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Altitudinal Variation at 20 Years
in Ponderosa and Jeffrey Pines

R. Z. Callaham and
A. R. Liddicoet

EARLY returns from a study of alti-
_ tudinal variation of pines along an
elevational transeet in California
indicated middle elevation sources
grew best regardless of the eleva-
tion of planting, seeming to con-
tradiet the old maxim, ‘‘Local seed
source is best” (6). Later returns
bring some support for the maxim
as local seed sources assert them-
selves after 20 years. Nonlocal
seed sources do not keep up the
growth pace or are hard hit by en-
vironmental factors.

The 20-year results reported here
add to the earlier report some strik-
ing plantation differences on the
one hand, and some interesting ele-
vation trends on the other. Here
also are 20-year data on Jeffrey
pine; early performance of this
species has yet to be summarized.

For 20 years, ponderosa (Pinus
~ ponderosa) and Jeffrey (P. jeff-
reyi) pines from different altitu-
dinal sources have been ‘‘pitted
against one another’’ in a test of
survival and growth. The test is
limited to a narrow transect on the
west_slope of California’s Sierra
Nevada. The elevation of the 89
ponderosa seed trees ranged from

125 to 6,919 feet. Three Jeffrey.

pine progenies each representing
a different number of seed trees
were included:

Elevation
Progeny Seed trees Range Mean
(No.) (Feet) (Feet)
1 3 - 3,450 3,450
2 13 5,720-7,450 6,635
3 5 7,735-8,235 7,860

All progenies were grown from
seed sown in 1938 at low-, medium-,
and high-elevation planting sites—
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960, 2,730, and 5,650 feet above sea
level. Other features of the study
including plantation design have
been desecribed (6).

In the fall of 1957 every tree
was measured and several charac-

‘ters were recorded. Height and

diameter growth vary significantly
with altitudinal source and with
elevation of planting. For other
characters, the outstanding results
emerge from the highest planta-
tion. Up high, lean and breakage
of ‘the main stem are most pro-
nounced in low-elevation sources.
All trees Lave more branches there
than at lower plantings. Further-
more, they grow slower and retain
their needles longer. The net result
is a more fully-clothed, dense-

crowned tree at higher elevations.

Height Growth

Ponderosa pine—After 20 years,
the influence of seed sourece on
height had changed at the 5,650-
foot plantation (Fig. 1). Elevation
of seed source no longer significant-
ly influenced growth. The growth
of all sources started leveling off.
We computed the curvilinear re-
gression of growth on altitude of
seed source and altitude squared.
This curve still accounts for more
variation in height than does a
linear regression using altitude
alone; however, the difference is
not significant as it was after 12
years (Table 1).

Height growth at the 960-foot
and 2,730-foot plantations seems to
be following the course suggested
by the earlier measurements (Fig.
1). Certainly the highest sources
are falling farther behind. The
highly significant effects of altitude
and its square on height growth
were shown by curvilinear regres-
gions. TUse of both independent
variables also accounted for signifi-
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cantly more of the variation in
height growth than did the use of
altitude alone (Table 1).

One further observation on
heights deserves mention. The pro-
geny having 5,765 feet as the mean
elevation of its seed trees grew less
than the progeny having 5,555 feet
as a mean parental elevation. This
occurred at each of the three
plantations. Four seed trees are
represented in the slower growing
progeny and 10 in the faster grow-

~ing progeny. The mean elevation

difference between these progenies
is only 210 feet—not enough to
account for the growth difference.

Perhaps differences in microsite of

the parental trees could be cor-
related with this genetic difference
in height growth. Regardless of the
forees leading to the origin of this
genetic difference, here is a strong
illustration that factors other than
elevation must be considered in
selecting seed trees. The next step
needed is to examine the genetic
adaptations to microsites—localized
ecotypic variations (10).

