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Summary

Four provenances of giant sequoia (Sequoiadendron gi-
ganteum (Linpr.) Buchn.) originating from the counties
Fresno, Calaveras, Tulare and from Sequoia National
Forest in California were tested on three sites in the Federal
Republic of Germany (Rengsdorf/Rhineland Palatinate;
Reinhausen/Lower Saxony; and at Grosshansdorf/Schles-
wig-Holstein).

At age 14 years differences in survival between locations
and provenances were ascertained. At the trial in Gross-
hansdorf survival was influenced particularly by frost
damage in a frost pocket and a following infection by Ar-
millaria mellea (Vanr) Karst. In spite of the small number
of provenances there were significant differences in height,
d.b.h. and diameter at half tree height between provenan-
ces and locations. The provenance Tulare which is known
from other trials to perform well proved to have inferior
growth and survival up to age 14 years. At the trial at
Rengsdorf height growth was slightly negatively correlated
with the altitude at the seed origin.

A prerequisite for establishing stands of giant sequoia at
a commercial scale is the choice of frost hard (and well
performing) provenances. Such stands might be promising
at suited sites in the Federal Republic of Germany.

Key words: giant sequoia, variability, survival, growth perfor-
mance, frost damage,~damage by Armillaria mellea.

Zusammenfassung

Vier Provenienzen des Mammutbaumes wurden auf drei
Standorten in der Bundesrepublik Deutschland gepriift.
Im Alter von 14 Jahren wurden zwischen Standorten und
zwischen Provenienzen Unterschiede in der Uberlebensfi-
higkeit festgestellt. In einem Versuch in GroBhansdorf
konnten die Ausfille insbesondere auf Frostschidden in ei-
nem Kiltestau und wahrscheinlich nachfolgenden Halli-
maschbefall zuriickgefiihrt werden. Trotz der geringen An-
zahl von Herkiinften variierten die Wachstumsmerkmale
Hohe, BHD und Mittendurchmesser gesichert zwischen den
Herkiinften und Standorten. Die bisher in anderen Anbau-
versuchen als giinstig angesehene Herkunft Tulare erwies
sich dabei den Provenienzen aus den Counties Fresno, Ca-
laveras und Sequoia National Forest bis zum Alter 14 als
unterlegen.

Das Hohenwachstum an einem der Versuchsorte (Rengs-
dorf) war schwach negativ mit der HoOhenlage des Ur-
sprungortes korreliert, Voraussetzung fiir den Anbau des
Mammutbaumes in wirtschaftlichem Ausma8 ist die Aus-
lese frostharter und wiichsiger Populationen. Solche An-
bauten kénnten auf geeigneten Waldstandorten in der Bun~
desrepublik Deutschland aussichtsreich sein.

Introduction

Since middle of the last century, giant sequoia has been
introduced into Europe in about 600 occasions (Lissy, 1981)
from the small natural area of distribution along the Cali-

*) Dedicated to Prof. Dr. W. Langner’s 80th birthday.
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fornian Sierra Nevada (LirtLE, 1975). It has exhibited a good
growth performance even in larger afforestations (KLeiN-
scumit, 1984; FuLDNER, 1968). Yet, only in the mid-sixties a
provenance trial with 4 provenances was initiated by W.
LangNEr on 3 sites in the Federal Republic of Germany.
Prerequisite for these trials was knowledge about the cul-
ture of giant sequoia which was elaborated by Martin (1957/
58). In this paper results of the 14 year old giant sequoia
provenance trial are presented.

Material and Methods

The provenances originate from the counties of Tulare,
Fresno, Calaveras, and from Sequoia National Forest in
California, and several trees from each provenance were
harvested. (Tab. 1). The trial areas were established with
3 resp. 4 year old plants in the forest districts of Rengsdorf
(Rhineland Palatinate), Reinhausen (Lower Saxony) and at
Grosshansdorf (Schleswig-Holstein). Some details concern-
ing the trial areas are shown in Table 2. The previocus
vegetation on the trial areas were decidous trees (beech in
Rengsdorf and Reinhausen and an apple orchard at Gross-
hansdorf). At Rengsdorf and Reinhausen a randomised

Tab. 1. — Sites of the seed origin of four provenances of Se-
quoiadendron giganteum and survival (%) as well as growth cha-
racters at 14 years of age.

