sources of variation each year which contributed heavily
to among-plot and within-plot errors. The decrease in the
plot error correlation indicates that such sources of variation are more or less random. In addition, the much slower
decline in heritability experienced by the more carefully
handled 1963 Cross material indicates that these sources
of error can be controlled by experimental procedures.
Thus we conclude that selection can be carried out more
effectively under controlled rather than common handling
methods if genotype X handling interaction does not exist.
The breeding population from which the parent trees
were drawn was limited in size and was itself derived
from a very limited number of parent trees. Consequently,
the parents are probably partly related and could be all
half-sibs or even all full-sibs. If so, the additive genetic
variance obtained in these analyses probably underestimates the actual parameter for the population (DICKERSON
1942). Within the conditions of the experiments, our heritability estimates are, therefore, probably conservative for
the population sampled.
Summary

Diallel crosses with reciprocals were made in a native
stand of Pinus strobus L. in Ohio, in two successive years.
An analysis was also made of open-pollinated families
from the Same breeding population. Analyses of tree heights
in each of the resulting incomplete sets of families were
made at ages 1, 2 and 3, prior to field planting. A general

least squares analysis was made for each set of crosses at
each age.
Dominance genetic variance was small but reciprocalmaternal effects were moderately large. Heritability of
height growth decreased with age. Heritability based on
plot means was consistently higher than that based on
individual trees.
Results indicated that the decline in heritability could
be attributed to an increase in environmental variance
rather than an actual reduction in genetic control of
growth. Genetic correlation measured in trees from the
1963 crossing remained fairly constant with increasing age.
The careful experimental technique reduced environmental variation as compared to that expected in fielcl
tests. If no genotype X handling interaction existed, and
if later analysis shows that strong juvenile-mature correlations exist in growth rate, the technique should be useful for juvenile selection of fast-growing families.
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Germination of Uouglas-fir Pollen
By RONGHUI
HO and OSCAR SZIKLAI~)
Introduction

A LLEN and S ZIKLAI (1962) reported that water suspensions
of Pseudotsuga menziesii (Douglas-fir) pollen offered possibilities for obtaining satisfactory seed yields. This Opens
up the potentiality of stimulating the rate of pollen germination and tube elongation by adding nutrients to the
suspensions. However, evidence is scanty on the beneficial effects of nutrients supplied to water suspensions to
give high rates of pollination and fertilization of Douglasfir. Therefore, the types of substances that stimulate pollen germination and elongation of the pollen tube should
be studied, in vitro, for the practical value of recovering
filled seed for Douglas-fir tree improvement programs.
LARUE(1953) put Douglas-fir pollen into a liquid form
solution, but found no germination. ORR-EWING
of WHITE'S
(1956) was the first to determine the viability of Douglasfir pollen by incubating it on an agar medium. C HING and
CHING (1959) introduced 10% sucrose and a series of gibberellic acid concentrations into the agar medium to culture
Douglas-fir pollen and obtained a partial development of
the male gametophyte to the three-celled stage. The
complete development of the male gametophyte of Douglasfir in vitro has not as yet been reported. B ARNER and
I) Graduate student and Professor, respectively, Faculty of Forestry, The University of British Columbia, Vancouver, British
Columbia, Canada. The research was supported by Grant NRC
67-0595, and Forest Genetics Scholarship by British Columbia Forest
Products Limited.

CHRISTIANSEN
(1962) stated, "The actual germination of
Douglas-fir pollen in vitro proved impossible." CHRISTIANSEN
(1969) reported, "Pollen of Larix and Pseudotsuga cannot
be germinated in vitro."
This study utilized a mineral ion solution, a long-term
cultivation period, and methods different from those previously reported, and obtained the complete development
of the male gametophyte of Douglas-fir.
Materials and Methods

Microsporangiate strobili of Douglas-fir were collected
from 4-year-old grafted clones at Caycuse, Vancouver
Island on May 2, 1967, and in 1968 from five trees on the
University of British Columbia Campus. Pollen was extracted from the strobili at room temperature (about 23O C) and
stored in a closed via1 at 0-20 C in the refrigerator.
Instruments were sterilized either with alcohol, then
flamed, or by autoclaving at 15 psi for 20 minutes. In experiments in which boron was studied, all glassware was
first soaked for 12 hours in 3N HCl, rinsed 5 times in
double-distilled water and covered.
A modified cotton blue staining technique (COLE, 1958),
followed by destaining in distilled water, was used to test
for pollen viability. Nuclei were stained by BELLING'S
ironacetocarmin method (J OHANSEN, 1940). Identification of the
separated cells of the male gametophyte was faciliWed
by smears and dehydration.
Stock solutions A and B (Table 2) were adopted from
BREWBAKER and KWACK (1963) and used for viability tests

