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Highlights
•	 Summer planting and short-day treatment advanced the bud burst and increased the height of 

Norway spruce seedlings after planting, compared to autumn and spring planted or untreated 
seedlings.

Abstract
Effects of short-day (SD) treatment on bud burst, growth and survival of Norway spruce (Picea 
abies [L.] Karst.) container seedlings after summer planting were studied in an experiment estab-
lished in Suonenjoki, Central Finland. One-year-old seedlings were SD-treated for three weeks 
starting on 18 June, 24 June and 8 July 2004 and then planted on 22 July, 5 August, 6 September 
2004 and, as a normal spring planting, on 10 May, 2005. Untreated control seedlings were also 
planted	on	these	dates.	Second	flush	on	the	planting	year	and	bud	burst	the	following	spring	was	
monitored in planted seedlings, whereas seedling height and survival were determined at the end 
of	growing	seasons	2004–2006.	We	observed	a	non-significant	risk	of	a	second	flush	if	seedlings	
were SD-treated on 18 June. Also, SD-treated seedlings planted in July or August showed advanced 
bud	burst	and	increased	height	the	following	growing	season	without	significant	effects	on	sur-
vival, compared to autumn and spring planted seedlings. Planting in July or early August was 
associated	with	a	significant	increase	in	the	incidence	of	multiple	leaders	in	later	years.	Based	on	
our results, to begin a three-week SD treatment in late June or early July and then plant seedlings 
in late July or early August could be a good practice.
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1 Introduction

The	 artificial	 shortening	 of	 photoperiod	 by	 short-day	 (SD)	 treatment	 is	 a	 common	 technique	
applied in forest nurseries to stop height growth and improve frost hardiness of seedlings prior 
to planting in late August or September or prior to freezer storage (Dormling et al. 1968; Heide 
1974; Colombo et al. 2001). Although the current planting season includes July and early August, 
Luoranen et al. (2006) found that summer-planted seedlings were more sensitive to early autumn 
frosts if they had not received a SD treatment before planting. Furthermore, SD treatment improves 
drought tolerance (Luoranen et al. 2007; Tan 2007) which is especially important for seedlings 
planted in the summer.

Previous studies have shown that early-season SD treatment (i.e., started in late June or 
early July) can be applied to Norway spruce (Picea abies (L.) Karst.) seedlings without increas-
ing	the	subsequent	risk	of	a	second	flush	in	the	nursery	provided	that	the	treatment	period	lasts	
at least three weeks (Kohmann and Johnsen 2007; Kohmann and Sonsteby 2007; Luoranen et 
al. 2009; Fløistad and Granhus 2013). In a small scale experiment, Konttinen and Rikala (2006) 
found	that	the	risk	of	a	second	flush	was	lower	if	current-year	seedlings	were	outplanted	after	SD	
treatment rather than being kept in the nursery. Other than this implication, little is known of the 
post-planting effects of early-season SD treatments on Norway spruce seedlings, especially in the 
context of summer planting.

It is well known that SD treatment started in July or August advanced bud burst in conifer 
seedlings	the	following	spring	(e.g.,	Heide	1974;	Odlum	and	Colombo	1988;	Bigras	and	D’Aoust	
1993; Hawkins et al. 1996; Fløistad and Granhus 2010). In earlier studies, bud burst was moni-
tored either in the nursery (Fløistad and Kohmann 2004; Konttinen et al. 2007), growth chambers 
(Fløistad and Granhus 2010) or immediately after spring planting the year following SD treatment 
(Odlum and Colombo 1988; Luoranen et al. 1994; Hawkins et al. 1996; Konttinen et al. 2003). 
Rantanen and Luoranen (1998) showed that summer planting may also advance bud burst the fol-
lowing season. Although summer planting is becoming more common, the interaction between 
summer planting and early-season SD treatment has not been explored yet. Early bud burst can 
expose seedlings to spring frosts and thereby cause multiple-leaders to form and reduce growth in 
summer-planted Norway spruce (Luoranen et al. 2006).

