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Introduction 

Clones are useful for determining 
indicates the reliability of phenotypic 
casts the effect of breeding. 

heritability, which 
selection and fore- 

The use of clones to establish forest plantations is at- 
tractive because of the likelihood of large genetic gains 
from selection. In white pine, in addition to gaim in growth 
rate and improved tree-form, the development of clones 
could provide a full utilizatim of trees selected for re- 
sistance to blister rust (Cronartium ribicola FISCH.) and 
weevil (Pissodes strobi PECK.). 

Review of literature 

Broad sense heritability values can be estimated from 
clonal tests. These realized total heritability values 
(WRIGHT, 1963), estimates of gross heritability (EINSPAHR 

et al., 1963), or repeatability (FALCONER, 1960, BECKER, 1967), 
include non-additive genetic variances and are higher than 
the narrow sense heritability estimates obtained from 
parent-progeny comparisons. 

Heritability values calculated from clonal tests can be 
used to forecast genetic gain in clonal propagation (WRIGHT, 
1962). The reliability of such estimates greatly depends on 
minimizing the environmental differences between and 
within clones. 

Heritability estimates in white pines are few. Data are 
available on height growth (SQUILLACE and BINGHAM, 1960; 
HANOVER and BARNES, 1962; SQUILLACE et al., 1967; STEINHOFF 

and HOFF, 1971 and KRIEBEL et al., 1972), blister rust re- 
sistance (BINGHAM et al., 1960, and BINGHAM et al., 1969), and 
sulfur dioxide and ozone tolerance (HOUSTON and STAIRS, 
1973). The latter is a repeatability estimate based on clones, 
with values from 0.468 to 0.597. The rest are narrow sense 
heritability estimates based on the analyses of sibs and on 
parent-progeny regressions. These estimates were low to 
moderate for height growth and for blister rust resistance. 
Nevertheless, appreciable genetic gains were postulated 
especially in breeding for blister rust resistance. 

Clonal propagation of white pines on a production scale 
has never been considered. However, recent results in 
rooting of white pine cuttings (ZSUFFA, 1973) indicate the 
feasibility of this method. 

Materials and Methods 

Eight clones of P. griffithii MCCLELLAND X strobus L. are 
examined in this study. Each clone is represented by five 
ramets randomly located in the planting. 

The clones were members of a half-sib family, raised 
from the seed of a P. griffithii tree (22932-A) at Arnold 
Arboretum pollinated by neighbouring P. strobus trees. 

The number of males which contributed to the Cross, and 
their interrelatedness is not known. The seed was supplied 
by A. G. JOHNSON, Institute of Agriculture, University of 
Minnesota, St. Paul, U.S.A., in 1951. The seedlings were 
grown at Maple, Ontario experimental nursery and screen- 
ed for blister rust susceptibility. 

The ramets were grafted in the spring of 1960 on P. 
strobus. They were outplanted at 2.75 X 2.75 m (9 X 9 ft.) 
spacing on a uniform site located at Maple, Ontario, Ca- 
nada. The trees were Open grown, not pruned, and with- 
out any visible damage (Fig. 1). At the time of measure- 
ment the grafts weze. 14 years old. 

Total height and the diameter at breast height (DBH at 
1.30 m) of each tree was measured in the field. All trees 
were photographed from the same distance and azimuth. 
For each photograph, a projection of the tree's stem and 
branches was drawn on transparent paper (Fig. 1). On the 
projection, the branch length to the nearest millimeter and 
the branch angle to the nearest degree were measured of 
three branches situated in the Same two whorls in the 
middle part of the crown of each tree. The branches chosen 
were approximately parallel to the plane of the photo- 
graph. Branch length is referred to as the length of a 
straight line connecting the junction at the trunk to the 
branch tip. Branch angle is referred to as the angle between 
the centre line of the stem and of the line connecting the 
base and the middle of the chosen branch (Fig. 1). 

The similarity of the three branch lengths and branch 
angles taken for the Same tree was verified with Chi- 
square tests. Spearman's coefficient of rank correlation 
(STEEL and TORRIE, 1960) was calculated for tree height, 
DBH, branch length and branch angle. An analysis of 
variance was made for each of these traits. Duncan's mul- 
tiple range tests (STEEL and TORRIE, 1960) were calculated 
for each measured trait. 

The derived variance components were used in computa- 
tion of broad sense heritability values as follows (WRIGHT, 
1962): 

h2 (broad sense heritability) = 
6 

0" + 
oLE = error mean square 

clone mean square - error mean square 
oZc = 

no. of ramets per clone 

The technique of calculation separated the total ob- 
served phenotypic variance into two components, the 
within clone variance (error variance), which is entirely 
environmental in origin, and the between clone component, 
which is genetic. 

The genetic gain (AG) for selection within families is 
calculated as AG = ih%p (FALCONER, 1960), where '5" (the 
intensity of selection) is taken as a constant value (i = 1.42, 
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