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Introduction

Vegetative propagation of conifers through cut-
tings has an important role in reforestation pro-
grammes throughout the world. Cryptomeria
japonica (L.£) Don in Japan, Pseudotsuga men-
ziesit (Mirb.) Franco and Picea mariana (Mill.)
B.S.P. in North America and Pinus radiata (D.)
Don in New Zealand and Australia are all
examples of important species that are part of
operational programmes for cutting propaga-
tion (Ritchie, 1991). In Europe, clonal forestry
programmes are operating with Picea abies (L.)
Karst. (Hogberg et al., 1995), Picea sitchensis
(Bong.} Carr. (Deans et al., 1992) and Larix %
eurolepis Henry (Radosta et al., 1994). In
Sweden, clonal forestry with Norway spruce
(Picea abies) dates back to mid 1970s. In practi-
cal clonal forestry, as performed in southern
Sweden, the realized gain in volume ranges from
15 to 20 per cent, when compared with
seedlings of recommended provenance
(Hogberg et al., 1995). This gain is not merely
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genetic, cuttings may also offer physiological
advantages, e.g. faster initial growth than
seedlings, thus shortening the establishment
phase. Gemmel et al. (1991) found that 8-year-
old cuttings gained 15 per cent in height com-
pared with seedlings of the same genetic origin.
However, the authors suggested that the
increased growth during the first years may not
be persistent, as the leader length of year 8 did
not differ between the two stock types. Roulund
et al. (1985) compared seedlings and cuttings
from selected clones of Norway spruce. Three-
year-old cuttings were 9 per cent shorter than
seedlings when planted, but, at 13 years, cut-
tings were 18 per cent taller than seedlings.
According to Roulund and Bergstedt (1982), 10-
year-old cuttings of Sitka spruce were 25 per
cent taller than seedlings.

Other features of Norway spruce cuttings
compared with seedlings are lower susceptibility
to pine weevil damage (Mattsson and Thorsén,
1992) and a reduced risk of winter damage
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(Hannerz, 1994a). Cuttings may show a plagio-
tropic (slanting) growth during the first years
after rooting (Dekker-Robertson and Klein-
schmit, 1991). Kleinschmit and Schmidt (1977)
found that cuttings of Norway spruce had a
lower number of first order branches and a
higher number of second order branches than
seedlings, up to 40 cm height. Roulund et al.
(1985) showed that cuttings of Norway spruce
had more tapered stems (height:diameter ratio)
than seedlings. When applying the absolute form-
quotient (the ratio between the diameter half-
way between breast height and top of the tree
and the diameter at breast height), cuttings had a
better form than seedlings. There was no differ-
ence in stem form between 10-year-old cuttings
and seedlings of Sitka spruce (Roulund and
Bergstedt, 1982). According to Kleinschmit and
Schmidt (1977), cuttings of Norway spruce had a
larger diameter than seedlings of similar height at
15 years of age. Other characteristics of Norway
spruce cuttings resulting from ageing are, e.g.
reduced symmetry (Bentzer, 1988), reduced root-
ing ability (Dormling et al., 1976) and deterio-
rated stem form (Roulund, 1979) Cuttings of
radiata pine (Pinus radiata) show considerable
advantages when compared with seedlings, e.g.
better stem form, straighter trunks and lower
branchiness. Fielding (1970) and Anon. (1991)
report thinner bark and more frequent and ear-
lier lowering of cuttings than of seedlings.

The initial size and vigour of the plants may
also have important influences on survival and
growth in the field (Hultén, 1992). The biomass
of the plants is highly dependent on growth time
and spacing in the cultivation. Height and diam-
eter growth during the first year in the field were
significantly larger for Norway spruce seedlings
cultivated with a low number of seedlings per
area-unit (Hultén, 1992).

If cuttings are to be commonly used in prac-
tical forestry, there is a need for more informa-
tion on the long-term performance of cuttings in
relation to seedlings. Important factors to
explain are the persistence of growth superiority
and significant differences in form characters
when compared with seedlings.

This paper presents a field comparison of
injuries, form and growth of container-culti-
vated cuttings and seedlings. The influence of
container size is also evaluated. The principal

aim of the study was to compare field behaviour
of cuttings and seedlings of equivalent genetic
origin.