The aim of this study was to clarify the effects of early-season SD treatment and its interac-
tion	with	summer	planting	on	bud	burst,	growth	and	survival	for	the	first	few	years	after	planting.	
This study continues our earlier work in which we investigated the effects of early-season SD 
treatment	on	frost	hardening	and	the	risk	of	a	second	flush	for	Norway	spruce	seedlings	in	the	
nursery (Luoranen et al. 2009).

2 Materials and methods

2.1 Seedling material

One of the Norway spruce (Picea abies (L.) Karst.) container seedling batches (Exp. 2004 J/04) 
presented in Luoranen et al. (2009) was also used here. The seedlings were grown at the Finnish 
Forest Research Institute in Suonenjoki (62°39´N, 27°03´E, altitude 142 m a.s.l.). Seeds were 
sown on 5 June 2003 in Plantek PL81F plastic trays (81 cells per tray, 546 cells m–2, cell volume 
85 cm3:	BCC,	Iso-Vimma,	Finland)	filled	with	limed	(2.0	kg	m–3) and base-fertilized (0.8 kg m–3 
of 16N:8P:16K soluble fertilizer with micronutrients) light sphagnum peat. All seeds were obtained 
from a seed orchard supplying central Finland. Seedlings were raised according to standard nursery 
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practice in Finland. They were irrigated 2–4 times per week depending on evapotranspiration and 
fertilized with 0.1% Taimi-Superex solution (19-4-20 for N-P-K + micronutrients; Kekkilä Co., 
Tuusula, Finland) on average once a week. Seedlings were grown in a greenhouse until the end 
of September, when they were transferred to an outdoor growing area until the start of SD treat-
ments in 2004. Three-week SD treatments (14-hour nights and 10-hour days) were started on 18 
June (SD2; same abbreviations as in Luoranen et al. 2009), 24 June (SD3) and 8 July (SD4) 2004 
(Fig. 1). On 18 June, the natural day-length in Suonenjoki was 20h03min, and on 28 July (when 
SD4 ended) it was 17h43min. The culture protocol for seedlings was described more precisely in 
Luoranen et al. (2009).

2.2 Planting experiment

An	experiment	was	established	at	a	former	nursery	field	of	fine	sand	in	Suonenjoki.	Seedlings	
were planted in rows to a depth of 2–3 cm (measured from the soil surface to the upper surface 
of peat plugs) with 0.5 m between seedlings in each row and 1 m between rows. Forty seedlings 
in each photoperiod treatment (S) and planting date (P) were planted in four blocks (10 seedlings 
per block) using a split-plot design (planting date as the main plot and photoperiod treatment as 
a subplot). Planting took place on 22 July, 5 August, 6 September 2004, and 10 May 2005. Seed-
lings that received SD treatment beginning 8 July (SD4) were not planted on 22 July (see Fig. 1).

Seedling height (±0.5 cm) was measured at planting (only for seedlings planted on 10 
May 2005) and at the end of growing seasons 2004–2006. Seedling vigour was determined each 
autumn	and	classified	as	surviving	when	they	were	healthy	looking	or	when	damage	was	slight.	
If a seedling had two or more leaders, or leader growth was disturbed in some way, it was scored 
as	having	multiple	leaders.	Second	flush	was	monitored	when	seedling	height	was	measured	in	
autumn	2004.	Bud	burst	in	spring	2005	of	planted	seedlings	were	monitored	three	times	a	week	
in	five	randomly	selected	seedlings	for	each	treatment	and	block.	Buds	were	scored	as	flushing	
when	individual	needle	tips	were	visible.	Bud	burst	was	determined	to	occur	when	50%	of	the	
seedlings	had	flushing	terminal	buds.

Fig. 1. Treatments, growing and planting schedule for Norway spruce container seed-
lings grown and planted in Suonenjoki in 2003–2005.
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2.3 Weather

The Suonenjoki Research Unit provided weather data during the experimental period (Table 1). 
The early summer of 2004 was colder than the annual average but the late summer and autumn 
were warmer. Monthly temperatures in 2005 were near the long-term average, except for a warmer 
July. Total precipitation was higher than the long-term average in 2004 and 2005. Summer 2006 
was warmer and precipitation was much lower than in an average year. Spring night frosts 10 cm 
above ground level were common in each year of the study. The coldest nights were in the begin-
ning of May in 2005 and in the middle of May in 2004 and 2006. Typically, the last night frosts 
occurred in early June.

