Stedman packing) at a reduced pressure l1 (Table 1). Each fraction was qualitatively 
analyzed by vapor phase chromatography using Ucon column i1 and the fractions of similar 
composition were combined. The physical constants of those combined fractions were 
determined (Table l), and each was quantitatively analyzed by vapor phase chromatography 
using # in. x 6 ft @-oxydipropionitrile 10 per cent on acid-washed chromosorb column 
60/80 l2 (Table 2). (Aerograph Hy-Fi A-600-B instrument; flow rates, N2-15 ml/min, 
Hz-l5 ml/min; oven temperature 65”; injector temperature - 80”. Otherwise as with Ucon 
column.) 

Methyl chavicol was identified by preparation of anisic acid (m.p. 181-2”), and /3- 
phellandrene by preparation of nitrosite (m.p. 97.5”); neither melting point was depressed 
upon admixture of a respective authentic substance. a-Pinene and fl-pinene were preparatively 
characterized by previous workers. 7 The rest of the constituents occurred in too small 
amounts for preparation of derivatives and was characterized by Ucon and /?&oxydipropio- 
nitrile VPC data only. The relative retention volumes obtained were identical to those of 
authentic &penes used for comparison; both approximated closely the published data.ll’l* 

8 S. PALSCIN, Us. Dept. Agr. Tech. Bull. 276 (1932). 
9 T. C. CHADWICK and S. PALKIN, U.S. Dept. Agr. Tech. Bull. 749 (1941). 

10 Unpublished information supplied by Dr. Gordon S. Fisher, head of the Turpentine Division, U.S.D.A. 
Naval Stores Laboratory, Ohstee, Florida. 

11 N. T. Mwov, E. ZAVARIN and J. G. BICHO, J. Pharm. Sci. 51,1131(1962). 
12 M. H. KLOUWIW and R. TBB HWE, J. Chrmmtog. 3,297 (1962). 



Bo1hng 
pomt 
( c-t 

73 -7-t 
74-80 
N-83 
83-X7 
87. Y0 
90-91 
VI 91.5 

91.s93.5 
92.5-97 
up 111 I 12 
II?-“5 I &I 

- 

Column 
pressure 

(mm Hg! 

--.- - 

_ . 

A 
R 
C 
D 
t 
l- 
G. H 
I 
J 
K 

Rclidue 

Total+ 

3=70 __.. 
45 JO 
14-50 
0.65 
I w 
I .bU 
1.70 
I 15 
0.75 
0.65 
0 65 

9Y.O 0.5 
53.5 1‘0 

3s - 
-.. 

.- 
05 I 4) 
1 b-0 16.0 
11.5 20.4 

37 2 
_- 
__ _. 

. ” 

.I,.3 n-’ 11.1 11 7 0 5 Sh ii U-6 03 IS 

* As m T&k 1. 
t The per cent figures of the wrond column and of the totab refer to the total turpentine. the reht of tkc 

figures refer to the rndwdual fractions. 
$ Relatne retention %olumc (cd-pmene = 1 00) (at 76 . Uwn column. 15 ml,mm nltrogsn flou I i> equal w 

2.1: the peak appears right after mqrccn~. 

Camphene. myrceno, and p-cymrne arc reported for the first time a\ constituents of 
Pitw ciliottii turpentine. Dipentene and methyl-chwicol were reported prcvwusly by 
Chadwck and Palkin y on the basis of physical constants of respective fractions only. 

Table 2 show that. dzsrcgnrding traces of camphene. myrccnc. p-cymenc and squitcr- 
penes, the cnmposltion of P. ~llir~trir var. elliotrii tttrpentinc uas found to he about tho hamc 
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as reported by Chadwick and Palkin g except for )3-phellandrene, which was not mentioned 
by them. In our investigation this compo~d comprised 3.3 per cent of the turpentine, 
i.e. quite close to the data obtained by Dr. FisherlO who found that two-thirds of allP. ell;iottii 
trees contained at least 5 per cent of this terpene. 

It is not clear how Chadwick and Palkin overlooked jl-phellandrene in their thorough 
investigation of P. elliottii turpentine. It is possible that they used material previously stored 
in partly filled containers exposed to light or that they mistook &phellandrene for dipentene. 
It is, however, more reasonable to assume that they obtained their material from a locality 
where P. elliottiivar. eiliottii contained either no &phellandrene, or only traces. They did not 
say from where their product had come, but it may have been from parts to the north, possibly 
Georgia. Dr. Fisher’s samples of P. elliottii var. elliottii turpentine on the other hand all 
came either from northern or central Florida, i.e. from the southern part of its range. 

DISCUSSION 

It is seen that our knowledge of occurrence of fl-phellandrene in P. ellitotii var. ellitotii is 
yet too scanty to be applied for drawing any definite taxonomic conclusions. Presence of 
varying and, on the average, apparently small quantities of phellandrene in turpentine of the 
typical P. eIliottii is intriguing. To understand the significance of the presence of @phellan- 
drene in P. e~l~tti~ var. e~Iiottii turpentine, it is expedient to inquire into the geographic 
distribution of j?-phellandrene of the whole genus Pinacs. I-fl-Phellandrene is a monocyclic 
terpene; it occurs chiefly in pine species of western America, Mexico, and to a lesser degree in 
the pines of southwestern Asia. Generally, it is found in quantities sufficient to be isolated by 
conventional methods of fractional distillation and identified by subsequent preparation of 
crystalline ~-phe~~~e nitrosite, 

On the other hand, pine species of eastern North America (with exception of P. eZ~~otti) do 
not contain l-j3-phellandrene in their turpentines. Traces of this terpene might be detected by 
vapor chromatography, but not in quantitites that would make possible its positive 
identication. 

