
Additional locations, therefore, are beneficial primarily 
because they provide more precise estimates of clone means. 

Since there was essentially no genotype X environment 
interaction for specific gravity and the estimated genotypic 
response was similar at  each location, it appears that little 
can be gained by measuring specific gravity at more than 
one location. 

Summary 

Among 32 cottonwood clones tested at three locations, the 
genotype X environment component of variance was as 
large as the genotypic component for age 1 height. At later 
ages, i t  was approximately half as large as the genotypic 
component for height and diameter. No such interaction was 
found for specific gravity. Only for age 1 height did the 
genotype X environment interaction cause the average of 
the three individual location estimates of expected geno- 
typic gain to appreciably exceed the estimate from the 
combined analysis. Growth characters were closely cor- 
related. Selecting the best 4 of 32 clones would give pre- 
dicted genotypic gains of 9 percent in height, 21 percent 
in diameter, or 8 percent in specific gravity. 
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Effect of Annual Leader Pruning on Cone Production and Crown 
Uevelopment of Grafted Douglawfir 

(Received August 1 revised September 1973) 

Introduction 

Grafted ramets of Douglas-fir (Pseudotsuga menziesii 
[MIRB.] FRANCO) in Oregon and Washington seed orchards 
commonly grow 2 to 4 feet in height each year. As a result, 
upper crowns of 14- to 16-year-old grafts are already dif- 
ficult to reach and manage. Insect and disease control, con- 
trolled pollination, and operation of overhead irrigation 
systems are difficut. Climbing to collect cones of orchard 
trees which might have structurally weak graft unions is 
dangerous. Therefore, Douglas-fir seed orchardists would 
like to restrict tree leader growth even at the expense of 
some cone production. 

Several methods for limiting or evading the tree height 
problem have been tried on Pinus species in the southern 
pine area of the United States. Tree shearing or pruning 
studies (VAN BUIJTENEN and BROWN, 1963) and tree shakers 
and mobile vacuum machines (NORTH CAROLINA STATE UNI- 
VERSITY, 1970) have been tested under their orchard condi- 
tions. Tree shakers have not been used in Douglas-fir or- 
chards because of the branch and leader damage which oc- 
curs during shaking. Also, there have been no adequate 
tests to prove that bole damage does not occur when the 
trees are reshaken each crop year. The vacuum machine 
technique of picking up seed from the ground has not been 
tested in the Douglas-fir region and would presently be 
unsuitable unless orchards had more thorough ground 

*) Forestry Sciences Laboratory, Pacific Northwest Forest and 
Range Experiment Station, Forest Service, U. S. Department of 
Agriculture, Corvallis, Oregon 97331. 

clean-up and maintenance programs. Chemical control of 
leader growth, as proposed by SACHS et al., 1970, is not 
favored for seed orchards because of potential mutagenelic 
effects on the reproductive buds and the developing seeds. 

Reduction of tree height by leader pruning is an alter- 
native, but Douglas-fir orchardists presently have little 
information concerning its use. Crown pruning was tested 
on Pinus taeda, and the resulting cone production from 
pruned trees was generally disappointing (VAN BUIITENEN and 
BROWN, 1963). Crown shearing of a Christmas tree planta- 
tion shows that Douglas-fir is easily shaped (DOUGLASS, 
1964). But trees of this size are generally too young to 
produce adequate numbers of cones and of no use in eval- 
uating shearing effects on cone production. Personal ob- 
servations of Douglas-fir trees growing under telephone 
and electric power lines in Oregon indicate that cones are 
produced on leader- and crown-sheared trees. But how the 
frequency of crops and number of cones produced by 
pruned trees compare with unpruned trees growing in 
similar areas is not known. 

The following study was established in 1965 to determine 
the effect of leader pruning on cone production and crown 
shape. 

Materials and Methods 

Leaders were pruned annually to 1.0 or 1.5 feet above 
the top whorl of branches. From 1965 to 1970, succulent 
leaders (about 90-95% elongated) were pruned in July, 
and lignified leaders (fully elongated), in September. Single 
stem trees were desired, so lateral branches were trimmed 
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