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Summary

Effects associated with progressive maturation of clones
are of greatest concern in clonal tree improvement pro-
grams. Serial propagation has been in use at the Lower
Saxony Forest Research Institute since 1968 to arrest
maturation in Norway spruce clones. By 1980 cuttings were
established in the nursery that had been serially propaga-
ted from one to five cycles. This material was measured
in fall 1983 for several characteristics thought to be indi-
cative of maturation state. Serial propagation appears to
have at least considerably slowed, and perhaps arrested,
maturation processes in Norway spruce. From a practical
point of view, there does not seem to be any restriction for
repropagation at least up to the fifth cycle.
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Zusammenfassung

Jugendlichkeit und Serienvermehrung von Fichten-Klo-
nen (Picea abies Karst.) Die mit der zunehmenden Reifung
von Klonen verbundenen Veridnderungen haben entschei-
dende Auswirkungen auf Klon-Ziichtungsprogramme. Se-
rienvermehrung ist in der Abteilung Forstpflanzenziich-
tung der Niederséchsischen Forstlichen Versuchsanstalt
seit 1968 verwendet ‘worden, um die mit zunehmendem Al-
ter einhergehenden physiologischen und morphologischen
Verdnderungen von Fichtenklonen zu verhindern. 1980
wurden in Escherode Stecklinge verschult, die iiber einen
bis zu 5 Vermehrungszyklen vermehrt worden waren. An
diesem Material wurden im Herbst 1983 zahlreiche Merk-
male erhoben, von denen anzunehmen war, dafl sie eine
Verdnderung im Reifungszustand widerspiegeln wiirden.
Die Ergebnisse zeigen, dafi die Serienvermehrung von Fich-
te die physiologischen und morphologischen Verdnderun-
gen, die mit zunehmendem Alter einhergehen, zumindest
erheblich verzégert, wenn nicht sogar ganz unterbrochen
hat. Fiir die Vermehrungspraxis scheinen zumindest bis
zum fiinften Vermehrungszyklus keine wesentlichen Be-
schrdnkungen zu bestehen.

Introduction

Many advantages have been recognized for the use of
vegetative propagules in forest genetics research and in
production of improved planting stock (FieLping 1964;
TruuN and Faurps 1968; Burpon and SHELBOURNE 1974; LisBy
1974, 1977, Burpon 1982). Problems associated with the
vegetative propagation of older trees have led to the initia-
tion of clonal tree improvement programs using juvenile
material. Large-scale programs relying on early selection
and propagation of clones from provenance and progeny
trials have been initiated for Norway spruce (Picea abies
Karst.) in several European countries (Kreinscamit et al.
1973; Kreinscamit and Scumior 1977; Leeristé 1977; RouLunD
1977; WernNer 1977; Bentzer 1981; Moncaaux 1982). The
greatest concern in these programs and others is the ef-
fects associated with progressive maturation of clones.
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The increasing state of maturation of the donor plant
affects several characteristics of importance in vegetative
propagation. Studies of several species have shown that
percent rooting, speed of rooting, root length and number,
and subsequent survival and growth after rooting all de-
crease with increasing age of the ramet (TuuliN and Fauibps
1968; Lieey et al. 1972; Brack 1973; Girourp 1974; Kianc et
al. 1974; SueiBourNe and TauuN 1974; Rourunp 1975). In
addition, the transition from plagiotropic to orthotropic
growth takes longer (Kieinscumir 1961; Brack 1973; Rou-
Lunp 1975, 1979), and variation within clones rises (Kiein-
scumit 1977). Other characteristics affected by maturation
state include bark and wood properties (Nicuoirs et al.
1976; Lewark 1979, 1981; OreseNn 1982), branching characte-
ristics (LiBBy and Hoop 1976; Lewark 1981), flowering
(FieLpiNnG 1970; ZiMmerMAN 1972; Boistap and Lissy 1982),
leaf anatomy (Scuarraritzky 1959; LBy and Hoop 1976),
and resistance to diseases and browsing (Seecaarp 1959;
FieLbing 1970; Topa 1974; Hevsroex and Visser 1976; Liesy
and Hoob 1976).

The maintenance of juvenility is important in clonal

tree improvement programs. Unless maturation can be

arrested, clones selected early in a program may no
longer be easily propagated or may have changed their
properties by the time information from clonal tests be-
comes available. Related to this problem is the problem of
early testing. The longer one must wait for accurate clonal
information, the greater the concern over progressive ma-
turation effects. Earlier selections, however, carry a greater
risk of not maintaining their superiority to the end of the
rotation. Two methods are possible to escape this problem:
1. using tested material which is repropagated by genera-

tive means and then cloned, or 2. attempting to arrest -

maturation.