At 20 years, evidence is appear-
ing of inherent differences in growth
curves associated with seed source
elevation. Trees with low-elevation
seed-parents take off rapidly.
Trees with high-elevation seed-par-
ents start more slowly; they seem
to be dropping ever farther behind
at low elevations. Conversely, at

TABLE 1.—RELATION BETWEEN 20-YEAR
HEGHET AND BoTH SEED-TREE ALTITUDE
AND ALTITUDE SQUARED

Plantation elevation
Feet
Ttem 960 2,730 5,650

Coefficient of multiple N
_correlation, R 0.642' 0.591° 0.065
Superior curved line

fit, # 11.068' 5.609° 1.519

*Highly significant; probability <.01.
*Significant; probability <.05.
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highv elevations, as in the story of .

the hare and the tortoise, the local
sources have caught up to the fast-
starting lowlanders. Perhaps in'the
next 10 years they will forge ahead.
This long wait for results is in
sharp contrast to the quick returns
realized by Squillace and Bingham
(20). In only a few years their
progeny tests showed the superior-
ity of high- over low-elevation prog-
enies at their highest planting site.

Jeffrey pine—In general, Jeffrey
pine, as a species, is considered to
be" inherently more slow growing
than ponderosa pine. But recently
a'contradiction to this assumption
appeared (3). In 1937 a plantation
similar to tliese three was estab-
lished in the Coast Range of Cali-
fornia at 1,830 feet above sea level.
The Jeffrey pine progenies were
from the same trees as the ones in
this Sierra study. At the Coast
Range plantation, Jeffrey pines
grew taller in 20 years than pon-
derosa pines from the same eleva-
tions. However, in the Sierra test,
no Jeffrey pine progemes equalled
ponderosa progenies from the same
elevation,

However, we must note that the
Jeffrey tests in the Sierra were not
an integral part of the ponderosa
tests. At the Coast Range plant-
ing the two species were mixed to-
gether in a randomized design. At
each Sierra plantation the Jeffrey
test. was located along one margin
of the ponderosa test; furthermore,
this margin usually was a poorer
site. Particularly at the middle-
elevation planting, Jeffrey did not
have a fair chance. Thus, the Jeff-
rey progenies did not have an
equal opportunity with ponderosa
to sample randomly the site differ-
ences within éach plantation. One
- cannot degrade’ Jeffrey pine by
comparing the height growth curves
~ in Figures 1 and 2. We still do not

have a rigorous Sierra test of pon-
derosa and Jeffrey progenies from
the same elevation.

Differences in growth between
the three progenies tested were
highly significant at the 960-foot
and 2,730-foot plantations; the
progeny from the highest source
grew slightly less. At the 5,650-foot
plantation, progeny growth differ-
ences, although greater, were not
quite. significant (F'=5.06) at the
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‘Fia. 1—Pondemsa. pine progeny heights up to 20 years of age in relation to seed

tree altitude.

.05 level (Fo5=5.14).
The performance of the highest

elevation Jeffrey progeny at the '

lowest elevation of planting is re-
markable. The parent trees were
subalpine residents, but the prog-
eny did well on a low, hot, dry site.

Incidentally, their halfsib rela-

tives were the ones which attained
such an outstanding growth rate at
the low-elevation plantation in the
Coast Range (3).

In the Sierra Nevada, Jeffrey
pines normally intermingle with
ponderosa pines at the upper edge
-of the ponderosa zone and grow on
up to 8,000 or 9,000 feet (£). Be-
low the normal range of the species,
one finds isolated pockets of Jeffrey

pines. The lowest elevation Jeffrey

source, 3,450 feet, was from such
an isolated site where soils were
derived from serpentine rocks. In _
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the Slerra this progeny grew well
at the 960-foot and 2,730-foot
" plantations on nonserpentine soils
(Fig. 2). This progeny, like the
low-elevation ponderosas, certainly
suffered on being elevated.

Results of this test, like those of
the ponderosa test, demonstrate the
existence of genetically different
populations at different elevations:
Selective forces related to elevation
have been a factor in their evolu-
tion. In the particular elevational
transect under study, topographie
and climatic changes are gradual
and continuous. Ponderosa and
Jeffrey pines exist as a continuous
population on this tilted plain. The
logical induction from the data is
that the pattern of genetic varia-
tion is clinal.

Genetics in Site Classification

All foresters know that site
varies as soils, slope, aspect, ecli-
mate, ete. change. What about
genetics and site? Because the con-

ventional measure of site is tree

height at a given age, as Mirov,
Duffield, and Liddicoet (6) indi-
cated, a forester’s measure of site
includes the genetic capacity of a

tree to utilize and to tolerate the

environment in which it grows.
This genetic capacity varies as in-
dividual trees vary or as trees from
different geographic sources vary.

