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Abstract.--Current knowledge of the effects of photo-
period on vegetative growth of northern hemisphere tree
species is reviewed. The effects of extended daylength versus
night interruption, minimum light intensity required and in-
teraction with low night temperatures on growth of 1-0 white
spruce (Picea glauca [Moench] Voss) and Engelmann spruce (P.
engelmannii [Parry]) seedlings are discussed. Photoperiod
regimes currently used for spruce in British Columbia nur-
series are described.

I. PHOTOPERIODISM AND TREE SEEDLING GROWTH -
A REVIEW

The effect of photoperiod on tree seed-
ling growth has been known for a long time.
The following section reviews the subject for
participants in this symposium, and provides
background information for the research done
in British Columbia which is described in
section II of this paper.

Daylength

The growth and development of many tree
species is regulated by photoperiod. In
general, continuous light and long days pro-
mote increased height growth, accompanied by
increased diameter and dry weight. Bud de-
termination, Lammas growth, and root develop-

ment are also affected by long days in some
species. Short days of 8-9 hours usually
promote the cessation of height growth, and
reduce leaf size and number, and root growth.

Dormancy may also be affected by photo-
period. Continuous light and/or long days
may cause the breaking of dormancy. Short
days generally induce the formation of buds
and the onset of dormancy. More detailed in-
formation on the above, by species, is pro-
vided in Table 1.

Provenance and Altitude

Provenance and geographic (topographic)
location modify the effect of photoperiod.
Under similar conditions of temperature and
photoperiod, southern provenances of a
species grow better than northern ones
(Jester and Kramer 1939; Vaartaja 1954,
Magnesen 1969, 1971). Northern provenances
have longer critical daylengths (Table 2).





As the critical daylength is approached,
the variation within a provenance increases
(Vaartaja 1959). The longer critical day-
length observed for northern provenances in-
dicates that initiation of budset in nature
occurs at an earlier date and that the time
required for the yearly vegetative growth
cycle is shorter. In Norway spruce, southern
European provenances have a 15-week cycle
while northern ones set bud in 13 weeks
(Dormling et al. 1968). It has been suggest-
ed (Simak 1975) and proven (Watt and McGregor
1963) that the use of supplementary illumina-
tion to meet the critical daylength require-
ment enables the growing of trees from north-
ern latitudes in nurseries much farther to
the south with good results.

The elevation at which the provenance is
found also affects the response to photo-
period. High altitude provenances have
longer critical daylengths for the cessation
of apical growth and formation of terminal
buds than do those from low altitudes
(Holzer 1960, 1962; Simak 1970; Heide 1974;
Habjorg 1978). A difference of 150 m in
provenances of loblolly pine was enough to
make a difference in growth under long days
(McGregor and Kramer 1957).

Intermittent Light

One interruption 

It has been known for a long time that 1
hr of low-intensity illumination in the mid-
dle of the dark period will delay the onset
of dormancy in conifer seedlings. Wareing
(1956) has described this for Scots pine,
Vaartaja (1957) for jack pine and white
spruce, Skok (1962) for giant sequoia and
Irgens-Moller (1962) for Douglas-fir. An ex-
periment comparing 10-hr days with 9.5-hr
days plus 0.5-hr light at night showed that
jack pine and lodgepole pine attained twice
the height, total dry weight, leaf weight and
root weight, and showed increased absorption
and utilization of nitrogen when given the

supplemental light at night (Giertych and
Farrar 1961).

