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Abstract
The field storage of container seedlings is often a necessity after the seedlings have been 
transported from nurseries close to the regeneration area. Suboptimal storage conditions 
can lead to reduced growth or even seedling mortality. Supporting favourable conditions 
for the seedlings during storage requires labour, especially for the watering of seedlings, 
and therefore increases the costs of forest regeneration. In this study, we examined the 
effects of covering Norway spruce container seedlings with a reflective shading cloth and 
neglecting the watering during field storage. This was done by measuring the drying of 
the seedlings during field storage, the rooting of the seedlings when planting, and the sub-
sequent survival and performance in the field two and three growing seasons after plant-
ing. The study comprised one-year-old Norway spruce container seedlings covered with 
reflective shading cloth and seedlings with no cover (subject to rainfall) in 2012 and 2013; 
additionally, in 2013, replicates from both treatments were stored in conditions where rain-
fall was impeded. The stem water potential was measured, a rooting test was carried out, 
and the seedlings were planted in the test field weekly over 42 days of field storage with-
out watering. As a novel finding, the results indicate that covering the seedlings with a 
reflective shading cloth during the field storage increased the risk of grey mould in sum-
mer storage and led to negative effects regarding post planting seedling development. The 
application of a shading cloth directly on the seedlings cannot be recommended to prolong 
the watering intervals during field storage in the current climatic conditions in Southern 
Finland, where the risk of grey mould is high.
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Introduction

The planting season for Norway spruce container seedlings in Nordic countries lasts from 
May to September (Luoranen et al. 2019). Dormant, actively growing and short day treated 
Norway spruce (Picea abies (L.) Karst) seedlings are recommended to be planted in spring 
(May to mid-June), summer (June to late July) and autumn (August to September), respec-
tively (Luoranen et  al. 2005, 2006, 2018; Wallertz et  al. 2016). The need to extend the 
planting season over the summer months, when the seedlings are actively growing and 
susceptible to drought during storage, is becoming more relevant due to labour shortages 
and mechanised planting solutions (Helenius 2005; Helenius et al. 2002; Laine et al. 2016; 
Laine 2017; Ersson et al. 2018).

After delivery from the nursery, seedlings are often kept in field storage in central ter-
minals or close to the regeneration sites in the forest before planting, which is an impor-
tant part of the seedling supply chain that directly affects the outcome of reforestation 
(Luoranen et al. 2020). In Finland, the average field storage duration of seedlings is two 
weeks overall during the planting season, varying from one to 49  days (Rantala et  al. 
2003). Luoranen et  al. (2019, 2020) recommend a field storage period of 1–2 weeks for 
dormant container seedlings, and two to four days for growing container seedlings. The 
recommended storage period for actively growing container seedlings is only a few days, 
because of their high susceptibility to drought stress (Grossnickle and Folk 2003). In both 
cases, there must be appropriate watering. From field storage, the seedlings are transported 
to the regeneration site for planting. During the growing season, watering during field stor-
age is required but is often neglected (Rantala et al. 2003).

In field storage, seedlings are often shadowed by trees or buildings, but when kept under 
direct solar radiation, high temperatures may increase the risk of drought. Drought during 
storage reduces the root growth and increases the post-planting seedling mortality (Hele-
nius et al. 2005a, b). During field storage, the seedlings are more susceptible to drought 
than in a nursery, because the watering equipment and monitoring of storage conditions are 
often quite basic (Rantala et al. 2003). The field performance of seedlings may be assessed 
using morphological and physiological attributes to define the field performance of seed-
lings after planting, although several weaknesses have been observed when one or too few 
attributes are used alone (Puttonen 1986, 1997; Simpson and Ritchie 1997; Grossnickle 
and MacDonald 2018). Morphological attributes are fairly straight forward to measure, but 
physiological attributes may more accurately predict the post-planting growth and survival 
of the seedlings (Grossnickle and MacDonald 2018). The same attributes can be applied 
to define the field performance after field storage, but the results are rather scarce (Landis 
et al. 2010; Luoranen et al. 2019).

