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ABSTRACT .--Twelve eastern white pine (Pious strobus L.)
provenance plantations in the northeastern United States were
measured for 1l6-year height and diameter. Differences in height
between northern and southern sources have diminished since the
10-year measurements. In general, the l6-year diameter measure-
ments follow the same trends as do the 16-year-height measurements.
Recommendations for selection and movement of seed from one region
to another are discussed.

In 1955 the USDA Forest Service began a range-wide seed-source study
of eastern white pine (PRinus strobus L.) to find the geographic variation
in selected traits and to make recommendations for the movement of seed
over the species' range. Sixteen-year results for total height and dia-
meter measurements of 29 seed sources in 12 field plantings at 10 locations
in the northeastern United States are reported here.

METHODS AND MATERIALS

Cones from 10 trees chosen at random in good stands of natural origin
were collected. Cones, seeds, and resulting seedlings were kept separate
by parent tree within source through the nursery phase of the study in the
Northeast. Seedlings within sources were bulked when lifted from the
nursery beds and then were randomly selected for field plots. The location
of field plantings and seed-source origins are listed in tables 1 and 2.
All seed sources were not represented in every field planting.

Plantations 7 through 11 were established in 1959 with 2-0 seedlings
grown in the Maryland State Forest Nursery. Plantations 1 through 4 were
established in 1960 with 3-0 seedlings grown in the New Jersey and New
York State Forest Nurseries. A detailed description of plantation sites,
site preparation, and care has been previously reported (Garrett et al. 1973).
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Table 1.--Location and design of plantations

Plantations 7 through 11 were established in 1959 with 2-0 seedlings
grown in the Maryland State Forest Nursery. Plantations 1 through 6 were
established in 1960 with 3-0 seedlings grown in the New Jersey and New
York State Forest Nurseries. A detailed description of plantation sites,

site preparation, and care has been previously reported (Garrett et al.
1973) .

Three field designs, all randomized complete blocks, are represented.

Design I .--One tree from each seed source randomly located in each
of 24 blocks at a spacing of 10 by 10 feet.

Design II .--Two-tree-row plots from each seed source randomly located
in each of 24 blocks. Seed-source trees were planted at a spacing of 7
feet in rows and 14 feet between seed-source rows. Additional commercial
seedlings were planted between seed-source rows to obtain a spacing of 7
by 7 feet.

Design ITT .--Four-tree-row plots from each seed source randomly
located in each of 12 blocks. Seed-source trees were planted at a spacing
of 7 feet in rows and 14 feet between seed-source rows. Additional
commercial seedlings were planted between seed-source rows to obtain a
spacing of 7 by 7 feet.

The additional (nonstudy) trees were removed from all plantations
1 to 3 years before 16-year measurements.



Table 2.--Seed-source locations for white pine provenance study

Total height and diameter were measured on each seed-source tree
after the 1972 growing season (16 years from seed), except for the three
plantations at Alfred, Maine. The Alfred plantations were measured after
the 1973 growing season (17 years old), and the data were corrected to 1972.

Analyses of variance for diameter and total height, using plot means,
were calculated for each plantation using a least-squares and maximum-
likelihood general-purpose program. The program partitioned the total
sum of squares into sum of squares for blocks, seed sources, and residual
(Block x Seed Source Interaction plus Error).



At each plantation every seed-source mean for height and diameter
was divided by the plantation mean and then multiplied by 100. With this
statistic we were able to evaluate seed sources across all plantations
(tables 3 and 4). It must be noted, however, that increasing height and
diameter create a scale effect so equal relative differences do not imply
equal actual differences.

RESULTS AND DISCUSSION

Seed-source differences were significant at the l-percent probability
level for total height and diameter at 16 years from seed at all 12 field
plantations. This variability in growth traits among seed sources indicate
that particular seed sources can be selected for use in certain geographic
areas.

Blocks were significantly different at the l-percent probability
level except in plantations 9 and 10. The use of randomized complete block
design was efficient at locations where blocks were significantly different
because it removed site variation from seed-source variation, which gave
us better information on the performance of the seed sources at those
locations.

