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Abstract

Droughts, amplified by climate change, pose a significant threat to the success of both artificially and naturally
regenerated forests. Understanding how these changes affect the initial stages of saplings development is crucial
for forest establishment, particularly for ecologically and economically important species like Norway spruce and
sessile oak in Central Europe. This study investigated the impact of crown reduction (CR) by 50% of crown length
on saplings of each species. Automatic dendrometers were installed on 24 saplings per species to precisely monitor
growth and water-related stem changes. The main objective was to investigate the potential ameliorative effect of CR
onwater-stressed saplings during their initial development. Our study hypothesized that CR, by decreasing leaf area
and consequently water use, would improve water availability and facilitate sapling growth. The results indicate that
CR may enhance soil water availability thereby supporting the growth of water-stressed Norway spruce saplings but
not those of sessile oak. The tree water deficit — an indicator of tree water status — significantly improves in Norway
spruce saplings subjected to CR (p <0.05). Conversely, this treatment resulted in the depletion of stem water status
in sessile oak saplings. The species-specific growth phenology revealed that CR led to an increase in the number of
growing days for Norway spruce compared to sessile oak saplings. In summary, CR may be considered a beneficial
method for alleviating stress in Norway spruce saplings, especially during drought. In addition, further testing in
field conditions is necessary to confirm these results.

Key words: Picea abies [L.] Karst.; Quercus petraea [Matt.] Liebl.; stem radial variation; automatic dendrometers;
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1. Introduction

Forests play an irreplaceable role in the landscape, and
preserving these areas is crucial for numerous reasons:
they stabilize soil, sequester and store carbon, regulate
greenhouse gases, and provide a range of other ecosys-
tem services (Bonan 2008). In recent decades, Europe
has seen a significant increase in forest disturbances,
largely due to past management practices such as the
establishment of planted conifer monocultures, and the
impacts of climate change (Hlasny et al. 2021; Patacca
et al. 2023). In forests that have experienced large-scale
disturbances, replanting with artificial plant material

is not only an effective method for quickly establishing
anew generation of forests, but also a crucial strategy for
restoring these areas and preventing further degradation
(Lazaro-Gonzélez et al. 2023).

Current methods for reforesting large areas with
numerous trees and shrubs predominantly rely on
planting of nursery-grown seedlings due to their higher
survival rates (Lof et al. 2004; Palma & Laurance 2015;
Andivia et al. 2021). The successful development and
growth of high-productivity forest stands are signifi-
cantly dependent on the quality of these seedlings (Landis
et al. 2010; Riikonen & Luoranen 2018; Mataruga et al.
2023). However, it is crucial to note that seedlings repre-
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sent the most sensitive stage of a tree’s life cycle, making
them particularly vulnerable to water stress (Niinemets
2010; Grossnickle 2012; Hueso-Gonzalez et al. 2016).
This susceptibility partly arises from their lower capac-
ity to absorb resources from deeper soil layers, primarily
due to an underdeveloped root system (Savé et al. 1999;
Lloret et al. 2004). Additionally, rising temperatures
driven by climate change further complicate successful
reforestation efforts by amplifying atmospheric evapora-
tive demand, which increases aridity and drought condi-
tions (Allen et al. 2010; Trnka et al. 2015). This effect
is especially pronounced on bare land, where exposed
topsoil heats up more quickly, significantly reducing the
water availability in the topsoil, which is crucial for the
establishment and survival of new saplings (Biehl et al.
2023). The most critical period during reforestation is
when the saplings adjust their morphology and physiol-
ogytoadapt to new environmental conditions (Close et al.
2005). Transplanted saplings are exposed to conditions
that differ significantly from those in the nursery environ-
ment, which presents unique challenges for their initial
adaptation and survival (Grossnickle 2005).