Material and methods

All seed sources originated from the Vitebsk
region in Belorussia. Two close, but separate,
sources were used for cuttings (Vitebsk vitebsk,
55°15'N, 30°43’E, 200 m a.s.l.) and seedlings
(Vitebsk suraizsky, 55°24', 30°10'E, 150 m
a.s.l.). Cuttings were taken from 2-year-old
seedlings raised at Eds nursery (60°16'N,
18°20’E, 10 m a.s.l.). The plants were rooted or
sown in a greenhouse in Uppsala in central
Sweden (59°48’'N, 17°38'E, 15 m a.s.l.) in con-
tainers (Hiko and Paperpot) of varying size filled
with chip-peat (Table 1). Cultivation started in
the spring of 1980, and both cuttings and
seedlings were kept in the greenhouse until July
of the first year. Thereafter, the plants were
transferred outdoors to an irrigated nursery
area, where they were kept until planting in
May 1982. Rooting success was between 75 and
80 per cent for each container. The experiment
was established 20km north of Uppsala
(60°03'N, 17°48'E, 25 m a.s.l.), on a clearfelled
mire with a peat layer of approximately 0.5 m.
The site was drained, but still waterlogged in
parts of the experiment, and expected to be
exposed to late spring and eatly autumn frosts.
Paper was not removed from the Paperpot
plants. Site preparation, including scarification,
was performed with a mattock.

The experiment included 10 blocks with each
treatment (stock type X container) occurring

Table 1: Containers used for cuttings and seedlings,
respectively

Volume Density
Container* (cm3) (plants m~3)
Hiko V50 50 767
Paperpot FH408 70 1066
Paperpot FH508 117 616
Paperpot FH608 173 428

* Hiko is a container system with hard-plastic cells from
which the plants are lifted out at planting. Paperpot is a
degradable system with paper in a honeycomb pattern of
cells.
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once within each block. Each replication was
composed of 16 plants, in a 4 X 4 plant plot.
The plant spacing was 1 X 1 m. Three of the
blocks were later excluded from the experiment
due to waterlogging.

Assessments

In 1982, 1984 and 1986, observations were made
on damage and survival. Observed frost injuries
were separated into spring frost and autumn
frost damage in 1982, and in 1984 only spring
frost damage was recorded. Frost injuries were
scored in five classes where 0 = no damage, 1 =
light damage, 2 = moderate damage, 34 =
severe frost damage, based on the proportion of
injured year-shoots. Beside frost damage, scat-
tered observations were made of insect damage,
water logging and browsing. In the early spring
of 1989, seven growing seasons after planting,
assessments were made of survival and total
height.

The last assessments were made in the
autumn of 1995, 14 growing seasons after plant-
ing. Height, survival, damage and length of cur-
rent leader were measured in seven blocks. In
the first two blocks, additional variables were
assessed. These were length of one current lat-
eral shoot (consequently the one pointing most
to south), length of 1991 leader (10 growing
periods after planting) and corresponding length
of lateral shoot (southward pointing), number
of branches in the whorls of 1995 and 1991 and
diameter at breast height (1.3 m). Apical control
was defined as the ratio between length of the
leader and the lateral branch of the same grow-
ing period. This is the inverse of the quotient
defined by Cannell (1974) for describing apical
control. With the present definition, a high value
corresponds to a high level of apical control.

Statistical analysis

Damage and survival scores were first linearized
by transformation to normal score values
according to Gianola and Norton (1981), where
the damage score values are related to an under-
lying continuous normally distributed scale,
according to the proportion of trees in different
classes, expressed as standard deviation units.

Normal scoring was done within blocks, elimi-
nating block differences in injury levels. Normal
score values were used for statistical analysis,
however, results are presented as actual fre-
quencies of surviving trees and trees with no or
slight injuries. Mean height and increments were
calculated for all living plants. Relationships
between diameter and height were evaluated for
plants taller than 1.3 m. Analyses were run with
the SAS General Linear Models procedure.
Means from 4 X 4 tree-plots were used as input
data.

Presented values result from the mean over
containers for cuttings and seedlings, respec-
tively, and the mean over seedlings and cuttings
for each container, respectively. The terms plant
or tree refer in the following to both seedlings
and cuttings.

Height growth, survival and frost damage
(data from seven blocks), and branch charac-
ters, diameter and apical control (data from two
blocks), were analysed with linear model 1.
Differences between stock types or containers
were evaluated with Tukey’s test. Analyses
which included the effect of interaction between
stock type and container were first run, but
since the effect was not significant for any of the
tested variables, it was excluded. Block was
excluded when analysing survival and damage,
as the normal scoring procedure had eliminated

the block effect.

Model 1
Vi = pt o+ Bt et ek
where:

yijk = observed value of plot ijk

1 = overall mean

a; = fixed effect of stock type (i = 1,2)

B; = fixed effect of container (j = 1,4)

v = fixed effect of block (k = 1,7 and 1,2)
¢ijk = random residual

l

Stem form (only assessed in two blocks) was
regarded as the linear regression of tree height
on diameter at breast height, and effects of stock
type or container on diameter were evaluated
with tree height as covariate (model 2). The
interaction a; X x;js denotes the effect on the
slope of the regression line and @; the effect on
the intercept.
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Model 2
Yiil = o+ a; + xjip+ o X xijjpg + v + ek
where:

y,jki = diameter of tree ijkl
a; = fixed effect of stock type
(1 = 1,2) or container (i = 1,4)
xijkl = height of tree ikl
a; X x, = interaction of stock type or
container and height
i = fixed effect of block (k = 1,2)

eijk/ = random residual

Results
Survival and injuries

Mean survival after 14 years was 79 per cent.
The mortality occurred almost exclusively dur-
ing the first 4 years after planting (Figure 1).
Container had a strong significant effect (P <
0.001) on survival, with trees from small con-
tainers having the lowest survival. There was no
significant effect of stock type (cuttings 80 per
cent and seedlings 78 per cent) on survival.

