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Several systems have been developed for classifying the
species d the genus Pinus; among the more recent are
those of SHaw (29) and PiLcer (28). Suaw’s classification
appears to be the more natural o the two as it is based
chiefly upon development d cones and seeds, while PiL-
GERs classification is based largely on the number d need-
lesin afascicle. The writer considers it to be more suitable
as a basisfor discussion of the chemical charactersd pines.

Suaw’s classification of pines no doubt needs revision.
Modern taxonomy requires that classification of plants be
based not only on morphological characters, but also on
anatomical, genetic, physiological, biochemical and even
ecological and geographical characters. Suaw’s system was
published in 1914. Since that time, as one could expect,
certain points have been more fully elucidated.

Some new species have been described; Mexican pines
have been studied more extensively by Branco (3) and by
MarTiNEZ (16), and later by Loock (15), who also studied
pines d British Honduras. ,,Los Pinos Mexicanos", publish-
ed by MarTiNEz in 1938, and the second edition appearing
in 1941, revealed many new facts about the taxonomy of
pines. Recently, DurrieLp (5) has subjected Suaw’s classifi-
cation o Diploxylon pines to some changes, based on re-
sults o breeding tests at the Institute & Forest Genetics.
There appeared in recent years several valuable works
dealing with taxonomy of different pines and with natural
pine hybrids (38). Anatomical characteristicsd pines have
been thoroughly studied by Grecuss and VArca (9). Chemi-
cal composition d the phenolic compounds o heartwood
o pine species has been studied by Erptman and his co-
workersin Sweden (8);they were able to differentiate che-
mically between the two sub-genera: Haploxylon and Di-
ploxylon.

It is not the purpose o the present paper to evaluate
the abovementioned publications as to their validity in
constructing an up-to-date system o classification o pi-
nes,; the publications are mentioned merely to show how
much valuable information has already been accumulated
for usein revising the genus Pinus. | n this paper some ad-
ditional information o a chemical character is presented,
in hopesthat it also may be useful for a better understan-
ding 0 relationships of pines. This information deals with
the chemical composition d pine turpentines.

In his studies o the chemical composition of pine tur-
pentines, the writer has not found any sharp distinction in
the compositiond turpentines o the two sub-genera; some
compounds (saturated hydrocarbons, terpenes, and sesqui-
terpenes) are found in both. Chemical aspects o the Ha-

ploxylon pines have been already discussed elsewhere (22).

It suffices to say here that the sub-genus Haploxylon
seems to be linked with the sub-genus Diploxylon, through
the group consisting d Pinus cembroides and related (pi-
non) pines and through the group d saturated-hydrocar-
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bon pines (22). The chemical composition d turpentines o
these two groups has much in common with the turpentine
composition o the Diploxylon group Macrocarpae.

Systematic analysis d turpentines d pines has not yet
been finished: some twelve speciesare still to be examined.
But it appears that, even now, certain conclusions can be
reached. The available results o chemical analyses d tur-
pentines suggest some changes in Suaw’s classification.
These changes are incorporated in Table 1. The species are
numbered from 20 to 66 according to their arrangement in
Suaw’s ,,Genus Pinus“. Thus, the numbers that are out of
order designate species which have been rearranged.

It appears that such polymorphic species as Pinus sylve-
stris, P. ponderosa, P. montezumae, P. pseudostrobus, can
no longer be considered simply as species. Rather, these are
complexes, each embracing several recognized and not-yet-
recognized varieties which differ one from another mor-
phologically and chemically. Pinus ponderosa d Suaw's
system includes several pines which, in reality, are mor-
phologically and chemically different. These varieties: P.
jeffreyi, P. apacheca, P. engelmanni are considered in this
paper, as valid species. P. ponderosa itself is composed of
several chemically different forms. Chemical and morpho-
logical analysis o ponderosa pine, now in progress, Seems
to indicate that the varieties from South Dakota, Arizona,
or Utah are so different that it is not wise to lump them
together under a single variety scopulorum, or, as SHaw
did, to deprive them d even that much independence.

SHaw’s Pinus montezumae has been divided by MarTiNEZ
(16) into 5 species and 8 varieties and forms, i. e. into
13 morphologically recognizable entities. Opinions o bo-
tanists may differ from those d MarTiNez, but a field ac-
quaintance with the montezumae complex would convince
anybody that P. michoacana or P. rudis, for instance, are
truly different pines, and that they cannot be considered
as mere formsd P. montezumae.