Traditional site index estimates
growth capacity for native trees.

‘What will happen to this tradi-

tional measure as nonnative trees
are established in plantations?
The yield at a given loeation will
vary with the kind of tree planted
there. Using the height regres-

sions presented earlier, we find"
. that the same planting site can

vary by one or two classes (5), de-
pending on the genetic stock used
(Table 2). Conversely, -estimating
quality of different planting sites
by using genetically similar plants
has its limitations. Assuming the
1,000-foot source as a basis the
three plantations would have
ranged from site I to site IV
(Table 2). The higher elevation
sources would have shown sites IT
to IIT or III to IV. One must econ-
stantly remember that every source
—actually each. tree—has a differ-
ent kind of reaction and tolerance
range to all factors of its environ-
ment. All trees of a species are not
identical just because men ecall
them all by the same name. Each
tree provides a genetically different
yardstick for measuring the en-
vironmental factors of site.
Furthermore, the results illus-
trate the need for caution in eall-
ing any planting site ‘‘uniform.”’
Analysis of variance in height
growth within elevational pro-

TABLE 2.—VARIATION IN SITE INDEX AND OLAsSS' AT EACH PLANTATION DEPENDING
ON ELEVATION OF SEED SOURCE USEDp For SITE ESTIMATION

Plantation

elevation Seed source elevation—feet
(Feet) 1,000 3,000 5,000 7,000
960 94.6—II1 93.4—III 86.7—I11 78.3—IV
2,730 1183.4—I 110.4—II 102.0—I1 88.0—III
5,650 82.9—IV 85.8—I1I 85.8—II1I 83.2—IV

Based on theoretical 20-year tree heights from regressions for each plantahon

and on Meyer’s (6) site index (100-year).

TABLE 3.—VARIATION IN SITE INDEX AND CLASS BaAsED oN HEIGHT AT 20 YEARS FOR
¢¢LooAL’’ PONDEROSA PINBE AT EACH PLANTATION

Plantation Seed source Mother trees

Range in four progeny replications

elevation elevation of progeny Height Site index Site class
Feet Feet No. ~ Feet _
960 618 9 23.7-28.3 87.5-96.6 III
783 1 18.9-27.1 77.4-94.2 IV—>III
783 1 23.5-26.0 87.0-92.0 III
2,730 2,719 5 32.2-41.3 104.4-122.6 II—1I
2,748 1 32.4-41.0 104.8-122.0 II—I
5,650 5,555 10 21.4-25.3 - 82.8-90.6 IV—IIT
5,765 4 18.5-22.4 76.3-84.8 IV—II1
6,250 1 18.8-23.8 77.1-87.6 IV—>II1
6,322 1 '23.6-26.4 87.2-92.8 IIX
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genies at each plantation showed a
highly significant variation due to
what may be called microsite varia-
tions in the 2,730-foot and 5,650-
foot plantations. The lowest planta-
tion was rather uniform. Only be-
cause the design of this study in-
corporated replication and ran-
domization were we able to obtain
meaningful answers on this point.

The range of site index on each

plantation after 20 years was con-

siderable (Table 3). Ponderosa ‘‘lo-
cal stock’’ was planted at four ran-
dom locations in each plantation.

‘The middle-elevation planting site

showed the most internal variation.
On this southerly exposure, the
gentle upper slopes (9 percent)
were significantly better, site I,
than the steeper (29 percent) low-
er slopes, site II. This site varia-
tion occurs in a total horizontal
distance of 400 feet. Incidentally,
foresters faced with such rapid
changes in environment will have
great difficulty in finding good
genotypes through phenotypic se-
lection in wild stands. To pursue
this point further, even if one finds
a superior genotype in miecrosite
III, can he expect it to be superior
in a microsite I at the same eleva-
tion or a microsite III at another

. elevation? -

Diameter Growth

Ponderosa pine—At all three
plantings, diameters at breast
height showed elevational distribu-
tions similar to heights (Fig. 3).
The variation in diameters due to
elevation was statistically signifi-
cant at the lower two plantings but
not at the highest planting. At the
lower plantations, high-elevation
progenies grew more slowly than
middle-elevation progenies, but at
the upper planting they held their
own and now seem to be surging
ahead.

