VARIATION IN HEIGHT GROWTH AND GROWTH
CESSATION OF 55 YELLOW BIRCH SEED SOURCES
Knud E. Clausen'
Yellow birch ( Betula alleghaniensis Britt. ) is
an important hardwood species in the Lake States,
northeastern United States, and eastern Canada.
Since it produces valuable timber, the species is
a logical candidate for genetic improvement. An
understanding of the variation pattern in a species
is, however, basic to any improvement program.
In 1963 the Institute of Forest Genetics, Rhinelander, Wisconsin, initiated a study of natural
variation in yellow birch. This paper describes
variation in height growth and growth cessation
in 2-year-old seedlings grown from the material
collected for this study.

Methods
Seed was collected in 1963 and 1964 with the
generous assistance of many cooperators in the
United States and Canada. Most of the 55 sources
used in the study ( fig. 1, table 1) include seed of
10 or more trees per stand. Exceptions are sources
3068, 2958, 2996, and 3001 which represent seed
of one, four, eight, and eight trees, respectively.
On March 24-26, 1965, three seed lots of each
source were sown in flats and covered with moist
peat. The flats were kept at 35° F. in a cooler for
4 weeks and then moved to a lathhouse. When
germination was complete the seedlings were given supplementary light and grown under long
days ( 18 hours ) until transplanted. The seedlings
were transplanted into four randomized complete
blocks in the Hugo Sauer Nursery at Rhinelander
on July 22-28, 1965.
Height growth of 20 seedlings in each plot
was measured at the end of the first and second
growing season. First-year height is probably confounded with the long-day treatment and the effects of the transplanting; hence only second-year
height growth is considered here. To determine
when the plants stopped growing during the second year height growth of five seedlings per plot
was measured weekly from July 6, 1966, until
shoot elongation had ceased.
Results and Discussion
The average hight growth of the 55 seed sources
during their second year was 122.3 mm, but the
individual sources varied from a low of 86.1 mm
to a high of 164.0 mm ( table 1). Thus, the West
Virginia source ( 2969) and the Lower Michigan
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source ( 2961) grew almost twice as much as Nova
Scotia source 3065, which was poorest. All but
four sources performed better than the local
source ( 3298 ). The differences between the
sources were highly significant ( table 2 ), but
much block variation was also present. The best
block, for example, averaged 43 percent more
height growth than the poorest one. The differences between the blocks appear to be partially
related to their relative proximity to a windbreak,
but may also be due to soil differences or other
environmental factors.
The seed sources stopped growing an average
of 7.2 weeks after July 6, the date of the first
measurement, but individual sources varied greatly
in time of growth cessation. Source 3243 from
eastern Newfoundland ceased growth one week
earlier than the average, while the Kentucky
source ( 3294) remained active 11/2 weeks later
than the average ( table 1). Thus, growth cessation
of the sources took place over a period of about
21/2 weeks or from about August 11 to August
28. The 14 sources which ceased growth at the
same time as, or later than, the local source ( 3298 )
were all of more southerly origin than the local
source. The differences between the sources were
highly significant ( table 2 ), and again there was
significant variation between the blocks.
Correlation analyses showed that height growth
of 2-year-old seedlings is apparently not correlated
with latitude, longitude, length of growing season,
annual precipitation, and average July temperature of the seed sources; furthermore, height
growth appears to vary in a random manner. Although some of the variation between the sources
seems to be due to differences in growth rate,
these differences do not follow any consistent
geographic pattern. Second-year height growth is
also uncorrelated with growth cessation, and surprisingly, with first-year height. Whether the pattern of variation in height growth of yellow birch
is actually random should become apparent with
future measurements.
Growth cessation, on the other hand, is inversely correlated with latitude, directly correlated with average July temperature, weakly correlated with length of growing season and annual
precipitation, and independent of longitude ( table
3 ). Generally speaking, northern sources stopped
growing earlier than southern sources, indicating
photoperiodic control of growth cessation. This
result agrees with previous work by Wang and
Perry ( 1958) who reported that photoperiod controlled cessation of shoot elongation in yellow
birch and paper birch ( Betula papyrifera Marsh. ).

Table 1. — Origin, mean second-year height
growth, and mean growth cessation of 55 yellow
birch seed sources

FIGURE 1.
Natural range of yellow birch adapted from maps in Fowells (1965)
and Dansereau and Pageau (1966) and location of seed sources.
-

Table 2. — Analysis of variance of height growth
and growth cessation of 55 yellow birch seed
sources
,

Table 3. — Correlation between height growth and
growth cessation of 55 yellow birch seed sources
and environmental variables of the seed sources

Conclusion

This study provides no evidence of clinal variation in height growth of yellow birch. On the
other hand, certain seed sources grew much better
or worse than others during the second year in the
nursery; it would, however, be premature to consider them ecotypes. Since variation in height
growth appears to be random over the natural
range of this species, the amount of variation present within more limited geographic areas should
be considered. In the Lake States region, for example, the difference between the best and the
poorest seed sources was 34 percent for Minnesota,
36 percent for Wisconsin, and 52 percent for
Michigan. When the 14 Lake States sources are
compared as a group, the southern Minnesota
source ( 2964) is 20 percent shorter and the Lower
Michigan source ( 2961) 37 percent taller than the
Lake States average. Thus, much potential growth
may be lost if a slow-growing seed source is used
for reforestation purposes. More intensive studies
of focal variation may be necessary in order to
determine the pattern of variation associated with
environment and to locate the fastest growing

seed sources. Yellow birch exhibits much withinstand variation in fruiting characteristics ( Clausen, 1967 ). If a similar pattern is present in growth
characteristics, it is probable that certain trees
will produce much faster growing progeny than
others.
In contrast to the random variation observed
in height growth, the study demonstrates that yellow birch exhibits clinal variation in growth cessation. This process is probably controlled to a
high degree by photoperiod as it is in many other
woody plants.
Literature Cited
Clausen, K. E. 1967. Natural variation in catkin and
fruit characteristics of yellow birch. 15th Northeast. Forest Tree Improv. Conf. Proc. (In press.)
Dansereau, P., and G. Pageau. 1966. Distribution
geographique et ecologique du Betula alleghaniensis. Mem. du Jardin botan. de Montreal 58, 56 p.
Fowells, H. A. (Editor). 1965. Silvics of forest trees
of the United States. U.S. Dep. Agr., Agr. Handbook 271, 762 p.
Wang, Chi-Wu, and T. 0. Perry. 1958. The ecotypic
variation of dormancy, chilling requirements, and
photoperiodic response in Betula species. 10th Int.
Congr. Genet. Montreal Proc. 2: 307 (Abst.)