On all occasions with frost, injuries were
more frequent on seedlings than on cuttings
(Figure 2). Container had no effect on the frost
injuries after 1 year, but there was an effect after
3 years (Table 2).

pp 173 cm?

Survival (%)
8

70 +
65lr I-ito500m’T
o 2 4 6 8 10 12 14
Years after planting

Figure 1. Survival of plants cultivated in containers of
different size. pp, Paperpot container.
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Figure 2. Frost damage on seedlings and cuttings in
1982 and 1984. Frequency of plants with moderate-
severe frost injury.

Height growth

Cuttings were, on average, 5.3 per cent and 5.7
per cent taller than seedlings after 7 and 14
years, respectively, but the difference was not
statistically significant (Tables 2 and 3). Leader
length was 9.2 per cent larger for cuttings after
14 years.

There was a strong effect of container on
height growth after 7 years, but not after 14 years.
After 7 years, plants cultivated in large containers
(173 cm?) were 21 per cent taller than plants cul-
tivated in small containers (50 cm3). After 14
years, the difference was 14 per cent. The pattern
was broken by the medium-sized containers,
where plants in the 70 cm? containers were taller
than those from the 117 cm? container.

Form characters

The diameter at breast height was positively
correlated with tree height (r = 0.96). There was
no effect of stock type or container on either the
slope or the intercept of the regression of height
on diameter (P-values >0.6, Figure 3). Number
of branches and apical control at the 10- and 14-
year branch whorl tended to be higher in cut-
tings than in seedlings, but the difference was
not significant according to model 1 (Tables 2
and 3). The container size did not have any
effects on branch characters and apical control
(Tables 2 and 3).
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Discussion

Susceptibility to frost during the first years after
planting differed clearly between seedlings and
cuttings in this study. These findings support
earlier results, showing that cuttings are more
resistant to winter injuries (Hannerz, 1994a).
The lower frequency of frost injuries can hardly
be explained by differences in size of the plants.
Plant heights were not assessed in the early
years, but at planting they were regarded as

close to even. The weak influence of container
size on frost injuries also disagrees with the
hypothesis that plant size should be a major
explanation of the differences in frost hardiness.
A more plausible explanation is the higher onto-
genetic age of the cuttings, compared with that
of the seedlings. Growth rhythm of Norway
spruce changes with age, towards later bud burst
and earlier growth cessation. According to
Ununger et al. (1988) a 6-year-old seedling has

Table 2: P-values resulting from ANOVA according to model 1

Stock type Container Block df.
Survival, 14 years 0.53 0.0007 - 51
Spring frost, 1 year 0.0002 0.20 - 51
Autumn frost, 1 year 0.0001 0.99 - 51
Spring frost, 3 years 0.003 0.007 - 51
Height, 14 years 0.26 0.23 0.28 45
Height, 7 years 0.16 0.004 0.74 45
Leader length, 14 years 0.09 0.10 0.05 45
Diameter, 1.3 m 0.22 0.85 0.27 10
Lateral shoot, 14 years 0.08 0.67 0.09 10
Apical control, 14 years 0.14 0.98 0.04 10
No. branches, 14 years 0.15 0.92 0.39 10
Lateral shoot, 10 years 0.36 0.67 0.94 10
Apical control, 10 years 0.15 0.72 0.025 10
No. branches, 10 years 0.23 0.82 0.83 10

Survival and frost damage variables were run without block in the model. Significant
effects (P<0.05) are printed in bold. Degrees of freedom for the error-term (d.f.) are noted.

Table 3: Mean values for stock types and containers

Stock type Container size (cm?)