Giventhe high costs associated with reforesting large
areas, it is crucial to ensure that seedlings are optimally
prepared for transplantation into natural conditions. Sev-
eral studies have investigated various methods aimed at
increasing the survival and growth of seedlings initially
after transplanting. Ensuring an adequate water supply
post-planting is essential, and common measures include
weed control, which reduces competition for water, and
the selection of drought-tolerant genotypes and adapted
planting times, which align seedling growth with favora-
ble environmental conditions (Royo et al. 2001; Devine
et al. 2007; Bakker et al. 2012; Gongalves et al. 2013;
Taibiet al. 2016). In addition to these strategies, directly
increasing water availability is also explored. Frequent
irrigation can significantly aid in establishing seedlings
by increasing their vigor, although it is often not feasi-
ble to implement on a large scale due to high costs and
logistical challenges (Castro et al. 2005). Alternatively,
soil amendments like hydrogels, which are designed to
increase soil water holding capacity, have been tested.
However, the results for hydrogels are mixed, ranging
from positive to negative impacts on seedling survival
and growth, suggesting that their effectiveness mayvary
depending on specific environmental conditions, soil
types, and species-specific responses (Biehl et al. 2023
and references therein).

Low-cost and easily applicable techniques are essen-
tial in reforestation efforts. In this study, we examine
the practice of crown reduction (hereafter CR) length
and thereby leaf area (hereafter LA) which meets both
of these criteria. Our assumption is based on the obser-
vation that trees typically possess more leaves than are
necessary for their normal development (Fatichi et al.
2014). Many studies suggest that moderate defoliation
hardly affects overall forest carbon uptake (Gough et al.

2013), tree growth (Hoogesteger & Karlsson 1992), or
seedling growth (Volin et al. 2002). According to Fatichi
et al. (2014), this excess of leaves is more of an evolu-
tionary than a physiological trait, as trees need to shade
competitors, protect themselves against defoliators,
and store additional carbohydrates (particularly conifer
needle-leaf trees). Additionally, an excessive foliar mass
can increase a sapling’s susceptibility to planting stress
because a newly planted seedling’s root system is often
not developed enough to meet the evaporative water
demands necessary to maintain a proper water balance
(Grossnickle 2005).

The most readily observed effects of dry conditions
on seedlings are changes in their growth and survival
(Grossnickle 2012; Fernadndezet al. 2014). Therefore, to
explore how CR might alleviate drought effects in a con-
trolled environment, we employed automatic dendrom-
eters in an experiment on two contrasting tree species:
broadleaf sessile oak (Quercus petraea [Matt.] Liebl.) and
conifer Norway spruce (Picea abies [L.] Karst.), hereaf-
ter referred to as an oak and spruce. These devices allow
for precise monitoring of growth dynamics, providing
detailed insights into the trees’ responses to modified
growing conditions (e.g., Krejza et al. 2021; Szatniewska
et al. 2022). Besides this, dendrometers provide a valu-
able tool for monitoring the water status of seedlings,
including tree water deficit (TWD), which indicates reli-
ance on stem water reserves (Zweifel et al. 2016). During
prolonged droughts, trees increasingly depend on their
stored water due to an imbalance between transpiration
androot water uptake, leading to more pronounced TWD
as these reserves are depleted (Salomon et al. 2022).
Such depletion can result in reduced growth, hydraulic
constraints, and, in extreme cases, death (Preisler et al.
2021). As our studied species exhibit distinct water-
use strategies — with oak being anisohydric (Zang et al.
2012) and spruce isohydric (Zavadilova et al. 2023a)
— one would expect these species to react differently to
applied treatments. Therefore, our primary objective was
to investigate how changes in LA through CR may posi-
tively affect soil water availability, thereby improving the
water status of saplings and reducing their dependence
on stored stem water.

