déterminer si et dans quelle mesure plusieurs caracteres
d'aiguilles et de bourgeons sont héréditaires. Ces caracteres
étaient: la longueur des aiguilles, le volume des fascicules
d'aiguilles, la longueur de la gaine, la «divergence» des ai-
guilles, le nombre d'aiguilles par fascicule, et la longueur
de lécaille du bourgeon. Les trois analyses statistiques
suivantes ont été effectuées: variance des clones et des
ramets, variance des descendances, et corrélations parent-
descendant. Tous ces caracteres, excepté le nombre d’ai-
guilles par fascicule, se sont révélés fortement contrdlés
par le génotype; le contréle génétique du dernier caractére,
bien que significatif dans une des analyses, est relative-
ment faible.

Zusammenfassung

Titel der Arbeit: Uber die Vererbung von Nadel- und
Knospenmerkmalen bei Pinus elliottii.

15jahrige Kiefern aus Klonplantagen und Nachkommen-
schaftsanbauten wurden untersucht, um festzustellen, ob
und in welchem Umfang einige Nadel- und Knospenmerk-
male vererbt werden. Untersucht wurden die Nadellange,
GrofRe des Nadelbindels, Lange der Faszikelscheide, die

Nadel -, Divergenz", die Anzahl der Nadeln je Bindel und
die Lange der Knospenschuppen. Drei statistische Analysen
wurden angewandt: Die Varianzen der Klone und Klon-
glieder wurden analysiert, ebenso die Varianzen der Nach-
kommenschaften und die Eltern-Nachkommenschafts-Kor-
relationen bestimmt. Alle Merkmal e, ausgenommen die Na-
delzahl je Bundel, wurden durch den Genotyp stark kon-
trolliert; die genetische V erankerung der Nadelzahl je Bin-
del war mit einer Ausnahme nur relativ schwach.
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Inheritanced Yellow Oleoresin and Virescent Foliagein Slash Pine

By Joun F. Kraus and A. E. SquiLLACEY)

(Received for publication November 26, 1963)

Simply inherited, qualitative traits, although often not
of economic importance, can be valuable aids in studies
o reproductive systems, cytogenetical analyses, population
studies, and others. Such "gene markers" have been used
extensively in animal and crop plant genetics, and results
o these studies have been basic to breeding work. In for-
est trees, where life spans are relatively long. qualitative
traits are especially useful when their expression occurs
early in thelife of the plant.

Theoccurrenced twosuch characters inslash pine(Pinus
elliottii ENcELM.) are described in this report. One o these
is yellow oleoresin, and the other is a type o chlorophyll
deficiency, "virescent foliage". They were found incidental-
ly in a program designed to breed for high oleoresin yield
(MitcneLe et al., 1942). A third qualitative character oc-
curring in slash pine, albinism, was reported upon earlier
(SquiLLace and KRraus, 1963).

Yellow Oleoresin

Normal slash pines yield an oleoresin that is transparent
and colorless when fresh. Occasionally deviants from this
type have been found. One, identified as tree 29, yields a
golden yellow oleoresin. Analysis o the turpentine frac-
tion of this oleoresin by gas chromatography has revealed
no difference in chemical composition which would account
for the unusual color. However, the f-phellandrene con-
tent was unusually high, 405 percent in contrast to 7 per-
cent or less in commercial turpentine reported by FisHEr
et al. (1957). Turpentine yield as a percent of the oleoresin
weight was relatively low, 15 percent, compared with the
normal yield d about 2 percent given by Mirov (1961)2).

) Research Foresters, stationed at the Naval Stores and Timber

Production Laboratory, Southeastern Forest Experiment Station,
Forest Service, U. S. Department of Agriculture, Olustee, Florida.

114

Crosses were made in the spring o 1960 (table 1). At the
time of cone collection, cones pollinated by windborne pol-
len also were collected. Seed were extracted, and wings
removed. Sound and unsound seed were separated in an
air column seed separator. Seed were sown in the spring
o 1962 in row plots randomized and replicated three times.

In November 1962 a narrow strip of bark and wood ap-
proximately 1 inch long was cut from the stem of each
seedling. Within 2 hours enough oleoresin had exuded from
the wounded surface to permit discrimination of oleoresin
color.

Table 1. — Results of crosses on slash pine 29 producing yellow

oleoresin.
: Seedlings producin Total seedlings
Mating yellov% o?eoresin 9 examined °
Number
202X 20 15
29 X 1960 mix?) 0 271
2 X wind 1 140

1) The "1990 mix“ consisted of equal volumes of pollen from
21 trees.

All o the selfed seedlings produced yellow oleoresin.
All o those from outcrosses produced normal colorless
oleoresin (table 1). One seedling among the wind-pollinated
progeny produced yellow oleoresin. This probably result-
ed from natural self-pollination.