Origin ¢
No. (2) (1) (3) (4)
County Tulare Fresno Calaveras Seq.Nat.for.
Latitude 0.

(apr. 36°26 36%45° 38°%1s° 36%15°
Altitude

(m) 1830 1830 1433 1220
Survival (%) :
Reinhausen
(Niedersachsen) 48 72 67 59
Rengsdorf
(Rheinland-Pfalz) 5§ 83 69 73
Average 52 7 68 66
GroBhansdorf
(Schleswig-Holstein)- 56 87 81
Average - 75 70 68
Growth characters :
Height

(cm) 362 399 418 426
DBH
(cm) 8.1 9.4 9.5 10.6
mp*
(cm) 5.8 6.3 6.4 7.0

& Diameter at half tree height,
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Tab. 2. — Some soil and climatic characteristics at the trial areas.

annual
average
precipitation
(mm)

annual
average
temperature
(°c)

S0il character-

Trial area istics

Reinhausen
(Niedersachsen)

sandy loam, 7.2 607
variegated
sandstone

Rengsdorf

sandy loam, 6.8 750
(Rheinlang-Pfalz)

browun earth

GroGhansdorf
(Schleswig-Holstein)

sandy loam - 8.1 739
loamy sand,
ground moraine

block design was established with 4 replications and 16
trees per plot. At Grosshansdorf the remaining material
with 3 provenances, replications and 4 trees per plot were
planted.

At age 5 and 14 years height and diameter at breast
height as well as at half the tree height were measured and
at age 14 years the survival rate. Frost damage on the site
at Grosshansdorf was estimated at age 13 and 16 years.
At age 13 the attack of Armillaria mellea was first observ-
ed. Calculating of the metric characters were done by ana-
lysis of variance (random-model) and survival rate with
the y2-test. Correlations were calculated by using Spear-
man’s rank correlations.

Results

Survival: Between the trial areas significant differences
were found with the highest survival rate at Rengsdorf
(Table 1). Also among the provenances there are significant
differences in survival rate. Noticeable are the large losses
of the seed source Tulare. Between the three trial areas and
the provenances there seems to be an interaction. In Rein-
hausen and Rengsdorf the provenance Fresno survived
well, whereas at Grosshansdorf there were considerable
losses. Accordingly, the provenances Sequoia National
Forest and Calaveras reacted vice versa.

Damage by Frost and Armillaria mellea: At the trial
in Grosshansdorf the damages which occurred between the
ages 13 and 16 were investigated more closely. A distinct
red-brownish coloring of the needles beginning at the bot-
tom of the crown was observed. Later the color turned grey.

Damaged and undamaged parts of the crown could easily
be distinguished allowing an easy identification of these
damages as being due to frost.

In Figure 1 the frost damages are shown irrespective of
the provenance but dependent of the position of the trial
area. Trees growing in the frost pocket in the northern part
of the area (replication IV) were damaged most.

Giant sequoia is known to be slightly resistant against
Armillaria mellea (Vaur) Karst.. It occurs frequently and
in its virulent stage on sites previously covered with deci-
dous trees (SCHWERDTFEGER, 1981, PHiLLips and BURDEKIN, 1982).
At Grosshansdorf Armillaria mellea occurred frequently
after trees were damaged by frost. It was not possible to
find out yet if the attack occurred as a primary attack
on these trees. However, the fungus was found only on
trees which were damaged by frost. On the other trial
areas no such damages could be found.

Growth Performance: Figure 2 shows significant dif-
ferences between the trials in height, in d.b.h. and in dia-
meter at half the tree height (see also Table 1 and 3). In
Rengsdorf height growth was better than in Reinhausen
and Grosshansdorf. The sensitive reaction of giant sequoia
to the trial area becomes perceptible in the differences be-
tween the repetitions of a trial. Between provenances there
are significant differences, which are demonstrated by in-
ferior growth of the provenance Tulare and the superior
growth of the provenance Sequoia National Forest (Figure
2, Table 3).