The most striking outcome was
the generally large diameters for
all progenies. If one determined
site class by Meyer’s table of diam-
eters at age 20, every progeny .at
every one of the plantations would
measure up to site I (4.6 inches and
larger). This contrasts with the
wide diversity in site as measured
by heights.

The explanation seems simple.
Meyer’s tables are based on natural

ras
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stands with highly variable spacing
between trees. In these tests, wide,
uniform spacing (8 feet) was main-
tained between all trees. Wide ini-
tial spacing promotes such rapid
diameter growth (12).

Diameters, like heights, were sig-
nificantly smaller on some of the
adverse microsites of the upper two
plantings. The range in average
diameters for the four replications
was: )

at 2,730 feet.....6.59 to 7.59 inches

at 5,650 feet...5.79 to 7.04 inches

Jeffrey pime.—~Diameters of the
Jeffrey progenies were strikingly
uniform by contrast (Fig. 3).
Elevation generally had little ef-
fect. Only at the highest planting
did high-elevation stock approach
a significant increase in diameter
over the low-elevation stock.

Stem Taper

By combining the foregoing two
characters, one obtains an expres-
sion of stem taper. Following
‘Weidman (13), we divided mean
height in feet by mean diameter in
inches for each progeny.

Analyses of data for both pon-
derosa and Jeffrey pine show sig-
nificant changes in stem taper (Fig.
4). As elevation of seed source in-
creased, the progenies became
stockier at each plantation. Be-
tween planting elevations, all
. sources were stockiest at the high-

est plantation.

‘What causes the significant
changes in stem taper associated
with elevation? In the 960- and
2,730-foot plantations, mean pro-
geny height was closely related to
diameter (Fig. 5). Tallest pro-
genies were slimmest (form 5.0);

‘shortest progenies were stockiest

(form 4.0). Continued growth at
the present relative rates may pro-
duce changes in taper, as expressed
here. Data preséented by Weidman
(23) and by Squillace and Silen
(11) show such a change over 20
years. They followed changes in
dominant trees of ponderosa from
three Bitterroot, Montana, sources
grown in northern Idaho. Their
taper values after 20 and 40 years
were:

Source 20 years 40 years
4,000 feet 4.57 6.10
5,000 feet 4.68 6.37
7,200 feet 4.41 5.95

As in California, the highest eleva-
tion trees were stockiest, and the
middle elevation trees slimmest.
This order was maintained to age
40 in northern Idaho.

At the 5,650-foot plantation, the
interaction between environment
and genes produced much stockier
progenies regardless of the source
elevation (Fig. 5). This stockiness
reflects a change in relative rates
of diameter and height growth
from conditions at the lower
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plantations. Probably temperature,
moisture, and wind conditions dur-
ing the periods of height and diam-
eter growth influence this change.
Future measurements from these
plantations may clarify the import-
ance and nature of genetic and
environmental influences on stem
taper.

Branch Number

Ponderosa pine—In an attempt
to assess the influence of elevation
on limbiness, we counted the total
number of limbs produced on the
main axis at the first two whorls
behind the leader—the branches
produced in 1956 and 1957. Counts
from the ground were made on the
outer 12 trees in each group of 16
trees. The average total number of
branches per tree for the four rep-
lications of a progeny was the
statistic . subjected to analysis of
variance.

Elevation of planting, not source
elevation, very significantly  in-
fluenced the number of branches
produced (Fig. 6). The average
number of branches produced at
the three plantations was: -

Plantation . Branckes.
960 feet 6.9

2,730 feet 7.1

5,650 feet 84 .