These results indicate that tree 2 is homozygous for a
recessive gene or genes governing production o yellow
oleoresin. Further breeding by selfing or crossing trees

2) Thanks are due Mr. Goroon S. Fisher of the U.S. D. A. Agri-
cultural Research Service, Naval Stores Laboratory, Olustee,
Florida, for his analysis and interpretation of the oleoresin com-
position.



heterozygous for this trait would be necessary to determine
the number of genes involved.

Virescent Foliage

Chlorophyll deficiencies of various types have been de-
scribed for a large number of plant species. Included are
Scotch pine (P. sylvestris L.) (Eicur, 1955); eastern white
pine (P. strobus L.) (Jounson, 1945); and Austrian pine (P.
nigra var. austriaca [Hoess] AscHers. and GRAEBN.) (JOHNSON,
1948).

Three chlorophyll-deficient trees were located in a 17-
year-old plantation of slash pine progenies being tested for
oleoresin yield. All are from the wind-pollinated progeny
of the same mother tree. One of them has been described
previously (Downs, 1949). The trees are similar in type,
but they differ in the intensity of their chlorophyll defi-
ciency. They exhibit the trait most strongly during dry
summers. Tree 193 is the most deficient; its new needles
each year show an alternating pattern of bright yellow and
green. At the other extreme, tree 194 exhibits its deficient
character only during the driest summers, and then the
bright yellow is restricted to the basal one-fourth of the
new needles. In late fall all three trees develop a normal
green color. The needles do not show the trait during their
second year. This type of chlorophyll deficiency is prob-
ably best classified as viridoalbina (Gustarsson, 1942), or
in the terminology of maize genetics as a virescent (DemEe-
REC, 1935).

Controlled pollinations were made on two of the vires-
cent phenotypes, 193 and 194, in 1959 and 1960 (table 2).
Cone collection and subsequent procedures were as pre-
viously described.

Chlorophyll-deficient seedlings were detected 4 weeks
after sowing. The cotyledons were normally pigmented,
but the cluster of primary needles appeared yellow in the
center of the cotyledons. As the primary needles developed,
the seedlings gradually assumed a normal green color. A
similar sequence of development by chlorophyll-deficient
seedlings has been reported for Austrian pine (JoHNsON,
1948).

Results show that the trait is heritable (table 2). Both
parents produced a large proportion of virescent seedlings
when selfed or when mated to each other, and they pro-
duced none or few when outcrossed. The data clearly in-
dicate the heritable nature of the trait, but some latitude is
possible in interpretation. If we accept the low frequency
of virescents in the outcross progenies as indicating that
trees 193 and 194 are homozygous recessive for one or
more genes regulating chlorophyll development, then the
normal seedlings among the selfed progenies require ex-

Table 2. — Results of crosses on two slash pines exhibiting vires-
cent foliage.

. Virescent Total seedli
Mating séedﬁﬁgs exafnfnezings
Number
193 X 193 20 27
193 X 1960 mix!) 0 60
193 X wind 5 49
193 X 194?) 10 11
194 X 194 32 41

194 X 1960 mix 2 81

) The “1960 mix"” consisted of equal volumes of pollen from
21 trees.

?) Cross made in 1959; all other crosses made in 1960.

planation. These could be the result of contamination by
outcross pollen or of classification errors at the time the
seedlings were examined. Soil moisture conditions seem to
exercise some control over the phenotypic expression of
the trait in larger trees, and variations in microclimatic
conditions in the nursery possibly could have caused clas-
sification errors.

Because the existing data are subject to such diverse
explanations, all involving questionable assumptions, it
seems reasonable at this time to state only that a heritable
chlorophyll deficiency exists in slash pine. We must wait
for the results of further breeding to clarify the mode of
inheritance.

Discussion

The potential usefulness of these aberrant genotypes lies
in the ease of identification at an early age and in the
manner of difference physiologically and biochemically
from normal seedlings. The yellow oleoresin genotype
seems to possess characteristics useful in studies of the
biosynthesis and transport of oleoresin. Chlorophyll-defi-
cient mutants in other crops have found extensive use in
studies of plastid development (Gusrarsson, 1942), mutation
rates (EicHe, 1955), and pollination studies (Cuvany, 1958),
to mention only a few.

Presently being considered is the inclusion of yellow
oleoresin, virescent foliage, and albino carrier genotypes
in slash pine seed orchards of clones selected for economic
traits. The frequency of aberrant seedlings produced under
these conditions should provide valuable information on
the occurrence of selfing in the orchards. Clones containing
marker traits could be rogued at a relatively early age in
the life of the orchard to prevent contamination.

Summary

A single slash pine tree known to produce yellow oleo-
resin was selfed and outcrossed. All of the selfed seedlings
produced yellow oleoresin, but none of the outcrossed ones
did. The trait was carried as a homozygous recessive, but
the number of genes involved has yet to be determined.
Two other slash pines with virescent foliage were selfed,
outcrossed, and crossed with one another. The seedlings
produced showed the heritable nature of the chlorophyll
deficiency, but clarification of the mode of inheritance will
require further breeding. The potential usefulness of these
aberrant genotypes in forest genetics and physiology is
discussed.