One option for reducing the need for watering during field storage is to reduce the expo-
sure of the seedlings to direct solar radiation by using a reflective shading cloth (Nyström 
1994; Landis et  al. 2010). Shading cloths have been used in nurseries and field storage 
to protect seedlings from direct solar radiation and high and low temperatures (Landis 
et al. 2010). Shading reduces the water and compensates for temperature fluctuation dur-
ing storage (Puttonen 1986). Reduced light and decreased ventilation is however known 
to cause shade avoidance reactions in seedlings and increase the risk of grey mould (Bot-
rytis cinerea Pers. ex Nocca & Balb) (Smith 1982; Zhang et al. 1995; Petäistö 2006). The 
previous studies done with shading cloths were done almost 30  years ago. New studies 
using current stock types and planting periods are needed. In this study, physiological and 
morphological attributes were used to study the effects of field storage without watering on 
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Norway spruce container seedlings, and how covering the seedlings with a reflective shad-
ing cloth during storage affected these attributes.

Our aim was to study whether the reflective shading cloth could be used to prevent the 
drying of the seedlings and to prolong the watering interval without negatively affecting 
the field performance of Norway spruce container seedlings during field storage in the 
spring and summer.

Materials and methods

Plant material and layout of experiments

The experiments were carried out using one-year-old Norway spruce seedlings of local ori-
gin, sown in hard-walled plastic containers (Plantek PL81F, 81 seedlings per tray, volume: 
85  cm3, cell surface area: 18.3  cm2, growing density: 546 cells  m−2; BCC, Iso-Vimma, Fin-
land), which were filled with base-fertilised (0.8 kg  m−3 of 16 N:8P:16 K soluble fertiliser 
with micronutrients) and limed (2.0 kg   m−3) light sphagnum peat (Kekkilä Oy, Tuusula, 
Finland). The seedlings were grown according to Finnish nursery practice for one-year 
seedlings, using standard fertilisation and irrigation procedures (Rikala 2012). The seeds 
were sown in late April and the seedlings were grown in a greenhouse until mid-October. 
They were then moved to an outdoor growing area, where they overwintered under snow 
cover. The seedlings were packed into top open grid-based trays (40  cm by 60  cm, 160 
seedlings per tray) for the experiments in 2012. In 2013, the seedlings were kept in their 
container trays throughout the experiment.

The effects of covering Norway spruce container seedlings with a reflective shading 
cloth during field storage were studied in three experiments during the 2012 and 2013 
growing seasons. The tests were carried out at the Suonenjoki facilities of the Natural 
Resources Institute Finland (Luke) (62°39′N, 27°03′E, elevation 142  m.a.s.l.). During 
2012, two experiments were carried out between 21 May and 2 July (later referred to as 
Spring12), and between 9 July and 20 August (later referred to as Summer12). The experi-
ment carried out in 2013 began on 10 June, and the last seedlings, field-stored for 42 days, 
were planted on 22 July (later referred to as Summer13).

Both experiments conducted in 2012 consisted of 30 test trays split into two storage 
treatments: seedlings stored under a reflective shading cloth (later referred to as Shading) 
and seedlings stored without cover (later referred to as Control). Seedlings from both stor-
age treatments were stored in a sandy field. Rainwater interfered with the experiment in 
2012, and we therefore simulated drought conditions during storage by excluding rainwater 
in 2013. In the 2013 experiment, four storage treatments were included: Shading and Con-
trol in both an open area and under a plastic roof (GH, greenhouse plastic walls were rolled 
several metres up so that the plastic roof only prevented rainwater from the top), 15 con-
tainer trays per treatment, 60 container trays in total. In all experiments, the seedlings were 
collected for further testing on seven occasions (after 0, 7, 14, 21, 28, 35, and 42 days’ stor-
age, later referred as the duration of storage).

In all experiments, seedlings undergoing the Shading treatment were covered with 
a reflective shading cloth, OLS 60 ABRI (Ludvig Svensson AB). The shading cloth was 
a plastic net with reflective stripes of film, manufactured from polyolefin, aluminium, 
and polyester, and according to the manufacturer, 39% of direct solar irradiation and 
36% of indirect solar irradiation penetrated the cloth (Ludvig Svensson AB). During the 
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experiments, the penetration of solar irradiation was measured (LI-COR LI-190 SB, LI-
COR, Inc., Lincoln, USA) in different conditions and was found to be 37% on average.

