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Abstract.--Short day exposure applied in the greenhouse prior to overw ntering
contai ner black spruce (Picea mariana [MI1.) B.S.P.) seedlings dranatically
influenced the timng and duration of shoot growth in the first year after out-

pl anti ng. Wien conpared wi th seedlings grown under natural

regimes in the year prior to planting,

dayl ength bud initiation

short dayl ength seedlings flushed sooner in the
spring and set bud later at the end of the grow ng season,

resulting in greater shoot

growt h. The extended duration of shoot growth in SD seedlings is expected to place

themat greater risk of damage fromboth late spring and early fall

frosts.

| NTRCDUCTI ON

Coni fer seedling response to photoperiod has
been studied a great deal since early work by
Kraner (1936) and is well reviewed by Arnott and
Mtchell (1982) and Lavender (1980). In spruce,
terminal buds are induced under short dayl engths
whil e vegetative shoot growth continues under |ong
days (Dornmling et al. 1968). This know edge is
necessary for nurserymen to successfully grow
spruce seedlings in a greenhouse. Wen hei ght
growh is needed in a crop, it can be ensured,
regardl ess of the natural dayl ength, by
artificially extending the dayl ength within the
greenhouse or by interrupting the dark period
during the night (Arnott 1974). Simlarly, by
shortening the daylength within the greenhouse a
nursery nmanager can rapidly and uniformy
term nate shoot growth and i nduce budset in his
crop at any tinme of year.

Because of the greater control in production
schedul es afforded by the use of short dayl ength
exposure, the procedure is now routinely applied
in black spruce (Picea mariana [MIIl.] B.S.P.)
production at approximately 30% of all container
seedling nurseries in Ontario.
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Dayl ength treatments applied in the green-
house are known to influence the timng and/or
growt h of seedlings the year follow ng treatnent,
dependi ng upon species (Arnott and Macey 1985,
Hei de 1974). The objective of this study was to
deternmne whether simlar after-effects occur with
bl ack spruce seedlings that have set bud under
short dayl engths in operational greenhouse
producti on.

MATERI ALS AND METHCODS

Seedl ings used in this study were grown
operationally in 1986 at a greenhouse nursery near
Engl ehart, Ontario (47°49'N, 94°55'\W where both
natural daylength (ND) and short dayl ength (SD)
bud initiation regines were applied. Seedlings of
a site region 3E (HIls 1960) seed source were
grown using a schedule simlar to that of Carlson
(1983) with the exception of bud initiation
regi mes which are summarized in table 1. The
three SD treatnments (S1, S2 and $S4) varied by tine
of application while the natural dayl ength

Tabl e 1. --G eenhouse dayl ength regi mes for bud

initiation.
Seedi ng Short day
Tr eat ment date (1986) applied (1986)
S1 April 9 July 2
S2 April 9 July 17
sS4 April 10 July 29
EG April 29 n/ a
ER April 9 n/ a




treatnents permtted bud initiation to occur
either in the greenhouse (EG or outside (ER).
Al seedlings were overw ntered outside. On April
30, 1987, seedlings fromtwo FH408 Japanese
paper pot ® trays were randomy sanpl ed from each of
the five treatnments and were planted in a random
i zed block design in a cultivated field at the
M dhurst Research Station of the Ontario Tree

| nprovement and Forest Biomass Institute (44°27' N,
79°44'\WW. A total of 150 seedlings per treatnent
were assessed weekly for bud break and shoot

el ongati on. Begi nning 39 days after planting and
at weekly or biweekly intervals thereafter, a
sanmpl e of 20 seedlings per treatnent was renoved
randomy fromthe plantation and shoot tips were
exam ned under a dissecting mcroscope for signs
of bud initiation, evident as newy differentiated
budscal es at the base of the vegetative apex.
Seedl i ng height at planting and new shoot |ength
were neasured in the fall, after shoot growth had
ceased.