Moreover, our study evaluated the following hypoth-
esis:

(i) CR treatment is expected to enhance soil water avail-
ability by reducing the water use of saplings;

(ii) saplings subjected to CR will exhibit improved stem
water status, consequentlyleading to a decrease in TWD;
(iii) under CR treatment, saplings growing in conditions
with reduced water availability, will achieve growth rates
comparable to those of saplings not receiving this treat-
ment.
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2. Materials and methods

2.1. Experimental location

The experiment was conducted on the campus of the
Global Change Research Institute, CAS (Brno, Czech
Republic, 49.1866°N, 16.5922°E). The experimental
site is located at an elevation of 202 m above sea level.
The climate is warm, characterized by a long-term aver-
age annual temperature of 10 °C and annual precipitation
sum of 506 mm for the period 1990-2019.

2.2. Plant material and experimental design

The experiment involved 3-year-old saplings of oak and
spruce with bareroots collected from the nursery of Men-
del University Forest Enterprise, Masarykiv les (Kitiny,
Czech Republic), which represents the genetic profiles
typically found in Drahanska vrchovina. This source is
suitable for use in the lower and middle altitudes typical
of Central European conditions. In June 2021, the day of
the year (DOY 160) 144 saplings (72 saplings per each
species) were transplanted in 20 L pots with substrate
mixed with fertilizer (Klassman-Deilmann, Geeste, Ger-
many). The substrate included a mixture of white peat,
frozen black peat, and buffered coco coir. Additionally,
lime fertilizer, NPK fertilizer, and micronutrients were
incorporated into the mixture. The nutrient composition

within the substrate included 90 mg L' of N, 100 mg
L of P,O,, 250 mg L' of K,0, 100 mg L' of Mg, and
100 mg L' of S. The substrate displayed a pH of 5.5,
a water capacity of 78—82% by volume, and an electri-
cal conductivity of 25 mS m'. At planting, oak saplings
had an average height of 79.5 £10 cm and a diameter
of 10.06 £1.7 mm, while spruce saplings measured an
average of 30.8 4.5 cm and a diameter of 6.7 £1.3 mm.
Pots were randomly distributed and placed into 6 large
format plastic containers (24 pots in one container,
12 per species) with dimensions (1 x 2 m), equipped
with drainage holes (Fig. 1). The containers with pots
were placed under a 3-m high roof made of transparent,
UV-permeable foil to provide natural light to the plants.
The height of the shelter ensured proper ventilation and
prevented excessive heating below the roof. In the initial
year of the experiment (2021), the length of the crown of
36 saplings per species was reduced by 50% by clipping
the branches from the bottom part of the crown upwards
(Fig. 1). From June to the end of October 2021, all sap-
lings were regularly watered with the same amount of
water (i.e. 2 L) once per week with the primary objective
of minimizing stress during their transplantation year.
Starting in March 2022 the experiment was further
divided into two groups (Fig. 1): well-watered saplings
(wet) and water-stressed saplings (dry). This adjustment
led to a total irrigation of 2 L. and 0.5 L per saplings per
week in the wet and dry treatments, respectively. This
makes seasonal totals of approximately 800 mm for the
wet treatment and approximately 200 mm for the dry
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Fig. 1. Design of experiment. Blocks framed in blue and red indicate containers with pots of well-watered (wet) and water-

stressed (dry) saplings, respectively.
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treatment, covering the period from March until October.
Volumetric water content (VWC; %) in the top 30 cm of
the pots was periodically (varying 1to 4 times per month)
measured using the CS616 water content reflectometer
(Campbell Sci. Inc., Logan, UT). Measurements were
taken in three different positions within each pot, and
the mean value of these three measurements was used
for further analysis (Fig. 2). Given our interest in captur-
ing the initiation of growth and its phenology, while also
aiming to minimize the effect of plant transplantation, we
excluded the year 2021 from our analyses. We focused
onthe 2022 growing season as it allowed us to accurately
capture the onset of growth and its dynamics.