Repeated interruption 

As a result of research it has been
found that repeated short bursts of light
throughout the dark phase are as effective as
long days or a 1-hr night break for maintain-
ing vegetative growth in conifer seedlings
(McCreary et al. 1978). Tinus (1970) ini-
tially found that 323 lux of incandescent
light given 3% of the time was sufficient to
maintain growth of ponderosa pine and blue
spruce (Picea pungens [Engelm.]), provided
that no dark period exceeded 30 min. White
spruce and Engelmann spruce given 1600 lux of
incandescent light at different frequencies
throughout the dark period responded best to
a light break of 2 min for every 30 min of
darkness (Arnott 1974) which was also found
to delay the onset of terminal resting buds
of mountain hemlock (Tsuga mertensiana
[Bong.] Carr.), Noble fir (Abies procera
[Rehd.]) and amabilis fir (Abies amabilis
[Dougl.] Forbes) (Arnott 1976).

Quality and Intensity of Light

Quality of light 

Many investigators have experimented
with the quality and intensity of supplement-
al light required to extend the photoperiod
for tree seedlings (Asakawa et al. 1974).
Several experiments have compared the effec-
tiveness of fluorescent versus incandescent
supplemental light to extend the photoperiod
for tree seedlings (Downs and Borthwick 1956,
Downs 1957). While it has been demonstrated
that fluorescent light does stimulate growth
when used for supplemental photoperiodic
lighting (Vaartaja 1957, 1959), incandescent
light is generally more effective, as Downs
and Piringer (1958) found for pines.



The spectral quality of the light sup-
plement has a marked effect on seedling
growth (Ceschi 1965). Using both red and
far-red light to interrupt the dark period at
various times, for various lengths of time,
Dinus (1968) found that red light enhanced
growth, leaf size, and leaf number of
Douglas-fir, and the degree of response
varied directly with the length of treatment.
There was a small effect with a 2 min inter-
ruption, a better effect with 5 min and the
best effect with a 30 min exposure. The
effect also increased as the treatment
approached the middle of the dark period.
Far-red light also increased growth, but ex-
posure of less than 15 min proved ineffective
in preventing dormancy.

The use of alternative types of lights,
other than fluorescent or incandescent, is
not widely reported. Sodium vapor lamps have
been used effectively to extend the photo-
period of Sitka spruce (Russell 1974,
Johnstone and Brown 1976), mountain hemlock,
amabilis fir, white and Engelmann spruce
(Arnott 1979).

Intensity of light 

There is a wide range in effective light
intensities which will maintain vegetative
growth in tree species (Table 3). There is
also a strong interaction between the inten-

sity of supplemental light used to extend
daylength and the latitudinal source of the
species. Three populations of European white
birch (Betula pubescens Ehrh.) from latitudes
70 ° 20', 63 ° 20' and 56 ° 20' had critical light
intensities of 250-500, 100-250 and 15 lux,
respectively. Thus, the northern populations
required higher light intensities than the
southern ones (Habjorg 1972).

Light intensity also interacts with
night temperature (Habjorg  1972). The effect
of light intensity is more pronounced at low
than at high night temperatures. At a night
temperature of 8 ° C, an increase in light in-
tensity from 15 to 500 lux led to an increase
in dry weight from 1.4 to 2.7 g per plant.
The corresponding increase in dry weight at
13 and 18 ° C night temperatures was from 1.8
to 2.9 and from 2.0 to 2.7 g per plant, re-
spectively. In Norway spruce, Magnesen
(1969) found that short days overruled tem-
perature in the induction of dormancy. Some
species are sensitive to a very slight stimu-
lus, and the effect of the light intensity is
on the degree of elongation of the cotyledons
and primary needles (Kozlowski and Borger
1971).

Mode of Action

Wareing (1949, 1950, 1951, 1956), in a
series of experiments using Scots pine, laid



the foundations of the currently accepted
theory to explain the effects of photoperiod
on growth and cambial activity. He attribu-
ted the effects to the production and availa-
bility of auxin, noting that low light inten-
sities were enough to cause a response. A
growth promoter, produced in the light, was
balanced by some inhibitor produced in the
dark, provided that the dark period was
longer than 4 hr. Wareing's 1951 hypothesis
was that "when the daily dark period exceeds
4 hr, there is a gradual accumulation of an
inhibitor which promotes dormancy, and that
when the duration of the dark period is less
than 4 hr, there is a gradual reduction in
the inhibitor and the suppression of dor-
mancy."