Stem water potential and container tray water content

The stem water potential (SWP) was measured at the beginning of the experiments in 2012 
and 2013, and afterwards bi-weekly in 2012 and weekly in 2013, from ten seedlings from 
each treatment regime. The SWP was measured applying the “pressure chamber method”, 
from the xylem of the shoot tips (4–8 cm below the terminal bud) in megapascals (MPA) 
(Ritchie and Hinckley 1975).

To determine the container water content (CWC) in all experiments, all the trays were 
weighed before the outset of the experiments. Three trays per treatment, from which no 
seedlings had been removed for further testing, were weighed weekly after each storage 
duration. The container tray water content was determined from the weighing results and 
the weight of the trays with the saturated substrate. The monthly mean temperature and 
rainfall between May to August from the years 2012 and 2013 together with the long-term 
averages are shown in Appendix 1.

Rooting test

A rooting test was carried out at the beginning of the experiments and bi-weekly thereafter, 
with 25 randomly selected seedligns per treatment. Each plant was placed in a 0.5-L pot 
filled with sand (grain size ≤ 5 mm), in which it was grown for 21 days under natural light-
ing in a greenhouse. The temperature in the greenhouse was set to 21/15 °C (day/night). 
The pots were randomised in four blocks. The moisture of the sand was kept at 20% (volu-
metric), and it was maintained by weighing 8 reference pots, for which an adequate weight 
after watering was determined. After 21 days, each seedling was removed from the sand, 
and the root emergence was determined as the number of new roots grown from peat plugs.

Outplanting tests

After the storage treatments, 30 seedlings per treatment were planted in a cultivated experi-
mental field (fine sand with some organic matter). The seedlings were planted with 0.75-m 
spacing in seven rows within six blocks (10 seedlings/treatment/block), randomised in a 
split-plot design. The height (overall, and the length of the current-year shoot) and diam-
eter were measured after planting, and at the end of three consecutive growing seasons. At 
planting, the state of the apical bud was determined on a scale from 0 (dormant bud) to 7 
(needles elongated more than 15 mm), and the degree of damage at planting was estimated 
from 1 (good) to 7 (dead) (Appendix 1). At the end of each growing season, the degree of 
damage (healthy, slightly damaged, weakened, and dead) and the cause of damage were 
recorded. Seedlings killed by browsing and mowing were excluded from the data (overall 
approx. 4% of seedlings).

Statistical analysis

Among the experimental treatment combinations, the differences in normally distrib-
uted variables—the seedling root emergence, the height and diameter immediately after 
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planting, and the height, diameter, and length of the current-year shoot and diameter 
after the subsequent growing seasons (2012, 2013, and 2014)—were analysed using a 
linear mixed model (MIXED). The probabilities of damaged or dead seedlings (immedi-
ately after planting, and after the 2012, 2013, and 2014 growing seasons) were analysed 
using a generalised linear mixed model (GENLINMIXED). We employed a binomial 
distribution with a logit link function in GENLINMIXED models. In the analysis, the 
storage treatment (treatments located in the GH were considered as individual treat-
ments), duration of storage, and their interaction were considered fixed effects, while 
the block and duration of storage within the block were random effects. Multiple com-
parisons were based on the least significant difference.

Nonparametric tests (Mann–Whitney U test in the Spring12 and Summer12 experi-
ments; Kruskal–Wallis test in the Summer13 experiment) were applied to CWC and 
SWP, because the distributions were not normal. All results were analysed using SPSS 
Statistics Version 25.0. Differences with a p ≤ 0.05 were considered significant.

Results

SWP, water loss during storage

In Spring12, the main effects of the storage treatment and storage duration treatment 
on the SWP were not significant (storage treatment p = 0.75, and duration of storage 
p = 0.07). In Summer12, the main effects of the storage treatment (p = 0.02) and the 
duration of storage (p < 0.01) on the SWP were significant. The SWP was lowest for the 
longest storage duration (Fig. 1a).