2.3. Automatic dendrometers measurements

Immediately after planting, the saplings were equipped
with automatic dendrometers (PDS40P, EMS Brno,
Czech Republic) to monitor continuous stem diameter
variations. These variations were monitored at a resolu-
tion of 0.62 pm, with measurements taken and stored
at 1-hour intervals. We installed dendrometers on 24
saplings per species (48 in total), six per treatment, on
the stem, 5-10 cm above the ground level. The measured
data obtained from the dendrometers were converted
into stem radius variations (SRV; pm) and partitioned
into growth (GRO) and water-related processes using
the “zero growth concept” (Zweifel et al. 2016). This
method assumes that GRO occurs only when the stem
radius exceeds the previous maximum radius value. The
difference between the GRO and observed SRV values
was considered a measure of TWD (um). This approach
provides information about stem growth and changes in
tree water status by considering both growth and revers-

o (a) Sessile oak

ible changes in tree water balance due to de-rehydration
of elastic tissues. Furthermore, we calculated the daily
growth rate (um day!) and established two distinct
growth rate thresholds, > 1 pm day ! and 5 pm day, to
analyse the growth phenology and calculate the number
of days each sapling spent in these specific categories.
The start and end of the growing season were defined as
the dayswhen 5% and 95% of total growth was achieved.
Additionally, we measured tree ring widths (TRW) from
stem cross-sections obtained at the end of 2022, with five
saplings per treatment, to complement the dendrometer
data. We verified whether the annual growth patterns
observed in dendrometer data correlate with those from
TRW measurements. Upon confirming this correlation,
we merged the datasets for each treatment to increase the
sample size for our statistical analyses. These combined
analyses, utilizing both dendrometer and TRW data, pro-
vided additional insights into the growth patterns of the
saplings. Regarding TWD, we considered only the daily
values during the growing season (1*May—31% October)
and excluded those likely affected by winter temperatures
(Turcotte et al. 2009).

2.4. Statistical analyses

Toassessthe influence of droughtand CR on VWC, GRO
and TWD of oak and spruce saplings, a split-plot experi-
mental design was applied. After examining the data’s
normality assumption and variance homogeneity, a one-
way analysis of variance (ANOVA) was used to evalu-
ate the effects of individual treatment on water balance
(TWD) or stem growth. Significant differences between
treatments were analysed using Tukey’s HSD post-hoc
test a commonly used method to assess the significance

(b) Norway spruce

- W-A- Weg— —D— —Deg

Volumetric water content (%)

[ - WA - Wee—8—D— — Deg

Fig. 2. Volumetric water content — (VWC; %) in the substrate of potted sessile oak (a) and Norway spruce (b) saplings treated
with well-watered (W), well-watered and crown reduction (W), water-stressed (D), water-stressed and crown reduction (D).
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of differences between pairs of group means. The data
analyses and visualization were performed using Orig-
inPro software (OriginLab Corporation, Massachusetts,
USA), and statistical significance for all analyses was set
atp <0.05.Thedatapresented in the figures are the mean
values + standard error of the mean value.

3. Results

3.1. Soil water availability

The saplings watering scheme significantly increased
VWC in wet conditions compared to dry, with levels
nearly four times higher (p<0.0001; Fig. 2a and Fig. 2b).
CR treatment consistently increased VWC in both wet
and dry conditions for both species; in wet conditions,
the increase ranged from 12—-24%, while in dry condi-
tions, the differences were even greater, ranging from
42—-67%. Notably, in oak under wet conditions, CR led
to a statistically significant increase in VWC (p = 0.03;
Fig. 2a). The most pronounced difference was observed

2000

in oak saplings during summer months under wet con-
ditions with CR, while in spruce, the VWC differences
within the wet treatment were smaller. Under dry condi-
tions, the differences in oak were less pronounced and
not significant (p=0.428), whereas in spruce, they were
more pronounced and marginally significant (p=0.056;
Fig. 2b).

