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Effects of Elevation and Seed Source on Tracheid Length in

Young Ponderosa Pine

Note by R. M. Echols

Abstract. Tracheid lengths in 30-year-old pon-
derosa pine progeny test plantations in the cen-
tral Sierra Nevada of California were analyzed
for effects of (a) elevation of seed parents and
(b) elevation and location of test sites. The in-
fluence of elevation of seed parents on progeny
tracheid length was not significant. Plantation
location was significant, but interaction between
progeny and location was not. The regression of
tracheid length on dbh was negative. Regardless
of elevation of parent source, high-elevation
plantings produced larger diameters and shorter
tracheids than lower elevation plantings. Forest
Science 19:46-49.
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In 1938, the Institute of Forest Genetics at
Placerville, Calif., began a study of the growth
performance of ponderosa pine (Pinus pon-
derosa Laws.) progenies at different eleva-
tions. Three plantations were established in
the central Sierra Nevada at elevations of 960
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(Low), 2730 (Mid), and 5650 (High) ft.
They contained open-pollinated offspring of
parents selected along an east-west transect
from the Sacramento valley to the high
Sierra. Echols and Conkle (1971) found
that wood specific gravity in the plantations
decreased as elevation of seed parents in-
creased. This note reports another phase of
the study—effect of elevation of seed sources
or plantation sites on tracheid lengths of the

progeny.

Materials and Method. Seed used were from
(a) groups of 4 to 12 wind-pollinated trees
in seven elevational zones defined by 1,000-ft
intervals, and (b) six individual trees from
the 1000, 3000, 5000, and 7000-ft zones. The
mixed-parentage plots were designated Zonal;
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FIGURE 1.

Tracheid length means, taken at breast height, for mixed-parent zonal plots in three planta-

tions in the central Sierra Nevada. The Low plantation is at 960 ft, Mid at 2730 ft, and High at 5650
ft elevation, near Placerville, Calif. Vertical lines represent 95 percent confidence limits on means.

those made up of progenies all from one tree
were labeled Single-Parent plots. The prog-
enies were raised in nurseries next to the
planting sites and outplanted in randomized
blocks, replicated four times in each planta-
tion.

In 1967, when the trees averaged about 9
inches dbh, I extracted 12-mm-diameter incre-
ment cores across complete diameters in the
stems at breast height from all 1,248 trees in
the 156 plots. The cores were then separated
at the pith, yielding pairs of wood samples.
They were labeled, dipped in a 2-percent
Chlorox-water solution to prevent fungus
buildup, and sealed in polyethylene bags.

Latewood from the outermost two growth
rings of each sample pair was combined,

macerated, and the tracheids were mounted
on microscope slides. The 2,496 slides pro-
vided two sample points per tree from op-
posite sides. Tracheids were measured at
40X magnification on an Ampliscope.

Two primary variables were examined for
effects on tracheid length: (1) Elevation of
seed parents, and (2) location and elevation
of plantation sites. After analyzing gross re-
sults, I separated out the mixed-parentage
Zonal plots and the Single-Parent plots.

Results. The influence of elevation of seed
parents on tracheid length of the progeny was
not significant, whether related to Zonal plots,
Single-Parent plots, or all plots combined
(Table 1). Plantation location was signifi-
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TABLE 1. Tracheid length of 30-year-old
ponderosa pine progenies in three plantations,
by seed source and elevation.

(In millimeters)

cant, but interaction between progeny and
location was not.

No statistically significant difference (5-
percent level) in tracheid length was found by
t-test between the Low and Mid plantations
with either Zonal or Single-Parent plot means.

of squrce Plantation The difference between the Mid and High
(ft) Low Mid High Mean plantations was significant for both Zonal
plots (Fig. 1) and Single-Parent plots (Table
ZONAL PLOTS 1). Tracheid lengths averaged 3.8 mm for
500 3.84 3.62 3.16 3.54 the Low plantation, 3.7 and 3.6 mm for the
1500 3.88 3.73 3.02 3.54 Mid, and 3.1 mm for the High.
2500  4.08 372 3.3 3.64 . . .
3500 3.69 3.72 3.26 3.56 Discussion. Plantation effects on tracheid
4500 3.77 3.65 3.18 3.53 lengths found in this study can be explained
5500 3.72 3.81 3.10 3.54 by the soil moisture and temperature relation-
6500 3.69 3.45 3.18 3.44 ships. Rainfall amounts and seasonal distri-
bution affect tree growth (Zahner 1968). The
Mean 3.81 3.67 3.15 3.54 Low and Mid plantations receive 25 in. and
45 in., all in late fall, winter, and early spring.
SINGLE-PARENT TREES The High site receives about 55 in., mostly
1000 3.79 3.46 3.11 3.45 in winter but with some in spring, summer,
1000 4.13 3.70 3.11 3.65 and fall. In Arizona, supplemental irrigation
3000 3.81 3.85 3.20 3.62 of ponderosa pine during summer doubled
4000 3.70 3.63 3.20 3.51 the growth (Mace and Wagle 1964), and in
6000 3.70 3.61 3.08 3.46 eastern Washington it added up to 40 percent
6000 3.75 3.41 3.22 3.46 more latewood to 100-year-old trees (Howe
381 3.61 3.18 . 1968). Optimum air temperature for diam-
Mean : : : : eter growth in the Arizona plots was around
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FIGURE 2. Tracheid length—tree diameter relationships for mixed parent zonal plots in Low, Mid, and
High plantations. See Fig. 1 for definition of plantations.
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70° F., and growth inhibition was associated
with higher temperatures. In the High-eleva-
tion plots temperatures are seldom above the
70’s, while at the Mid and Low sites the
summer daytime temperatures often exceed
90° F.

As early as 1951 Bisset et al. (1951) found
a relation between tracheid length and rate
of radial growth of Pinus stems. They stated
that, in general, within any one stem a wide
growth ring had a low average tracheid length
and a narrow growth ring a high average
tracheid length. Bannan (1964) observed
that the relative rate of xylem cell divisions is
slower in wider rings, and there was an in-
verse or negative relationship between cell
length and rate of pseudotransverse division.
He reported lodgepole pine tracheids were
shorter in samples taken at higher elevations
in Colorado and Wyoming and related the
size to division rate. In our High plantation
the mean tree diameter was 10.3 in., com-
pared to 8.5 in. for the Mid and 7.4 in. for the
low plantations. A regression analysis showed
a significant negative correlation between dbh
and tracheid length: r2 = 0.61 (Fig. 2).

Conclusion. For ponderosa pine in the west-
ern Sierra Nevada, regardless of elevation of
parent source, a high elevation planting pro-
duces trees with shorter tracheids than at either
middle or low elevations. Tree diameters are

larger and height equal or greater, resulting in
a combination of higher volume, shorter
fibered wood. The same sources produce trees
with longer tracheids when grown at medium
or low elevations. Although genetic differ-
ences were not obvious in this study, the oc-
currence of individual trees with longer
tracheids at all three sites suggests selection
possibilities.
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