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ABSTRACT

Norway spruce (Picea abies) is a widely used Christmas tree species in the Nordic countries. Postharvest
needle retention is an important characteristic for Christmas trees and compared to many fir (Abies)
species, Norway spruce has poor postharvest needle retention. This trait is one of the most
important qualities in choice of natural versus plastic trees. In this study, current year shoots were
cut from 30 Norway spruce seedlot sources, including the most widely used Norwegian Christmas
tree provenances, and tested to identify genetic variation in postharvest needle retention. Current
year shoots were collected from one field in November and December 2018, and from three fields
in October, November and December 2019. The current year shoots were displayed indoors under
controlled conditions and allowed to dry. Differences in postharvest needle retention were seen
between seedlots, harvesting dates and locations. Our study indicates possibilities of selecting for
improved postharvest needle retention in Norway spruce seed sources. Furthermore,
postharvest needle retention should be considered as one characteristic to add in the ongoing
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Norway spruce Christmas tree breeding program.

Introduction

Norway spruce [Picea abies (L.) Karst] is among the most popular
Christmas tree species in the Nordic countries. As a native
species, Norway spruce traditionally used to be the main Christ-
mas tree in northern Europe. However, in the 1980s, more luxur-
ious true fir (Abies) trees with better postharvest needle retention
were introduced in Europe and also in Norway where it has stea-
dily increased in popularity (Leivsson 1987; Strande 2015).

In Norway, the tradition of using Norway spruce has
remained strong and it is still the most cultivated Christmas
tree together with subalpine fir [Abies lasiocarpa (Hook.)
Nutt.] and Nordmann fir [A. nordmanniana (Stev.) Spach.]. Cur-
rently, the Norwegian Christmas tree market consists of
approximately 40% Norway spruce (Strande 2015). There are
several advantages in cultivating Norway spruce compared
with fir trees. It is fast growing and adapted to the Norwegian
climate, meaning it is hardy, tolerate many soil types, get less
damaged by wildlife and it is more resistant against patho-
gens within the genera Phytophthora (Pettersson et al.
2019). However, worldwide the use of Norway spruce as a
Christmas tree has steadily decreased compared to fir, prob-
ably due to needle loss problems (Wilmot et al. 2017). Poor
postharvest needle retention in Norway spruce prevents
extended display periods, which is a major limitation when
consumers buy their trees early and want to maintain the
“tree freshness” until the beginning of January.

Chastagner et al. (2000, 2004) have shown that cut branches
displayed dry can predict the postharvest needle retention

characteristics of whole Christmas trees. For many fir species,
postharvest needle retention experiments have been conducted
over many years to select the best material, and it has been
shown that progenies from superior trees have improved
postharvest needle retention (Nielsen and Chastagner 2005a).
Skulason et al. (2018) tested postharvest needle retention of
26 provenances of subalpine fir and corkbark fir [A. lasiocarpa
var. arizonica (Merriam) Lemmon] for Christmas tree production
and found significant variation between provenances. They con-
cluded that it is important to select the provenances which can
increase product value by selecting those with better
postharvest needle retention.

Normally, tree species with large distribution areas have a
wide variation in phenology and other traits (Langlet 1963),
hence one can expect a large variation for Norway spruce,
also in postharvest needle retention. A wide variety of
Norway spruce seed sources are used for Christmas tree pro-
duction in Norway. As in forestry, it is important to use the
best seed sources available. Breeding for the Christmas tree
industry is an expressed goal of the Norwegian Forest Seed
Center (Edvardsen 2010). Large economic gains can poten-
tially be achieved if the best trees adapted for Christmas
tree production are used (Nielsen et al. 2011). However, so
far, postharvest needle retention has not been a part of the
regularly selection and breeding program for Christmas
trees in Norway (Nyeggen and Skage 2001, 2002, 2005).

Even if growers harvest their trees at the same time every
year (by the end of November or early December) the amount
of postharvest needle loss varies. Proper cold acclimation of
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the trees before harvest has been shown in many studies to
be important (Mitcham-Butler et al. 1988; Thiagarajan et al.
2012; MacDonald et al. 2014; MacDonald and Lada 2018). Fir
trees harvested in early autumn (September, October) have
poorer postharvest needle retention than trees harvested
later in the autumn or in the winter (November, December)
(Mitcham-Butler et al. 1988; Chastagner and Riley 2007; Mac-
Donald and Lada 2008; MacDonald et al. 2014). However, no
studies of postharvest needle retention and time of harvest
has been reported for Norway spruce Christmas trees with
potential seed sources for the Norwegian market.

In Scandinavia, there is clearly a demand for traditional,
domestically produced and low environmental impact Christ-
mas trees. Norway spruce matches these criteria very well,
however, poor postharvest needle retention is an issue for the
consumers and one of the main reasons why fir is selected
over Norway spruce or why costumers choose plastic
Christmas trees. Therefore, there is a need to investigate vari-
ation in postharvest needle retention for Norwegian seed
sources of Norway spruce to identify both superior seed
sources and breeding trees. A huge amount of work has been
done to explore seed sources with a high potential to deliver
high quality Christmas trees (Nyeggen and Skage 2001, 2002,
2005). Due to harsh growing conditions in Norway, production
of exotic Christmas trees is limited by climatic boundaries, e.g.
production of Nordmann fir occurs mainly in coastal regions
of the most southern part of Norway due to low winter temp-
erature inland (Flgistad et al. 2015). Growing areas for subalpine
fir are also limited by harsh winter climate (Flgistad et al.
2017). Identifying Norway spruce material with better
postharvest needle retention may increase the domestic pro-
duction of Christmas trees and thereby decrease the import.
According to Strande (2015), approximately 20% of the Christ-
mas trees are imported to Norway.

