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Introduction 

Sexual polymorphism has been well studied in the Genus 
Populus, notably in the Sections Lewce DUBY and Aigeiros 
DUBY. In  these sections all the species studied generally 
conform to the principle of dioecism, but varying propor- 
tions of individuals deviate from this principle by being 
bisexual (see the reviews of LESTER, 1963 and MELCHIOR, 
1967). By contrast, comparatively little is known about 
sexual polymorphism in section Tacamahaca SPACH. in ge- 
neral (SAUER, 1954) or the Black cottonwood, Populus tricho- 
carpa T. & G. ex HOOK, in particular. 

This paper describes a study of sex expression in Black 
cottonwood made during the period 1964 to 68. Its object 
was to find out, using a small number of individuals, 
whether there exists variation in Sex expression within an 
individual tree during the Same or different years. This in- 
formation would help in the design of sampling schemes 
for subsequent studies of natural populations. An additional 
object was to gain information that might have a bearing 
on the mechanisms of Sex differentiation and their possible 
control. In our program on experimental induction of 
haploid parthenogenesis in Black cottonwood (STETTLER and 
BAWA, 1971) we anticipate the possibility that all par- 
thenogenotes will be of the Same Sex. This would, of Course, 
limit their usefulness in any breeding scheme. To this end, 
information on possible ways of manipulating Sex dif- 
ferentiation would be desirable. Even for more general 
breeding programs with poplars, directed manipulation of 
Sex differentiation would be a valuable tool to the breeder 
whenever he wants gene exchange between and within in- 
dividual~ 9r clones of the Same Sex. 

Materials and Methods 

In the winter of 1963164 a sample of four female and 
four male trees were selected. They were (a) apparently 
healthy; (b) with a well developed crown carrying ample 
flower buds; (C) accessible with a ladder truck; (d) located 
closely enough to permit periodic inspection and intensive 
follow-up studies if necessary; and (e) seemingly safe from 
man and other agents inimical to long-term investigations. 
Six trees were found on the University of Washington 
Campus, two in a University Forest near Enumclaw, King 
County, Washington. Their age was estimated to range 
from 15 to 25 years. Whereas six of the eight trees were 
pure Populus trichocarpa T. & G. ex HOOK it became ap- 
parent in the spring of 1964 that two trees (FG 2, FG 5) 
contained also germ plasm of another poplar species. Ac- 
cording to several fruit and leaf characters (capsule shape 
and surface, leaf shape, margin, and undersurface, petiole 
cross-section) they were considered as F, hybrids or ad- 
vanced-generation recombinants between P. trichocarpa 
and P. deltoides BARTR. Because these two trees showed 
much deviation in Sex expression they were nevertheless 
retained as sample trees. Unfortunately, one of them (FG 5) 
was cut after two years of study. 

On each tree, four to six branches were chosen and 
designated as permanent sample branches at  different po- 
sitions on the vertical axis of the crown. In the five con- 
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secutive springs of 1964-68, female catkins were collected, 
if possible at  peak receptivity, and male catkins were col- 
lected immediately prior to anther dehiscence. However, 
due to phenological variation within a tree and between 
yearq many catkins had to be collected at  earlier or later 
stages. In 1966, tree FG 101 had shed most of its catkins at 
collection time and was therefore excluded from that 
year's sampling. Catkins were carefully removed from the 
branch, placed in polyethylene bags and stored at  -20° C. 
On most branches, a sample of 40-100 catkins was taken, 
on a few branches the entire crop was collected. To mini- 
mize damage to the tree most of the collection was done 
from a ladder truck. 

The catkins were inspected during summer and fall, 
being taken from the freezer in small lots and thawed. 
Initially, we compared inspction by the naked eye with 
that under the dissection microscope. The agreement was 
good and we decided to examine four out of five catkins 
by naked eye while the fifth, as well as any catkins show- 
ing abnormalities, was inspected under the microscope. 
Those catkins inspected under the microscope were dissect- 
ed, flower by flower, each flower classified and recorded as 
to its position on the axis. For the anatomical study of floral 
primordia in tree FG 2, we collected the buds, removed the 
bud scales and most bract primordia and fixed the material 
in Formalin-Propiono-Alcohol (JOHANSEN, 1940) for at  least 
24 hours. After dehydration in tertiary butyl alcohol the 
primordia were infiltrated with paraffin, sectioned a t  lOp 
and stained with Safranin 0 and Fast Green according to 
the method of JOHANSEN (1940). 

Results 

Morphological und anatomical observations 

In all five years, the four male trees produced normal 
staminate catkins that agreed with the descriptions of 
BRAYSHAW (1965) and HITCHCOCK et al. (1955) and conformed 
with the principle of dioecism in poplars. Since this ma- 
terial contributed little to our understanding of the factors 
governing Sex expression in Black cottonwood, any de- 
tailed descriptions are omitted irom further discussion. 

By contrast, three of the four female trees showed various 
degrees of departure from dioecism. In Black cottonwood, 
the normal pistillate catkin carries an average of 30 to 60 
and occasionally more than 100 pistillate flowers, the mean 
number varying significantly among different trees (STETT- 
LER and BAWA, 1971). The flowers are spirally arranged on 
the catkin axis, each subtended by a laciniate bract and 
each carrying a subglobose to broadly ovate pistil inside a 
perianth cup (FISHER, 1928; BRAYSHAW. 1965). The abnormal 
catkins found on four female sample trees had one to 
several hermaphroditic andlor staminate flowers among 
a majority of pistillate flowers. No entirely staminate cat- 
kins were found on these three female trees. The various 
types of abnormal flowers are illustrated in Figs. 1 und 2. 

Hermaphroditic flowers appeared in several forms. Some 
had antheroid stmctures attached to the inside of the cup 
(Figs. la,  2c), or to the carpel wall, termed "Rucksack" 
anthers (SEITZ, 1953) (Fig. 1 b). Others had a single antheroid 
subtended by a broad, laminar structure emerging from 
between the carpel base and the cup (Fig. Ic). These 
antheroids had one to three poorly developed, often twisted, 