In Summer13, the significant interaction between the storage treatment and dura-
tion (p < 0.01) indicated that the SWP decreased gradually at different rates for different 
treatments, although the main effects were not significant (Fig. 1a). The decrease in the 
SWP was more rapid for the GH treatments. After 28  days of storage, measurements 
from the Control in the GH could no longer be carried out (Fig.  1a). Multiple com-
parisons showed that the SWP was higher for the treatments stored in the field than in 
those stored in the greenhouse (p < 0.01, in all). Additionally, the SWP was higher for 
the Shading treatment seedlings in the GH than Control treatment seedlings in the GH 
(p = 0.04).

The container tray water content (CWC) differed significantly for the different dura-
tions of storage in all experiments (p < 0.01). In Spring12, the CWC was lower for the 
Control treatment than for the Shading treatment after each storage duration (p ≤ 0.05 in 
all, except ns after 35 days) (Fig. 1b). In Summer12, during the first 21 days of storage 
the CWC barely altered, but later the CWC decreased for both storage treatments, but 
more for the Control treatment (p = 0.05 in all).

In Summer13, the CWC varied during storage between the Shading and Control 
treatments. The CWC differed significantly between storage treatments in all compari-
sons made for each storage duration (p < 0.05 at all measurements) (Fig. 1a). Among the 
treatments in the GH, the CWC decreased consistently, but the decrease rate was slower 
Shading treatment in the GH (Fig. 1b). In multiple comparisons, the CWC for the seed-
ling given the Shading and Control in treatments in the GH were lower overall than the 
CWC for the Shading and Control treatments otherwise (p ≤ 0.01).
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Root emergence

In the rooting test, the number of emerging roots was generally low in the Spring12 
experiment increasing for longer storage durations (p < 0.01), especially for the Con-
trol treatment (p < 0.05 in duration of storage, and in the interaction of storage dura-
tion and storage treatment). After 28 and 42  days of storage, more roots were found 
for the Control treatment seedlings than for the Shading treatment seedlings (p = 0.02, 
p < 0.01, respectively).

The highest overall root growth was observed in Summer12, when the root growth 
gradually decreased (p < 0.01). There was no significant difference between the storage 
treatments (p = 0.60; Fig. 1c).

In Summer13, increased storage duration reduced the root emergence (p < 0.01) for 
the GH treatment seedlings (Fig.  1c). The storage treatment and its interaction with 
the duration of the storage were significant (p ≤ 0.01). The poorest root emergence was 
found for the Control treatment in the GH after storage durations longer than 14 days 
[multiple comparisons with other storage treatments (p ≤ 0.03)]. The Control treatment 
GH seedlings stored for 28 days died during the rooting test (p < 0.01 in multiple com-
parisons). After 42 days of storage, seedlings given the Shading treatment in the GH 
were dead. The root emergence was highest for the Control seedlings after 42 days of 
storage (p < 0.01).

Fig. 1  a Stem water potential (SWP; unit megapascal, MPA), b container water content (%), and c num-
ber of emerging roots in rooting test in different storage treatments and durations of storage in Spring12, 
Summer12, and Summer13 experiments. The experiments were started in May 2012 (Spring12), July 2012 
(Summer12), and June 2013 (Summer13). SWP in the Spring12 and Summer12 experiments, and the num-
ber of roots in all experiments, were measured bi-weekly, and SWP weekly in Summer13. Statistically sig-
nificant (p ≤ 0.05) differences between treatments are indicated by *. Mean values are presented with the 
standard error of the mean (SEM)
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Seedling growth in the field test

In Spring12, the seedlings started to grow during the storage period. The longer the storage 
duration, the thicker and taller the seedlings were at planting (Fig. 2a and 2, Appendix 3).

The effects of the storage duration and its interaction with the storage treatment 
remained significant for most measurements, even after the third growing season (Fig. 2a, 
e, Appendix 3). After three growing seasons, the seedlings planted without storage were 
33% taller and had a 55% larger diameter than seedlings stored for 42  days (Fig.  2a, e, 
Appendix 3). The seedlings given the Shading treatment stored for 21 days or longer were 
taller at planting than the seedling which had been given the Control treatment or which 
had undergone shorter storage durations (Fig.  2e, Appendix 3). However, after the first 
growing season, the seedlings from the Control treatment stored for 21 days or longer were 
taller, gaining more height during the second growing season than seedlings which had 
been given the Shading treatment (Fig. 2e, Appendix 3).