Based on the increasing interest in Christmas tree pro-
duction in Norway, the objective of our research was to deter-
mine seed source variation of Norway spruce concerning
postharvest needle retention. In an initial study in 2018 and
a larger study the following year, we tested postharvest
needle retention of 30 seedlots of Norway spruce, most of
them seedlots used for Christmas tree production.

Material and methods

The 30 Norway spruce seedlots we tested are currently evalu-
ated in a Christmas tree field trial in Southern Norway. The
experiments took place in November and December 2018
and October, November and December 2019.

Plant material and site description

In the spring of 2014, a Norway spruce Christmas tree trial was
established by the Norwegian Forest Seed Center. Parallel
fields were established at eight locations in southern
Norway. In the trial, a total of 30 seedlots were represented,
most of them in all the parallel fields. Hereof five seedlots
came from controlled crossings, 17 from open pollinated
clones and eight provenances (free pollination) (Table 1).

The trial is currently evaluated for growth traits. In our post-
harvest needle retention experiment, only trees from one field
in 2018 and three fields in 2019 were used (Figure 1). A field in
Sandefjord municipality [59°12=N, 10°13=E, 100 meters
above sea level (m as.l)] was used both in 2018 and 2019,
while two fields in Ringsaker municipality, Stavsje (60°47 =
N, 10°46 =E, 215 m a.s.l.) and Brumunddal (60°55 =N, 10°58
=E, 376 m as.l) were only used in 2019. All field trials had
been established using 2-year-old plug-plants in a random-
ized complete block design with five replicates, each with
nine trees per replicate and seedlot. The trees were planted
in a 3x3 replication on a 1.3 X 1.3 m spacing. Seedlings
where produced at Skogplanter Midt- Norge AS at Skjerding-
stad nursery. The Brumunddal test field contained all 30 see-
dlots, while Sandefjord and Stavsjo contained 26 and 21
seedlots, respectively (Table 1).

Weather data (daily and monthly mean temperatures)
during the periods of the experiments were obtained from
the nearest weather station for each field (Agrometeorology
Norway 2020). Those were Ramnes, Kise and llseng meteoro-
logical stations for field Sandefjord, Stavsje and Brumunddal,
respectively. The daily mean temperature norms and days
with frost for the period 1961-1990 where collected from
Eklima web portal (Norwegian Meteorological Institute 2020).

Tree management in the field

Different management had been applied in the fields at San-
defjord, Stavsje and Brumunddal regarding weed control and
fertilization. Wildlife (roe deer or moose) damage had
occurred on some trees in Sandefjord in 2018. Some trees
in Brumunddal 2019 were slightly trimmed by the grower.
These treatments influenced only few of the current year
shoots selected for our experiment. No chemical pest
control had been conducted in either field.

Collection of current year shoots

In both 2018 and 2019 current year shoots were collected on
lateral branches from the third uppermost branch whorl. For
all fields, one current year shoot from 12 trees per seedlot
were harvested. For Sandefjord, one current year shoot was har-
vested from six randomly selected trees in two blocks of each
seedlot and year. The same trees were sampled in 2018 and
2019. For Stavsjp and Brumunddal, one current year shoot
was harvested from three randomly selected trees in four
blocks of each seedlot. The total number of shoots collected
from each individual tree in Sandefjord was five, i.e. one per
month in November and December 2018 and one per month
in October, November and December. For Stavsjg 2019 and Bru-
munddal 2019, totally three shoots were collected per tree, i.e.
one per month in October, November and December.

Experiment 2018

In 2018 (the first year of the study), current year shoots were
harvested 15 November and 6 December from the field near
Sandefjord. The current year shoots, including previous year
shoot as a “handle”, were cut with secateurs and placed into
labeled paper bags, transported back to NIBIO, As and
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Table 1. Norway spruce (Picea abies) seed sources and seedlots represented in the fields near Sandefjord, Stavsje and Brumunddal.

No. Seed year Seed source Origin of material® Seedlot Remarks® Type®

1P 1995 STANGE Stange SO - CT clone (Norway) 96028 Clone 1641 OoP

2 1998 STANGE Stange SO - Full sib family 99070 5443 *87 Pair-crossing
3 1998 STANGE Stange SO - Full sib family 99071 1641*5466 Pair-crossing
4 1998 STANGE Stange SO - Full sib family 99072 5441*87 Pair-crossing
5 1998 STANGE Stange SO - Full sib family 99073 1641*87 Pair-crossing
6 1998 STANGE Stange SO - Full sib family 99074 5440%5466 Pair-crossing
7 2006 STANGE Stange SO - CT clone (Latvia) F06-040 Clone 5441 oP

