
highly related. The coefficients of relationship in the two 
stands investigateld by them were estimated to be 0.23 and 
0.30, i.e., equivalent to half-sibs. Inbreeding is almost uni- 
versally harmful. One of its consequences is the increase 
in homozygosity with greater accumulation of recessive al- 
leles which tend to b'e deleterious (FALCONER 1960, CROW 
1948). Crossing between unrelated provenances will produce 
progenies in which many of the deleterious genes would be 
rendered ineffective by dominant allelels from one parent 
provenance and would result in improved hybrid per- 
formance. The results of this study support the suggestion 
that a substantial portion of the improved growth of pro- 
genies from the seed orchard over progenies of wind-pol- 
linated seed from natural stands may result from reduced 
inbreeding rather than genetic superiority of the parents 
(COLES and FOWLER 1976). 

The greater height growth of provenance hybrids of white 
spruce compared with treeis grown from seed from a gener- 
al collection in the local stand appears to be much higher 
than has been found for a number of other conifers (NILS- 
SON 1973, WOESSNER 1972, REHFELDT 1976, ORR-EWING 1966). 
Crosses in most studies of other conifers, however, involved 
parent provenances from a much wider geographic area 
than in this one. As a result of some earlier studies in 
maize, it is widely believed that heterosis increases with 
increased genetic divergence uf parent populations. More 
recent studies, however, have shown that heterosis increases 
with increased genetic diversity within a rather limited 
range of divergence and decreases beyond that (MOLL et al. 
1965). All the provenances involved in this study are from 
a relatively limited geo~graphic range, but even within this 
limited range the growth of the widest crosses was rela- 
tively poor (Figure 1). Crosses between extremely distant 
provenances may cause genic imbalance in the hybrid 
populations and may not be beneficial (FALCONER 1960). 

Results of this study indicate that substantial improve- 
m n t  in height growth can be achieved by a reduction of 

inbreeding combined with selection. This could be achieved 
rapidly through combined progeny-provenance tests and 
sedling seed orchards developed on a regional basis, e.g. the 
ecological regions described by HILLS (1961). Only the trees 
of the best families from the best stands would be retained 
to cross with each other for final seed production. 
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Summary 
Height growth and DBH of 20-year-old trees from 14 seed 

sourceis of Do~uglas-fir were assessed and analyzed in 10 
outplanting areas located on the west side of the Cascade 
Range in the Pacific Northwest. Differences in traits meas- 
ured from trees of various provenances were statistically 
significant at P < 0.01. The analysis indicated a significant 
interaction between seed sources and the outplanting loca- 
tions. Almost all of this interaction is because of prove- 
nance G, originated from Shelton, Washington. Future 

1) Dr. HINZ is on leave from the Department of Statistics, IOWa 
State University, Ames. This is Paper 1282, For. Res. Lab., Oregon 
State Univ., Corvallis. 

research of similar genetic studies should be designed to 
separate the experimental and genetic influences among 
provenances. 
Key words: Douglas-fir, provenance, genotype-environment inter- 

action. 

Zusammenfassung 
Höhenwachstum und Brusthöhendurchmes~ser von 20 Jah- 

re alten Douglasien, die 14 verschiedene Herkünfte reprä- 
sentieren, wurden auf zehn Versuchsflächen auf der West- 
seite der Kaskaden im Pazifischen Nordwesten erhoben 
und ausgewertet. Unterschiede zwischen den untersuchten 
Eigenschaften der Bäume der verschiedenen Provenienzen 
waren statistisch hoch signifikant mit P < 0.01. Die Analyse 
machte eine signifika~te Interaktion zwischen Herkünf- 
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