Elevation of the seed parent did
not contribute significantly to the
number of branches. Only at the

8 1 1 1) . 1 ) ] 1
' PONDEROSA
so | ' ‘ . PINE
7F - g /\/
' ‘ 2730 |
6} i B 45 | R
a '5:4 .
% _ | PONDEROSA S 40} 960 -
W5F PINE ' N
t~ e -1 I L 1 L 1 1 t
g ' ! ! ! ' ! ! g /\/\
S LR .-
6 \ PSRl N 5650
W 2730 <] 8 |
l‘.l 960‘ - P oy 1 1 el el L L 1
S e \_‘ = 45 T T 980 T T T T
35T - § | JEEFREY
5650' 7 L ' 2730' A
a4l Plantation Elevation J :
3s | 5650 /\
sl : i Plantation Elevation
JEFFREY
- PINE _ 30 1 L L . 1 1 L
2 L : ! L 1 2 2 o] | 2 3 4q 5 6 7 8
- 1 2 3. 4 5 6 7 8

MEAN SEED TREE ELEVATION (I000FEET)

MEAN SEED TREE ELEVATION (i000 FEET)

Fia. 3.—Progeny diameters at 20 years of age at three eleva- Fia. 4—Stem form of eléva.tional sources at three plantation

tions of phnﬁng.

elevations.



JOURNAL OF FORESTRY

Plantation M
960 o

- 5650

27-30.'/
1 1

818
50 1 L : 1 1 1 1 lo T 1
PONDEROSA
PINE
9F
a0} 8 |
®
. W 7 -
e 960 FEET g
® 2730 FEET S
30 < 6
N x 5650 FEET P -
4 ¥ | JEFFREY
[y S PINE
N Sol
S
3 §
20} sl
// T
o ol
0
> 0 | 2

3 4

5

DIAMETER (INGHES)

F1g. 5.—Stem form (height/diameter) for ten progenies from
different elevation sources planted at three elevations. )

5,650-foot plantation did the data
suggest an increase in number of
branches as seed source elevation
rose.

One other unexplained fact was
gleaned from the data by means of
a sign test (9), comparing the num-
ber of branches produced in 1957
with the number produced in 1956.
At the two lower plantings signi-
ficantly more branchés were pro-
duced in 1957; fewer in 1956. At
5,650 feet the 1956 complement
was larger, but the difference was
not significant. The test suggests
(1) a strong influence of environ-
ment on branch number and (2) a
variation in this influence with
both year and elevation.

Jeffrey pine—Seed source eleva-
tion did significantly influence the

number of. branches produced by

Jeffrey pine. Progenies of the low-
est sources (8,450 feet) had fewest
branches at all three plantations.
Just as for ponderosa, all sources
produced significantly more
_ branches at the highest planting.
The plantation means were: '

Plantation Branches
960 feet . 7.1

2,730 feet 7.0

5,650 feet 84

Sign tests did not reveal significant

differences between the numbers of
1956 and 1957 branches.

Needle Retention

- Ponderosa pine—The 12 'Outs,_ide
trees in each block of 16 were in-
spected for needle retentlon in the
fall of their twentieth growing sea-
son. The average number of seasons
of retention for 48 trees in the 4
replicated blocks at each planta-
tion was the statistic subjected to
an analysis of variance.

The relation of needle retention
to plantation elevation had ex-
tremely high significance. The
5,650-foot plantation trees retained
their needles nearly twice as long
as the trees planted at the- two
lower plantings; The average num-
ber of seasons needles were re-
tained at-each plantation elevation
were

Plantation Ponderosa Jeffrey
960 feet 1.92 2.30

2,730 feet 211 2.67

5,650 feet 3.80 3.27

Many authors (1, 2, 7, 13, 14)
have noted this longer retention in
natural stands and plantatlons at

higher elevations,

At each plantation the proggmes.,
from different elevations had uni-
form needle retention Thé- o¥ver-
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Fia. 6.—The average total number of branches produced in.the
19th and 20th growing seasons at three elevations of planting.

all average number of seasons of
needle retention varied regularly
but insignificantly by elevation of
seed sourece: .

4 lowest sources 2.7 seasons
4 middle sources 2.6 seasons
2 highest sources 2.5 seasons

These data provide another illus-
tration of the low heritability and
high environmental eontrol of th:ls
character (1 13).