2.4 Statistical analysis

Differences	in	height,	timing	of	bud	burst,	probabilities	for	second	flush,	unburst	buds,	and	mul-
tiple	leaders	among	planting	dates	and	photoperiod	treatments	were	analyzed	in	IBM	SPSS	Sta-
tistics version 20. A linear mixed model (MIXED) was used to analyze bud burst and a repeated 
linear	mixed	model	was	applied	to	the	height	data.	Probabilities	for	second	flush,	unburst	buds	
and multiple leaders were analyzed with generalized linear mixed models (GENLINMIXED). In 
all	analyses,	planting	date	(P)	and	photoperiod	treatment	(S)	were	considered	fixed	effects	and	
block, planting date within the block (main plot) and photoperiod treatment within planting date 
and block (subplot) as random effects. A normal distribution was used in the MIXED model. We 
employed a binomial distribution with logit-link function in the GENLINMIXED models. The Sat-
terthwaite	method	was	used	to	compute	the	degrees	of	freedom	for	each	significance	test.	Multiple	
comparisons	were	made	with	the	Bonferroni	correction.	Differences	with	a	p-value	<	0.05	were	
considered	to	be	significant.

Table 1. Weather data for the Suonenjoki Research Unit (Finnish Forest Research In-
stitute) in 2004–2006 and long-term average (1974–2006). T indicates temperature.

2004 2005 2006 1974–2006

Mean temperature (2 m), °C
May 8.9 8.7 9.9 9.0
June 10.6 14.0 15.5 14.2
July 14.8 18.2 17.4 16.6
August 16.2 15.3 17.5 14.3
September 12.4 10.5 11.3 9.3

Monthly precipitation, mm
May 58 97 43 40
June 102 80 35 68
July 58 138 35 82
August 147 55 38 80
September 59 34 66 57

The	latest	day	when	T	<	0	°C	at	10	cm	in	spring
Temperature –2.4 –0.1 –0.8
Date 8 June 2 June 30 May

The	latest	day	when	T	<	–3	°C	at	10	cm	in	spring
Temperature –7.0 –3.5 –7.0
Date 14 May 2 May 18 May
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3 Results

3.1	 Second	flush	and	bud	burst

Second	flush	only	occurred	in	SD2	seedlings,	but	the	probability	of	second	flush	did	not	differ	
significantly	from	that	for	other	photoperiod	treatments	(Table	2).	The	bud	burst	was	significantly	
earlier for seedlings planted in the summer, compared to seedlings planted the following spring 
(Table 2). No differences in the onset of bud burst were found among photoperiod treatments for 
seedlings planted in July or August, but buds of SD-treated seedlings burst earlier than those of 
control seedlings planted in September (8–10 days earlier) or May (6 days earlier). The proportion 
of	seedlings	with	unburst	buds	varied	from	3–15%,	with	no	statistically	significant	differences	
among planting dates or photoperiod treatments (Table 2).

3.2 Survival and multiple leaders

Only four of 720 seedlings died during the three-year study period and no further analysis of mor-
tality	could	be	performed.	Significantly	more	seedlings	with	multiple	leaders	were	found	among	
those planted in July (24%) or August (30%) than those planted in September (10%) or May (6%) 
three years after planting (Table 2). Photoperiod treatment did not affect the proportion of seedlings 
with multiple leaders.