8 2006 STANGE Stange SO — CT clone (Latvia) F06-041 Clone 5466 oP

9 2006 STANGE Stange SO - CT clone (Norway) F06-042 Clone 87 oP

10 2006 STANGE Stange SO — CT clone (Latvia) F06-043 Clone 5440 oP

1 2006 STANGE Stange SO - CT clone (Russia) F06-044 Clone 5448 oP

12¢ 2002 STANGE Stange SO - CT clone (Latvia) F02-030 Clone 5441 opP

13¢ 2002 STANGE Stange SO - CT clone (Russia) F02-041 Clone 5466 OoP

14¢ 2002 STANGE Stange SO — CT clone (Latvia) F02-042 Clone 5440 opP

15 2006 STANGE Stange SO, East European clones F06-038 SO opP

16 1998 STEIN Christmas tree SO 98056 SO opP

17 2006 KAUPANGER Kaupanger sams SO F08-006 SO opP

18 1998 Co2 Nannestad, Serum, Ullensaker 99013 FS FP

19 1970 N1 Afjord 4164 FS FP

20 1970 L2 Grong, Heylandet, Namdalseid, Namsos, Overhalla 4178 FS FP

21 1970 L2 Snasa 4184 FS FP

22 2006 L2 Levanger F07-044 FS FP

23 2006 L1 Steinkjer F07-069 FS FP

24 2006 L1 Grong, Heylandet F07-073 FS FP

25 1984 HAR 7 Hartz F12-001a FS FP

26° 1993 Drogset Drogset, CT clone Clone 5196 opP

27° 1993 Drogset Drogset, CT clone Clone 6594 opP

28¢ 1995 Drogset Drogset, CT clone Clone 5498 opP

29° 1993 Huse Huse, CT clone Clone 2650 OoP

30 2006 Sanderud Sanderud, CT clone Clone 5743 opP

CT clone = Christmas tree clone; SO = Seed orchard; FS = Forest stand; FP = Free pollination; OP open (free) pollinated in seed orchard.
PSeed source missing at the field in Sandefjord and Stavsje.
“Seed source missing at the field in Stavsja.

Vestlang : Innlandet
Brumunddal
®
Stavsj¢°
Viken
Oslo
Vestfold o
Rogaland Telemarkg
d f'.d
el Sandefjor

Figure 1. Location of Christmas tree test fields included in a postharvest needle retention experiment of Norway spruce (Picea abies) in southeastern Norway. The
fields were located in Sandefjord municipality and Ringsaker municipality (field Stavsjg and Brumunddal).
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stored in a covered space outdoors overnight. They were set
up in a display room the following day. The shoots were
arranged in the same block structure as in the field.

Experiment 2019

In 2019, current year shoots were harvested from the three
fields (Sandefjord, Stavsje and Brumunddal) during October,
November and December. The current year shoots were cut
in the same manner as in 2018 and directly placed in
labeled multipot trays/containers [i.e. trays with small
volumes per plug (1.4 x 1.4 x 3.3 cm = 6.5 cm?)], with capacity
for holding the current year shoots by inserting the “handles”
in the plugs using the same block structure as in the fields. For
each field, all the current year shoots were harvested in one
day, transported to the institute, kept outdoors and set up
in a climate chamber (different room from 2018) the following
day. Current year shoots were harvested 14, 15 and 16
October, 11, 12 and 13 November and 2, 3 and 4 December
from Stavsjg, Brumunddal and Sandefjord, respectively.

Display room

Experiment 2018

In 2018, all current year shoots were arranged at room temp-
erature in a display room at NIBIO. The current year shoots
were displayed dry on a large table in three wooden wire-
covered frames (120 x 80 x 10 cm) with 2 X 2 cm square
grids. The shoots were arranged in 13 rows using the field
block structure. Three HOBO water temperature Pro V2 data
loggers (Onset Company, Bourne, MA, USA), one on each
wooden frame, continuously recorded the temperature and
relative humidity (RH) in the room throughout the
experiment.

Experiment 2019

In 2019, the current year shoots were displayed dry in a
climate chamber in the multipot trays/containers where
they already had been fixed in the field. The trays with
shoots were arranged on one shelf per field.

Measurements

The length of the harvested lateral shoots was measured.
Needle loss was rated on the 4th (only 2018), 6th, 8th, 11th,
13th, and 16th (only 2019) day after placing the shoots in
the display room (starting and ending in the exact same
order as the shoots were harvested in the field). Needle loss
was rated by brushing top- and both side-shoots of the
branch with thumb and forefinger together to remove any
loose or shedding needles. The accumulated needle loss
was registered on each measurement date using the same
needle loss rating scale as Nielsen and Chastagner (2005b).
The scale goes from 0-7, where 0=no needle loss, 1=<
1%, 2=1-5%, 3=6-15%, 4=16-33%, 5=34-66%, 6=67-
90% and 7=91-100% needle loss. For each field, harvest
date and evaluation day, the average needle loss was calcu-
lated for the given seedlot.

Statistics
The following model was applied:
Yii = m =+ pi + Tjgy + t + (PO + B + B - sj + sij

where Yjy is the observed response variable for tree j within
seedlot i and block / at time k. w is an intercept, p; is the
fixed effect of seedlot i, T;; is a random effect of tree j
within seedlot i and block I, t is the fixed effect of time k,
(pt)ik is the interaction between seedlot i and time k, B; is a
random effect of block /, B is a coefficient measuring the
linear influence of the covariate sy (the shoot length corre-
sponding to Yjx), and gjy is the usual error terms. The
random variables T, B;, and gjjy are assumed to be indepen-
dent, normally distributed with expected value zero and var-
iances o2, 02, and o® respectively. Unknown parameters to
be estimated are
w, the p's, the t;s, the (pt),s, 0%, o3, 0%, and B.

Experiment 2018

The model above was fitted for the response variables needle
loss for day 6, 8 and 11. For these three response variables the
residual plots did not indicate any serious deviations from the
usual assumptions.

Experiment 2019
The same model was fitted for the response variables needle loss
for day 8, 11 and 13. For these three response variables the
residual plots did not indicate any serious deviations from the
usual assumptions. Where significant differences were detected,
Tukey’s multiple comparison method with 5% significance level
was used for grouping of the seedlots and the harvesting times.
Data analysis were carried out using the program Minitab®
18 to determine significant main or interaction effects at a sig-
nificance level of a=0.05. Analysis of variance (ANOVA) was
carried out using the GLM procedure for providing p-values
for all effects in the models. Components of variance and
needle loss values for the seedlots were estimated using the
Mixed Effects Model procedure.