Résumé

Titre de l'article: Hérédité du caractére résine jaune et
feuillage panaché chez Pinus elliottii.

Un individu de Pinus elliottii connu pour produire une
résine jaune fut autofécondé et soumis a des croisements
controlés. Tous les semis autofécondés ont produit une
résine jaune, par contre aucun des semis résultant des
croisements controlés. Ce caractére est transmis comme
homozygote récessif, mais le nombre de génes qui le com-
mande doit encore étre déterminé. Deux autres pins avec
feuillage panaché furent autofécondés, soumis a croise-
ments contrdlés et croisés entre eux. Les semis produits
ont montré le caractére héréditaire de la déficience chro-
lophyllienne, mais I'’explication du mode d’hérédité deman-
de de nouvelles recherches. On discute les possibilités d’-
utilisation de tels génotypes aberrants en génétique et
physiologie forestiére.
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Zusammenfassung

Titel der Arbeit: Uber die Vererbung von gelbem Oleo-
resin und vireszenter Benadelung bei Pinus elliottii.

Eine einzelne Kiefer, von der die Bildung gelben Oleo-
resins bekannt war, wurde geselbstet und zu Kreuzungen
verwendet. Alle Selbstungssidmlinge produzierten eben-
falls gelbes Oleoresin, doch die Kreuzungen nicht. Das
Merkmal wurde homozygot rezessiv vererbt, die Anzahl
der beteiligten Gene muf3 aber noch festgestellt werden.
Zwei weitere Kiefern dieser Species mit vireszenter Be-
nadelung wurden geselbstet, zu Kreuzungen verwendet
und untereinander gekreuzt. Die erhaltenen Sdmlinge ver-
hielten sich so, wie dies bei der Vererbung von Chloro-
phylldefekten zu sehen ist. Die Kldrung des Vererbungs-
modus erfordert aber noch weitere Ziichtungsschritte. Die
mogliche Ausnutzung dieser aberranten Genotypen in der
Forstgenetik und Physiologie wird diskutiert.
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Sex Ratio and Sex-Related Characteristics in Eastern Cottonwood

By ROBERT E. FARMER, Jr.1)

Southern Forest Experiment Station
Forest Service, U.S. Department of Agriculture

(Received for publication November 21, 1963)

This paper deals with sex ratio and secondary sex char-
acteristics in a Mississippi Valley cottonwood (Populus del-
toides Bartr.) population. Early empirical observations in
natural populations of Populus species (P. tremuloides, P.
tremula, P. deltoides) revealed a preponderance of males
(1, 8, 9). More recently PauLEy and MEeNNEL (7) have reported
a sex ratio of 3:1 (male : female) in a P. tremuloides pop-
ulation, while Einspaur (3) has published data on P. tremu-
loides showing no significant departure from a 1:1 ratio.
Several studies have pointed to the possibility of male
superiority in vigor and form (4, 5, 6). Variance in reported
sex ratios in aspen and lack of data on eastern cottonwood
provided the stimulus for the study described below.

Methods

In August 1962, ten 30-foot-wide transects were estab-
lished in natural, even-aged cottonwood stands in the flood
plain of the Mississippi River between Vicksburg and
Clarksdale, Mississippi. The first 60 dominant and codo-
minant trees intersected by each transect were numbered
from 1 to 60 with white marking paint. In December 1962,
after leaves had fallen, each tree was sexed on the basis
of the external characteristics of its flowerbuds (Fig. 1) as
seen from the ground with 7 X 50 binoculars. Trees were
visited again during flowering in March 1963, when positiva
sex identification was established and the first five males
and first five females on each transect were measured for
age, d. b. h., height, form class, stem straightness, and de-
gree of branching. Specific gravity determinations based
upon large-core (11.3 mm. diameter) samples from each
tree were made on four transects. Two cores were removed

') The author is stationed at the Southern Hardwoods Laboraco-
ry, which is maintained at Stoneville, Mississippi, by the Southern
Forest Experiment Station in cooperation with the Mississippi
Agricultural Experiment Station and the Southern Hardwood
Forest Research Group
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from each tree, and six wood samples were obtained by
taking one 2-cc. section from inner, middle, and outer por-
tions of each core.

‘Results

A total of 551 trees flowered out of the 600 marked; 54
percent of these were males and 46 percent females (table 1).
A chi square test revealed no significant departure from a
1:1 sex ratio on any of the transects or in the pooled
sample. Male trees predominated on 7 out of 10 transects.

Fig. 1. — Twigs of male and female cottonwoods bearing dormant

flowerbuds. Male flowerbuds (right) average 1 inch in length and

typically have a curved shape. Female flowerbuds are smaller aand
similar to leafbuds in external appearance.