In Summer12, the seedlings grew in height during the storage period (Fig. 2f, Appendix 
3). The effect of the storage duration was significant throughout the measurements. The 
seedlings planted without storage were 21% taller and had a 47% larger diameter than the 
seedlings stored for 42 days (diameter and height) (Fig. 2b, 2, Appendix 3). The interactive 
effect of the storage treatment and duration of storage were significant concerning the plant 
height at planting and after the first and second growing season. These aspects were also 
significant to the height growth after the third growing season, and to the seedling diameter 
immediately after planting and after the second growing season (Fig. 2b, f, Appendix 3). 
After the second growing season seedlings which had been given the Control treatment 
were taller than seedlings which had been given the Shading treatment, although at plant-
ing the seedlings given the Shading treatment were taller after 35 and 42 days of storage 
(Fig. 2f, Appendix 3).

In the Summer13 experiment, the seedlings grew in height during the storage period 
(Fig. 2g, h, Appendix 3). The duration of storage had a significant negative effect on the 
seedling diameter, height, and current-year shoot in planting and after consecutive grow-
ing seasons (Fig. 2c, d, g, 2h, Appendix 3). The seedlings planted without storage were 

Fig. 2  Seedling a–d diameter and e–h height at planting and the end of the first to third growing seasons in 
the a, e Spring12 and b, f Summer12 experiments, and c, d, g, h at planting and at the end first and second 
growing seasons in the Summer13 experiment. S indicates the Shading treatment; C indicates the Control 
treatment without shading (rasterized columns); and GH that the experiment was done under a plastic roof 
in a greenhouse (in the other experiments, the seedlings were stored in an open field)
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14% taller and 52% thicker than seedlings stored for 42 days after two growing seasons in 
the field. The effect of the storage duration was more drastic for seedlings given the GH 
treatments. The Shading treatment increased the length of the current-year shoot and had 
a negative effect on the seedling diameter growth during the second growing season, espe-
cially for seedling given the GH treatments after 21 days of storage and longer (Figs. 2c, 
d, g h, Appendix 3). The effects of the Shading treatment were further emphasised by the 
duration of storage on the seedling diameter and height (significant interaction after the 
first and second growing season, and on height growth after the second growing season) 
(Fig. 2c, g, Appendix 3).

Seedling damage in the field test

At planting, nearly all the seedlings in Spring12 were without damage at short storage 
durations, but the proportion of damaged seedlings increased after 21  days of storage 
(Fig. 3). After the second growing season, more damaged seedlings were found which had 
undergone the Shading treatment than the Control treatment (p < 0.01), and the proportion 
of damaged seedlings increased as the storage duration was lengthened (p < 0.01) (Fig. 3). 
No seedling mortality was observed in the Spring12 experiment at planting. The overall 
survival after three growing seasons was 98%.

Fig. 3  Percentage of damaged and dead seedlings inventoried at planting and at the end of the second grow-
ing season (Gs) in Spring12, Summer12, and Summer13 experiments, where seedlings were either covered 
with shading cloths (S) or not (C) in an open field or under a plastic roof in the greenhouse (GH) from 0 to 
42 days without watering. The rasterized columns indicate identical inventory results in both measurements
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During the Summer12 planting, the proportion of damaged seedlings increased rapidly 
for seedlings that had undergone both storage treatments after 28 days of storage (for a stor-
age duration p < 0.01). Most of the recorded seedling damage was caused by grey mould 
infection in the needles in the lower half of the seedlings (Fig. 3). After the first growing 
season, increasing numbers of slightly damaged needles were observed the longer the stor-
age duration was for both storage treatments (Appendix 3). However, many seedlings had 
recovered from this damage after the second growing season, while the proportion of dam-
aged seedlings was still related to the storage treatment and duration (p = 0.02 and p < 0.01, 
respectively) (Fig. 3). No seedling mortality was observed in the Summer12 experiment at 
planting. The overall survival after three growing seasons was 99%.