Variable Unit Seedlings  Cuttings 50 70 117 173
Height, 14 years cm 209 221 201 221 210 229
Height, 7 years cm 73.8 77.7 69.0 75.8 74.8 83.3

a ab ab b
Leader length, 14 years cm 23.9 26.1 235 25.9 23.6 27.0
Diameter, 1.3 m mm 15.4 19.1 155 17.3 19.1 17.2
Lateral shoot, 14 years cm 13.8 15.6 14.0 14.3 15.6 149
Apical control, 14 years ratio 1.62 1.75 1.70 1.66 1.69 1.67
Branches, 14 years number 4.20 4.57 4.47 4.29 4.32 4.47
Lateral shoot, 10 years cm 10.5 11.5 104 11.0 12.1 10.5
Apical control, 10 years ratio 1.80 1.95 1.86 1.81 1.96 1.87
Branches, 10 years number 4.42 4.61 4.46 4.49 4.63 4.48

Significant differences between treatments according to Tukey’s test (P<0.05) are indicated with different letters. If no let-

ters are printed, the differences were not significant.
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Figure 3. Diameter at breast height for cuttings (open
symbols) and seedlings (filled symbols). The regres-
sion lines for cuttings and seedlings, respectively,
cover cach other.

only half the shoot elongation period of a 2-year-
old seedling. A shorter elongation period
increases the probability to avoid, or reduce the
risk for frost injuries (Hannerz, 1994b). In this
study, cuttings were taken from 2-year-old
donor seedlings. In a clonal forestry programme,
the donor plants will be even older, as clones
have to be field tested before selection is made
for mass propagation (Hogberg et al., 1995).

There was a strong effect of container size on
survival, but a weaker effect on frost injuries.
Early summer frost and autumn frost were the
most important detected injuries on surviving
plants. Mortality might, however, be caused by
a number of different factors, e.g. weed compe-
tition, waterlogging and frost desiccation, where
plant size has a strong effect.

The height difference between cuttings and
seedlings was lower, and not significant, in this
study than in the other referred studies
{Kleinschmit and Schmidt, 1977; Roulund and
Bergstedt, 1982; Roulund et al., 1985; Gemmel
et al., 1991), but still in favour for the cuttings.
There was no evidence that the difference
should decline with age.

Container size had a large effect on the plant
height, despite the relative advantage of the
largest containers over the smallest seeming to

decline with age. It is a weakness in this study
that the initial sizes of the plants were not mea-
sured. It can be assumed that the plants pro-
duced at lower density (larger containers) were
more robust and vital, even if no height differ-
ences were observed. Timmis and Tanaka
(1976) showed that low-density Douglas fir
seedlings had higher root-collar diameter and
dry weight, and lower shoot:root ratio and
height. The difference also resulted in higher fall
frost hardiness for low-density seedlings. At the
next spring, however, there was no effect of
seedling density (Timmis and Tanaka, 1976).
O’Reilly et al. (1994) studied western hemlock
seedlings, and found that seedlings at low den-
sity flushed earlier than seedlings produced at
high densities. Hultén (1992} studied how
seedlings produced at different spacings per-
formed in field. He found that plants cultivated
in containers with larger spacing produced a
more robust and vital shoot, which also results
in improved survival and height growth after
several years in the field. These results support
the effects of container size on survival and
height growth found in this study.

According to this study, stem form did not
differ between cuttings and seedlings. There was
a tendency that cuttings had better apical con-
trol and more first order branches than
seedlings. The latter is contradictory to the
results of Kleinschmit and Schmidt (1977).
However, their study was restricted to very
young (up to 40cm height) cuttings and
seedlings. Differences in stem taper between
small cuttings and seedlings are logical when
considering that a cutting has an initial diame-
ter already before being rooted. When measured
on older plants or trees, earlier studies have
shown contradictory results, as described in the
Introduction. The studies by Roulund and
Bergstedt (1982) and Roulund et al. (1985) com-
pared cuttings from selected clones with unse-
lected seedlings, which is a constraint when
interpreting the results.

Genetic differences between cuttings and
seedlings might also have contributed to the
results in this study. The large differences
between cuttings and seedlings as regards frost
injuries and also height, could, however, hardly
be explained by this fact. There was no selection
step in the nursery. The seed sources were both
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from within a limited area in Belorussia. With
respect to growth rhythm and growth, it has
been suggested that the Belorussian region
should be divided into a northern and a south-
ern group (Persson, 1987), but according to
Persson’s study, no significant differences were
to be found within the Vitebsk region. This was
also the result of a provenance study by
Hannerz (1993).

Conclusions

Both stock type and the container used in nurs-
ery influenced the field performance. The main
effect of stock type was on frost damage, where
seedlings were much more vulnerable to frost.
There was no difference in stem form or apical
control between cuttings and seedlings. The
results represent one single experiment on a
frost prone site, and it is not certain that the
conclusions can be generalized also to less frost-
prone sites. Cuttings were rooted from young
donor plants. With older donor plants, the onto-
genetic ageing may also affect characters such as
apical control, branchiness and stem form. This
is an important matter for further research.

Spacing and container size in the nursery have
a large impact on survival and growth in the
field. This effect was even higher than that from
stock type in this experiment. However, culti-
vating plants with large spacing also involves
higher production costs, which must be bal-
anced with the result in the field.
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