Several promising methods have been developed to ar-
rest maturation and possibly even induce rejuvenation in-
cluding cultural treatments of the donor plant, repeated re-
grafting, tissue culture, hedging, and serial propagation.
The two methods most frequently discussed and used for
large scale propagation are hedging and serial propagation.
Juvenility appears to be related in part to the distance of
the plant parts from the roots (FortaiNer and JonNkers 1976;
WAaAREING and Frypman 1976; Paron et al. 1981), and both
these techniques decrease this distance. Hedging involves
the repeated pruning of the donar plant, and has been
shown to provide cuttings of an apparently lower matura-
tion state then those from non-hedged plants (Lissy et al.
1971; Brack 1973; Lisey and Hoop 1976; BoLstap and Lissy
1982; Cores 1983). It has been suggested that different ma-
turation states may be set and maintained, depending on
the height of the hedge (Boistap and Lissy 1982). Hedging
also provides a convenient way to produce and harvest
many cuttings from a small area. Despite promising results,
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it is not known how long hedging will maintain clones in
a juvenile state.

Serial propagation involves the repeated propagation of
cuttings from other recently rooted cuttings. Results from
earlier studies indicate that serial propagation may be ef-
fective in slowing maturation, but whether it completely
arrests maturation is uncertain. Kieinscumit and ScHMIDT
(1977) reported earlier results for Norway spruce clones
that indicate no decline in rooting ability in secondary and
tertiary cuttings as compared to primary cuttings, but
secondary cuttings took somewhat longer to make the
physiological change from branch habit to orthotropic
growth. Morcan et al. (1980) found ‘that secondary live
oak cuttings taken from the 2-year-old primary cuttings
of a 2-year-old seedling had significantly higher rooting
than primary cuttings from the same seedling at 4 years
of age. Pawsey (1971) noted that grafts using scion from
Monterey pine clones serially propagated for four and five
cycles grew in a more juvenile manner than grafts from
material propagated in earlier cycles.

These studies indicate that serial propagation may indeed
be slowing maturation. Deuisie (1954), however, found a
marked decrease in rooting ability with each repropagation
of eastern white pine serially propagated every four years
for five cycles. Fieping (1970) noted that female flowers
were present on 2-1/2-year-old secondary cuttings propa-
gated from 3-year-old primary cuttings, which in turn
were propagated from 4-year-old Monterey pine seedlings.
However, no female flowers were present on 2-1/2-year-
old primary cuttings from 3-year-old seedlings, or on 2-1/2-
year-old seedlings .The results of Deuiste and FieLpinG are
somewhat less encouraging for the use of serial propaga-
tion to slow maturation.
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Figure 1. — Serial propagation of study material. Seedling ortets

were 4 years of age. Cuttings were grown for 3 years before re-

propagation. The number below each cutting indicates the number

of propagation cycles. Cuttings used in this study were rooted
in 1980 and measured in autumn 1983.

Table 1. — One-way, hierarchical analysis of variance using indi-
vidual tree values.

Sourca dr Expected mean squares
Propagation cycle, P 4 + nGp *ome
Clones within cycles, C (P) 365 + n C%/p

Trees within clones, T (C(P)) 7,068

R mho e

Table 2. — Randomized block analysis of variance for propagation
cycles two through five using clonal means.

Source ) df Expected mean squares
Propagation cycle, P 3 U% Nt
Block, B 2 @ "hapt " 0
Block x cycles, BxP 6 UE + n chp

Clones within blocks x cycles, C (BxP) 471 GE

The following study was undertaken to compare diffe-
rent numbers of cycles of repeated repropagation for pro-
gressive maturation effects in Norway spruce clones. This
paper reports the initial results from 4-year-old cuttings
in the nursery propagated for one to five cycles.

Material and Methods

The material used in.this study is part of the Norway
spruce clonal tree improvement program of the Lower
Saxony Forest Research Institute in West Germany. Pro-
pagation procedures and the breeding scheme of this pro-
gram have been described earlier in Kiewscumir et al.
(1973), Kieinscumrr (1974), and Kieinscumit and ScuMmipt
(1977).

