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Abstract.-- Seed was collected from ten random trees in each of
two stands from each of five areas along a 60-mile transect from
Petawawa to Deux Rivieres. Tree height at the three test sites in
the Valley reveal differences among progenies (trees) but not among
stands or areas. The results are discussed in relation to delineation
of populations, seed collection and improvement of jack pine.

Additional keywords : Height growth, heritability, genetic gain,
Pinus banksiana .

Provenance research in the Lake States (Schantz-Hansen and Jensen 1952,
Rudolph 1964, King 1966, Canavera 1969) and in Canada (Yeatman and Teich
1969, Yeatman 1974a) has shown a broad pattern of clinal variation associated
with latitude and the duration and temperature of the growing season. Regional
gains can be made by identifying the best populations for seed collection
and improvement. This report examines sources of genetic variation within
a limited area to determine population structure at the local level and estimate
heritability of height growth from open-pollinated (half-sib) progenies.

AREA OF STUDY

Jack pine is found in pure and mixed stands growing on outwash and wind-
blown sands along the Petawawa and Ottawa Rivers northwest of Pembroke, Ontario
(fig. 1). Characteristically the distribution is discontinuous, interspersed
with forests of white pine, spruce and hardwoods on the more fertile till
soils and moist depressions. Even-aged jack pine stands originated from fire
around the turn of the century but many have been cut in the past three decades
to be replaced by scattered natural regeneration together with intolerant hard-
woods. Remnants of older stands remain in roadside reserves and other special
areas and these formed the basis for a systematic sampling in 1957 of jack pine
stands along the Ottawa River between Petawawa and Deux Rivieres.

MATERIAL AND METHODS

Trees were sampled according to a nested or heirarchal system that included
five areas, two stands in each area and ten trees in each stand for a total of
100 parent trees. The locations of areas (1 to 5) and stands in areas (1,2) are
shown in figure 1. Trees were chosen from the dominant/co-dominant crown
classes within mature, well stocked stands with closed canopy. Selection
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was exercised only to the extent that the stems were straight and without obvious
defect, the trees were at least 50 feet from any roadway, stream or other
break in the stand structure, and spaced at least 100 feet apart. Measurements
of tree height, diameter, taper, age and crown characteristics were recorded
and cones were collected from each tree sampled. Stand values for age,
height and diameter (table 1) of the ten sample trees indicate all stands
were site class 1 or better (Plonski 1960).

Table l.--Mean (x) and standard deviation (s) of stump age (1 ft.), tree
height and b.h. diameter (o.b) of 10 parent trees within each
of 2 stands at 5 locations in the Ottawa Valley (fig. 1).

In 1968 seed was sown in rows with progenies randomized and replicated within
uniformly prepared seed beds. The 2-0 seedlings were planted at two locations,
Chalk River and Mackey, in May 1970, and 2-1 transplants were planted at
a third location, Adelard, in May, 1971. At each site the test design
included 6 replications of randomized split plots with stands as main plots
and 10 5-tree progeny subplots within each main plot. The Chalk River and
Adelard tests were planted at 5 ft. x 5 ft. spacing on typical jack pine
sites with deep sands of medium to fine texture. The Mackey test was planted
at 4 ft. x 4 ft. spacing on an old farm field in a small valley with sandy
to gravelly soils and a high water table. Replications were arranged to conform
to obvious variations in topography (Chalk River), ground cover (Adelard),
and moisture regime (Mackey) as appropriate.



Initial survival exceeded 95% and stood at 95% , 96% and 92% for the
respective test plantations at the time of height measurement in 1973 when
the trees had grown through six growing seasons since sowing.

RESULTS

Analyses of variance and calculations of variance components were made
from the data of each test separately and combined over locations. The appro-
priate models for analysis were:

All effects were treated as random variables (Bliss 1967, Steel and Torrie
1960). Partition of the degrees of freedom and the expected mean squares are
set out in table 2 for the combined model.

Mean height growth differed among test locations (tables 3 and 4), with the
best growth at Adelard. The poorest growth was at Mackey, where the results
were also least consistent as reflected by the relatively large components
of variance for error (table 5). Differences among areas or stands within
areas were small (table 3) and were not consistent within tests or when pooled
over locations (table 4) .



Figure 1. Location of jack pine stands, areas and test plantations in the Upper Ottawa Valley.



Table 2.-- Expected mean squares used in the analysis of tree height of 100 jack pine progenies pooled over
three test locations (after Bliss 1967 and Stonecypher et al. 1973).



Table 3.--Mean tree height at 6 years of age for sample areas and
stands within areas by test locations and combined over all .

Families (single-tree progenies) within stands within areas differed in mean
height at the 5% level of significance at each location. Differences were significant

     at the 1% level when families were pooled over locations (table 4). The relative
          values of the variance components and their standard errors substantiate these
         family effects (tables 5 and 6). Estimates of heritability from each test location
         and from combined locations are listed in table 7 and predicted and calculated gains
         are given in table 8 for two levels of mass selection.

DISCUSSION

The lack of genetic discrimination among areas or stands indicates that stand
selection would be ineffective at the local level within the area sampled. 