Table 2. Percentage	of	seedlings	showing	a	second	flush	after	short	day	(SD)	treatment	in	same	summer;	
the	date	when	50%	of	seedlings	were	flushing	the	spring	after	the	SD	treatments;	the	percentage	of	seed-
lings with unburst buds in the spring after the SD treatments; and the percentage of seedlings with multiple 
leaders at the end of third growing season. Seedlings were SD-treated on three different occasions in 2004 
and then planted on three dates in summer 2004 and on a single occasion in spring 2005. Control seedlings 
were grown under natural photoperiod conditions. P-values given by a generalized linear mixed model 
or linear mixed model analysis are presented after each variable. Different letters indicate a statistically 
significant	difference	(p	<	0.05)	among	photoperiod	treatments	for	dates	when	50%	of	seedlings	were	flush-
ing within the planting dates. A superscript 1	indicates	statistically	significant	difference	to	spring	planting	
within the photoperiod treatment.

Planting date Photoperiod treatment Second	flush	 Bud	burst Unburst buds Multiple leaders

22-Jul SD2 3 22-May a1 10 33
SD3 0 18-May b1 10 23
Control 0 22-May a1 15 18

5-Aug SD2 5 22-May a1 5 30
SD3 0 22-May a1 0 33
SD4 0 21-May a1 15 21
Control 0 23-May a1 10 40

6-Sep SD2 3 23-May a 15 10
SD3 0 26-May a 5 15
SD4 0 24-May a 5 15
Control 0 2-Jun b 5 3

10-May SD2 19-May a 10 8
SD3 25-May a 5 3
SD4 24-May a 10 8
Control 1-Jun b 15 5

p-values Planting date (P) 0.986 <0.001 0.860 <0.001
Photoperiod treatment (S) 0.808 <0.001 0.997 0.565
P × S 1.000 0.004 0.906 0.304
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3.3 Seedling height

At the end of the planting season, control seedlings were a similar size across all planting dates 
and taller than seedlings in all SD treatments (Fig. 2). Seedlings in the latest SD treatment (SD4) 
were	also	taller	than	seedlings	treated	earlier	(i.e.,	SD2	and	SD3).	In	subsequent	years,	the	earlier	
the seedlings were planted the more their height increased, regardless of photoperiod treatment, but 
SD-treated seedlings gained more height than control seedlings without clear differences among 
the	start	date	of	SD	treatments	(Table	3).	Three	years	after	planting,	no	statistically	significant	
differences in height among photoperiod treatments within a planting date were found but Septem-
ber- and May-planted seedlings were 6–13 cm shorter than those planted in July or August (Fig. 2).

Table 3. Repeated (measuring year, Y) mixed model 
analysis of variance for planting date (P) and photoperiod 
treatment (S) on height of Norway spruce seedlings.

F p

Date (P) 80 <0.001
Treatment (S) 16 <0.001
Year (Y) 4644 <0.001
P × S 2 0.140
P × Y 259 <0.001
S × Y 15 <0.001
P × S × Y 2 0.001

Fig. 2. Height of seedlings at the end of growing seasons 2004 (height at planting for seedlings planted 
in the spring 2005), 2005 and 2006. Seeds were sown on 5 June 2003 and seedlings were short day- 
(SD) treated on three different occasions in 2004 and then planted on three dates in summer 2004 and 
on a single occasion in spring 2005 (N = 10 seedlings in 4 blocks). Untreated control (Co) seedlings 
were	grown	under	natural	photoperiod	conditions.	Vertical	bars	 indicate	 the	standard	errors	(SE)	of	
mean height at the end of each season and different letters below the plating dates show statistically 
significant	differences	(p	<	0.05)	among	planting	dates	and	letters	next	to	bars	show	differences	among	
treatments within a planting date and a measurement year.
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4 Discussion

Results	indicate	that	summer	planting	and	SD	treatment	by	itself	affected	the	field	performance	
of Norway spruce seedlings more than the start date of SD treatment. Planting in July and early-
August advanced the bud burst the following spring regardless of photoperiod treatment. Short 
day treatment advanced the onset of bud burst for seedlings planted in September and May. Thus, 
our results agree with earlier studies where SD treatment has been observed to advance bud burst 
in spring-planted seedlings or seedlings kept in a nursery (e.g., Rosvall-Åhnebrink 1980; Odlum 
and Colombo 1988; Hawkins et al. 1996; Fløistad and Granhus 2010).