Results
Climatic conditions

The mean fall temperatures during September to December for
both 2018 and 2019 were warmer than the norm for the period
1961-1990 (Table 2). The number of days with daily mean
temperatures below zero (Tm < 0°C) in 2018 and 2019 were
much fewer than the norm period 1961-1990 (Table 2). The
first long frost period occurred in the end of November 2018
and beginning of November 2019, i.e. after the first harvest
in both years (Figure 2). In 2019, the daily mean temperatures
for Stavsjge and Brumunddal were similar to each other
(Figure 2). The daily mean temperatures were slightly warmer
for Sandefjord, the most southern site (Figure 1).

There was no snow when collecting in October 2019, but a
complete snow cover during November and December in
Stavsjg and Brumunddal, and only a light snow cover in
Sandefjord on these occations. At Stavsje in December, all



Table 2. Climatic conditions at the test fields.

Mean temperature (Tmm) Days with frost (Tm < 0)°C

Location
Month 2018 2019 Norm (61-90) 2018 2019 Norm (61-90)
Sandefjord
Sept 123 117 10.3 0 0 0
Oct 7.3 55 6.2 1 1 0
Nov 33 0.8 1 8 10 9
Dec® -15 0.3 -3 20 14 31
Stavsjo
Sept - 10.6 9.6 - 0 0
Oct - 4.7 5.1 - 0 0
Nov - -1.2 -0.8 - 16 19
Dec - -1.8 =53 - 20 31
Brumunddal
Sept - 9.8 9.2 - 0 0
Oct - 3.6 44 - 4 0
Nov - =21 2.1 - 17 24
Dec - -3.2 —7.2 - 22 31

Notes: Mean temperatures per month (Tmm) and number of days with daily
mean temperatures below zero (Tm < 0°C) for 2018 and 2019, and the
norms from 1961-1990 for mean temperature and days with frost (Agrome-
teorology Norway 2020; Norm: Norwegian Meteorological Institute 2020).
The closest meteorological stations for Sandefjord, Stavsje and Brumunddal
are Ramnes, Kise and llseng meteorological stations, respectively.

92018-data from Sande meteorological station.

trees had received freezing rain that formed a thick ice cover on
the branches which were further weighed down by snow. In the
climate chamber, the ice melted but these current year shoots
had a higher amount of needle loss at the first rating and the
needles that fell off were discolored (yellow) from the middle
to the top. This effect subsided as most of the yellowed
needles fell off during the first two measurements (day 6 and 8).

Display room

In 2018, the display room held 23 + 2°C and 35% RH. However,
there was unfortunately a temperature increase in the display
room from the first recording period of 15-28 November
(21.8°C, 37.8% RH) to the second recording period of 6-19

- = Sandefjord 2018 = ——Sandefjord 2019
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December (23.9°C, 32.5% RH). This is the reason why we
shifted display room in 2019.

For the larger study in 2019, the climate chamber held a
steady temperature of 19.5+1 °C and 60% RH throughout
the experiment.

Length of current year shoots

In 2018, lateral shoot lengths were 6.5-27 cm with an average
of 15.4 cm for Sandefjord. In 2019, the shoot lengths were 6—
40, 4-39, 7-37 cm long with an average of 19.1, 18.8, 19.7 cm
for Sandefjord, Stavsje and Brumunddal, respectively.

Needle loss

Experiment 2018

At day 4 almost no needles were shed and at day 13
nearly all had fallen off for the majority of the seedlots,
hence the variation was small between seedlots at those
recording days. The Tukey’s pairwise comparisons test dis-
played the biggest differences between seedlots after 8
days (Table 3).

There was a significant difference in needle loss concern-
ing time of harvest, where the harvest from December 6
had a higher amount of average needle loss (3.49), than the
harvest from November 15 (3.04) (Table 3, Figure 3).
Average needle loss ratings for November and December
ranged from 2.49-4.74 (Table 4). Seedlots 6, 25, 4, 10, 21
and 15 had significantly better postharvest needle retention
than seedlots 23 and 3, 2.49-2.62 versus 4.36 and 4.74,
respectively (p < 0.0001).

There was a significant influence of shoot length on needle
loss, where the longer shoots performed better (Table 3).
There was also a significant interaction effects for seedlots x
time on needle loss (Table 3).

------- Stavsjg 2019  — - Brumunddal 2019

Daily mean temperatures (°C)

-10

-15

1-Sep
6-Sep
11-Sep
16-Sep
21-Sep
26-Sep
1-Oct
6-Oct
11-Oct
16-Oct
21-Oct
26-Oct

31-Oct

5-Nov
10-Nov
15-Nov
20-Nov
25-Nov
30-Nov

5-Dec
10-Dec
15-Dec
20-Dec
25-Dec
30-Dec

Figure 2. Daily mean temperatures in September to December during 2018 (Sandefjord) and 2019 (Sandefjord, Stavsje and Brumunddal). In 2018, current year
shoots were harvested 15 November and 6 December from Sandefjord (short arrows). In 2019, current year shoots were harvested 14, 15 and 16 October, 11,
12 and 13 November and 2, 3 and 4 December from Stavsjg, Brumunddal and Sandefjord, respectively (long arrows). Data obtained from Agrometeorology
Norway (2020).
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Table 3. Results from analysis of variance and estimated components of variance for Sandefjord 2018 and Sandefjord, Stavsje and Brumunddal 2019.