3.2. Annual radial growth and water status

In oak saplings, the highest GRO values were observed
under wet treatment conditions, while significantly
lower values were recorded under dry conditions
(» <0.001; Fig. 3a). Despite different moisture levels,
CR treatment did not significantly affect oak GRO in
either wet (p = 0.379) or dry conditions (p = 0.983).
TWD in oak was significantly higher under dry condi-
tions (p <0.001; Fig. 3b). Furthermore, CR treatment
led to a significant increase in TWD, regardless of
whether conditions were wet or dry (p<0.001). Finally,
thelowest TWD values were observed under wet condi-
tions without CR, while the highest were in dry condi-
tions with CR (Fig. 3b).
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Fig. 3. Seasonal growth dynamics of sessile oak saplings during the 2022 growing season. (a) The growth line (GRO) and
(b) tree water deficit (TWD) are represented by a solid line for the well-watered (W) and water-stressed (D) treatments, and
by a dashed line for the well-watered with crown reduction (W) and water-stressed with crown reduction (D) treatments.
Shaded areas surrounding the GRO and TWD lines represent the standard error of means (SE). Column graphs show mean
GRO and TWD, with whiskers indicating SE. Different letters indicate significant differences (p < 0.05) as estimated by the

Tukey ANOVA post-hoc test. DOY — Day of the year.
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On the other hand, spruce saplings exhibited compara-
ble GRO across both wet and dry conditions, regardless
of CR application (Fig. 4a). Notably, saplings in dry
conditions without CR significantly underperformed
compared to those in wet conditions, with or without
CR (p <0.05). Applying CR in dry conditions resulted
in GRO that was not statistically different from those in
wet conditions, regardless of CR (p <0.05). Concern-
ing TWD, only dry conditions resulted in a significant
increase for saplings without CR (p <0.001), while CR-
treated saplings showed TWD levels comparable to those
in wet conditions (p <0.05).

3.3. Number of growing days

We found an earlier start of growth for the spruce sap-
lings, on average the spruce started growing on DOY
107.In contrast oak stem growth commenced one month
later on DOY 139 (mean for all treatments). Regarding
the end of the growing season we did not find such differ-
ences, the difference was only 8 days with an earlier end
of growth of oak. Comparing the different treatments, the
earliest growth was noted in the dry variant, exhibiting
an early cessation of growth.

Observation of saplings growth revealed that spruce
saplings commenced growth earlier and sustained it for

alonger duration compared to oak saplings (Fig. 5). Oak
saplings exhibited 81 growing days in wet conditions and
58 days in dry conditions. Despite moisture levels, oak
saplings subjected to CR consistently experienced 55
growing days. Contrary, spruce saplings consistently
showed extended growth periods across all treatments,
with CR lengthen the number of growing days to 110 in
wet conditions and 122 in dry conditions. Notably, under
CR, spruce saplings growing days were up to twice as
long as those of oak (Fig. 5).

4. Discussion

The study highlights significant differences in the
responses of oak and spruce saplings to CR and vary-
ing soil water availability. While CR alleviated soil water
availability, it did not support oak’s GRO or tree water
status (i.e. TWD; Fig. 3). In contrast, spruce responded
positively to CR treatment, showing improved GRO and
water status under wet and dry conditions (Fig. 4). The
primary objective of CR is to reduce transpiration surface
area, thereby decreasing the plant’s water demand and
delaying the onset of drought stress. The main advantage
of CR mainly comes from improved soil moisture avail-
ability, which was demonstrated in our pot experiment

2000 2000
(a) =W == D
£ Weg === Der
1500 - L L 1500
£
£ 2 2
2 1000 4 L L a - 1000 @
@) ab
& (O]
o b
500 i L 500
04 -0
T T T T T N T T T T T T T T T
b
(b) Lo
a a a
L 50
— b N =
5 100 E
o) o)
L 150
= =
'_
200 - L L 200
250 - L L 250
300 T T T T T T T T T T T T T T 300
0 60 120 180 240 300 0 60 120 180 240 300 W W D D
DOY Treatment