In Summer13, the duration of storage and its interaction with storage treatment had sig-
nificant negative effects on seedling damage (p < 0.01 in both) at planting. The seedlings 
which had undergone the Shading treatment in open field conditions were nearly undam-
aged after all storage durations, but for the Control treatment, the proportion of damaged 
seedlings rapidly increased after 14 days of storage (Fig. 3). However, after the first and 
second growing season more damaged seedlings were found which had undergone the 
Shading treatment than the Control treatment when the duration of storage was 14 days or 
more (Appendix 4, Fig. 3).

For the seedlings which underwent the Control in the GH, the proportion of damaged 
seedlings at planting rapidly increased after 14 days of storage, and signs of damage were 
still present after the second growing season (Fig.  3). Overall, more damaged seedlings 
were found for those seedlings which underwent the Control treatment in the GH compared 
to other storage treatments (p < 0.01) at planting. All the GH Control treatment seedlings 
and GH Shading treatments were damaged after 21 and 28 days of storage, and most of the 
damage was still present after the second growing season (Fig. 3).

In the 2013 experiment, at the time of planting, the survival rate for the GH Shading 
treatment seedlings and GH Control treatment seedlings were 57% and 42% respectively. 
All the seedlings had died during storage under the Control treatment in the GH and the 
Shading treatment in the GH after 21 and 28 days of storage, respectively and the seedlings 
from these treatments were dead after the second growing season (p < 0.01, interaction of 
storage treatment and duration of storage in all measurements). Seedling that underwent 
the Shading and Control treatments, 100% and 97% of seedlings were alive at planting 
respectively. The storage treatments in the GH significantly differed from each other and 
from the storage treatments in the open field (p < 0.01).

Discussion

Immediate effects of shading and storage duration

The results obtained from the CWC and SWP measurements indicate that the use of a 
shading cloth reduced evaporation, resulting in greater water availability for the seed-
lings due to higher humidity. Covering the seedlings with a reflective shading cloth 
during the spring storage had no direct effect on visible seedling damage at planting, 
when the precipitation was close to the long-term average. In the current study, the 
stock type planted in spring, i.e. seedlings that had just broken their buds, proved to 
be more tolerant to the storage stress than the summer stock types (actively growing 
seedlings at the time of rapid growth), which supports the earlier findings on conifers 
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(Grossnickle 2000; Grossnickle and Folk 2003). The stock type planted in the summer 
has a high level of physical activity and is highly susceptible to drought and freezing, 
unlike spring stock type before bud break (Grossnickle and Folk 2003).

During the summer storage, when the rainfall was impeded the seedlings dried out 
slowly, but covering them with a reflective shading cloth slowed down the CWC’s 
decrease rate. The risk of ambient and edaphic drought is at its highest during sum-
mer months, when the seedlings are actively growing (Burdett 1990; Grossnickle 
2000, 2005; Grossnickle and Folk 2003; Grossnickle et al. 2020; Helenius et al. 2005a; 
Luoranen et al. 2006). In our study, the weather conditions strongly affected the seed-
ling quality. All seedings were visually damaged after 14 days of storage in summer 
and dead after 21 days when rainfall was completely impeded.

During high precipitation, covering the seedlings with a reflective shading cloth 
increased the growth of grey mould; known to thrive in high humidity at a warm 
temperature, and in low light irradiance (Zhang and Sutton 1994; Zhang et  al. 1995; 
Petäistö 2006; Lilja et  al. 2010). During a temporary dry spell, the mould growth 
remained present among the shaded seedlings, and overwhelmed the seedlings when 
the humidity increased to a favourable level for the mould. Current findings support 
the earlier findings by Luoranen et al. (2019) on seedlings stored in closed cardboard 
boxes.

In the present study, the container tray water content appeared to be more closely 
related to precipitation, whereas the stem water potential more accurately indicated the 
seedlings’ field performance after storage. These results support the earlier findings 
by Helenius et al. (2005b), indicating that the xylem water potential more accurately 
explains seedlings’ field performance than the substrate’s water content. In this study, 
a drought during field storage had a direct effect on the seedling quality, and when the 
drought lasted long enough, also on the survival of the seedlings during field storage, 
which supports the earlier findings by Helenius et al. (2005b).