     Canavera (1969) found a similar situation to exist in jack pine sampled in Lower
          Michigan. Stands that share a common history of migration, gene exchange and 
         climate have not become differentiated in the post-glacial period. In the Ottawa



Table 4.--Variance ratios (F)a/ from analyses of variance of tree height (5-tree Diot
means) at three test locations and combined over locations



Valley the sampled stands all belong to the Petawawa provenance which ranks
consistently among the best in local provenance plantations (Yeatman 1974a and
unpublished data). Thus any large stand of good site quality within the provenance
area is suitable for bulk collection of seed and identification as Petawawa pro-
venance. To retain the adaptive advantage of the local population it is recommended
that a particular stand or stands be designated and managed for seed collection,
preservation of the gene pool and genetic improvement in seedling seed orchards
(Yeatman 1972, 1974b).

Table 5.--Variance components of tree height within test locations



Table 6.--Variance components of tree height over all test locations, based
on plot means .

Genetic improvement will be achieved by selection and breeding within the
population, as indicated by the significance of family effects in the analyses
of variance shown in table 4. A heritability (h 2/f) of 0.49 was derived from the
regression of progeny mean height (relative to the mean of all 100 progenies
over all tests) on parental mean height (relative to the mean of the 10 trees
sampled in each stand) (b = ½h 2 , Falconer 1960, p. 169). By using a selection
intensity of 1/10 among dominants and codominants of mature Ottawa Valley jack
pine, a gain of 4% is redicted in mean tree height at 6 years of age (ΔG = i σph 2

i=1.75, σp=4.7%, h2 = 0.49, Falconer 1960, p.193). An average gain of 3.4% 
(range -2.0% to 7.5%) was realised in these tests by progenies of the
of 3.4% (range -2.0% to 7.5%) was realised in these tests by progenies of the



Table 7.--Heritability estimates of individual tree height at 6 years of age,
from three test locations and over all locations

tallest tree of the 10 sampled at random in each of 10 stands. This value is in
close agreement with the improvement predicted.

Heritability estimates on the basis of individual tree height (h i ) are
listed in table 7 for each test and from data combined over locations. These
values are of the same order as have been found for other pines at young ages,
eg. 0.18 and 0.26 for loblolly pine at 6 and 7 years (Stonecypher et al . 1973)
and 0.17 for jack pine at 3 years (Canavera 1969). The gains predicted for
mass selection based on progeny test results are listed in table 8 at two levels
of selection and based on single test sites and combined locations. The pheno-
typic superiority of the best progeny (1/100) or progenies (1/10) is shown for
comparison. The predictions are conservative relative to the observed gains
but indicate that substantial improvement in tree height can be achieved in a
single stage of selection.

The highest estimates of gain were at Adelard, which reflects larger family
and smaller error and within-plot contributions to total variance (table 5).
Best overall height and survival were recorded for the Adelard test. It was
established with 2-1 transplants which at the time were considered superior plant -

ing stock to the 2-0 seedlings planted at Petawawa and Mackey in the previous year.



Table 8.--Predicted gains from mass selection and values realized by the
best progenies relative to means of all progenies at selection
levels of 1/100 and 1/10 .

Commonly the best genetic discrimination among progenies or provenances is found
on the best sites (Ledig 1973). In view of the marked absence of family x test
(genotype x environment) interaction (table 6), it would appear that subsequent
genetic selection in this area could safely and economically be based on progeny
tests established at a single location of good site quality. Every care should
be exercised in design and establishment to minimise uncontrolled environmental
and cultural effects within replicates and family plots.



Prediction of gain from applied breeding is estimated best from data combined
over the three test locations. Seedling seed orchards are well suited

to improvement of jack pine (Yeatman 1974b) by combining family and individual tree selection
to maximise gains. Estimated gain for selection of one family in ten tested is
5.1% and gain for selection of the best individual in 5-tree plots is estimated
as 2.9% 1/. When phenotypic selection in the forest is followed by genotypic selection
based on progeny tests and phenotypic selection of second generation parents in the
seed orchard, the total gain in height at 6 years of age over that of the original
population is estimated by the sum of their effects, viz:

This is a realistic estimate of genetic gain and could be achieved within ten
years of initiating an improvement program in jack pine.

CONCLUSION

1. Jack pine in the Upper Ottawa Valley is not differentiated in terms
of early growth by ecotypic variation nor by isolation of separate stands
that apparently share a common gene pool.

2. Plus tree selection may be spread throughout the area of the provenance.
Emphasis should be placed on the results of progeny tests to establish a
new breeding population for seed production and continuing selection and
improvement.

3. An early gain of at least 12% in height growth can be achieved
by multi-stage selection and seed production in seedling seed orchards.
The stages include phenotypic selection in natural stands, family selection
from the results of progeny tests, and phenotypic selection within the
selected families growing in a seedling seed orchard.

4. Progeny tests need to be planted on good jack pine sites with uniformly
high standards of design and establishment. Negligible family by location
interaction in this study indicates that a single test will provide early
and reliable estimates of genetic worth of trees and families. Tests at two
or more typical sites are needed to derive realistic estimates of heritability
and genetic gain.
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