Pinus durangensis was placed by Sxaw first with P. mon-
tezumae and later with P. ponderosa. In this paper it is
considered as a specieswhich s, perhaps, closer to P. mon-
tezumae than to P. ponderosa. Pinus cooperi was described
by Branco (3) when SHaw's ,,GenusPinus” had already been
published; it is inserted in Table 1 d this paper near to
the montezumae complex of the group Australes. P. kha-
sya, P. pithyusa and P. taiwanensis each are given in this
paper a specific status because o the chemical characters
of their turpentines. P. pithyusa is considered by Suaw as
a variety of P. halepensis. Presence d A-3-carene in P.
pithyusa and its absence in P. halepensis caused the writer
to put P. pithyusa closer to P. sylvestris than to P. hale-
pensis; that is, to place P. pithyusa not in the group Insig-
nes, but in the group Lariciones. ParajoanNou considers P.
pithyusaSrev. to beasynonym for P. brutia Ten. Hefurther
considers P. brutia and P. halepensis to be different spe-
cies. His grounds for differentiating between the two pines
are not only morphological but also chemical (27a). Cam-
phor is more easily prepared from P. halepensis than from
P. brutia because the turpentine of the former consists al-
most entirely d a-pinene, while the turpentine d the lat-
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CHEMICAL COMPOSITION OF TURPENTINES

IN DIPLOXYLON PINES
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ter (if it is the same species as P. pithyusa) contains a con-
siderable admixture of A-3-carene.

Pinus lumholtzi is moved from group IX, closer to the
group XIII, because it contains a considerable amount of
limonene.

One pine, tentatively identified as ,,P. montezumae from
Chiapas“ but chemically different from the typical P. mon-
tezumae, also was moved to the bottom of the table. The
group Pineae, consisting of one species — P. pinea — was
moved from its place in Suaw’s scheme closer to the group
XIII with which it has a great deal in common. Pinus jeff-
reyi was restored to its original rank of independent spe-
cies from its position under Smaw as merely a variety of
ponderosa pine. At present, most botanists and geneticists
agree that this pine deserves a specific rank. Its chemical
characteristics amply support this idea. On the basis of its
chemical characters, the writer places P. jeffreyi in the
group Macrocarpae. The aldehyde-containing (26) P. lu-
chuensis known to Smaw ,through Mavr’s description and
a single dried specimen® (29, p. 56) and a heptane-contai-
ning pine from Chiapas — which is tagged for the time
being as P. pseudostrobus var. oaxacana also are moved
to the bottom of the table. In PiLGeR’s classification (28), P.
pseudostrobus is grouped with 2 other heptane-containing
pines: P. jeffreyi and P. torreyana. As a whole, these chan-
ges are of a minor character and do not affect very much
the structure of Suaw’s system.

Turning to the chemical composition of the Diploxylon,
the writer arranged the ingredients of the turpentines in
order from the simplest to the most complicated, namely,
the aliphatic hydrocarbons which are sometimes associated
with aliphatic aldehydes; the monocyclic terpenes (chiefly
limonene); the bicyclic terpenes: o-and pf-pinenes, and
A-3-carene; and the sesquiterpenes. Of these components,
the two pinenes (especially, a-pinene) are found in almost
all pines. The exceptions are: P. torreyana, P. sabiniana,
P. jeffreyi, and perhaps P. serotina. Some varieties of P.
ponderosa have very small amounts of a-pinene. Pinus
contorta and its varieties have merely traces of this ter-
pene. f

A sesquiterpene longifolene originally discovered in tur-
pentine of P. roxburghii (formerly known as P. longifolia)
has been found during the life of this project in several
other pines; it would seem to be the most common sesqui-
terpene of the Diploxylon pines. Sesquiterpenes are evenly
distributed among the different groups of pines. In some
species they are completely lacking.

When Table 1 is considered as a whole, it is evident that
Suaw’s classification, slightly modified, reveals certain
chemical tendencies.

The group Macrocarpae, together with P. jeffreyi, forms
a chemical group of pines possessing aliphatic hydrocar-
bons and in some cases aliphatic aldehydes. Monocyclic
terpenes occur in some pines of this group in large quan-
tities, but bicyclic terpenes are either completely lacking
or (in one species) are subordinate. This group is composed
of pines that are endemic. All four of them are restricted
to the geographical region of California (which extends
somewhat into the northern part of Lower California, sou-
thern Oregon, and western Nevada).

Adjacent to the aliphatic hydrocarbon pines, are found
pines containing predominantly monocyclic terpenes — 1i-
monene (mostly) and phellandrene (rarely). Report on the
Pacific coast P. ponderosa (11) containing 25 percent of li-
monene proved to be erroneous. This pine contains only 2
or 3 percent of this terpene. Suaw’s groups Lariciones, Au-

strales, and Insignes remain almost intact. Only positions
of some pines within a group were changed. At the top the
group Australes there appears a bicyclic terpene, 4-3-ca-
rene. This terpene occurs also in several Lariciones pines
and in P. roxburghi of the group Longifoliaze, but not in
any Insignes pines.

Although some 12 pines are yet to be investigated, it is
almost certain that most of them will remain in the classi-
fication where Suaw put them.

There are several discrepancies in revision of Suaw’s
classification of pines as proposed by DurriELD (5), and as
suggested by the present writer. In view of our not yet
thorough understanding of the polymorphic pine species,
and our not yet complete knowledge of the genetic and
chemical relationships of pines, it is not surprising that
there are some discrepancies. The surprising fact is how
little disagreement there is between the results of DurrieLD’s
genetic approach and the author’s chemical approach in
their attempts to contribute to the revision of the Genus
Pinus.