The "Beltsville group" of the USDA Agri-
culture Research Service, including Hend-
ricks, Borthwick, Parker, and others, did
much of the basic research that led to the
currently accepted explanation of the photo-
periodic response of plants and the mechanism
controlling it (Anon. 1961). These workers
established that the part of the spectrum
governing the inhibition of flowering in soy-
bean (Glycine sofa) and cockelbur (Xanthium
sp.) plants is from about 580 to 720 nm,
i.e., the red light band. In further work
on germination of lettuce seed the group
found that germination was sensitive to the
same wavelengths as those affecting flowering
in the above plants. Red wavelengths pro-
moted germination; far-red wavelengths in-
hibited it. They determined that a pigment,
which they called phytochrome, was responsi-
ble for controlling these physiological re-
sponses. This light-sensitive protein con-
verts to an active form, called Pfr, when ex-
posed to red light (660 nm) and this prevents
dormancy initiation. Far-red light (735 nm)
reverses the effect of the red light and con-
verts the phytochrome to the inactive form
called Pr. It was discovered that phyto-
chrome also reverts slowly to the inactive
form in the dark. In addition to preventing
dormancy, active phytochrome retards stem
elongation as Meijer (1959) found when ex-
posing certain plants to red light. Studies
of the inhibitor-promoter mechanism in
Douglas-fir by Dinus (1968) led him to con-
clude that• the active pigment Pfr was re-
sponsible for the prevention of dormancy in
these tree seedlings. Plant growth responses
were attributable to the levels of Pfr
activity and not to their concentration.
Dinus (1968) also found that responses of
Douglas-fir to 30 and 55 min of far-red light
resembled those of red light. Apparently,
excessive far-red light reversed the normal
photoreaction of phytochrome and caused the
accumulation of the active form (Pfr) of the
pigment.

As Tinus and MacDonald (1979) point out,
"there are several important differences be-
tween light required for photosynthesis and
that required for dormancy prevention. For
the latter, wavelengths shorter than 550 nm
are of no value, and wavelengths between 700
and 770 nm reverse the effect of red light.
As red light intensity increases from zero,
there is a threshold below which there is no
growth response. Above the threshold, height
growth increases rapidly and then tapers off
at an upper limit above which there is no
further response."

Cathey and Borthwick (1964) had shown
that the conversion of the phytochrome from
Pr to Pfr was influenced by the filtering
action of chlorophyll and by anatomical dif-
ferences in the leaves. Habjorg (1972) found
that the northern sources of birch had a
higher chlorophyll content than the southern
ones, and as a result, less radiation would
penetrate the interior of their thick, firm
leaves. As the Pfr in these thick leaf cells
would be far below that produced in the thin-
ner leaves from the southern sources, Pfr
would revert to its inactive form sooner, and
this would lead to the induction of growth
cessation. Habjorg (1972) concluded that
this may be the reason for the higher light
intensities required to maintain growth of
the northern populations of birch.

Seedlings More Than One Year Old

Much of the research described above
deals with the effects of photoperiod on
seedlings during their first year of growth.
The effects of extended photoperiod on older
seedlings are varied. Scots pine given sup-
plemental light in their second growing
season showed an increase in leaf length and
internode extension in response to long days,
but there was no effect on leaf number
(Wareing 1950). If a long day treatment is
begun after leaf elongation has ceased in the
second year, cambial activity is continued,
but if the seedlings have below average
vigor, there is no response (Wareing 1949).
Japanese red pine given continuous light in
August and September of the second year
showed increased height and fresh weight in
response to treatment (Ikemoto and Shidei
1966). Nagata (1967) noted that in second
year Japanese red pine only internode ex-
tension was affected by photoperiod. Contin-
uous light of 250 lux slowed early bud burst
in the second year but enhanced bud develop-
ment of this species (Nagata 1968).