Primary ramets propagated from 4-year-old seedlings
selected in the nursery were rooted every 3 years begin-
ning in 1968, and then repropagated on a 3-year cycle
(Figure 1). By 1980 cuttings were established in the nursery
that had been serially propagated from one to five cycles.
All except the fifth propagation material originated from
the same provenance. The fifth cycle material included
some clones originating from other provenances due to
restricted material available in 1968. Trees were measured
in fall 1983 after four growing seasons in the nursery for
several characteristics thought to be indicative of matura-
tion state. The characteristics measured include height,
root collar diameter, branch length, tropism, habitus, and
form. Branch length was measured as the longest branch in
the top whorl. Tropism, habitus, and form are measures
of the growth form of the plant. Tropism is a measure of
vertical growth form with a score of one representing
orthotropic growth and a score of five representing pla-
giotropic growth. Habitus is a measure of symmetry when
looking down on the plant from above. A score of one indi-
cates branches and buds extending in all directions,
whereas a score of five indicates branches and buds ex-
tending bilaterally. Form is a subjective assessment of
the overall shape of the plant. A score of one represents
good form and a score of five, bad form. Percent rooted
for each clone was also noted.

The experimental design was a randomized block design
with clones nested within propagation cycles and trees
nested within clones. A variable number of clones per
propagation cycle and trees per clone existed due to the
nature of the propagation program. The study was repli-
cated three times, except for the first cycle, which was only
replicated twice since only a few trees per clone were
available. Due to the unbalanced nature of the study, two
separate analyses were done. First, all five cycles were
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analyzed as a one-way, hierarchal analysis of variance
using trees from the first two blocks, but not considering
block effects (Table 1). Second, cycles two through five
were analyzed as a randomized block design with clones
nested within cycle (Table 2). Clones nested within cycle
was the error term used to test cycles in the second ana-
lysis since significant block X cycles interaction did not
exist for any of the six traits. Thus the two analyses would
have given similar results except that the exclusion of the
first propagation cycle increased the variance associated
with phases since the means of the first cycle were often
close to the means of the fifth cycle and the overall means.
Only the results from the one-way, hierarchal analysis of
variance are presented since it is not biased by exclusion
of the first propagation cycle.

Due to the discrete nature of scoring for tropism, habi-
tus, and form, a square-root transformation was used in
order to normalize the results. Analysis of variance of the
transformed data was used to check for significance, while
variance components were estimated without a transfor-
mation.

Since height was thought to be correlated with several
variables, an analysis of covariance was completed using
height as the independent variable. The results differ
substantially only with respect to root collar diameter. A
smaller example was taken for further analysis in which
clones were chosen such that the mean height for each cycle
would be near the overall mean height. The objective of
this sample was to look at other characters within a nar-
row range of heights and eliminate some of the correlative

influences associated with height. The additional charac- -

ters examined included the fresh and dry weights of roots,
leader and branches, and the number of branches of first
and second order. Ten clones within each propagation cycle
were chosen and three plants per clone measured. The ana-
lysis used a one-way, hierarchical analysis of variance.

Results and Discussion
Height
Height growth is expected to decrease with increasing

maturation state of the donor plant (RourLunp 1975). Results
from the larger sample showed a decreasing trend in height
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Figure 2. — Mean height‘:rzr alg::\i::y ::pﬁlcee clones propagated

from one to five cycles.

Table 3. — Analysis of variance for height growth.

Larger sample

Source _df W F 4

P L] 3508.8 2.95* 1.4
C(P) 365 1191.4 9.84%*+ 30.2
T(C(P)) 7068 121.1 68.4

Smaller Sample

Source dar - F X
P 4 57.73 0.59 o
c(P) a5 t T3l 2.02%* 25.4
T(C(P)) 100 48.09 74.6
Pc.lo*
P < .ol »*
P ¢ .o0l***
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Figure 3. — Mean root collar diameter of Norway spruce clones

propagated from one to five cycles.

from the second to the fourth propagation cycle, but
the fifth cycle was nearly as tall as the first (Figure 2).
The analysis of variance for the larger sample indi-
cated a significant difference between cycles (p < .25),
but cycles accounted for only 14 percent of the total
variation (Table 3). Although little variation existed be-
tween cycles, slightly decreasing heights from the second
to the fourth cycle may be indicative of an increasing
maturation state. The increasing height of plants that
have undergone five propagation cycles may have resulted
from selection among clones between cycles. Before each
repropagation, a decreasing percentage of clones were ex-
cluded from the program based on growth performance in
clonal field trials. Thus decreases in height growth due to
maturation may have been offset by increases due to selec-
tion between propagation cycles. This problem will be
avoided in future studies by repropagating a standard set
of clones each cycle.

No trends with propagation cycle were evident in the
smaller sample (Figure 2), and differences in heights be-
tween propagation cycles were not significant (Table 3).
This was expected since clones from each cycle were chosen
to be around the overall mean. The mean of the smaller
sample was actually somewhat greater than the mean of
the larger sample, but the deviation of the mean of each
cycle from the overall mean appeared to be random.