ANOVA significance levels (p-values) Components of variance
Shoot length
(B, p) Seedlots Time Seedlots x Time Block (03) Tree within seedlot and block (g?2) Error (0?)
Sandefjord 2018° —0.0113, <0.0001 <0.0001 <0.0001 =0.0046 0.000 0.680 1.229
Sandefjord 2019° —0.0083, <0.0001 <0.0001 <0.0001 <0.0001 0.000 0.577 1.056
Stavsjo 2019° —0.0006, =0.5556 =0.0115 <0.0001 =0.0002 0.017 0.485 0.583
Brumunddal 2019° —0.0062, <0.0001 =0.0003 <0.0001 <0.0001 0.004 0.403 0.655

Values based on day 8.
bValues based on day 11.

[ November [ December

Needle loss

6 3 8 10 15 19 11 2 20 30 24 9 21 5 17 22 23 18 25 7 4
Seedlot

Figure 3. Observed average needle loss values for 21 Norway spruce (Picea abies) seedlots tested in November and December 2018 from a field near Sandefjord. The
seedlots were sorted by the average test results obtained in the larger study in 2019 across all three test periods (October, November, December) and all three fields
(Sandefjord, Stavsjg and Brumunddal) (see Figure 5). Needle loss was recorded using a scale from 0-7, where 0 = no needle loss, 1 =< 1%, 2 = 1-5%, 3=6-15%, 4 =
16-33%, 5 = 34-66%, 6 =67-90% and 7 = 91-100% needle loss (Nielsen and Chastagner 2005b).

Experiment 2019 at these times. This was the case for all three harvest
At day 6 almost no needles had been shed, and at day 16 dates. For the recording on day 11, there was a significant
almost all needles had been shed for the majority of the difference between seedlots in mean needle loss values
seedlots, hence the variation between seedlots was small for the average of October, November and December

7
6 EE Sandefjord [T Stavsje [ Brumunddal
5 a
2 A @
o 44 s B
[0}
LR c 5 b
P4 cc
2 -
1
0 . - -
October November December

2019

Figure 4. Average needle loss values for three fields (Sandefjord, Stavsje and Brumunddal) and three different harvest dates (October, November and December
2019). Current year shoots of Norway spruce (Picea abies) were harvested 14, 15 and 16 October, 11, 12, 13 November and 2, 3, 4 December from Stavsjg, Brumund-
dal and Sandefjord, respectively. See Figure 3 for needle loss scale. Different letters indicate significant differences within fields (Sandefjord = abc, Stavsje = ABC and

Brumunddal = abc).



Table 4. Mean needle loss values per seedlot after eight days in a display room
for samples (current year shoots) collected in a field near Sandefjord 15
November and 6 December 2018. Needle loss was measured using the same
needle loss rating scale as Nielsen and Chastagner (2005b). See Figure 3 for
needle loss scale.

Average Needle loss 2018

Sandefjord

No. Seed source Seedlot All Nov Dec Tot n
1 STANGE 96028 - - - -

2 STANGE 99070 3.59 3.74 3.45 12
3 STANGE 99071 474 5.14 434 12
4 STANGE 99072 256 221 292 12
5 STANGE 99073 420 412 429 12
6 STANGE 99074 249 2.05 294 12
7 STANGE F06-040 3.04 2.83 3.25 12
8 STANGE F06-041 3.56 336 3.76 12
9 STANGE F06-042 274 2,64 283 12
10 STANGE F06-043 259 1.88 3.30 12
1 STANGE F06-044 3.13 299 3.27 12
12 STANGE F02-030 353 2.79 4.27 12
13 STANGE F02-041 317 3.30 3.04 12
14 STANGE F02-042 267 2.65 2.70 12
15 STANGE F06-038 262 2.82 2.42 12
16 STEIN 98056 4.05 3.63 4.46 12
17 KAUPANGER F08-006 3.20 3.24 3.15 12
18 Cg2 99013 3.01 244 3.58 12
19 N1 4164 3.96 3.75 4.17 12
20 L2 4178 373 3.06 4.40 1
21 L2 4184 261 1.65 3.57 12
22 L2 F07-044 298 2.79 3.18 12
23 L1 F07-069 4.36 4.12 4.60 12
24 L1 F07-073 3.88 373 4.04 12
25 HAR 7 F12-001a 254 257 251 12
26 Drogset - - - -

27 Drogset - - - -

28 Drogset 268 2.58 2.78 12
29 Huse - - - -

30 Sanderud 3.13 2.84 343 12
Average values 3.26 3.04 3.49 311

Note: All = average value across both test dates (November, December) for the
Sandefjord field. Tot n = number of trees tested per seedlot in 2018. Seedlot 1,
26, 27 and 29 was missing at the Sandefjord field.

(Table 3) for all three fields. Also, there was a significant
interaction effect for seedlots x time on needle loss for all
three fields (Table 3). The variation within seedlots (o%)
was larger than between seedlots (o) for all three fields
(Table 3).

Sandefjord. There was a significant difference in needle loss
for time of harvest, where October had the highest amount
of average needle loss, 4.86, followed by December, 3.20,
and November, 2.72 (Table 3, Figure 4).

For the Tukey’s pairwise comparisons test, which dis-
played the biggest differences between seedlots after 11
days, the needle loss ratings ranged from 2.47 to 4.78
(Table 5). Seedlot 6 had significantly better
postharvest needle retention than seedlots 22, 12, 16, 23
and 4, 247 versus 3.97-4.78, respectively (p <0.0001)
(Table 5, Figure 5).