Cold Hardiness

The induction of frost hardiness has
often been linked to photoperiod. Alden and
Hermann (1971) summarized research on the me-
chanism of the response.

The processes of dormancy and hardening
seem related, in that apical bud development,
a first sign of dormancy, must precede the
low temperature treatment. Presumably, the
conversion of amino acids and peptides to
soluble proteins marks the hardy plants, and
indeed some photosynthates may be required
for this, as plants grown in the dark do not
develop hardiness even though they are ex-
posed to low temperatures. The hypothesis
is, therefore, that some phytochrome-like
compound reacts to promote hardiness.
Furthermore, photoperiod must affect the
development of hardiness because, if the dark
period is broken, then hardiness may not
develop, even though the trees were exposed
to hardening temperatures of 5 ° C (McCreary et
al. 1978), and long days may inhibit the
hardening process even if temperatures are
low (Christersson 1978). The process of de-
hardening may, however, be almost wholly con-
trolled by temperature (Aronsson 1975). The
above is not meant to be an exhaustive review
of literature on cold hardiness as the
subject will be covered in depth by others at
this symposium.

II. PHOTOPERIOD EXPERIMENTS ON WHITE SPRUCE
AND ENGELMANN SPRUCE SEEDLINGS IN

BRITISH COLUMBIA

Continuous Versus Intermittent Light

When northern latitude and/or high-ele-
vation provenances of the white/Engelmann
spruce complex are grown in low-elevation
nurseries in southern (coastal) British
Columbia, the seedlings become dormant early
in the growing season. The literature review
above indicates that trees can be kept in a
state of continuous growth by extending the
daylength with low-intensity artificial light

or by interrupting the dark period with light
of low intensities. An experiment was under-
taken to determine the minimum duration of
dark period interruption required to maintain
growth of four provenances of white/Engelmann
spruce (Table 4), comparing such treatments
with the growth response obtained using ex-
tended and natural daylengths in an outdoor
container nursery at Victoria, British
Columbia (Lat 48 ° 28'N).

Details of the experiment have been des-
cribed elsewhere (Arnott 1974) and are sum-
marized as follows:

Five photoperiod treatments were evaluated,
viz:

a) 2 min light every 30 min darkness
b) 1 min light every 10 min darkness
c) 15 sec light every 6 min darkness
d) An 18-hr photoperiod (natural day-

length extended by supplemental
light)

e) Control (natural daylength)

The supplemental incandescent light
source consisted of two 300-watt incandescent
reflector flood lamps suspended above the
seedlings to provide a light intensity of
1600 lux. Seeds were sown on 10 March in
BC/CFS styroblocks. The photoperiod experi-
ment, which began on 20 April 1972, was con-
ducted in an unheated shelterhouse.

Height growth of all four spruce proven-
ances was significantly greater under the
four supplemental light treatments than in
the control, and interrupting the darkness
with 2 min of light every 30 min was the most
effective treatment. Within the interrupted
dark treatments, a) produced significantly
greater shoot weight but not root weight.
All light treatments produced significantly
greater shoot and root weights than the con-
trol.

Cessation of height growth and formation
of terminal resting buds occurred as early as
mid-May for control treatment e) of proven-



ante 4, giving the trees a rosette appear-
ance. Supplemental light delayed formation
of these terminal buds, and maintained leaf
production and internodal growth, thereby
producing a 1-year-old seedling suitable for
outplanting. Even within the light treat-
ments, terminal buds appeared on some of the
spruce provenances, particularly No. 4, be-
fore the end of the treatment period. Also,
these terminal buds did not necessarily sig-
nify a continuous dormancy, as some flushed
intermittently throughout the experiment.
Height growth had practically ceased on all
seedlings given supplemental light 14 days
after the lights were turned off on 31
August.