Fig. 4. Seasonal growth dynamics of Norway spruce saplings during the 2022 growing season. (a) The growth line (GRO) and
(b) tree water deficit (TWD) are represented by a solid line for the well-watered (W) and water-stressed (D) treatments, and
by a dashed line for the well-watered with crown reduction (W) and water-stressed with crown reduction (D) treatments.
Shaded areas surrounding the GRO and TWD lines represent the standard error of means (SE). Column graphs show mean
GRO and TWD, with whiskers indicating SE. Different letters indicate significant differences (p < 0.05) as estimated by the

Tukey ANOVA post-hoc test. DOY — Day of the year.

8



J.Arsic¢etal./Cent. Eur. For. J. 71 (2025) 3-13

oak
2022

spruce
2022

240 270 300 330 365

Growth rate (um day™)

| 1B
| "

Fig. 5. Displays the annual growth phenology (number of growing days) for oak and spruce saplings within all different applied
treatments during the growing season 2022. Treatments represented by (W) — well-watered, (W) — well-watered and crown
reduction, (D) — water-stressed, (D) — water-stressed and crown reduction. The red vertical line indicates the beginning and
the end of the growing season based on the growth rate (um day'). DOY — Day of the year.

(Fig. 2). Lower LA can potentially decrease transpiration,
consequently lowering water loss (Quentin et al. 2011).
Although a high LA can be advantageous during periods
of sufficient water availability, it may predispose trees to
severe water stress when water availability declines due
to the higher transpiration demand (Cater 2021).

The impact of reduced LA (mostly caused by defo-
liation) on plant growth varies depending on the inten-
sity, tree development stage, species, and primarily on
resource availability (Gieger & Thomas 2005; O’Hara
et al. 2008; Pinkard et al. 2011; Matsushita et al. 2022)
which is partly in agreement with our findings. Findings
from Amateis & Burkhart (2011) suggest that during the
initial stages of plants development, up to 50% of the live
crown length can be pruned without significantly affect-
ing diameter growth. Similarly, McGraw (1990), Eyles
(2009), and Quentin (2012) found no significant impact
of defoliation on tree growth across different water treat-
ments. However, it remains uncertain whether defolia-
tion might exacerbate or alleviate the effects of drought
stress. Saplings can sustain higher leaf biomass and
transpiration by improving their water absorption capac-
ity through the allocation of resources to belowground
structures (Padilla & Pugnaire 2007; Lloret et al. 2009).
Unfortunately, our study focused only on aboveground
(i.e. stem) parts, which limits our understanding of these
belowground dynamics. Additionally, oak and spruce
may have different priorities under stress, potentially
leading to varied responses to CR and drought condi-
tions (Gieger & Thomas 2005; Marchard et al. 2023).
This is different for the contrasting conifer spruce and
broadleaf oak tree species presented here. Spruce has
functional needles ready to perform photosynthesis
when environmental conditions allow, while oak must
use stored non-structural carbohydrates (NSC) to create
leaves at the beginning of the growing season (Michelot
etal. 2012; Ramirez et al. 2024). This early-season allo-
cation of resources to leaves to maximize carbon gain
could compromise growth and survival under drought

stress conditions (Wanget al. 2023), especially inyoung
underdeveloped saplings.

