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Abstract Alluvial floodplain forests became rare in
many parts of Europe, due to anthropogenic changes.
Therefore, restoration of floodplain forests is impor-
tant, but a difficult task because of the complex
environmental conditions. The zonation of woody
species in floodplains is mainly determined by hydro-
logical conditions, not only within one year but also
during the previous years. Tolerance to flooding can be
regarded as a key factor for the successful establish-
ment. We examined whether a previous flooding
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showed an increased flooding tolerance of saplings
from eight woody floodplain forest species after a
recurrent flooding under controlled common garden
conditions at the research station Gieen-Leihgestern
(Germany). This would indicate a stress memory
towards flooding stress. The individuals of the exper-
iment already experienced a partial flooding of three
different durations (three, six or nine weeks) or no
flooding in the previous year. After nine months of
recovery, these fourteen-month-old saplings were
again either exposed to a partial flooding of nine
weeks or no flooding. We assessed foliar injury and
growth in terms of plant height, number of leaves and
stem diameter three weeks (short-term recovery) and
nine months (medium-term recovery) after flooding.
The saplings showed no increased tolerance to a
recurrent flooding irrespective of the previous expe-
rienced flooding duration. Therefore, no immediate
stress memory towards flooding stress could be
observed. To recover after flooding seems to be the
better option compared to forming a stress memory,
which explained that most species showed a decreased
foliar injury after medium-term compared to short-
term recovery period.

Introduction

Floodplains form the transitional area between aquatic
and terrestrial ecosystems along rivers (Richardson
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etal. 2007). The high small-scale heterogeneity results
in an exceptionally high biodiversity (Tockner and
Stanford 2002). In general, softwood floodplain
forests can be found at sites with more frequent and
prolonged flooding compared to hardwood floodplain
forests, which are flooded less frequently and for
shorter periods in Central Europe (Alaoui-Sossé et al.
2005).

Due to anthropogenic actions, such as building
dikes, hardwood-floodplain forests are highly endan-
gered ecosystems in many parts of Europe (Brunotte
et al. 2009). In addition, altered dynamics of riparian
ecosystems often led to strong changes in species
composition and seem to trigger the establishment of
non-native tree species (Hood and Naiman 2000; Rood
et al. 2003). On top of this, climate change impacts on
alluvial plant communities add to the uncertainty
about adequate conservation and restoration measures
in these habitats (Mosner et al. 2015). Therefore, the
restoration of floodplain forests is needed to establish
and preserve riparian biodiversity (Brunotte et al.
2009).

Flooding leads to water saturation of soil pores,
causing substantial stress to terrestrial plants espe-
cially during the growing period (Leyer 2004). Thus,
species that grow in floodplains must be adapted to
changing water levels (Glenz et al. 2006) and flooding
tolerance is certainly the key factor for these species to
persist (Toner and Keddy 1997). Due to the low
solubility and diffusion rates of oxygen in water,
flooded plants experience hypoxic or anoxic condi-
tions at their roots (Streng et al. 1989). Reduced
oxygen availability leads to reduced photosynthesis
(Streng et al. 1989), which in turn declines growth rate
and biomass production and increases the injury to the
flooded plants (Bockelmann et al. 2002).

Riparian plant species have developed different
mechanisms to tolerate flooding (Vreugdenhil et al.
2006; Du et al. 2012). Most adaptations are morpho-
logical structures (Streng et al. 1989), such as hyper-
trophied lenticels, adventitious roots and aerenchyma
tissues. Those structures increase the oxygen uptake
and transport into the root system under flooded
conditions (Cavers and Harper 1967). In scientific
literature, conclusions on flooding tolerance have been
mostly based on the responses during or immediately
after the stress period. In contrast, long-term effects
beyond the immediate impact of flooding are often
neglected (Glenz et al. 2006). Indeed, flooding
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tolerance is the ability to survive flooding and to
acclimate afterwards and must be thereby determined
after a certain recovery period (Crisp et al. 2016;
Schindler et al. 2020).