In conclusion, the northern and high-
elevation provenances (4, 2, and 1 - Table 4)
grown at this southern, low-elevation nursery
formed terminal resting buds very early in
the growing season and ceased shoot growth
unless given extended photoperiod treatments.
At an intensity of 1600 lux, interrupting the
darkness 2 min out of every 30 (i.e., 6.6% of
the time) provided the best growth response
for all provenances.

Minimum Light Intensities

The initial experiment above with white
and Engelmann spruce used a supplemental
light intensity of 1600 lux. However, the
literature indicated that a wide range of
light intensities was required for effective
supplemental lighting. Therefore, an experi-
ment was conducted in 1976 to determine the
minimum light intensity required to maintain
shoot growth of these species (Arnott 1979).

A 400-watt high-pressure sodium vapor
lamp was used as the supplemental lighting
source because, from an operational perspec-
tive, lights with higher luminous intensities
are more desirable as they cover a greater
nursery area. Spectral energy distribution
of the sodium vapor source peaks in the 500-
625 nm range which is considered to be close
to the optimum for producing the effect of
long photoperiod (Bickford and Dunn 1972).

The light experiment began on 24 May 1976 in
the British Columbia Ministry of Forests
shadehouse nursery at Duncan on southern
Vancouver Island (Lat. 48 ° 47'N). At 20 m
above sea level, the nursery has a mild
climate and long growing season (273 frost-
free days) and is one place at which the
Ministry grows white and Engelmann spruce
seedlings for reforestation in the interior
of the province.

The light source was positioned 2 m
above the ground at one end of the shadehouse
nursery. The light was tilted downward 3 °

toward the seedlings. The first seven light-
treatment stations were positioned along the
length of the shadehouse nursery at 6 m in-
tervals in a direct line away from the light
source. As a result of this linear distribu-
tion the light intensity at each station was
progressively less with increasing distance
from the lamp as shown below.

The control treatment was located in an ad-
jacent corner of the same shadehouse where it
received no supplemental light. The light
itself was controlled by an automatic time
clock to provide illumination throughout the
dark period; i.e., a 24-hr photoperiod was
used. It was turned off on 7 September 1976.
On 24 May 1976, the four spruce seedlots
(Table 5) were placed on a wooden pallet at
each of the eight light-treatment stations.
Throughout the experiment, they were grown
under the standard operational container nur-
sery regime used in shadehouses.



The occurrence of terminal resting buds
was noted and seedling height measurements
were recorded biweekly throughout the ex-
periment until 30 October 1976, when a des-
tructive sample was taken for shoot and root
dry weight.

Extending the photoperiod and increasing
the light intensity had highly significant
effects on seedling shoot growth of all four
spruce seedlots. Shoot length and weight de-
clined as the light intensity decreased. The
effect of extended photoperiod and increasing
light intensity on root weight was usually
negative, although the differences were sig-
nificant only in seedlots 2 and 3. The
greatest shoot length response to light in-
tensity was attained at the highest level
(220 lux). The critical minimum intensity
(the minimum level that yielded shoot lengths
significantly different from the controls)
varied by seedlot as follows:

The trend in shoot weight was somewhat
different. Minimum light intensity levels
usually had to be one treatment level higher
in order to produce a response which was sig-
nificantly different from that of the con-
trols. The smaller average shoot length and
weight at the lower light intensities is a
result of many of the seedlings forming ter-
minal resting buds and ceasing shoot growth
before the lights were turned off on 7
September. This effect was minimal on those
seedlings growing with 220 lux. By 7
September seedlots receiving less than 40 lux
of supplemental lighting were not signifi-
cantly different from the controls in the
proportion of terminal buds formed. Seed-
lings from all treatments were fully dormant
by 7 October 1976.

From the experimental evidence, it can
be generally concluded that northern-latitude
and high-elevation populations of the white/
Engelmann spruce complex can be successfully
grown at southern, low-elevation container
nurseries in coastal British Columbia by ex-
tending the photoperiod with a sodium vapor
lamp that provides a minimum light intensity
of 80 lux at seedling level.