Table 4. — Analysis of variance for root collar diameter.
Larger sample

Source i W T X
P 4 81.55 3.41%% 0.8
o(p) 365 23.9% 3.93%%% 12.7
T(C(P)) 7,068 6.08 86.5

Larger sample with covariance analysis using height as
the independent variable.

?T:e dz To.68 5.73 z0‘2
C(P) 365 14.55 5.34% 17.8
regression 1 23730.% 8707.64***

T(C(PY) 7,067 2.73 82.0

Smaller Sample

Source df W T b4
P 4 §.91 1.63 2.4
c(P) a5 3.63 1.27 8.0
T(C(P)) 100 2.86 89.6
P<¢.lo *
P¢.ol **

P ¢ .00l ***

Root collar diameter

Root collar diameter was correlated with height (r =
0.74) and therefore trends in both traits were similar (Fig-
ure 3). Root collar diameter decreased from the second to
the fourth propagation cycle, then increased in the fifth
cycle to the level found for the first cycle. Significant dif-
ferences were found for propagation cycles (p < .01), but
cycles only accounted for 0.8 percent of the total variation
(Table 4).

Because of the strong correlation between root collar
diameter and height, the analysis of covariance using
height as the independent variable differed from the ana-
lysis of variance (Table 4). Differences between cycles
were no longer significant and cycles only accounted for
0.2 percent of the variation. No trends existed in the ad-
justed means for propagation cycles. Root collar diameter
of trees in the smaller sample did not differ significantly
among phases, nor among clones (Table 4). The correlative
influence of height on root collar diameter was not com-
pletely eliminated, but conclusions from the covariance
analysis were the same.
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Figure 4. — Mean branch length of Norway spruce clones propa-
gated from one to five cycles.

Table 5. — Analysis of variance for branch length.
Larger samples

Source df M3 F b4

P 4 256.62 3.59%* 1.4
c(P) 365 71.46 7.25%**  23.4
T(C(P)) 7.068 9.86 75.2

Smaller sample

Source df B F e
P 4 17.66 1.27 3.8
C(P) a5 13.95 2.67%** 344
T(C(P)) 100 5.22 61.8
P ¢.lo =*
P ¢ .ol hoid

P < .00l ¥+

Branch length

Branch length among trees in the larger sample decreased
slightly from the first to the fifth propagation cycle (Fig-
ure 4). This may be indicative of decreasing vigor with
increasing propagation cycle. Although a significant dif-
ference was found between cycles (p < .01), cycles, again,
accounted for very little of the total variation, only 1.4
percent (Table 5). The smaller sample does not follow the
same trend, and the analysis of variance indicated no signi-
ficant cycle differences.

Tropism, habitus and form

Scores for tropism, habitus and form are expected to
increase with increasing maturation state of the donor
plant, indicating a worsening of form and a tendency of
the plant to be more branch-like (RouLunp 1975). Tropism,
habitus and form were favourable among cuttings from
all five propagation cycles (Figure 5). Significant differen-
ces between cycles existed within the larger sample (Ta-
ble 6; p < .001) with a slight increase in scores between
the first and fourth cycles. However, the scores were so
low that any differences were biologically insignificant.
Moreover, propagation cycle accounted for only 1.0, 1.0
and 1.4 percent of the total variation in tropism, habitus
and form, respectively. The analysis of variance for the
smaller sample indicated no significant differences be-
tween cycles.

Dry weight of roots, leader and branches

The fresh and dry weights of roots, leader and branches
were measured only in the smaller sample. Since fresh and
dry weights were highly correlated (r > 0.97), only the re-
sults from dry weights are presented. Differences between
cuttings and seedlings indicate that leader weight may be
expected to decrease relative to branch weight with in-
creasing maturation state (Kieinscumir 1978). No signifi-
cant differences were found between propagation cycles
in the dry weights of roots, leader, or branches (Table 7),
and no trends were evident (Figure 6). Therefore, no evi-
dence for maturation could be found.

Number of first and second order branches

Differences between seedlings and cuttings indicate that
cuttings of comparable height have less first order branches
and more second order branches(KrLeinscamit and ScHMIDT
1977, Kieinscumit 1978). Significant differences were found
between propagation cycles in the number of branches of
first and second order (Table 8; p < 0.1 and p < .05,
respectively). In addition, cycles accounted for 11.0 and
11.2 percent of the total variation in number of first and
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Figure 5. — Mean scores for tropism, habitus, and form of Norway spruce clones propagated from one to five cycles.

second order branches, respectively. This is considerably
more than the percent of the total variation found be-
tween cycles in the other traits. However, trends were not
evident that indicate cuttings propagated five cycles had
less first order branches and more second order branches
than cuttings propagated fewer cycles (Figure 7).
Percent rooted