Flooding tolerance increases with age and devel-
opmental stage of the plants, respectively (Hauschild
and Hein 2009). They are less sensitive towards
flooding later in life and grow above the water level.
Thus, species considered as flooding tolerant might be
quite vulnerable to flooding during early establish-
ment (Streng et al. 1989).

It has been shown that plants can form stress
memories after stress events (Tahkokorpi et al. 2007,
Walter et al. 2011), which can be defined as structural,
genetic, and biochemical modification in plants (Fleta-
Soriano and Munné-Bosch 2016). Those stress mem-
ories have been revealed as one mechanism for
ecological and evolutionary success of plants to be
prepared for future stress (Bruce et al. 2007). Some
plant species are less negatively affected by environ-
mental stress when they have already experienced the
same stress earlier in their life (Crisp et al. 2016).
Although, an increased tolerance to the same stress
may compromise plant productivity in short-term, for
example through a reduction of photosynthesis, it can
lead to an increased tolerance to subsequent stress and
therefore favour productivity in long-term (Bruce et al.
2007). Whether and when such memories would
favour plants depend not only on the species, but also
on the duration and severity of the stress to which the
plants are exposed (Fleta-Soriano and Munné-Bosch
2016). For example, when the stress is too severe,
productivity may also be negatively affected in both
short- and long-term. In addition, there is an evidence
that plants either are able to form stress memories or to
recover after stress (Goh et al. 2003; Crisp et al. 2016).
The latter would have a positive effect under unpre-
dictable environmental conditions. The key role of this
process seem to anchored in the RNA turnover, which
can either facilitate recovery by clearing the stress-
responsive transcriptome or by permitting memory
formation by selectively stabilizing transcripts (Crisp
et al. 2016).

To summarise, flooding tolerance depends on many
different factors. Therefore, the success of restoration
projects requires knowledge on the ecological, hydro-
logical and geomorphological processes, as well as the
flooding tolerance of the typical species (Streng et al.
1989). In addition, the question arises, whether there is
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a memory towards flooding stress for our investigated
species and whether they are more likely formed after
a certain flooding duration. Consequently, we inves-
tigated whether fourteen-month-old juveniles of eight
hardwood floodplain forest species tolerate flooding
better when they have already experienced flooding in
the previous year. To this end, we examined the
influence of a recurrent flooding on the short- and
medium-term foliar injury and growth of juveniles
under controlled common garden conditions. Specif-
ically, we tested the following hypothesis in a
greenhouse experiment:

1. Individuals will tolerate a flooding better (i.e.
lower short- and medium-term foliar injury and
higher growth in terms of plant height, number of
leaves and stem diameter), when they already
experienced a flooding the previous year.

2. There is a higher flooding tolerance (i.e. lower
short- and medium-term foliar injury and higher
growth in terms of plant height, number of leaves
and stem diameter) the longer the previous
flooding lasted.

Methods
Study species

As representatives for flooding tolerant hardwood
floodplain forest species of northern Central Europe,
we selected Quercus robur L., Fraxinus excelsior L.,
Cornus sanguinea L. and Crataegus monogyna Jacq.
(Table 1). We also included the less flooding tolerant
species Acer pseudoplatanus L. and Sambucus nigra
L., which often occur in higher elevated hardwood
floodplain forests (Table 1). In addition, we tested

Acer negundo L. and Fraxinus pennsylvanica Mar-
shall, both native to North America, but also occurring
in some hardwood floodplains in Central Europe.