Light Intensity and Provenance Interaction

The above evidence indicated that the
minimum intensity required to maintain growth
of the seedlings was in the range of 20-80
lux. However, the maximum intensity levels
were not clearly defined. A series of ex-
periments was conducted in 1980 to bracket
this upper limit on a wide range of proven-
ances grown under both greenhouse (heated)
and shelterhouse (unheated) conditions. Ex-
perimental methods are summarized as follows.

Seedlings from seven seedlots from the
white/Engelmann spruce complex, covering a
range of 10 degrees of latitude, were
selected from operational sowings in the
B.C. Ministry of Forests' container nurseries
and shipped to Victoria. They were held in a
heated greenhouse (min temp 18 ° C) with a 19-
hr photoperiod until the initiation of the
experiment.

The seven seedlots were randomly
assigned to four light intensity treatments
(0, 100, 200, and 400 lux) in both a heated
greenhouse and an unheated shelterhouse on 13
June 1980. These light intensities were
provided to extend the photoperiod to a con-
stant 19 hr throughout the experiment. In-
candescent lightbulbs were suspended above
the seedlings and the bulb height and number
were adjusted to provide the treatment in-
tensities of 100, 200 and 400 lux. Time
clocks activated the lights 1 1/2 hr before
sunset. Standard cultural practices of seed-
ling fertilization and irrigation as des-
cribed by Van Eerden (1974) for container
nurseries were employed throughout the ex-
periment.

The treatment replicates were measured
every 2 weeks to record a) frequency of
terminal resting buds and b) shoot length of
the seedlings. The supplemental photoperiod
lights were shut off on 15 September 1980 and
measurements continued until seedlings in all
treatments had formed a terminal resting bud,
after which a destructive sample was taken
for a) seedling height, b) root collar diame-
ter and c) seedling dry weight.

In summary, the results were as follows
(Arnott, unpublished data):

1. Height growth of all provenances grown
under extended daylength was significant-
ly different from that of the controls.



2. There were no significant differences in
seedling height among all three extended
daylength treatments. The trend, how-
ever, was for a reduction in seedling
height at the 400 lux light level, and
this substantiates claims made by Tinus
and MacDonald (1979) that too much sup-
plemental light is detrimental to seed-
ling height growth.

3. The more northerly populations of white
spruce and the high elevation population
of Engelmann spruce did not require high-
er intensities of light than the
southern/low elevation populations to
maintain shoot growth. A light intensity
of 100 lux was sufficient to provide sig-
nificantly larger seedlings for all popu-
lations. As noted above, intensities of
400 lux provided no significant increase
in growth response and generally (over
71% of the time) created a negative trend
in height growth.

4. Seedling height growth was significantly
greater in the greenhouse than in the
shadehouse for all treatments (including
the control). Normal daylight intensi-
ties were similar in these two growing
areas but temperatures were not. The
differences in mean minimum and mean
maximum temperatures between the two
units are shown in Table 6. Clearly,
warmer conditions in the greenhouse
accounted for the significantly larger
seedlings.

Low Night Temperature Effects

As low night temperature is known to
have a significant interaction with extended
photoperiod treatments in birch (Habjorg
1972) and spruce (Brix 1972), further experi-
ments with the same seven spruce provenances
were conducted the same year in controlled
environment chambers to define the effects of
low night temperature on the growth response
of spruce under an extended photoperiod with

a light intensity of 200 lux. (The effects
of low night temperature could not be clearly
separated from the results of the greenhouse/
shadehouse comparison owing to the confound-
ing effect of higher mean maximum day temper-
atures.) Growing conditions in the growth
rooms are summarized as follows:

The experiment was initiated simultane-
ously with the aforementioned greenhouse/
shadehouse trial and the same seedling meas-
urement schedule was followed.