There was a significant influence of shoot length on needle
loss, where the longer shoots performed better (Table 3).

Stavsjo. There was a significant difference in needle loss for
time of harvest, where October had the highest amount of
average needle loss, 3.87, followed by December, 2.99, and
November, 2.35 (Table 3, Figure 4).
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The Tukey's pairwise comparisons test displayed the
biggest differences between seedlots after 11 and 13 days,
displayed dry. The ranking of seedlots did not differ
between day 11 and 13 and data from day 11 were therefore
used to be able to compare data between fields. The needle
loss ratings ranged from 2.48-3.72 (Table 5). Seedlot 15, had
significantly better postharvest needle retention than
seedlot 4, 2.48 versus 3.72 (p =0.0115) (Figure 5).

There was no significant influence of shoot length on
needle loss (Table 3).

Brumunddal. There was a significant difference in needle loss
for time of harvest, where October had the highest amount of
average needle loss, 4.10, followed by December, 2.59, and
November, 2.40 (Table 3, Figure 4).

The Tukey's pairwise comparisons test displayed the
biggest differences between seedlots after 11 days when
needle loss ratings ranged from 2.49-3.85 (Table 5). Seedlot
13 had significantly better postharvest needle retention
than seedlot 7, 2.49 versus 3.85. Seedlot 7 had significantly
poorer postharvest needle retention than 13, 6 and 3, 3.85
versus 2.49-2.51 (p = 0.0003) (Figure 5).

There was a significant influence of shoot length on needle
loss, where the longer shoots performed better (Table 3).

Sandefjord, Stavsjo and Brumunddal. In 2019, the mean
values for needle loss of all seedlots for October were 4.86,
3.87 and 4.10 for Sandefjord, Stavsjg and Brumunddal,
respectively (Table 5). In November and December there
was less variation in needle loss with mean values for Novem-
ber 2.72, 2.35 and 2.40, and for December, 3.20, 2.99 and 2.59,
for Sandefjord, Stavsje and Brumunddal, respectively.

We made an in depth analysis of three seedlots that
remained approximately the same in rank throughout the
experiment. In Figure 6, needles loss from day 6-16 is pre-
sented for the three seedlots and all fields. Seedlot 6 had a
low level of needle loss throughout the experiment (good),
seedlot 30 remained in the middle (medium) while seedlot
7 had a high level of needle loss in 2019 and average
needle loss in 2018 (poor) (Figure 6). Other seedlots varied
between years, e.g. seedlot 25 and 4 did poorly at all fields
in 2019 but well in 2018.

Discussion

Postharvest needle retention is an important characteristic for
Christmas trees and, therefore, poor postharvest needle reten-
tion in Norway spruce may prevent early harvest and long
transport distances. In our experiments, there were variations
between fields and provenances like it is known from Nord-
mann fir (Nielsen and Chastagner 2005a, 2005b). Also, inter-
action between field and provenances commonly occurred
as reported on subalpine fir by Skulason et al. (2018).

We found several seedlots consistently performing well in
all three experimental fields. Samples from seedlot 6 had
stable and good quality. The crossings from seed orchard
Stange performed among the five best seedlots in all three
fields. Seedlot 6 and 3 ranked 1st and 4th in all fields and at
all sampling times in 2019, respectively, both controlled
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Table 5. Mean needle loss values per seedlot after 11 days in a display room for samples (current year shoots) collected at three fields (Sandefjord, Stavsje and
Brumunddal) in October, November and December 2019. Needle loss was measured using the same needle loss rating scale as Nielsen and Chastagner (2005b).
See Figure 3 for needle loss scale.

Average Needle loss 2019*

Sandefjord Stavsje Brumunddal
No. Seed source Seedlot All Oct Nov Dec Oct Nov Dec Oct Nov Dec Tot n
1 STANGE 96028 268 - - - - - - 3.78 2.07 217 12
2 STANGE 99070 3.1 3.66 231 2.80 432 2.82 3.49 3.83 2.26 2.53 30
3 STANGE 99071 2.86 3.86 3.07 3.39 3.27 2.19 2.46 3.30 2.02 221 36
4 STANGE 99072 3.98 6.44 3.52 438 5.00 2.83 333 4.79 261 291 36
5 STANGE 99073 3.26 5.66 252 3.66 3.74 1.82 291 3.82 2.56 2.67 36
6 STANGE 99074 261 3.06 2.14 2.20 3.58 233 2.67 3.16 2.04 2.31 36
7 STANGE F06-040 375 5.56 244 3.61 5.18 245 294 5.10 297 3.49 36
8 STANGE F06-041 293 430 222 2.74 3.75 2.27 2.75 3.21 223 291 36
9 STANGE F06-042 3.22 4.74 2.57 291 3.75 2.01 3.17 4.63 2.59 2.60 36
10 STANGE F06-043 299 4.94 2.58 3.13 3.49 2.08 2.58 3.72 2.22 2.12 36
1" STANGE F06-044 3.09 5.95 220 2.65 3.68 1.85 2.00 4.81 2.02 2.67 36
12 STANGE F02-030 3.75 5.54 3.38 3.14 - - - 5.37 222 2.82 24
13 STANGE F02-041 298 4.45 2.63 332 - - - 3.10 2.10 2.27 24
14 STANGE F02-042 3.03 4.40 2.04 243 - - - 435 2.20 2.76 24
15 STANGE F06-038 299 538 240 2.70 3.17 1.84 243 4.02 2.50 2.46 36
16 STEIN 98056 349 537 3.07 373 - - - 3.75 237 2.65 24
17 KAUPANGER F08-006 3.28 4.21 231 3.05 407 2.74 3.24 433 2.79 282 36
18 Co2 99013 345 541 2.87 334 4.25 2.59 2.84 4.70 2.49 2.59 36
19 N1 4164 3.05 438 2.68 3.31 341 2.50 3.00 3.73 2.06 235 36
20 L2 4178 3.14 3.94 253 3.40 3.65 2.56 3.07 4.25 233 2.50 35
21 L2 4184 3.25 4.26 2.81 3.26 3.98 273 3.15 4.16 2.26 2.64 36
22 L2 F07-044 3.36 5.08 3.06 3.76 3.83 2.25 3.58 4.00 224 2.46 36
23 L1 F07-069 345 5.18 3.93 3.78 4.09 234 3.18 3.77 2.45 230 36
24 L1 F07-073 3.22 443 2.86 3.09 3.82 2.58 2.99 3.99 2.72 247 36
25 HAR 7 F12-001a 3.56 5.21 2.67 3.23 3.66 2.50 4.08 4.55 2.86 3.28 36
26 Drogset 261 - - - - - - 2.80 224 2.80 6
27 Drogset 3.05 - - - - - - 4.61 2.65 1.90 9
28 Drogset 3.52 5.00 2.98 333 - - - 4.53 2.59 271 24
29 Huse 3.67 - - - - - - 4.52 343 3.06 12
30 Sanderud 3.21 5.91 2.84 2.81 3.66 2.08 2.92 437 2.04 224 36
Average values 3.22 4.86 272 3.20 3.87 235 299 4.10 240 259 908

