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Abstract.--Experiments to determine the effects of dif-
ferent hardening treatments in the nursery on 1-year-old Scots
pine (Pinus sylvestris L.) and Norway spruce (Picea abies [L.]
Karst.) seedlings are described. Seedling performance after
early autumn planting and early lifting for overwinter cold
storage were better if long night treatments were used. Long
night treatments are used in several Swedish nurseries.

INTRODUCTION

Planting in the autumn often fails
(e.g., Hulten and Jansson 1974). One prob-
able reason for this is that planting stock
is not physiologically adapted to the rela-
tively harsh conditions at the planting
site. Also, seedlings growing outdoors in
the nursery sometimes suffer from autumn
frost damage, and this leads to reduced seed-
ling quality. To avoid damage to stock over-
wintering in cold storage, seedlings must be
fully dormant when lifted (Hocking and Nyland
1971, Venn 1980). However, sometimes as
early as mid-October in northern Sweden, snow
or frozen ground make lifting difficult or
impossible.

To adapt planting stock to the condi-
tions it will be exposed to in autumn it is
desirable that the development of cold hardi-
ness be regulated in the nursery during sum-
mer and autumn. Photoperiod, light intens-
ity, and temperature are probably the most

important external factors that regulate the
development of cold hardiness. However,
their influence varies at different stages of
the development process (Weiser 1970).

For Norway spruce (Picea abies [L.]
Karst.) and Scots pine (Pinus sylvestris L.),
the most common species in Sweden, it has
been demonstrated that short days, or more
correctly, long nights (LN), are the most im-
portant factor inducing dormancy (e.g.,
Dormling et al. 1968, Heide 1974, Aronsson
1975, Christersson 1978). Recommendations
for the practical application of LN-treatment
in nurseries have been made by Sandvik (1975,
1980) for Norway spruce and by Rosvall-
Ahnebrink (1977, 1980) for Norway spruce and
Scots pine.

The results presented in this paper are
derived from a number of nursery experiments
with one-year-old containerized Norway
spruce, Scots pine and lodgepole pine (Pinus
contorta Dougl.) seedlings. One aim of the
experiments was to determine suitable growing
schedules for nursery stock during the final
period in the nursery. Emphasis was placed



on investigating how the development of cold
hardiness can be regulated by LN treatments
in the greenhouse, and these treatments have
been compared with the growing schedules
normally used. Some results of these experi-
ments have been published (Rosvall-Ahnebrink
1977, 1980), but more detailed reports are in
preparation.

MATERIALS AND METHODS

Seedlings

Scots pine and Norway spruce seeds from
mid-Sweden (about 60 ° N) were sown in paper-
pot containers in the spring of 1977 and 1978
(Table 1) at the Nassja nursery (60 ° N).

Low humified peat, containing 1 kg dolo-
mite lime per m3 , was used as the growing
medium and the seeds were covered with a thin
layer of styrofoam pellets.

The seedlings were kept in a production-
size plastic-covered greenhouse for three
months or more, depending on the hardening
treatments applied. The greenhouse was
heated to prevent temperatures from dropping
to less than 15 ° C, and was ventilated when
the temperature exceeded 25 ° C. During hot
days, maximum temperatures were sometimes
40 ° C.

Fertilization was started two to three
weeks after sowing. Each week, 2-4 g N per
m2 were applied in the form of a complete
liquid fertilizer with N:K:P in the propor-
tions of 100:65:13 (Ingestad 1967). Pine
seedlings for the autumn planting trial were
fertilized until late July when LN treatment
began, or else they were moved outdoors. All

other seedlings were fertilized until mid-
August.

Hardening treatments

Three different hardening treatments
were used in various sequences from mid-July
(1978) or late July (1977), when seedlings
were still in active growth. The conditions
were (1) LN-treatment in greenhouse, (2)
natural night length in greenhouse, and (3)
natural night length outside (seedlings moved
outdoors).

During the LN-treatment seedlings were
daily covered with black curtains from 4
p.m. to 8 a.m. (16-hr night). Natural night
length, defined as time between sunset and
sunrise, is approximately 6 hr at 60 °N in
mid-July.