Experimental setup

In autumn 2016, seeds of the study species were
collected from trees in the active and former floodplain
along the Middle Elbe River (in a range of NW 53° 21
N, 10° 42" E and SE 52° 58 N, 11° 38 E). After
stratification, they were sown and grown in a green-
house during April and May 2017 at the research
station Linden-Leihgestern of the Justus-Liebig
University (Giessen, Hesse/Germany, 50°32'N,
8°41'E). At the end of May, all emerged saplings
were planted into pots (6 cm x 6 cm X 7.5 cm) and
filled with a 1:1 mixture of sand and commercial
potting soil (Fruhstorfer Erde®, Type P, Industrie-
Erdenwerke Archut GmbH, Lauterbach/Germany).
This soil is suitable especially for juveniles and
provides standardized substrate in the experiment.
Afterwards, they were set up outdoors on a paved area
exposed to ambient light, wind, temperature and
precipitation. During summer 2017, when the saplings
were six weeks old, they were subjected to an
experimental flooding with different flooding dura-
tions (k = 4): no, short (three weeks), medium (six
weeks) and long (9 weeks; Fig. 1a). Therefore, the
saplings were randomly assigned to basins of the
corresponding flooding duration and covered with tap
water until 2 cm above the pot rim, i.e. plants were not
completely submerged. Twelve weeks after the exper-
iment started, including a recovery period of at least
three weeks for the longest flooding duration, foliar
injury and growth in terms of plant height, number of
leaves and stem diameter were recorded. The foliar
injury was documented using five injury classes (1: all

Table 1 Information about

Species Family Flooding tolerance
study species, their family
and flooding tolerance A. negundo Sapindaceae High (Starfinger et al. 2011)
(including citations) A. pseudoplatanus Sapindaceae Low (Siebel and Bouwma 1998)
C. sanguinea Cornaceae Intermediate (Glenz 2005)
C. monogyna Rosaceae Intermediate (Siebel and Bouwma 1998)
F. excelsior Oleaceae High (Glenz 2005)
F. pennsylvanica Oleaceae High (Tang and Kozlowski 1984)
The nomenclature of plant Q. robur Fagaceae High (Glenz 2005)
species follows Rothmaler S. nigra Adoxaceae Low (Glenz 2005)

et al. (2017)

@ Springer



472 Plant Ecol (2021) 222:469-483
(a) none 3 weeks 6 weeks 9 weeks

| | |

(b) 9 month
I |

(c) none 9 weeks

l | |

(d) 9 month

Fig. 1 Study design a previous flooding duration, b previous recovery time, ¢ new flooding treatment, d recovery time

leaves undamaged, 2: all leaves fully developed but
show damage < 50%, 3: leaves not fully developed
and damaged > 50%, 4: all leaves damaged or dead,
but plant is still alive, 5: plant dead). For medium-term
recovery, foliar injury was additionally recorded after
nine months recovery, which was just before the
recurrent flooding started in 2018 (Fig. 1b). In the
meantime, the plants were repotted into larger pots (11
cm X 11 cm x 12 cm) and watered as needed to ensure
optimal conditions during their recovery period. For
more details on the first flooding experiment, see
(Schindler et al. 2020).

During summer 2018, the fourteen-month-old
saplings were subjected to a new flooding. The factor
levels were either nine weeks of flooding or no
flooding (k = 2; Fig. 1c). Due to mortality of the first
flooding experiment, altogether 348 individuals were
available for the second flooding experiment, i.e. 48
individuals each of A. negundo, C. monogyna and F.
pennsylvanica, 46 individuals of Q. robur, 44 indi-
viduals of S. nigra, 41 individuals of A. pseudopla-
tanus, 40 individuals of C. sanguinea and 33
individuals of F. excelsior.

From June to September 2018, the experiment was
set up outdoors on the same paved area as in the
previous year. Altogether, six flooding basins com-
prising wooden frames of 1.5 m? lined with a 0.2 mm
thick waterproof silage film (with the bright side
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upwards) were prepared of which three of them were
flooded nine weeks (flooded treatment) and three of
them were not flooded (unflooded treatment). This
setup resulted in a split-plot design, i.e. each treatment
was located in one block (i.e. basin) thrice to ensure
manageability and repetitions. The treatment groups
were randomly assigned to the six basins. Within each
basin, we allocated approximately the same number of
plants from all previous flooding durations and from
the unflooded control. The pots were randomly
distributed within the basins and positions were
changed every three weeks. The flooded basins were
again filled with tap water up to 2 cm above the pot
rim. To counteract uplift the pots were weighted with
stones. When necessary, evaporated water was refilled
to keep the water level constant during the flooding
period. Pots in unflooded treatment basins were
regularly irrigated to keep the soil constantly moist.
At the beginning (June 14th 2018) and after a short-
term recovery period of three weeks after the
completion of the experiment (September 6th 2018),
foliar injury and growth in terms of plant height,
number of leaves and stem diameter were recorded.
The height of the plants was determined by measuring
the distance between root collar and terminal bud. In
addition, the number of leaves was counted and the
stem diameter at the soil surface was measured using
calipers. Afterwards the differences (A) between plant
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height, number of leaves and stem diameter from
before to after the experiment were calculated. Due to
leaf loss or the death of upper shoots, negative values
could occur. If several stems existed, the sum stem
diameter was used. As in the previous year, foliar
injury was assessed using a scale with five classes. In
June 2019 foliar injury was recorded again after a
medium-term recovery period of nine months
(Fig. 1d).