Note: All = average value across all three test dates (2019-October, November, December) for all three fields (Sandefjord, Stavsjo and Brumunddal). Tot n = number
of trees tested per seedlot in 2019. Seedlot 1, 26, 27 and 29 was missing at the Sandefjord field. Seedlot 1, 12, 13, 14, 16, 26, 27, 28 and 29 was missing at the

Stavsje field.

crossings with clone 5466 as the pollen source. Seedlot 1
(Clone 1641) did well in Brumunddal (5th place), but we had
no data from Sandefjord and Stavsjg since they were not
present in those fields. Seedlot 13 (Clone 5466), did best of
all seedlots in Brumunddal (1st place) but average in Sandef-
jord. Others seedlots remained stable in their rating like
seedlot 30 and 7 with medium and poor postharvest needle
retention, respectively.

Some seedlots varied in their ranking between years. There
was also a larger span of variation between seedlots in 2018
compared to 2019. The more homogeneous needle retention
across seedlots in 2019 may partly be due to the more stable
conditions in the display room than in 2018.

Instead of modeling and analyze the response variables for
needle loss on different days separately it may be possible to
build a model for the response variables for needle loss where
day is modeled as a covariate. Then we may have a model
with expected needle loss being a continuous function,
linear or non-linear, of day. Including time and seedlot as in
the model above, these expectation functions may depend
on seedlot and time.

The majority of seedlots performed best at the field near
Brumunddal. This is the northernmost field, with highest
elevation and the lowest temperatures. In the field at Sandef-
jord, which is the most southern field, with the lowest

elevation and highest temperatures, the majority of seedlots
performed the poorest among the three fields included in
the study. However, in addition to temperature and cold
acclimation, there may be other explanations for the variation
between the fields. Management, such as fertilizing and
weeding and field characteristics, such as organic matter
and soil mineral content has been reported to influence
needle retention (MacDonald and Lada 2018). Fertilization
and cultivation routines may explain the site variation found
in our experiment, but probably not the within site variation.
Stavsje and Brumunddal are two closely located fields, and
the mean needle loss values for the seedlots did not differ
much for October (3.87, 4.11, respectively). The corresponding
value for Sandefjord was 4.83, which is a much larger needle
fall considering the scale used (Nielsen and Chastagner
2005b). The average needle abscission in November and
December combined for Stavsje and Brumunddal was 2.67
and 2.49, respectively, whereas needle abscission was 2.95
for Sandefjord. The higher increase in needle retention from
October to November and December at the Sandefjord
field, compared to the two other fields, remains unclear.
Considering the improvements in methodology from the
first year, 2018, to the larger study in 2019, i.e. the change
from fluctuating temperatures and humidity in the display
room, to the climate chamber with controlled conditions, it
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Figure 5. (a, b, c and d) Observed average needle loss values for 21 Norway spruce (Picea abies) seedlots tested in October, November and December 2019 at three
different fields, Sandefjord, Stavsje and Brumunddal. The seedlots are sorted by their average needle loss value across all three test periods and fields with highest

needle loss on the right. See Figure 3 for needle loss scale.

is not realistic to compare the year to year variation in needle
retention. Temperature and humidity seriously influence
needle loss via respiration, where higher temperatures and
dryer conditions accelerate respiration (Mitcham-Butler et al.
1988; MacDonald et al. 2012). Blankenship and Hinesley
(1990) showed that respiration in Fraser fir [A. fraseri (Pursh)
Poir.] increased exponentially with increasing temperature.
When spruce species dries to a certain moisture content,
they typically experience very heavy needle loss (Hinesley
and Chastagner 2004). When considering the overall needle
retention at day 8 for November and December combined
in Sandefjord 2018, the needle loss values were already
larger, ranging from 2.49-4.74, than at day 11 in 2019,
ranging from 2.17-3.94. We can, however, not exclude that
mild temperature events in Sandefjord in November and
December 2018 may explain a lower needle retention in
that year compared to 2019 (MacDonald et al. 2014).