The percent of cuttings rooted was high for all five
propagation cycles, between 70 and 80 percent (Figure 8).
Rooting percentage decreased somewhat from the first to
third propagation cycle, but then increased again in the
fourth and fifth cycles. No effect of propagation cycle on
rooting percentage is evident and cuttings appear to con-

Table 6. — Analysis of variance for tropism, habitus and form.
Larger sample

tropism pabitus form
Source df MS F b3 MS F 3 MS F %
P 4 0.750 8.56*** 1.1 [ l.040 10.12%**.1.9 }1.943 B8.67** 1.4
c(P) 365 0.018 1,97*** 4.6 | 0.103 3.07*** 9.1 |0.226 2.51*** 6.9
T(C(P)) 7.068]0.009 94.3 | 0.033 89.0 {0.0% 9.7
Smaller sample
tropism habitus férm
Source df MS F b3 MS MS F %
(4 4 0.042 0.86 o 0.019 0.28 0 0.034 0.45 0
c(r) 45 0.049 2.36* 36.7| o0.070 2.65***31.2/0.076 1.16 7.1
T(C(P)) 1loo 0.021 63.3| 0.026 68.7|0.066 92.9
P ¢.10 *
P €.0l **
P & .00l ***
Dry 20 Dry
Weight Weight 2
Roots Leader
Igm) (gm)

S - 1

1 2 3 4
Propagation Cycle

2

Propagation Cycle

Table 7. — Analysis of variance for dry weight of roots, leader,
and branches.

dry weight-roots
MS 3

Source df 1
P 4 39.22 1.55 2.1
c(P) 45 25.37 1.34* lo.o
T(C(P}) 1loo 18.94 87.9
dry weight-Teader
MS F 3
22.22 0.82 0
27.18  1.41% 12.1
19.24 87.9
dry weight-branches
MS F %
200.35 1.28 1.1
156. 60 1.36* lo.7
114.79 88.2
P ¢ .lo~*
P ¢ .ol *
P ¢ .001 ***
Table 8. — Analysis. of variance for number of first and second

order branches.

1° branches 2° branches

Source df MS F % MS F x
4 4 60l1.8 4.14** 1l.0 8832.7 3.07 * 1.2
c(p) 45 145.3 1.3 8.2 2876.6 3.14 ** 37.0
T(C(P)) loo 111.5 80.8 916.7 51.8
P ¢ .lo *
P ¢ .ol **
P < .00l ***
Ory .
. 3
Weight
Branches
(gm)
20
a 2 4
3 4 S 1 2 3 4 5

Propagation Cycle

Figure 6. — Mean dry weight of roots, leader, and branches of Norway spruce clones propagated from one to five cycles (smal-
ler sample only).
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Figure 7. — Mean number of branches of first and second order for Norway spruce

clones propagated from one to five cycles (smaller sample only).

tinue to root easily, at least through five propagation
cycles.

Conclusions

Serial propagation appears to have at least considerably
slowed, and perhaps arrested, maturation processes in
Norway spruce. From a practical point of view, there
doesn’t seem to be any restriction for repropagation at
least up to the fifth cycle, which corresponds to an age of
the original ortet of 16 years. At this age clonal perfor-
mance can be judged quite well and further changes in
rank are minor (Kieinscumit et al. 1978). This study will
be followed to higher propagation cycles to see if observed
tendencies become significant. Further analysis will use
a standard set of clones to be propagated each cycle in
order to eliminate bias due to selection. In addition, the
material used in this study will be followed in the field
to see if tendencies observed at 4 years become significant
at later ages. It would be of advantage to be able to direct-
ly mass propagate superior trees, and to directly rejuve-
nate clones that may have matured in spite of serial pro-
pagation. Several techniques of rejuvenation are now
being developed. These include serial propagation (FieLbiNng
1964; Brack 1973; Dormuing and KerLerstam 1981), severe
pruning of mature ortets (Brack 1973; Francrer 1979;

80
Percent
Rooted B
r_
70
L
’ 1 2 3 4 S
Propagation Cycle
Figure 8. — Mean percent rooted of Norway spruce clones pro

pagated from one to five cycles.

DormuiNg and Kerierstam 1981; Copes 1983), repeated re-
grafting (Francrer 1981), and growth of mature ortets under
various cultural treatments (Francrer 1979; Dormuing and
KEeLLERsTAM 1981).