The different hardening treatments are
presented in the lower portions of Figures
1-3 (pine, planted in autumn 1977), Figures
4-6 (spruce, planted in autumn 1978), Figure
7 (pine, cold stored during winter 1978-1979)
and Figure 8 (spruce, cold stored during
winter 1978-1979).

During the hardening period in 1977,
daily maximum temperatures in the greenhouse
varied between 20 ° C and 40 ° C, and daily mini-
mum temperatures in the greenhouse varied be-
tween 10 ° C and 20 ° C. Seedlings growing out-
side were not exposed to temperatures below
0 ° C before they were outplanted.

In 1978, daily maximum temperatures in
the greenhouse varied between 25 ° C and 45 ° C.
Daily minimum temperatures were about 20 ° C to
mid-September, and thereafter about 15 ° C.

Table 1. Data for Scots pine and Norway spruce seedlings used in autumn planting and overwinter
cold storage experiments.



Outdoor daily maximum temperatures were about
15 ° C lower than in the greenhouse, and daily
minimum temperatures were about 10 ° C lower
than in the greenhouse. Seedlings growing
outdoors were exposed to temperatures below
0 ° C on 20, 21 and 25 September.

Autumn planting

Field trials were established to evalu-
ate the effects of the treatments on seedling
performance after early autumn planting.

On 6 September 1977, six weeks after
hardening treatments started, the pine seed-
lings were planted on a harsh site (Bred-
mossen, 60 ° N) that had been difficult to re-
generate. Twenty-five seedlings of each
treatment were randomly assigned to rows
within each of six blocks. Height, condition
class (0-5; 0 = not damaged, 1-2 = slightly

damaged, 3-4 = severely damaged, 5 = dead)
and cause of damage were recorded in early
November 1977, November 1978, November 1979
and April 1981.

On 30 August 1978, six weeks after hard-
ening treatments began, the spruce seedlings
were planted at a site (Stjärnsund, 60 ° N)
less harsh than that where the pine seedlings
were planted. The planting design was simi-
lar to that used on the pine seedlings, ex-
cept that only 20 seedlings were planted in
each row. Seedling performance was recorded
as described above in late October 1978,
October 1979 and April 1981.

Cold storage

A cold storage experiment was begun in
1978 to evaluate the effects of the treat-



ments on overwinter storage. Pine and spruce
seedlings were lifted earlier than normal, on
13 and 27 September, eight or ten weeks after
hardening treatments began. Three repli-
cates, each of 11-15 seedlings per treatment
and date, were placed in waxed cardboard
boxes and stored at -5 ° C until 11 May 1979.
After a week of thawing the seedlings were
planted on nursery land and their condition
records were assessed on 23 May 1979, in the
same way as in the autumn planting trials.

RESULTS

Autumn planting

The hardening treatment at the nursery
during the last six weeks before early autumn

planting was of great importance for planta-
tion performance (Fig. 1-6).

On both sites, frost and drought were
the most important causes of damage within
two months of planting. Seedlings in harden-
ing treatments which prevented severe damage
by frost or drought during this period also
had the lowest mortality two or three growing
seasons after planting.

The pine seedlings (Fig. 1-3) were
probably exposed to frost almost immediately
after planting, and this resulted in dramatic
differences among the treatments. The most
favorable was the LN-treatment followed by
outdoor conditions. For pine seedlings grown
exclusively under natural night lengths,
hardiness was significantly improved by an
outdoor period of 6 weeks.



The spruce seedlings (Fig. 4-6) were
probably exposed to frost for two weeks after
planting. Seedling performance was consider-
ably improved by LN treatment, and the date
when LN treatment began was important. Un-
like the results with pine, hardiness of
spruce was not improved by an outdoor period
for seedlings grown in only natural night
length conditions.

Cold storage

Lifting pine seedlings on 13 September
(Fig. 7), 8 weeks after the hardening treat-
ments began, was fatal irrespective of pre-
vious treatment. When lifted 2 weeks later
(Fig. 7), seedlings grown outdoors had been
exposed to frost, and their tolerance of
storage was improved. Pine seedlings exposed
to LN treatment followed by outdoor condi-
tions showed the best performance. The

storage tolerance of pine seedlings grown
under natural night length conditions was
better if they were grown outdoors from mid-
July instead of from early August. Storage
was fatal if the seedlings were moved direct-
ly from the greenhouse to cold storage,
irrespective of previous night length treat-
ment. Pine seedlings exposed to LN treatment
began to grow again if they were kept in the
greenhouse after the LN-treatment (data not
shown).