Jeffrey pine—The pattern of re-

_ sults in ponderosa pine nearly was

duplicated in Jeffrey pine. Trees
from all elevations retained their
needles longest at the highest
plantation. “The regular but in-
significant trend in over-all average
number of seasons of retention aec-
cording to elevation of seed source

‘was reversed :

‘3,450 feet 2.6 seasons
6,635 feet 2.7 seasons
7,860 feet 2.8 seasons

Lean

Ponderosa and Jeffrey pimes.—
In their native habitats these pines
normally are erect straight-boled
trees. At the 5,650-foot plantation,

“Hany jrees werd starting to  lean

or to bend. over. We rated every
tree at each plantatlon aecordmg‘

to this stibjective'| Bystem BRI

bt v
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. Rating Description

0 No lean.

1 Slight lean, up to 5°, ha.vmg
very little effect -on future
straightness.

2  Moderate lean, 6 to 20°, per-
haps having some eﬁ'ect on
future straightness.

3 Sharp lean, 20 to 45°, probably
enough to reduce commereial
value.

4 Horizontal, more than 45°.
The percentage of trees from each
seed source given each rating was
calculated. Such statisties are not
distributed normally and conven-
tional analyses could not be fol-
lowed.

Examination of the data (Fig.
7) shows a much greater incidence
of lean in low-elevation progenies
at the highest plantation. At the
lower plantings the trend is not
dominant; all sources performed
about the same. Perhaps the deep
snow pack with its tendency to
slide downhill may be related to

the more frequent lean of stems at
the highest plantation.

The development of lean over
the next decade will be interesting
to follow. Trees will grow larger;
crowns will become more crowded ;
the snow pack no longer will pro-
vide shelter to the crowns from
winter’s blasts and may push on
the stems. High-elevation sources
probably will stand straightest.
Schmidt (8), in a comparable
study of 17-year-old Pinus sylves-
tris L., reports that higher eleva-
tion sources had straightest stems
and most rapid recovery from
leader damage.

Stem Breakage

Ponderosa and Jeffrey pines—
At the 5,650-foot planting, many
trees had breaks or crooks in the
main stem. This damage was rated
as follows:

819

Deseription

No apparent main stem breaks.

1 Slight kink—overgrown in a
few years.

2 Severe kink—eventually over-
grown but only after many
years.

3 Major break producing dogleg

" as branch turns up; commer-

cial value limited.

These ratings represented to us
breakage at progressively older sec-
tions of the stem: A slight kink
seemed t0 have resulted from the
loss of a 1- or 2-year-old leader; a
severe kink, the loss of perhaps a 3-
to 5-year-old leader.

Only at the highest plantation
was breakage prominent (Fig. 8).
Lower elevation sources broke off
most frequently. Why ? We do not
know. Perhaps this breakage may
explain the changing curves of
height (Fig. 1). Careful watch
should be maintained over the next
few decades to determine (1) if
breakage is a significant factor in
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reducing the early height superior-
ity of middle-elevation sources, (2)
what causes breakage, and (8)
what effect breakage may have on
final stem form.

Survival

Early plantation failures were
quickly replanted ; hence, the num-
ber of trees still present at 20 years
(Table 4) does not reflect an ac-
curate estimate of survival ability.
Seedlings of each seed source were
planted at 64 spots in each planta-
tion.. The only losses to speak of
since replanting have occurred at
the highest planting. The low-eleva-
tion sources seem most poorly
adapted. :

Summary
Progenies of ponderosa and Jef-
frey pines grown for 20 years at 3
elevations show heritable differ-

ences in height and diameter

growth associated with the eleva-
tion of the seed tree. Seed tree
elevations varied from 125 to 6,919
feet for 89 ponderosa pines and
from 3,450 to 8,235 feet for 21
Jeffrey pines. Generally local seed
sources grew best at the 3 planting
sites—960, 2,730, and 5,650 feet
above sea level. The fastest grow-
ing 20-year-old progenies at low
(960 feet) and medium (2,730
feet) elevation plantations were
from seed trees growing at 1,000
to 2,000 feet elevation. They were
taller than high-elevation or very

low-elevation progenies. Up high

(5,660 feet) the progenies from
lower elevations seemed to be fall-
ing behind in height growth.

The importance of genetics in

evaluating site quality is brought . .

out. Average site class at each
plantation varied by 1 or 2 classes,
depending on the elevational source
used for height determination.

TABLE 4—NUMBER OF TREES SURVIVING
AT 20 YEARS, BY ELEVATION OF SEED
SOURCE AND @ SiTE

Average eleva-

tion of seed Planting eleva.tidn

source; feet 960 £t. 2,730 £t. 5,650 ft.