Distinctions in their leaf morphological traits and
NSC dynamics exert a more pronounced influence on
growth phenology (Michelot etal. 2012; Van Der Maaten
etal. 2018). Number of growing days and rates between
oak and spruce reveals that spruce saplings commence
growth much earlier than oak saplings (Fig. 5). The feed-
back to CR appears more pronounced in coniferous nee-
dles, resulting in sufficient leaf biomass for unhindered
photosynthesis and, consequently, earlier initiation of
stem growth compared to oak saplings. In our study, we
observed that growth initiation in oak saplings occurs
much later in the season (Fig. 5). This observation sug-
geststhat saplingsin the early stages of development may
not have accumulated sufficient reserves such as NSC to
initiate growth before leaf formation, as mature trees do
(Yan et al. 2022; Wang et al. 2023). Therefore, results
from our experiment indicate that a reduction of 50%
in crown length, decreases stem growth in oak saplings
(Fig. 3). In contrast, the growth of spruce saplings is not
reduced by the CR, moreover, the results indicate that
spruce saplings can continue to grow without limitation,
and even respond positively to CR (Fig. 4). One possible
explanation is that the mobilization of NSC reserves can
support tree survival and recovery during periods when
photosynthesis is reduced, such as during drought or
defoliation (Ramirez et al. 2024). Given that the highest
NSC storage in conifers is found in their needles (Mar-
tinez-Vilalta et al. 2016), this may partly explain the bet-
ter performance of spruce observed in our results (Fig. 3).

TWD is a proxy for plant water status that increases
as transpiration exceeds root water uptake and stem
water reserves progressively deplete (Salomon et al.
2022). In case of insufficient soil water supplies, water
stress will cause TWD to increase and will likely result in
growth suppression (Cabon et al. 2020). Trees may pre-
vent TWD by stomatal closure, with a specific threshold
for isohydric and anisohydric species (Ulrich & Gros-
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siord 2023). Our studied tree species responded differ-
ently to limited water conditions, with spruce expressing
lower TWD values than oak (Figs. 3 and 4). Typically,
TWD is expected to be lower in conifers compared to
broadleaf species, as conifers generally exhibit strong
stomatal control and a conservative water-use strategy
(Lin et al. 2015) which is in agreement with our results.
As an anisohydric species, oak does not have strong con-
trol over its stomata, leading to higher water loss during
drought conditions (Zangetal. 2012; Uhletal. 2013).In
contrast, spruce, an isohydric species, maintains tighter
stomatal control to conserve water and prevent excessive
water loss (Kurjak et al. 2012; Zavadilové et al. 2023b).
This difference in stomatal regulation likely contributes
to the observed variations in TWD between the two
species, explaining why spruce performed better under
limited water conditions (Figs. 3 and 4). Additionally,
oakwith CR treatment showed even more impoverished
water status, while spruce with CR treatment exhibited a
more favorable stem water status (lower TWD), further
highlighting the contrasting responses of these species
to CR and drought stress.

5. Conclusions

Our study investigated how CR and different water avail-
ability affect the growth and drought resistance of spruce
and oak saplings, conducted in pot experiments. The
results supported our initial hypothesis that CR would
increase soil water availability, likely by reducing the
sapling water use in both species. Likewise, the research
outcomesindicated that saplings subjected to CR showed
improved stem water status, with a corresponding
decrease in TWD for spruce, but not for oak saplings,
partially confirming the second hypothesis. We found
that CR significantly enhances drought stress tolerance
in spruce, increasing the number of growth days under
both wet and dry conditions. Conversely, this treatment
did not benefit the growth of oak saplings and adversely
affected their growth within drought treatment again
partly confirming our third hypothesis.

The results highlight the importance of selectively
applying CR, suggesting its use should be limited to
periods of anticipated drought to avoid potential negative
impacts on growth. While the treatment shows promise,
especially for spruce, field experiments are necessary to
confirm these results and to test the efficacy of CR on dif-
ferent tree species. This research highlights the need for
simple and cost-effective strategies to enhance sapling
survival rates in times of ongoing climate change and
large-scale disturbances that continue to challenge for-
est ecosystems (Grossnickle 2018). Understanding how
saplings respond to environmental stressors is essential
for developing effective management strategies and
selecting suitable species for reforestation projects across
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Europe. These insights are essential for forest managers
in mitigating abiotic stresses, and adapting forest ecosys-
tem to changing climatic conditions.
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