P. elliottii var. densa does contain l-&phellandrene in its turpentine. In one composite 
sample from the southern part of Florida (Fort Myers) as much as 19 per cent of this terpene 
was found.r3 P. caribaea from the Caribbean Coast of Central America (Nicaragua) also 
contains 1-#?-phellandrene. r4 Incidentally, P. curilwea turpentine from Nicaragua was found 
also to contain considerable quantities of d 3-carene and of longifolene, both quite common 
components of turpentines of western American and Mexican pine species. d 3-Carene was 
also found in turpentine of P. occidentali& of Hispaniola. 

To sum up, P. elliottiiv~. dewa has chemical afEnity both with P. ell~ttiiv~. elfiottii and 
with P. caribaea; on the other hand, P. efliottii var. elliottii has no such aflinity (i.e. presence 
of identifiable quantities of l-#?-phellandrene) with any northern pine species of eastern 
North America. 

P. caribuea is &finitely related chemically to many Mexican and western American, but 
to none of the eastern American pine species. Could it be, then, that P. eZ~iott~i var. demo is 
not an eastern American pine migrated to southern Florida from the North, as apparently 
generally supposed, but rather a Caribbean species whose tertiary ancestors migrated from 
western America to Mexico and Central America and from there to the Caribbean islands? 

13 N. T. MIBOV and P. M. ILOFF, JR., J. Am. Phrm. Assoc., Sci. Ed. 45,629 (1956). 
14 P. M. ILOW, JR. and N. T. Mmov, J. Am. Pharm. Assoc.. Sci. Ed. 43,738 (1954). 
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Historical geography ofthe Caribbean pines and the possible routes of their migration in 
that area are discussed by Little and Dorman. 5 Tt suffices to add here that intermittent land 
bridges bet\% een Central America and the Caribbean islands eaisted during the first part of the 
Tertiary Period as shot\n by Schuchert. 15 ‘Thrsc bridges apparently served as paths of 
migration of pines from the continent to the Caribbean area. On the clther hand. southern 
Florida has never had land connexions with the Antilles. 

Southern Florida is now separated from the Bahama\ \vith a stretch of water only 60 miles 
nrde; from icy West. Florida to Cubit the distance IS not greater than one hundred mrles. 
When the southern part ofPTorjda emerged abow the w&r-in tllePiei~toceIle and thus bccanlc 
available for colonization by pines, the distances hetwcen the peninsula and the Caribbean 
islands M;IS not much greater than 1101~. Pine weds could hntc been carried easily from the 
islands to the nlaini~~nd by hurricanes. Little and Dorman’ said “it is not knwr;n in 11 h~ch 
direction migration [of pint\] has occurred ” in the Carrbbean area. i.u. from the American 
mainland southward or from the Antilles to the mainland. General nngration routes for the 
genus Pt%t~s since its Mesozoic incipience base been from the north ~~~uttl~~ard, but rctrrsed 
migrations from the south northwwd. although of a local charactor. ,11so have occurred 
durmg the paleobotanical history of the genus. Cretaceous rwersed migration in c;~stcrn 
North Amcrkrt RX\ mentirtncd by Burr-y. rh During the Tertiary Perrod some pines advanced 
north in the south\bec‘stcrn part ofthc LJnited Slate\. Migration of P. iks&vis and P. rnwkr~.ssii 

fra>n? :hc mainland of the southeostcrn Asin to the Philippines kia Sumatra and then north- 
tnard occurred at the beginning of the Q~l~~ternary. Such may have been tho yuatcrn,x> 
migration of P. rlliottii 1 ar. ~/c~~sa, or rather its predeccs\or. from the Antilles to Florida. 

In the light of our present knowledge of the relationship ofthc wuthern Florida pine, it is 
of course difkult to sa! \f hethcr rt is a pine of the southeastern L nitcd States or should bc 
considered :I Caribbean spccicx Has it migrated to i-lorrda from the north or from rhr 
.4ntilles? Is it a wrict~ of I’. elliottii or of P. ix2dwc~u? h-Imps tt should be considered an 
independent specks. Where has it acquired its $-phelkmdrenr - from I’. dliottii or from 
P. i*ariEherr ‘.’ 

A more thorough investigation of geographic and tawnomic ~I~tribLItion of I-,!% 
phellandrene m the whole area of P. elliottii and P. caribnea is desirable. A study of this 
nature offers a possibility of applying a chemical method to a tnxonomic problem of a small 
group of species and thus of c~)ntributing to this, still inudequ~te~~, dwumcnted subject. 
Other Caribbean pines tll\~~ should bc chemically studied. Prcscnce ltf A?-carene in P. 
ociY&utuiir ’ I suggest% it% rttlinit~ nith some pin0 of Central America (Mexico); turpentine 
composition of P. ~*lf~i,?~.~~,s Grisebuch, a species of eastern Cuba closely related to 
P. cwcidentah. should be ascertained. A thorough chcmicnl inwxtigntion of pines in thr 
Caribbean area and in the southeastern United States may not only help to understand 
better the tavonomic position of s~~uthern Florida slash pine, hut may also contribute to 
solving the major problem of occurrence and migration of pines in the Cxibbean ares. 

I5 C. SCHUCHERT, A~/Qs nf Pcr~eogtwphrc JJZ~~.S of ~Vorrlt .~JWMXZ. wth an Intrwiuction ty C. 0 Dt;ri~m 
t\ iky, N.Y. f 195.5 1. 

“’ E. \V. BERR'I , L’S. Geol. Swrev. Pwfesv. Popen No. 156. 