The different provenances seem to react differently to
the nursery conditions and/or to planting shock. For in-
stance, Tulare showed its inferior growth already after the
first growing period. However, this provenance effect de-
creases to about 9% after 10 years in the field while the
effect of the site increases to about 76% (Table 3). The dif-
ferences in growth between provenances become more
similar with time. Thus, the provenance Tulare increased
in height since age 5 in Rengsdorf about 8-fold and in
Reinhausen about 5 in Rengsdorf about 8-fould and in
Reinhausen about 5-fold. The other provenances maintain-
ed a very similar increase at Reinhausen as Tulare (4.4- to
5-fold, Fig. 2), however a marginal increase at the climatic
better site in Rengsdorf (5.9- to 7.6-fold).

Trial area Sequoia 4, Grof3hansdorf

1 3 &4 1 3 4 N

% of dead
crown-parts W1979 91982
F 13 Years 16 Years
1001 -
1 H
H H B
SRNCINS
sot  H -
=f 5[
£
—
0% 3 4, 1 3 4
I I

I Iv

Fig. 1. — Dead parts of the crown due to frost damage (%) in 3 provenances (1. 3,, 4) from
south (Repl. I) to north (Repl. IV).
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Fig. 2. — Average heights by provenances at trial areas.

Correlations: Significant- correlations were found be-
tween height, d.b.h. and diameter at half tree height (Tab-
le 4). The positive correlation between survival at age 14
and height at age 5 proved to be significant only for the
provenance Fresno in the trial at Rengsdorf when survival
of the remaining plants is correlated to their height at age
5.

Apparently the growth characters are negatively cor-
related with the height a.s.l. of the place of origin of seed
source (Table 1). At the trial area Rengsdorf an increase
in altitude of the seed source of 100m involves a decrease
in tree height about 10 cm and a decrease in d.b.h. of about
3.7 cm. At Grosshansdorf and Reinhausen such a relation-
ship could not be found.

Discussion and Conclusions

The natural area of distribution of giant sequoia extends
only little in north-south direction. So, it may be assumed
that the variation of the species is small. However, the

Tab. 3. — Relative variance components for growth characters at
the age of 5 (1971) and 14 (1980) years.

Source of variation H 71 H BO DBH 80 MD 80
Sites (S) 0 n.s. T6xne 652 %% 5722
Replications in Sites Saxx Taxnn 23xx» 27xaxn
Provenances (P) Bhxxx Gxxx ARPT T 16nx2
S x P 7 (1] 0 0

Tab. 4. — Rank correlations between different characters of 5 and
14 year old Sequoiadendron giganteum provenances.

Characters Height 71 Height 80 DBH 80 mD 80

Survival 80 D.3446 0.5231 0.5336 0.4419
= zx 2z xx

Height 71 - 0.0636 0.1826 0.0351
n.s. n.s. n.s.

Height 80 - 0.9647 0.9436
RS EE 23

DBH 80 - 0.9185

R%

growth characters showed significant differences which
were found not only in the nursery but up to the age of
14 years. The provenance Tulare which has up to now been
viewed as a particularly well growing one has proven to be
inferior in growth up to this age. However its increase
in growth is higher than in other provenances at the
warmest trial site at Rengsdorf. It is about equal to the
other provenances in Reinhausen. So this different result
to former ones (Anon., 1982) may be due to the fact that
most stands of giant sequoia in this country were estab-
lished on warmer sites, where Tulare with the time could
overcome other provenances. Since also in survival rate
significant differences were found, further investigations
are necessary to find provenances which in all probability
are well adapted (Guinon et al., 1982). The survival of all
provenances past the time in the nursery proves that giant
sequoia is suitable for various forest sites in the Federal
Republic of Germany (see also Lissy et al., 1975). However,
sites with frost pockets (or with strong winter frosts)
should be excluded.

Significant differences in frost hardiness were not found
in this investigation. But because only few provenances
and trees were tested, they may be assumed to exist (Gui-
NoN et al., 1982). If there is such damage an attack by the
weak parasite Armillaria mellea must be expected espe-
cially if previously decidous trees were growing on the
site as was the case on the trial area at Grosshansdorf
(see also SCHWERDTFEGER, 1981; PuiLLips and Burbpekin, 1982).