Different characters may respond variably to rejuvena-
tion treatments. Although better rooting, for example, may
be indicative of a more juvenile state, other characters may
indicate that only a partial rejuvenation was achieved.
Furthermore, partial rejuvenation may be a result of an
improved physiological condition of the plant, and not a
result of true ontogenetical rejuvenation. Full rejuvenation
in the absence of meiosis is uncertain. However at least
one example in plants of apparent complete rejuvenation
exists using tissue culture techniques. MuLLins et al. (1979)
has induced the juvenile form of an ancient clone of the
grapevine following in vitro culture of shoot tips. In coni-
fers, plantlets have been produced from older plant mate-
rial in western red cedar (CoLemaN and Tuoree 1977), red-
wood (Francrer 1979) and maritime pine (Francrer et al.
1980). An the case of redwood and maritime pine, in vitro
propagation was proceeded by various cultural treatments
of the donor plant, and the expression of juvenile morpho-
logy varied according to the pretreatment.

Even if maturation should occur in later propagation
cycles and techniques of rejuvenation were not effective,
the gain associated with the knowledge of clonal perfor-
mance would not be lost. Norway spruce begins producing
cones at 20 to 30 years. If maturation effects have become
significant by this age, little time is lost using clonal in-
formation to conduct controlled crosses between proven
performers. New clonal varieties can then be propagated
from the improved seedlings. Only a few crosses are neces-
sary since large numbers of ramets per clone can be gene-
rated quickly using serial propagation. Information from
clonal tests includes the sum of additive and non-additive
genetic effects. Controlled crosses would result in the loss
of favorable genetic interactions resulting from non-ad-
ditive effects. Other favorable genetic interactions would
be generated, but would only become apparent after
another round of clonal tests.

Serial propagation has several advantages for use in
large-scale vegetative propagation. First, large numbers
of ramets per clone can be produced quickly. Rauter (1979)
has used short-cycle serial propagation to increase the
amount of black spruce planting stock rapidly. Second, new
material can be integrated into a clonal program with ease,
including new selections, material from breeding work,
and recently rejuvenated clones. This enables a paossible
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shift in clonal composition in response to new selection
goals, or in order to increase genetic diversity. Third,
serial propagation permits large initial numbers of clones
with subsequent use of large selection differentials. Large
numbers of clones can be dropped from further propaga-
tion with little loss in investment, because after propaga-
tion, all material is used in clonal tests or as planting
stock. Hedge orchards, however, must be managed for seve-
ral years before large numbers of cuttings can be obtained,
and when clones are dropped from the program, the in-
vestment in managing a hedge that is no longer used is
lost. This is of little consequence when working with small
numbers of clones, but as the number of clones increases,
so does the problem. Finally, serial propagation appears to
be an effective technique in Norway spruce to slow, and
possibly even arrest, maturation processes.

Acknowledgements

The material has been grown with great care under the control
of Jocuen Scamipt. Most of the calculations have been done by
Bernp SeewmManN on the UNIVAC computer of GWD in Gottingen.
We want to thank both for this excellent cooperation and as-
sistance.