Field storage during the summer reduced the number of emerging roots, affecting 
the seedlings’ ability to take in water and nutrients, resulting in reduced field perfor-
mance (Harper and O’Reilly 2000; Mena-Petite et al. 2001). A favourable water status 
before planting improves the root growth and field performance of seedlings (Burdett 
1990; Larcher 1995). Covering the seedlings with a reflective shading cloth during the 
spring for 28 days or more reduced the root growth, possibly due to reduced light and 
precipitation and elevated temperature under the shading cloth. However, during sum-
mer storage, when rainfall was impeded, covering the seedlings with a reflective shad-
ing cloth supported the emergence of roots after field storage.

The observed increase in root emergence in the Spring12 experiment in spring-
planted seedlings after lengthening the field storage was probably related to the seed-
lings’ growth rhythm, i.e. the seedlings were dormant, and root growth started dur-
ing testing (Burdett 1987, 1990; Kaakinen et  al. 2004; Luoranen et  al. 2006, 2019). 
Simpson and Ritchie (1997) point out several factors affecting the outcome of root 
growth tests, such as soil temperature and seedling growth rhythm, which make root 
growth an unreliable variable for assessing the field performance of seedlings when 
used alone. Our findings support earlier studies (Puttonen 1997; Simpson and Ritchie 
1997), because root growth alone did not completely explain the differences in seed-
ling field performance between the experiments and test years, but it indicated the 
effects of storage treatments within experiments.
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Effects of shading and storage duration after planting

Seedlings planted without field storage performed better than seedlings that had undergone 
field storage. In terms of seedling growth (diameter and height), damage, and survival, the 
best performing seedlings were stored no longer than seven days. During the summer stor-
age, when precipitation was completely impeded, covering the seedlings with a reflective 
shading cloth kept the seedlings alive longer than the Control seedlings.

During spring and summer storage in average or high precipitation, more damage was 
found after the second growing season for those seedlings which had been covered with a 
reflective shading cloth. The findings regarding the delayed effects on seedlings after plant-
ing due to a reflective shading cloth are novel. No severe mould infestation was found dur-
ing the spring storage.

In the final measurements, covering seedlings with a reflective shading cloth increased 
the height growth of seedlings at the expense of diameter growth during the first three 
weeks of field storage during average or high precipitation. When rainfall was impeded, 
covering seedlings with a reflective shading cloth reduced seedling damage and mortal-
ity when the field storage lasted three weeks or longer. Increased shoot height growth of 
Norway spruce seedlings during storage in closed cardboard boxes due to storage has been 
reported by Luoranen et al. (2019), indicating a seedling response to maximise the intake 
of light energy in scarce light conditions (Smith 1982).

Even field storage of seven days had a negative effect on seedlings’ field performance 
when irrigation was neglected. These seedlings grew about 5% less in height and up to 11% 
less in diameter after two or three years in the field. These results highlight the importance 
of reducing storage stress, e.g. by implementing sufficient watering regimes, as concluded 
in previous studies (Mattson 1986, 1992; Helenius et al. 2002; Grossnickle and Folk 2003). 
Additionally, the seedling nitrogen content during storage may have been reduced, as seed-
lings started growing or were already growing when the field storage began (Ericsson et al. 
1983), but this was unfortunately not determined in this study. Additionally, the storage 
reserves of nutrients and carbohydrates may have varied between stock types, being pos-
sibly lower in dormant seedlings (van den Driessche 1992).

Conclusions and future prospects

Storing seedlings near the regeneration site is often a necessity, and negative effects on 
seedling survival and growth may occur due to storage. In the present study, field stor-
age without watering had a negative effect on the xylem water potential and root emer-
gence. This resulted in the decreased height and diameter growth of seedlings up to three 
growing seasons after planting in the field, and increased the proportion of damaged seed-
lings, especially for longer storage durations. Covering the seedlings with a reflective shad-
ing cloth reduced the seedlings’ evaporation and drying during low precipitation, but it 
increased the risk of grey mould during high and average precipitation. When the precipi-
tation was completely impeded, covering seedlings with a reflective shading cloth reduced 
seedling damage and mortality.