Results are summarized as follows
(Arnott, unpublished data):

1. Extending the daylength to 19 hr with 200
lux produced significantly larger seed-
lings.

2. Cool 'nights' of 7 ° C produced smaller
seedlings than those grown under 18 ° C
nights.

3. Seedlings grown under cool night tempera-
tures did not set terminal resting buds
any sooner than those grown under warm
night temperatures. In other words, 200
lux of extended daylight prevented termi-
nal budset on seedlings growing under
both night temperature regimes. On the
basis of the work of others (Habjorg
1972), it had been anticipated that those
seedlings grown under cooler night tem-
peratures would have set a terminal
resting bud sooner. If anything, the
cooler night regime tended to delay the
formation of terminal buds in spruce.

CURRENT OPERATIONAL PROCEDURES

The findings from the above research have
been used as guidelines by the B.C. Ministry
of Forests for operational production of con-
tainerized interior spruce seedlings in their
southern nurseries. Although specific de-
tails vary according to nursery location, the
main features are common to all and are as
follows:

All nurseries use the 400-watt high-pres-
sure sodium vapor lamp in a 'Power Flood' re-
flector as the source of light for extending
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the photoperiod. The lamps are positioned to
provide as uniform coverage as is possible
within the physical limitation of each type
of production facility (which ranges from
greenhouses to unheated outdoor shadeframes).
They are mounted on the shadeframe walls or,
more usually, on the greenhouse irrigation
booms. The Koksilah shadeframe, measuring 48
m x 30 m, which holds approximately 1 million
seedlings in styroblocks, uses four lamps
fixed to the shadeframe supports to provide a
minimum light intensity of 20 lux at seedling
level. Cross-fit houses, which do not have
irrigation booms, and are 60 m long, have one
lamp at either end plus a third one mounted
towards the centre.

Most nurseries use a fixed lighting sys-
tem programmed to extend the photoperiod to a
constant 18- or 19-hr from the time of seed
germination to early August. Minimum light
intensities at seedling level are usually 40
to 120 lux although some nurseries provide as
little as 20 lux. Those nurseries using an
18- or 19-hr photoperiod provided by lamps
mounted on irrigation booms simply move the
boom to the centre point of the greenhouse
for the night. Two lamps on the top of the
boom, directed to opposite ends of the unit,
provide adequate light (>20 lux) for half the
length of the house.

Only two nurseries--Surrey and Green
Timbers--use night interruption on spruce.
Unlike many horticultural nurseries which use
a fixed series of lights programmed to light
the unit sequentially throughout the night,
the B.C. seedling nurseries move the light
source. The sodium vapor lamps are stationed
on the irrigation booms which travel back and
forth throughout the darkness. The boom
passes over the seedlings every 25-30 min and
seedlings are never subjected to total dark-
ness for periods exceeding 30 min. The
travelling light system is more economical
than the fixed system as it requires fewer
numbers of sodium vapor lamps. However, it
does depend on 100% reliability of the moving
boom which, through mechanical failure, could
result in a nursery unit being in total dark-
ness for an entire night. The effect of such
a system failure on growth of white and
Engelmann spruce is not known. However,
failure of the intermittent light source for
two nights has resulted in formation of ter-
minal resting buds on other tree species
(R.W. Tinus, personal communication).

The sodium vapor lamps are usually
turned off in early August to allow the seed-
lings sufficient time to form terminal buds,
grow sufficient roots and develop winter
hardiness throughout the latter part of the
year. Prolonged use of lights beyond early

August delays budset and has detrimental ef-
fects on the above-mentioned seedling charac-
teristics. Sodium vapor lamps, for extended
photoperiod or night interruption, have been
used since 1974 by the B.C. Ministry of
Forests to grow white and Engelmann spruce
from northern and high elevation sources at
southern B.C. nurseries where the long
growing season and favorable temperatures can
be used to advantage in seedling production.
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