Zusammenfassung

Die einzelnen Kiefernarten des Subgenus Diploxylon
werden auf die unterschiedliche Zusammensetzung ihrer
Terpentine hin untersucht und danach in einem System
angeordnet. Dieses System stimmt in groBien Ziigen mit
dem von Suaw iiberein. In Tabelle 1 sind die Spezies ent-
sprechend dem System von Suaw von 20 bis 66 numeriert.
Die hierbei nicht in der Reihenfolge stehenden Zahlen zei-
gen die durch die vorliegenden chemischen Untersuchungen
begriindeten Anderungen an. Die Anordnung weicht in
einigen Punkten von der von DurrieLp auf Grund von ge-
netischen Analysen vorgeschlagenen ab, was mit den gene-
tisch wie chemisch zum Teil noch unvollstédndigen Unter-
suchungen erklart wird.
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(Aus dem Institut fiir Forstsamenkunde und Pflanzenziichtung, Miinchen)

Untersuchungen
iiber den Ablauf der Meiosis bei Pseudotsuga taxifolia Britton

(Vorléufige Mitteilung)

Von URsuLA ZENKE

(Eingegangen am 1. 3. 1953)

Die vorliegenden Beobachtungen wurden an Pollenmut-
terzellen in verschiedenen Entwicklungsstadien durchge-
fiihrt. Es handelt sich dabei noch nicht um vollstindige
und endgiiltige Untersuchungsergebnisse, sondera um vor-
ldufige Befunde an einzelnen Meiose-Stadien, die ihrer
Anschaulichkeit wegen beschrieben und mit Mikrophoto-
graphien belegt werden sollen. Unsere Untersuchungen
werden fortgesetzt, und es ist beabsichtigt, sie in einer
spateren Gesamtabhandlung iiber die Zytologie der Dou-
glasie ausfiihrlich zu diskutieren.

Als Untersuchungsmaterial wurden ménnliche Bliten-
knospen von Pseudotsuga taxifolia var. viridis verwandt,
die von B&dumen aus dem Versuchsgarten Grafrath der
Forstlichen Forschungsanstalt Miinchen gewonnen worden
sind. Fixierung und Farbung geschahen in allen Fillen
nach der Karminessigsduremethode. Bei der Priparather-
stellung wurde die hierbei iibliche Quetschtechnik ange-
wandt. Als giinstigster Zeitpunkt fiir die Fixierung erwies

Abb. 1—2. — Vergr. 720<.
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sich unter den hiesigen Klimaverhiltnissen die zweite
Hilfte des Monats Januar.

Die Pollenmutterzellen 16sen sich bereits in frithen Ent-
wicklungsstadien (mit Ruhekernen) aus dem Archespor-
verband heraus. Sie sind zunichst noch nicht ganz abge-
rundet, sondern zeigen oft noch eckige Konturen. Die Zelle
auf Abbildung 1 befindet sich schon frei in der Antheren-
fliissigkeit. Der noch ruhende Kern hat durch Wasserauf-
nahme hier bereits an Umfang zugenommen. Der von
granaartig gefirbtem Chromatin erfiillte Kernraum setzt
sich noch deutlich gegen das librige Zellplasma ab. Im Ver-
laufe der weiteren Auflockerung der Kernstruktur treten
dann zwischen den Grana feine Faden auf, d. h. Hetero-
chromatin und Euchromatin werden unterscheidbar. Der-
artige Stadien stellen einen Ubergang zur nichsten Phase
dar. In Abbildung 2 wird die zarte Fadenstruktur, die das
Leptotén charakterisiert, deutlich.

Die Abbildungen 3—4 zeigen bereits Zellen im Zygotén.
Die typische Anndherung der homologen Chromosomenfa-
den und der noch in einzelnen Abschnitten parallele Ver-
lauf ist an verschiedenen Stellen gut verfolgbar (siehe ).
Im Beispiel der Abbildung 3 sind die Chromosomen A A
(offenbar die SAT-Chromosomen) in ihrem mittleren Ab-
schnitt schon gepaart und erscheinen daher dort als ein-
ziger Faden (siehe +).

In ihrer ganzen Linge gepaarte, dicker und einheitlich
erscheinende Faden, wie sie das Pachytén charakterisieren,
gibt die Abbildung 5 wieder. An einigen wenigen Stellen,
an denen zwei parallel gelagerte Chromomeren sichtbar
werden, tritt ihre Doppelnatur zu Tage (siehe 7).

Der weitere Verlauf, ndmlich die nun wieder erfolgende
Trennung der gepaarten Homologen, wird an verschiede-
nen Stellen der Abbildung 6 ersichtlich. Dort lassen sich
auch bereits einzelne Chromosomenenden (siehe ) und