RESULTS AND DI SCUSSI ON

Seedl i ngs that received SD bud initiation
reginmes in 1986 (treatments S1, S2, S4) began to
break bud sooner than did seedlings fromND bud
initiation regimes (fig. 1). In general, seed-
lings fromthe SD regi mes attained maxi num
percentage bud break 14 days after planting while
the seedlings fromthe ND regines did not reach
that point until 21 days after planting. Heide
(1974) found a simlar relationship between SD bud
initiation regimes and the timng of bud break in
Norway spruce (Picea abies (L,) Karst.). It is
likely that the earlier flushing SD seedlings in
this experinment were at greater risk of being
darmaged by late spring frosts. A though such
frost damage was not observed in this 1987 experi -
ment, it has occurred in a simlar trial in 1988
where approxinately 41% of the ternminal shoots in
SD seedlings were killed by late spring frosts as
conpared with 3% nortality in the shoots from ND
bud initiation regines. The extent of damage to
SD seedl ings coul d be expected to vary with tining
and severity of frost exposure.
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Figure 1.--Bud break in seedlings grown under
natural daylength (EG ER) and short
dayl ength (S1, S2, S4) bud initiation
regines in the previous season.

o

2 3

PER CENT BUD INITIATION
g

0 r v v v v v
0 20 40 60 80 100 120 140
DAYS AFTER PLANTING (APRIL 1, 1987)

Figure 2.--Bud initiation after planting in
seedl i ngs grown under natural dayl ength (EG
ER) and short daylength (S1, S2, S4) bud
initiation reginmes in the previous season.

First signs of bud initiation were detected
inall treatnents 39 days after planting (fig. 2)
but 100%bud initiation was not reached in each of
the SDtreatnments until 3 to 6 weeks later than in
the ND treatnents (fig. 3). The effect of later
bud initiation is apparent in the relati ve propor-
tion of seedlings still exhibiting active growth
throughout the late summer (fig. 4). Active seed-
lings were those in which weekly term nal shoot
el ongation exceeded 5 mm After June 3, there
were always nore SD seedlings active in the
plantation than there were ND seedlings. By
August 12, 8% of the SD seedlings were still
elongating while |l ess than 13 of the ND seedlings
were. Because of the greater proportion of SD
seedl ings continuing growth, a larger nunber of SD
seedlings woul d be at risk of being danaged by
| ate sumrer frosts.

Al t hough seedlings fromthe SD regi nes were
shorter when planted, their growth after outplant-
ing at the end of the first grow ng season was
greater than seedlings fromthe ND regines
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Figure 3. --Date and nunber of days after planting
when 100% bud initiation was attained in
seedl i ngs grown under natural dayl ength (EG
ER) and short daylength (S1, S2, S4) bud
initiation regines in the previous season.
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Figure 4.--Percentage of seedlings exhibiting
active shoot growth in first season after
planting. Natural day values are grand neans
fromEG and ER treatnents and short day
val ues are grand neans fromSl, S2 and $4
treatnents.

(fig. 5), primarily as a result of earlier bud
break and later bud initiation. Simlarly, Heide
(1974) found greater growth in Norway spruce
seedl i ngs exposed to SD in the previous year for
up to 3 years after planting, but did not attenpt
to correlate this with the timng and duration of
shoot growth. In contrast, our results froma

pl antation established in 1986, indicate that
after-effects did not persist past the first
season in the field.

The mechani sm by which a two week short
dayl ength treatnent can have such a dramatic
effect on the timng and duration of shoot growth
inthe field nore than one year after exposure is
still unknown. At the Ontario Tree | nprovenent
and Forest Bionass Institute, studies are
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Fi gure 5. --Shoot neasurenents for seedlings grown
with natural daylength (EG ER) and short
dayl ength (S1, S2, $4) bud initiation regines
inthe previous year. Different letters
i ndi cate significant differences (p<0.05)
between treatnent neans for seedling heights
at planting (lower bars), shoot elongation
after planting (upper bars) or total seedling
hei ghts (conbi ned bars).

currently in progress to determ ne sone of the
consequences of this growth phenonenon. For
exanpl e, frost hardiness testing in the late
summer and autumm is being carried out on out-

pl anted bl ack spruce seedlings from SD and ND
regi mes to determne whether differences in the
timng of frost hardening occur. Intensive

nmoni toring of operationally planted seedlings is
underway to assess the risk of damage from frost
associated with planting seedlings that flush
sooner and set bud later. Needl e production in
the field is being conpared to needle prinordia
content of the bud prior to planting to determ ne
if free growth accounts for the greater growth
found in the SD seedlings. It is yet to be deter-
m ned whet her the nursery production benefits and
greater first-year seedling growth potenti al
derived from SD treatment outwei gh the risk of
frost damage associated with earlier bud break and
later budset in black spruce seedlings.
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