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Introduction 

The development on an effective breeding program foi 
a given species depends upon information on the inherit- 
ance mechanisms of its economically important characters, 
particularly the relative importance of additive, dominance 
and epistatic genetic variances (BELLMANN and AHRENS 1965) 
These variances can only be obtained from experiments 
based on controlled crosses with specific mating designs 
(COMSTOCK and ROBINSON 1952). One of these designs, the 
diallel cross, is particularly useful for this purpose when 
a complete evaluation of variance components is desired 
including those due to selfing, maternal, and reciprocal 
effects (COCKERHAM 1963), and when the number of parents 
can be limited as in theoretical studies, as contrasted to a 
program of crossing and progeny testing resulting from 
established seed orchards (HINKELMANN and STERN 1960). In 
a complete diallel, a set of p parents is crossed in all com- 
binations, leading to p2 progenies, but the selfs and re- 
ciprocals may be omitted (GRIFFING 1956). In a reduced cross 
of this kind efficient estimates of heritability and degree of 
dominance can be obtained from 8-10 parents (PEDERSON 

1971). 
This paper reports results from a complete 7 X 7 diallel 

in black spruce, one of the most common species in the 
boreal forests of North America, which is utilized and re- 
generated on a large scale. Variance components are given 
for all sources of variation, phenotypic and genetic corre- 
lations and heritabilities are calculated, and breeding im- 
plications discussed. 

Materials and Methods 

In May 1970 seven 16-year-old trees in a Petawawa plan- 
tation from the Lake Simcoe-Rideau Region in Ontario 
(HILLS 1959) were crossed in all combinations using standard 
methods. Little insect damage occurred and all cones were 
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harvested in September 1970. Seed set was low in the 
selfings but some full seed was obtained from all 49 com- 
binations; the average was 13 seeds per cone and the range 
1-44 seeds. 

Following stratification of the seed for three weeks, a 
greenhouse experiment was established in March 1971. The 
randomized block design consisted generally of 10 "Nippon" 
paper pots per plot, 6 replications, and 2 environments; 
about one-tenth of the plots in the last replications of each 
environment were not sown because of insufficient seed. 
The greenhouses were illuminated for 16 or 18 hours, 
respectively, and kept a t  temperatures ranging from 
18-30'C. Forty-eight of the 49 seedlots germinated and 
mortality was light. After three months the seedlings were 
established in a nursery experiment with 12-tree plots in 
2 rows, 5 replications in randomized blocks, and 2 environ- 
ments with only minor differences in soil. This experiment 
was terminated in the fall of 1972. 

In the greenhouse experiment, the cumulative number 
of germinated seedlings was counted every second day 
from the 8th to the 18th and again on the 21st day after 
sowing and expressed as the germination rate index (BART- 
LETT 1937). The germination percentage calculated from the 
number of seeds sown and germinated until the 21st day 
was transformed by arcsin (STEEL and TORRIE 1960). The 
number of cotyledons of the first five seedlings in each 
plot was counted when germination was complete. The 
height of all seedlings in each plot was measured at  the 
end of their greenhouse growth period. In the nursery ex- 
periment, height and survival of the seedlings were re- 
corded in September 1972. 

Plot means of the six measured characters were then 
analysed using the least-squares method by means of the 
computer program prepared by SCHAFFER and USANIS (1969). 
Sources of variation and degrees of freedom are given in 
Table 1. Because of insufficient seed and mortality, 56 plots 
were missing in the greenhouse experiment and 44 in the 
nursery experiment. The computer program provided for 
automatic calculation of missing-plot vaiues and subtrac- 
tion of degrees of freedom. 

Table 1 .  - Sources of variation and degrees of freedom in the analyses of variance') 

Source Degrees of f reedoml) 
Description Abbreviation Derivation2) Greenhouse expt. Nursery expt. 

Environment 
Replication 
General combining ability 
Selfing 
Specific combining ability 
Maternal effect 
Reciprocal effect 
Gen. comb. ab. X Env. 
Error 
Total 

ENV 
REP 
GCA 
SELF 
SC A 
MAT 
REC 
GE 
ERR 

I )  Degrees of freedom for SELF, REC and ERR reduced by missing plots and complete absence of certain families. 
2) e, r, and p refer to number of environments, replications and parents, respectively. 
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