In the case of spruce it was not pos-
sible to store seedlings from 13 September
(Fig. 8), eight weeks after hardening treat-
ments began, although LN-treatment followed
by outdoor conditions improved storage toler-
ance to a limited extent.

When the seedlings were lifted two weeks
later (Fig. 8) storage tolerance in these
treatments was further improved. Although



leaving spruce seedlings in greenhouse
conditions after LN-treatment did not cause
bud break (data not shown), it was
nevertheless detrimental to the hardening
process. If spruce seedlings were grown
under natural night length conditions from
mid-July, outdoor conditions during at least
four weeks before storing favored hardiness
development. However, moving seedlings to
outdoor conditions in mid-July was no better
than moving them out in mid-August.

CONCLUSIONS

The environmental conditions to which
seedlings are exposed in the nursery, from
mid- or late July, are very important to
seedling performance after early autumn
planting and early lifting for overwinter
cold storage.

Hardiness development can be initiated
earlier than normal by starting LN-treatment
in the greenhouse in mid-July. A period of
about four weeks with long nights is suffi-
cient. Pine seedlings should be moved out-
doors directly after that period, to allow
hardiness development to continue. Spruce
seedlings can be kept in the greenhouse for



an additional week to favor lignification and
bud maturation (data not presented). About
six weeks after the hardening process is
initiated, seedlings are tolerant to light
frosts.

If seedlings are to be kept over winter
in cold storage, hardiness development must
continue during at least four more weeks.
Temperatures below 0 ° C during this period
will probably improve hardiness.

Under natural night length conditions,
the development of cold hardiness in pine is
favored by outdoor conditions, and outdoor
conditions from an earlier date are better
than those from a later date. For spruce as
well, the development of cold hardiness is
favored by outdoor conditions, but the date
on which the seedlings are moved outdoors is
not as important as for pine.

Practical application of LN treatment

Today, LN treatment to regulate the
development of cold hardiness during the
final portion of the growing season is used
in several Swedish nurseries. The Sör
Amsberg nursery, owned by Stora Kopparberg-
Bergvik, began using the method on a small
scale as early as 1974. At that time they
covered the seedlings in the greenhouse
manually. Today they use the LN treatment on
a large scale, and their black-out systems,
which are now automatic, are placed inside
the greenhouses.

In recent years several other nurseries
have started using the method on a smaller
scale. In these nurseries the black-out sys-
tems are placed outside, and in two of them
seedlings can be covered automatically.

Early summer

Nursery experiments have been conducted
to investigate whether LN treatment can be
used for purposes other than that of regu-
lating the development of cold hardiness
during the final portion of the growing
season (Rosvall-Ahnebrink, in prep.).

After sowing in a heated greenhouse
early in the year, seedlings are very sus-
ceptible to damage if they are planted out in
June or July without pretreatment. To im-
prove the hardiness of this crop, experiments
have been conducted with LN treatment. Nor-
way spruce and Scots pine seedlings have been
exposed to long nights in the greenhouse,
starting in May or June, for a period of
three to seven weeks. In some cases the

period with LN treatment has been followed by
one to two weeks in darkness at about 5 ° C.

Results of tests for frost and drought
hardiness demonstrate that hardiness during
summer can be considerably increased by using
some of the above treatments. However,
further experiments are required before
recommendations can be made to the nurseries.

Pine seedlings sown in a heated green-
house early in the year, to be planted in the
autumn or following spring, often differ
greatly in height and shoot morphology, even
if they are grown outdoors from June.

Experiments with Scots pine have been
conducted to produce seedlings that appear to
be two years old, with secondary needles and
lateral buds, although they are produced in
one season. If early-sown pine seedlings are
given the LN treatment during a short period
in spring or early summer, and then are grown
in natural night length conditions, they will
look like two-year-old seedlings in the
autumn. The experiments have demonstrated
that two weeks of LN treatment are sufficient
to produce this effect.

Field trials have been established to
determine whether these pine seedlings will
perform better than those produced in the
usual manner. In the meantime, the method is
being used on a large scale in one Swedish
nursery (Sor Amsberg), and several other nur-
series show a keen interest in it.
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