Height Growth

The relative differences in height growth between northern and
southern sources of eastern white pine have diminished since the 10-year
measurements were made, although actual differences have increased in all
plantations (table 3, Garrett et al. 1973). At 10 years of age, southern
sources were clearly superior. This same trend has been observed in the
Central States in measurements at 10 and 15 years, although the magnitude
of the relative differences is greater in the Central States (Funk et al.
1975).

In the study reported here, the differences between southern and
northern sources were no greater in southern plantations with no or
little weeviling (plantations 8 through 11) than they were in northerly
plantations with previously good growth but heavy weeviling (plantations
6 and 7). Therefore, the decrease in superiority of southern sources
in the Northeast compared to the Central States does not seem to be the
result of the white pine weevil ( Pissodes strobi Peck.) attacking and
killing leaders of southern source trees.

Nor is the decreased superiority of southern sources caused by
growing-space limitations. The southern-source trees did not grow any
taller in Design I plantations at a 10 by 10 foot spacing than they did
in Design II and III plantations at a 7 by 7 foot spacing before thinning.
It may be that southern-source trees in the Northeast are good early
growers, but lose their superiority with time. If this is the case,
it will be difficult to evaluate seed sources in provenance tests at an
early age.



Table 3.--Height at 16 vears from seed of white pine seed-source

plantations (seed source mean as percentage of plantation mean)

1/ Design III; 2/ Design I; 3/ Design II.



In general, seedlings of southern sources (Georgia, North Carolina,
and Tennessee) grew as well as or better than those from most northerly
sources in plantations as far north as central Pennsylvania. Garrett et
al. (1973) found this same trend for 10-year-height measurements. Faster
height growth has also been reported for trees from southern Appalachian
sources in the Central States (Funk 1971, Lee 1974, Funk et al. 1975).
Sluder and Dorman (1971) found that southern-source trees grew better in
North Carolina, Georgia, and Virginia than did those from more northerly
sources at 10 years of age. Southern Appalachian sources were no taller
than slightly more northerly sources, but were taller than far northern
sources at 7 years of age when grown in Ontario (Fowler and Heimburger
1969) . Thor (1975) found in a number of tests in Tennessee with a
different collection of seed sources that local and southerly sources
grew better than more northerly sources from Virginia, West Virginia, and
Pennsylvania.

Sources 6 and 9 from Pennsylvania, 11 from New York, 13 from
Massachusetts, and 24 from Ontario grew well in all plantations, even
when they were moved some distance south from their origin. Garrett et
al. (1973) found this same trend for these five sources for 10-year-height
measurements.

Responses varied between sources from the same county within a State.
Sources 6 and 9 from Pennsylvania grew better at most locations than sources
7 and 8 from the same counties. Also, source 11 from New York grew better
at all locations than source 10 from the same county. This indicates that
only proven sources from a geographic region should be selected and collected.

The Central States plantations do not have as many of the sources as
the Northeast plantations, thus it is difficult to make good comparisons
between regions. Some good sources from the Northeast did well in Lower
Michigan at age 15 (Lee 1974) and in the Central States (Funk 1971, Funk
et al. 1975). Fowler and Heimburger (1969) recommend sources from the
Pennsylvania area for planting in Ontario, based on 7-year-height data.

Diameter Growth

At 16 years of age the range of differences in seed-source diameters
is equal to or greater than the range of differences in height at each
plantation, except the northwestern Pennsylvania plantation (table 4). In general,
the ranking of seed sources is the same whether . height or diameter is used
as the measurement. Wright (1970) found a strong relation between height
and diameter at 11 years for 15 sources in southern Michigan.



Table 4.--Diameter at 16 Years from seed of white pine seed-source
plantations (seed source mean as percentage of plantation mean |



CONCLUSIONS

1. The Georgia source (1) and the Tennessee source (3) should be
selected for planting as far north as central Pennsylvania because
of their above-average growth in height and diameter.

2. Pennsylvania sources 6 and 9, New York source 11, Massachusetts
source 13, and Ontario source 24 should be selected for planting
in the United States north and east of central Pennsylvania.

3. Only proven sources within seed-collection zones should be selected
for seedling production.

4. Additional fast-growing sources from the regions outlined in
conclusions 1 and 2 may be identified and added through further
testing of sources.
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