We conclude, that in the current climatic conditions in Southern Finland, covering Nor-
way spruce container seedlings with a reflective shading cloth cannot be recommended 
without daily supervision. The current results may be generalized to other conifers and 
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seedling types stored in similar conditions. The cost-efficiency of maintaining the field 
storage site could possibly be improved by developing an automated surveillance system or 
other technological approach which needs to be considered in future studies.

Appendix 1

Monthly mean temperature (°C) and rainfall (mm) between May and August in Long term 
(1976–2011), in 2012 and 2013.

Month Mean temperature (°C) Mean rainfall (mm)

1976–2011 2012 2013 1960–2011 2012 2013

May 9.2 9.7 12.7 41 73 18
June 14.2 13.0 17.9 66 95 43
July 16.6 16.8 16.5 86 137 75
August 14.4 14.0 15.8 74 48 118

Appendix 2

Classification of apical buds on a scale from 0 (dormant bud) to 7 (needles elongated more 
than 15 mm) and condition of seedlings on scale from 1 (good) to 7 (dead) applied in the 
experiments.

Class State of apical bud Condition of seedling

0 Dormant bud
1 Bud slightly swollen Good
2 Bud swollen, needles covered by the bud scales Brown needles at the lower half of the stem
3 Bud scales lacerated, needles not elongated Brown needles at the top half of the stem
4 Needles elongated ca 5 mm but not diffused Mould at the lower half of the stem
5 Needles elongated 5–10 mm, needles diffused Mould at the top half of the stem
6 Needles elongated 10–15 mm, needles diffused Mechanical stem damage, i.e. stem breakage
7 Needles elongated ≥ 15 mm, needles diffused Dead

Appendix 3

P values of seedling diameter, diameter growth, height, and height growth after planting, 
after the first and second growing season (Gs) 2012, 2013, and after the third growing 
season in the Spring12, Summer12, and 2013 experiments, presented in different storage 
treatments, duration of storage and their interaction (Interaction) overall.
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Meas-
ure-
ment

Measure-
ment

Spring12 Summer12 2013

Treat-
ment

Dura-
tion

Interac-
tion

Treat-
ment

Dura-
tion

Interac-
tion

Treat-
ment

Dura-
tion

Interac-
tion

Plant-
ing

Diameter 0.00 0.27 0.50 0.06 0.06 0.03  < 0.01  < 0.01  < 0.01
Height 0.02  < 0.01  < 0.01 0.75  < 0.01 0.02 0.02  < 0.01  < 0.01

1st Gs Diameter 0.67  < 0.01 0.01 0.02  < 0.01 0.07 0.09  < 0.01 0.03
Diameter 

growth
0.18  < 0.01 0.01 0.42  < 0.01 0.18 0.25  < 0.01 0.45

Height 0.01  < 0.01 0.02 0.99 0.01 0.01 0.06 0.03  < 0.01
Height 

growth
0.66  < 0.01  < 0.01 0.72  < 0.01 0.75 0.23  < 0.01 0.85

2nd Gs Diameter 0.43  < 0.01 0.00 0.26  < 0.01 0.01 0.02  < 0.01 0.01
Diameter 

growth
0.79  < 0.01 0.05 0.64 0.00 0.13

Height 0.94  < 0.01 0.75 0.10  < 0.01 0.05 0.36  < 0.01  < 0.01
Height 

growth
0.01  < 0.01 0.09 0.02  < 0.01 0.30 0.03  < 0.01 0.02

3rd Gs Diameter 0.50  < 0.01 0.00 0.02  < 0.01 0.44
Diameter 

growth
0.33  < 0.01 0.00 0.06 0.00 0.74

Height 0.36  < 0.01 0.04 0.58  < 0.01 0.30
Height 

growth
0.07 0.00  < 0.01 0.08  < 0.01 0.02

Appendix 4

Percentage of damaged seedlings inventoried at planting and at the end of the first to third 
growing seasons (Gs) in Spring12, Summer12, and Summer13 experiments, where seed-
lings were either covered with shading cloths (Shading) or not (Control) outdoors or under 
a plastic roof in the greenhouse (GH) from 0 to 42 days without watering.
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