Testing the suitability of provenances and the avoidance
of frost damages would be the prerequisite before giant
sequoia could be used for larger afforestation in suited
areas. If a relationship between altitude of the seed source
and growth potential (and frost tolerance) could be further
verified the selection of suitable provenances could be
simplified considerably. The correlation found here gives a
first indication of the existence of such a relationship.
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Summary

A Norway spruce clonal test, established with 5 clones on
5 extremely contrasting sites in 1967 and remeasured for
plant-height 10 times until 1981 has been used to estimate
the relative importance of the components of variance for
“locations”, “clones”, “locations X. clones”, “blocks”, and
“experimental error” dependent on the time. The results
show, that in this study “blocks” and “interaction” are of
minor importance, accounting to less than 5% of the total
variation. Clones account for roughly 10%. These three
sources of influence remain more or less constant over
time. Considerable changes however occur in the compo-
nents for “locations” and “experimental error”. The first
one increases quickly until it reaches a plateau at about
70%, the last one decreases correspondingly and ends up
after few years at 15%. All values are quite stable at the
end of the time of measurement. These results are discus-
sed on a more general background.

Key words: Norway spruce, clonal test, components of variance,
early testing.

Zusammenfassung

Eine Fichten (Picea abies)-Klonpriifung, die 1967 mit 5
Klonen auf 5 extrem unterschiedlichen Standorten be-
griindet worden war und seither bis 1981 10 mal fiir das
Merkmal Pflanzenhéhe aufgenommen worden ist, wird
verwendet, um den Beitrag der Variationsursachen , An-
bauorte“, ,Klone“, , Anbauorte X Klone“, ,Blocke* und
»Versuchsfehler* in Abhangigkeit von der Zeit zu schétzen.

Die Ergebnisse zeigen, daB in diesem Versuch ,,Blocke*
und , Interaktion“ mit weniger als 5% einen unbedeuten-
den Beitrag zur Gesamtvariation leisten. , Klone“ erklidren
rd. 10% der Variation. Diese 3 Variationsursachen bleiben
liber die Zeit mehr oder weniger konstant. Erhebliche Ver-
dnderungen treten aber im Laufe der Zeit bei den Varianz-
komponenten ,,Anbauorte” und , Versuchsfehler” ein. Er-
stere nimmt rasch zu, bis sie nach wenigen Jahren ein
Plateau bei rd. 70 % erreicht, letztere nimmt entsprechend
ab, bis sie sich bei etwa 15% stabilisiert. Erstaunlich ist die
Stabilisierung aller Varianzkomponenten bereits nach we-
nigen Jahren.

Die Ergebnisse werden vor einem breiteren Hintergrund
diskutiert.

Herrn Professor Dr. W. LancNer zum 80. Geburtstag gewidmet.

*) Institut fiir Pflanzenbau und Pflanzenziichtung der Universitéit
Kiel, OlshausenstraBe 40-60, D-2300 Kiel

**) Niedersidchsische Forstliche Versuchsanstalt, Abteilung Forst-
pflanzenziichtung, D-3513 Staufenberg 6

Introduction

Testing clonal material under different site conditions
resulted repeatedly in pronounced differences of variance
components depending on time. During the first years after
test establishment site influences play a minor role and
clonal influences are predominant. These are still strongly
under the influence of the nursery site. Only after some
vears the site influences increase and finally by far the
biggest part of variation can be explained by site influen-
ces, the clonal component decreases simultaneously.

This rule is not only true for clones but for other plant
material as well. Huean (1974) could show for Norway
spruce single tree progenies and controlled -crosses,
measured from 1959—1971 for tree height, that the variance
components for progenies considerably decreased while
variance components for planting sites increased corres-
pondingly. The component for interaction did not change
much. In this study the different variation components
seem to approach fixed values asymptotically.

Finally the plateau-values reached 25% for progenies,
60% for locations, roughly 8% for interaction and 7% for
experimental error.

Nicuors (1965) already describes a change of variance
components for Pinus radiata wood characteristics depend-
ing on age in 1965.

Lewark (1981) found for the same clonal material used in
this study strong annual fluctuations for variance compo-
nents of annual ring width, basic density and other wood
characters. The consequences resulting from these findings
for early selection are discussed by Lewark and elsewhere
(KLeinscumit and KNiGGe 1967).

In clonal tests these components of variance can be
partly interpreted genetically.

For a judgement on the silvicultural use of clones the
time of evaluation plays due to the influences discussed
above a considerable role. Valid conclusions can be drawn
only after the components of variance have been stabilized.

The following three questions have to be answered:

1. Do the components of variance stabilize sufficiently at
all? Theoretically a continuous fluctuation during growth
development would be possible too.

2. If the components of variance stabilize, in which age
can this be expected?
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