Literature

Bentzer, B.: Large scale propagation of Norway spruce (Picea
abies (L.) Karst.) by cuttings. In: Symp. on Clonal Forestry, Swed.
Univ. Agr. Sci. Res. Notes 32, pp. 33—42 (1981). — Bururack, D. K.:
Influences of shoot origin and certain pre- und post-severance
treatments on the rooting and growth characteristics of Douglas-
fir (Pseudotsuga menziesii (Mirs.) Franco) stem cuttings. Ph. D.
Thesis, Oregon State Univ., 143 p. (1973). — Botstap, P. V. and
Lisey, W. J.: Comparisons of radiata pine cuttings of hedge and
tree-form origin after seven growing seasons. Silvae Genetica
31: 9—13 (1982). — Burpon, R. D.: The roles and optimal place of
vegetative propagation in tree breeding strategies. In: Proc.
IUFRO Joint Meeting of Working Parties on Genetics about Breed-
ing Strategies including Multiclonal Varieties, Sensenstein, F. R.
G., pp.- 66—83 (1982). — Burpon, R. D. and SueLBourng, C. J. A.:
The use of vegetative propagules for obtaining genetic information.
N.Z.J. For. Sci. 4: 418—425 (1974). — Coreman;y W:. K. and THORPE,
T. A.: In vitro culture of western red cedar (Thuja plicata Donn).
1. Plantlet formation. Bot. Gaz. 138: 298—304 (1977). — Corss, D. L.:
Effects of annual crown pruning and serial propagation on root-
ing of stem cuttings from Douglas-fir. Can. J. For. Res. 13: 419—
424 (1983). — DsEusie, A. L.: The relationship between the age of
the tree and the rooting of cuttings in white pine. Abstr. in Proc.
Indiana Acad. Sci. 64: 60—61 (1954). — DormLING, I. and KELLERSTAM,
H.: Rooting and rejuvenation in propagating old Norway spruce
by cuttings. In: Symp. on Clonal Forestry, Swed. Univ. Agr. Sci.
Res. Notes 32, pp. 65—72 (1981). — FieLpinG, J. M.: The possibility
of using cuttings for the establishment of commercial plantations
of Monterey pine. In: Proc. World Consultation on Forest Gene-
tics and Tree Improvement, Stockholm, FAO-Forgen 63-5/10, 7 p.
(1964). — FieLbing, J. M.: Trees grown from cuttings compared
with trees grown from seed (Pinus radiata D. Don). Silvae Gene-
tica 19: 54—63 (1970). — Forranier, E. J. and Jonxkers, H.: Juveni-
lity and maturity of plants as influenced by their ontogenetical
and physiological ageing. Acta Hort. 56: 37—44 (1976). — FRANCLET,
A.: Rajeunissement des arbes adultes en vue de leur propagation
végétative. AFOCEL Etudes et Recherches 12:6/79: 3—18 (1979). —
FrancLer, A.: Rajeunissement et propagation végétative des lig-
neux. AFOCEL Annales de Recherches Sylvicoles 1980: 11—41 (1981).
— FrANcLET, A., Davip, A., Davip, H. and Bouray, M.: Premiére
mise en évidence morphologique d'un rajeunissement de mériste-
mes primaires caulinaires de pin maritime &gé (Pinus pinaster
Sor.). C.R. Acad. Sc. Paris, Sér. D 290: 927—930 (1980). — GIROUARD,
R. M.: Propagation of spruce by stem cuttings. N.Z. J. For. Sci.
4: 140—149 (1974). — Hevsroek, H. M. and Visser, I.: Juvenility in
fruit growing and forestry. Acta Hort. 56: 71—80 (1976). — Kiang,
Y. J., Rocers, O. M. and Pixe, R. B.: Vegetative propagation of
eastern white pine cuttings.N. Z. J. For. Sci. 4: 153—160 (1974). =
Kueinscumit, J.: A program for large-scale cutting propagation of
Norway spruce. N. Z. J. For. Sci. 4: 359—366 (1974). — KLEINSCHMIT,

J.: Problems of vegetative reproduction. In: FAO/IUFRO Third
World Consultation on Forest Tree Breeding, Canberra, FO-FTB-
77-4/5, 9 p. (1977). — Kuveinscamit, J.: Vergleichende Wurzelunter-
suchungen an Fichtensimlingen und Fichtenstecklingen. Forstar-
chiv 49: 69—74 (1978). — KueiNnscamIT, J., MULLER, W., ScumipTt, J.
and Racz, J.: Entwicklung der Stecklingsvermehrung von Fichte
(Picea abies Karst.) Zur Praxisreife. Silvae Genetica 22: 4—15 (1973).
Kueinscamit, J. and Scumipt, J.: Experiences with Picea abies cut-
tings propagation in Germany and problems connected with large-
scale application. Silvae Genetica 26: 197—203 (1977). — KLEIN-
scamit, J., Racz, J. and Joun, W.: Verdnderungen des Wachstums
bei Fichte (Picea abies). Internal report, not published (1978). —
Kieinscumit, R.: Versuche mit Pichtenstecklingen fiir einen gene-
tischen Test. Silvae Genmetica 10: 10—20 (1961). — Lepists, M.:
Vegetative propagation by cuttings of Picea abies in Finland.. In:
Proc. Vegetative Propagation of Forest Trees - Physiology and
Practice. Inst. For. Imp. and Dep. For. Gen., Coll. For., Swed.
Univ. Agr. Sci.,, pp. 81—95 (1977). — Lgewark, S.: Wood characte-
ristics in Norway spruce breeding programs. In: Proc. IUFRO
Joint Meeting of Working Parties on Norway Spruce Provenance
and Norway Spruce Breeding, Bucharest, pp. 316—341 (1979). —
LewARk, S.: Untersuchungen von Holzmerkmalen junger Fichten
(Picea abies (L.) Karst.) Jahrringbreite, Rohdichte und Astigkeit
von Stecklings-Klonen. Dissertation zur Erlangung des Doktor-
grades der Forstl. Fakultit der Georg-August-Universitdt Gottin-
gen, 193 p. (1981). — Lisey, W. J.: The use of vegetative propa-
gules in forest genetics and tree improvement. N. Z. J. For. Sci.
4: 440—447 (1974). — Liesy, W. J.: Rooted cuttings in production
forests. In: Proc. 14th South. For. Tree Imp. Conf., pp. 13—19 (1977).