PONDEROSA PINE

6,505 63 61 62
6,322 64 64 64
6,250" 64 64 62
5,765 63 64 62
5,555 63 63 64
4,527 64 64 64
4,473 64 63._ 64
3,495 64 63 58
2,748 62 61 63
2,719 T 64 63 53
2,283 63 - 64 61
1,402 64 64 63
783 64 64 59
783 64 64 58
618 64 64 58
345 64 63 57
JEFFREY PINE
7,861 64 63 62
6,635 62 64 64
3,450 64 64 45

8ingle tree progeny.

Considerable site variation within
each plantation also was detected.

Stem taper changed with eleva-
tion of planting and elevation of
seed source. Progenies of highest
sources were stockiest at all planta-
tions, but all progenies were
stockier at the highest plantation.
* The number of branches and the
number of years that needles were
retained both were. greatest at the
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- the greatest amount of stem break-

age.
Literature Oited
1. Burger, H. 1927. Die Lebensdauer

5.

9.

10.

11.

5,650-foot plantation. For pon-

“derosa pine, neither character

varied significantly with elevation . '

of seed source. For Jeffrey pine,
elevation of source did not affect
needle retention but did affect
branch number. Trees from the
lowest source had fewer branches.
The degree of lean and breakage
of stems was greatest at the 5,650-
foot plantation. In this plantation
low-elevation sources of both
species suffered the most lean and

12.

13.

-~

14.

der Fichtennideln. Schweiz. Zeit. f.
Forstw. 78:372-375.
——————, 1931. Einfluss der
Herkunft des Samens auf die
Bigenschaften forstlicher Holzge-
wichse, ITI, Die Fohre. Schweiz. Cen-

tralanst. £.-d. Forstl. Versuchsw..

Mitt, 16:153-230. Illus.

OarraEAM, R. Z., AND W. METCALF.
1959. Altitudinal races of Pinus pon-
derosa confirmed. Jour. Forestry 57:
500-502. Illus.

HALLER, J. R. 1959. Faetors affect-
ing the distribution of ponderosa
and Jeffrey pines in California.
Madrofio 15(3) :65-96. Tlus,

MgyEer, W, H. 1938, Yield of even-
aged stands of ponderosa pine. U,
8. Dept. Agric., Tech. Bul. 630. 59
pp. Illus. )
Mirov, N, T., J. W. DUPFFIELD, AND
A, R. Lpicoer. 1952. Altitudinal
races of Pinus ponderosa—a 12-year
progress report. Jour. Forestry 50:
825-831, Illus.

NZgELI, W, 1931. Einfluss der Herk-
unft des Samens auf die Figen-
schaften forstlicher Holzgewiichse.
IV. Die Fichte. Schweiz. Centralamst.
£, d. Forstl. Versuchsw., Mitt. 17:
150-237. Illus.

" SorMiDpT, W. 1954. Kiefernherkunfte

und FEingelstammabsaaten auf der
Versuchsfliche Kaltenbronn/Schwarz-
wald. Ziichter 24(6):167-174,
SIEGEL, SIDNEY. 1956, Nonparametrie
statistics for the behavioral sciences.
MeGraw-Hill Co., New York. 312 pp.
Tlus.

SqumrAcE, A. E., AND R. T. Bme-
HAM. 1958, Localized ecotypic varia-
tion in western white pine. For. Sei.
4(1) :20-34. Illus.

———, AND R. R. SmEn. 1960,
Growth of different sources of pon-
derosa pine planted in the Northwest
and relation to geographic and
climatic factors. Manuseript sub-
mitted to Forest Sci. Monographs.
U. S. ForesT SERVICE. 1958. Growth
of western white pine plantations.
In Annual Report—1957. U. 8. For-
est Service, Intermountain Forest
and Range Experiment Station. p. 12.
WeDMAN, R. H, 1939, Evidence of
racial influence in a 25-year test of
ponderosa pine. Jour. Agr. Res. 59
(12) :855-888. Illus.

ZEDERBAUER, E. 1916. Beitrdge zur
Biologie der Waldbéiume, II. Lebens-
dauer der Blatter. Centralblatt £. d.
gesamte Forstw. 42:339-341.

g ey

[