In a study from another Christmas tree field, also located in
southeastern Norway, we compared needle retention of
Norway spruce with Serbian spruce [Picea omorika (Panc.)
Purk.] (both unknown provenances) using the same pro-
cedure as for the 2019 study, i.e. harvesting in October,
November and December (unpublished data). When harvest-
ing in November the mean needle loss after 11 days was 2.25
and 0.47 for Norway spruce and Serbian spruce, respectively.
For this location, the average needles loss, across all harvest-
ing dates, for day 16 in Norway spruce was 4.87, approxi-
mately the same as for Serbian spruce at day 32 (5.28). For
Serbian spruce, the needle retention improved from
October (6.08) to November (4.83) and December (4.92)
when evaluated at day 32. This improvement from October

to November and December is similar as for Norway spruce
in our 2019 study. However, these evaluations on Serbian
spruce were only done for one field. The difference in
needle retention between the two species should be
studied in greater detail.

In our larger study in 2019, we found that the overall
needle retention improved from October (4.27) to November
(2.48) and December (2.93), and this occurred in all the fields.
This corresponds to findings by Chastagner and Riley (2007)
where fir trees harvested in early autumn (September and
October) had lower needle retention than trees harvested in
late autumn or winter (November and December). Skulason
et al. (2018) showed that harvesting subalpine fir and corkbark
firin November was better than October with respect to post-
harvest needle retention. MacDonald et al. (2014) identified
November and December as an ideal time to harvest
balsam fir [Abies balsamea (L.) Mill.] from a needle retention
perspective, and Mitcham-Butler et al. (1988) showed that
Fraser fir collected in late November had improved needle
retention compared to October.

Unlike October, in November and December, trees at all
three locations had been exposed to several cold spells with
temperatures below zero, hence they had developed a level
of hardiness like described by Weiser (1970), which is critical
for improved needle retention after harvest (Hinesley and
Chastagner 2004). For all three fields, November had the
best needle retention but there was minor difference in
needle retention between November and December. The
ice cover on the shoots at Stavsjg in December was probably
part of the reason for higher needle loss values there, due to
damaging during harvest of the shoots. The significant
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Figure 6. Overview for three selected seedlots of Norway spruce (Picea abies), where seedlot 6 had good postharvest needle retention, seedlot 30 was average, and
seedlot 7 had poor postharvest needle retention in both 2018 and 2019. A, B, C = October 2019, D, E, F = November 2019 and G, H, | = December 2019. Furthermore,
A, D, G=seedlot 6, B, E, H=seedlot 30 and C, F, | =seedlot 7. See Figure 3 for needle loss scale. The figure is based on the observed mean needle loss values.

interaction we found between seedlot and time of harvest,
was probably due to rank changes of the seedlots. Based on
the large variations between seedlots and the significant
interaction, it is not possible to provide a clear recommen-
dation on seed sources with high needle retention potential
under all conditions. Further testing is needed.

Frost hardiness in conifers develops with increasing periods
with low temperatures (Sakai and Larcher 1987), however mild
spells in the hardening phase may interrupt the hardening
(Granhus et al. 2009), and this may also be the case for
needle retention. We therefore wonder if the loss in needle
retention from November to December in 2019, especially at
the field near Sandefjord, was partly due to an increase in
temperatures before harvest. An extended study is needed to
fully explore the relationship between cold acclimation and
postharvest needle retention in Norway spruce.

The variation between current year lateral shoot lengths
was large in our study. There was significantly less needle
loss for longer shoots from Brumunddal and Sandefjord but
that was not the case for Stavsjo (Table 3). It probably takes
longer time for larger shoots to loose enough water to
reach a critical moisture content and damage thresholds
where needles start to shed. We suggest that future studies
should be more careful concerning selection of similar sized
current year shoots instead of focusing on harvesting from

the third uppermost branch whorl (as in this study). Nielsen
and Chastagner (2005b) harvested tungs from the 3rd to
6th uppermost branch whorl of the main stem, a method
that would have allowed us to compare shoots with similar
length. We have not considered any non-linear relationship
between shoot length and needle loss, nor any interactions
between shoot length and the factors seedlot and time.
Since there is high demand for Christmas trees with excel-
lent postharvest needle retention, our findings of some seed
sources that performed well and stable concerning posthar-
vest needle retention on samples from all three fields, indicate
promising results for further breeding. It provides a potential
for combining our results with other traits observed for Christ-
mas tree values in the ongoing evaluation program by the
Norwegian Forest Seed Center. Further work on Norway
spruce postharvest needle retention is supported by the
experience from several fir species that have gained improved
needle retention due to targeted breeding for this character-
istic (Nielsen and Chastagner 2005a, 2005b; Skulason et al.
2018). Furthermore, growing of somatic embryogenesis
plants provides a very interesting potential for production
of individuals with the most decried characteristics (Egerts-
dotter 2019; Chen et al. 2020). Improving the postharvest
needle retention of Norway spruce Christmas trees is also
very important due to the fact that expansion of fir production



may become limited due to susceptibility to several serious
disease-causing organisms like Neonectria neomacrospora
and Phytophthora spp. as well as lack of available land with
suitable climatic conditions (Talgg et al. 2006, 2007; EPPO
2017; Nielsen et al. 2017; Skdlason et al. 2017). Norway
spruce on the other hand is well adapted to the Norwegian
climatic conditions and suffers from fewer lethal diseases
and pests.

In addition to individual traits on the Christmas trees,
growers should be aware of the potential influence of the
environmental conditions prior to harvest and how this
influence on postharvest needle retention.
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