— LisBy, W. J., BrowN, A. G. and FieLping, J. M.: Effects of
hedging radiata pine on production, rooting and early growth of
cuttings. N. Z. J. For. Sci. 2: 263—283 (1972). — Lissy, W. J. and
Hoop, J. V.: Juvenility in hedged radiata pine. Acta Hort. 56: 91—
98 (1976). — MoncHAavux, P.: Epicéa commun: sélection massale en
pépiniere. AFOCEL Annales de Recherches Sylvicoles: 262—289
(1982). — MoragaN, D. L., McWiLLiams, E. L. and Parg, W. C.: Main-
taining juvenility in live oak. Hortsci. 15: 493—494 (1980). — MuL~
1ins, M. G., Nar, Y. and Samper, P.: Rejuvenation in vitro: Induc-
tion of juvenile characters in an adult clone of Vitis vinifera L.
Ann. Bot. 44: 623—627 (1979). — Nicuoris, J. W. P., Pawsey, C. K.
and Brown, A. G.: Further studies on the ortet-ramet relationship
in wood characteristics of Pinus radiata. Silvae Genetica 25: 73—79
(1976). — Paton, D. M., WL, R. R. and Pryog, L. D.: Root-shoot
gradients in Eucalyptus ontogeny. Ann. Bot. 47: 835—838 (1981). —
Pawsey, C. K.: Development of grafts of Pinus radiata in relation
to age of scion source. Aust. For. Res. 5: 15—18 (1971). — OueskN,
P. O.: The effect of cyclophysis on tracheid width and basic
density in Norway spruce. For. Tree Impr. Arbor. Hersholm No.
15, 80 p. (1982). — Rauter, R. M.: Spruce cutting propagation in
Canada. In: Proc. IUFRO Joint Meeting of Working Parties on
Norway Spruce Provenances and Norway Spruce Breeding, Bucha-
rest, pp. 158—167 (1979). — Rourunp, H.: The effect of the cyclo-
physis and the topophysis on the rooting and behaviour of Norway
spruce cuttings. Acta Hort. 54: 39—50 (1975). — RouLunp, H.: Vege-
tative propagation of forest trees at the arboretum in Hersholm,
Denmark. In: Proc. Vegetative Propagation of Forest Trees. Phy~
siology and Practice. Inst. For. Imp. and Dep. For. Gen., Coll. For.,
Swed. Univ. Agr. Sci., pp. 103—128 (1977). — Rourunp, H.: Stem
form of cuttings related to age and position of scions (Picea abies
L. Karst.). For. Tree Impr. Arbor., Hersholm No. 13, 24 p. (1979). —
ScHAFFALITZKY DE Muckaperr, M.: Investigations on aging in apical
meristems in woody plants and its importance in silviculture.
Forstl. Forsggsv. Danm. 25: 310—455 (1959). — SueLBoUrNE, C. J. A,
and TauuiN, I. J.: Early results from a clonal selection and testing
programme with radiata pine N. Z. J. For. Sci. 4: 387—398 (1974).
— Sorcaarp, B.: Resistance studies in Thuja. Forstl. Forsegsv.
Danm. 31: 279—396 (1969). — TauuiN, I. J. and FauLps, T.: The use:
of cuttings in the breeding and afforestation of Pinus radiata. N.
Z. J. For. 13: 66—77 (1968). — ‘Toba, R.: Vegetative propagation in
relation to Japanese forest tree improvement. N. Z. J. For. Sci.
4: 410—417 (1974). — WareING, P. F. and Frypman, V. M.: General
aspects of phase change, with special reference to Hedera helix
L. Acta Hort. 56: 57—170 (1976). — WaErNER, M.: Vegetative propaga-
tion by cuttings of Picea abies in Sweden. In: Proc. Vegetative-
Propagation of Forest Trees - Physiology and Practic. Inst. For.
Imp. and Dep. For. Gen., Coll. For., Swed. Univ. Agr. Sci.,, pp.
97—102 (1977). — ZimvmermanNN, R. H.: Juvenility and flowering in.
woody plants: a review Hortsci. 7: 447—455 (1972).

Herausgeberin: Bundesforschungsanstalt fiir Forst- und Holzwirtschaft; Schriftleitung: Institut fiir Forstgenetik und Forstpflanzenziich--
tung. SiekerlandstraBe 2, 2070 GroB8hansdorf 2-Schmalenbeck (Holstein). — Verlag: J. D. Sauerlinder’s Verlag, 6000 Frankfurt a. M., Fin-
kenhofstrae 21. — Anzeigenverwaltung: J. D. Sauerldnder’s Verlag, Frankfurt am Main. — Satz und Druck: H. Robert, 6310 Griinberg,.
Hess 1. — Printed in Germany.
© J. D. Sauerlander’s Verlag, Frankfurt a. M., 1985

ISSN 0037-5349





