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Introduction 

With few exceptions (e. g. Pinus resinosa; FOWLER, 1962), 
self-pollination in igymnosperms results in inbreelding de- 
pressions. This can lbring albout a reduction in sleed set, ger- 
mination capacity and vigor, ldefor~meid growth, retarded 
flowering an'd varying degrees of allbinism. However, the 
production of even a few viable seeds demonstrates that 
self-incomplatilbility is not completely established in the 
group, and several species of conifers include relatively 
self-compatible individuals (see BINGHAM anld SQUILLACE, 
1955). A common feature is the great variation in self- 
compatibility among individuals of a species, e. g. Picea 
abies (ANDERSSON, 1947 ja, b). 

Among spruce species, self-pollination, in comparison 
with out-crossings, resulted in ~depression in one or more 
of the following characters: cone and seed production, seeld 
germination capacity, seedling vigor, anld mortality (Picea 
abies [SYLVEN, 1910; LANGLET, 1940; ANDERSSON, 1947 a, b;  
Wnrctrr, 1955; KLAEHN and WHEELER, 1961; and DIECKERT, 
1964 a, b], Picea pungens [CRAM, 1957; CRAM, LINDQUIST and 
MAILTIN, 19601, Picea asperata, Picea engelmannii, an~d Picea 
montigena [WRIGIIT, 19551). There was a slight increase in 
the number of seeds per cone in selikd Picea glauca and 
Picea omorika (WRIGHT, 1955), anld LANGNER (1959) reported 
improved seed viability in selfeld Picea omorika, but in- 
brecding depressions were observed when the resulting 
seedlings were one or two years old. 

In comparison with the (extensive research on incom- 
patibility system~s in angiosperms, there have been re- 
latively few ldetaileld studies of the causes of self-incom- 
patibility and inbreelding 'depression in gymnosperms. The 
occurrence of empty seed has frequently been taken as an 
index of incompatibility, lbut SARVAS (1962) showeld that in 
pine the percentage of empty seod varies with the abun- 
dance of pollen, so that the number of empty seod is not 
necessarily correlatod with the number of aborted embryos. 
He useld sleed size classes as an index of the time when 
embryo failure occlurred, either before fertiliz~ation, at 
fertilization, during the rosette stage, or later in emibryo 
development. 

An alternative method of detarmining the time of break- 
down is bhe radiolgraphic technique, which has been ueed 
for Picea abies and Picea glauca (EHRENBERG, GUSTAFSSON, 
FORSHELL and SIMAK, 1955; MÜLLER-OLSEN, SIMAK and GUSTAFS- 
SON, 1956; and KLAEHN and WHEELER, 1961). The different tis- 
sues within tihe seed abso~b  X-rays to varying degrees and 
it is possible to recognize on the radiograph the stages of 
embryo and endosperm development. 
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Possibly the most accurate method in identifying the 
stage at which failure occurs is tihe cytological technique, 
which has lbeen used for Pinus peuce (HAGMAN and MIKKOLA, 
1963) anld Pseudotsuga menziesii (ORR-EWING, 1957). The 
anatomical development of the seed is followed by micros- 
copic examination of material collected at  different stages, 
and, by this method, the stage of breakdown is determineld. 

The evidence obtaineld to ldate indicates that inbreeding 
depression is causeld by tihe accumulation of homozygous 
lethal alleles in the progeny af heterozygous parents. Con- 
clusive proof has not been presented for the stage at which 
incompatibility mechanisms operate, lbut ab~solute self-in- 
compatibility is absent in many conife~roiuis species. Ther? 
appear to be few b~arriers to self-pollination or sellf-ferti- 
lization; failure occurs tat the early emlbryo stage, presum- 
ably due to physiological incompatibility between embryo 
and gametophyte tissue. 

The present study was initiated to examine the pattern 
09 embryo devdopment in self- and open-pollinated white 
spruce, Picea glauca (MOENCH) VOSS.; to detelrmine the stage 
at which incompatibility becomes apparent; antd to investi- 
gate the interaction of known (genotypes with specific 
environments in the control of development of resulting 
seedlings. Genotypic variation was ensureld by the use of 
self- and open-pollinated materials fram several parent 
trees, together with seedlings produced from controlleul 
inter-specific hybridization. 

Methods 

Controlled polliroation 

Ten trees having slufficient male ancd female flower buds 
for wind anid self-pollinations were selectleld in each of two 
separate plantations of Picea glauca in south central Con- 
necticut. 

During the first week of May, 1961, pollen was collected 
from the male flowers in lboth stands and stored at 6O C 
in desiccators. Female flowers were enclosed in Kraft paper 
bags, and they were hand-pollinated with a camel's hair 
brush; pollination was hamperod by unseasonably wet anid 
coltd weather, and for this reason four of tihe trees in Stanld 
2 were probably unsatisfactorily pollinated. 

Three trees in Stan~d 1 and one tree in Stanld 2 were 
selected for cross-pollination in alddition to self- and wind- 
pollination. To increase the heterogeneity of genetic ma- 
terial available for testing, the following inter-specific cros- 
sec were al~so attempted, using treles grolwing in bhe Y a k  
Brett Pinetlum at Fairfield, Connecticut: 

Picea glauca X Picea asperata MAST. (+ reciprocal); 
Picea glauca X Picea ~r ient~al i s  (L.) LINK (4- reciprocal); 
Picea glauca X Picea smithiana ~BOISS.; Picea asperata X 
Picea orientalis (+ reciprocal); Picea asperata X Picea 
smithiana; and Picea orientalis X Picea smithiana. 

A mixture rof pollen from two male pa,rent trees were 
used in each case with the exception of Picea glauca where 
five trees were used. 