Earlier bud burst in summer-planted seedlings may be due to more established roots that 
in turn enhance water and nutrient uptake the following spring. Another reason could be earlier 
bud	formation	due	to	physiological	stress	suffered	by	seedlings	planted	in	summer.	Buds	were	
then formed in warmer conditions in a similar way to SD-treated seedlings. Sutinen and Luoranen 
(unpublished) found that the bud scale layers in SD-treated seedlings were thinner compared to 
untreated seedlings and hence even slight elongation of the primordial shoot in spring pushes the 
bud scales apart and the bud appears to burst. Similarly, planting stress might impair the forma-
tion of bud scales in seedlings planted in July and early-August. Control seedlings planted in late 
autumn or the following spring probably formed buds later and did not exhibit any of the effects 
with respect to bud scales or the onset of bud burst.

Incompletely or malformed bud scales might also account for some summer-planted seed-
lings with unburst buds and multiple leaders in later years. A thinner bud scale would make the 
primordial shoot more susceptible to winter and spring frost. Night frosts occurred in the middle 
of May when buds were beginning to burst. Thus, the reason for increased multiple leaders for 
summer-planted seedlings can be explained by an increased risk for frost damage due to advanced 
bud burst, compared to autumn and spring planted seedlings. Previously, SD treatment has been 
shown	to	increase	the	number	of	buds	that	fail	to	burst	and	the	incidence	of	abnormal	flushing	
(McClaren	et	al.	1994;	Luoranen	et	al.	1994,	2006).	In	the	present	study,	we	did	not	find	any	dif-
ferences in the appearance of unburst buds and multiple leaders among photoperiod treatments.

Both	summer	planting	and	SD	treatment	also	increased	height,	as	shown	by	earlier	studies	
with summer planting (Mork 1952; Luoranen et al. 2006) or SD treatment (Heide 1974; Hawkins 
et al. 1996; Odlum and Colombo 1988; Rostad et al. 2006). Previously, Luoranen et al. (2006) 
explained the enhanced growth of summer-planted seedlings in terms of rapid rooting and earlier 
onset	of	 root	growth	 the	 following	spring	 (Luoranen	et	al.	2006).	Based	on	 the	present	study,	
improved growth of summer-planted seedlings could also be due to earlier bud burst and a conse-
quently	longer	growing	season.	In	addition	to	earlier	bud	burst,	Luoranen	et	al.	(1994)	found	that	
height growth of SD-treated seedlings continued for longer the following season which may also 
explain the greater growth of SD-treated seedlings.

We	found	a	second	flush	only	in	seedlings	receiving	the	SD	treatment	started	on	June	18	
(SD2). Luoranen et al. (2009) also considered SD treatments started on June 18 and July 24 but 
rather than being outplanted after treatment, seedlings remained in nursery conditions. In that 
study,	the	proportion	of	SD2	seedlings	with	a	second	flush	was	similar	to	that	observed	for	out-
planted seedlings in the present study. However, while Luoranen et al. (2009) observed a second 
flush	in	SD3	seedlings	maintained	in	the	nursery,	outplanted	seedlings	did	not	show	this	effect	
here. A treatment period of three weeks is recommended for SD treatments started earlier in the 
season (Kohmann and Johnsen 2007; Fløistad and Granhus 2010, 2013). This agrees with our 
earlier	conclusions	(Luoranen	et	al.	2009)	with	respect	to	minimizing	the	risk	of	a	second	flush	in	
second-year spruce seedlings of local origin.
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5 Conclusions

Summer planting and SD treatment advanced terminal bud burst the following spring by up to 10 
days and increased the height without any effect on survival after planting, compared to autumn 
and spring planting and untreated control seedlings of Norway spruce. However, summer plant-
ing increased the incidence of multiple leaders which is likely due to the increased risk for frost 
damages as a result of earlier bud burst. Seedlings intended for planting after mid-July can be 
SD-treated	for	three	weeks	in	late	June	without	significantly	increasing	the	risk	of	a	second	flush.
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