Statistical analyses

We analyzed the effect of the previous flooding, the
flooding duration as well as the new flooding treatment
on the foliar injury of the saplings by conducting non-
parametric Scheirer-Ray-Hare-Tests due to the fact
that foliar injury was not normal distributed (Puri and
Sen 1985). As response variables, the parameters
‘short-term foliar injury’ and ‘medium-term foliar
injury’ were used. We computed separate Scheirer-
Ray-Hare-Tests for each species for both response
variables with the factors previous flooding duration
(none, short, medium, long), the new flooding treat-
ment (yes, no) and their interaction (Crawley 2007).
For post hoc testing, we used the Dunn Kruskal-Wallis
multiple comparison with Benjamini-Hochberg
adjusted p values (Puri and Sen 1985). To compare
short- and medium-term foliar injury for each species,
the response variable ‘foliar injury’ was used and
separate Scheirer-Ray-Hare-Tests were calculated
including the factor time (3 weeks, 9 months).

We analyzed the effect of the previous flooding, the
previous flooding duration and the new flooding
treatment on the growth of the saplings by conducting
several ANOVAs for split-plot designs (Crawley
2007). As response variables, ‘A plant height’, ‘A
number of leaves’ and ‘A stem diameter’ were used.
Dead plants were excluded from the analyses to avoid
the detrimental effects of zero values on the ANOVA
results. Consequently, if there was a high mortality
within a treatment, no p values could be calculated.
We computed separate ANOVAs for each species for
all response variables with the factors previous
flooding duration (none, short, medium, long) and
new flooding treatment (yes, no) and their interaction.
Those were nested in the factor treatment (summa-
rized to two different treatments, where basins 1-3
were flooded and basins 4-6 were the unflooded
treatment to ensure manageability) and included in the

error term for the split-plot setup (Crawley 2007). In
order to calculate the relative contribution of each
factor or each interaction to the total variance, the sum
of squares of a factor or an interaction was divided by
the total sum of squares (Crawley 2007). We visually
checked diagnostic plots to test the preconditions of
ANOVAs (e.g. normal distribution, variance homo-
geneity; Quinn and Keough 2002). For the post hoc
pairwise t-tests Holm adjusted p values were used
(Crawley 2007).

The significance level for all analyses was o= 0.05.
All statistical analyses and figures were carried out
using the R software environment (R Development
Core Team 2017).

Results
Overview summarised for all species

In general, neither the previous flooding nor its
duration showed an effect on the short- and medium-
term foliar injury (Fig. 2). Only the newly flooded
individuals showed a higher short-term and medium-
term foliar injury, which means around one class
worse compared to the unflooded treatment (p value <
0.001; Fig. 2). Overall, after medium-term recovery,
foliar injury decreased of approx. half a class but
varied over a greater range compared to short-term
foliar injury (Fig. 2).

With an averaged loss of six leaves, the A number
of leaves was slightly lower for the previously flooded
individuals compared to no changes in leaf number for
the individuals that experienced no flooding (p value =
0.02; Fig. 3). Apart from that, the growth did not differ
dependent on the previous flooding or its duration. The
newly flooded individuals showed an almost constant
plant height and lost up to 25 leaves, whilst the
unflooded ones grew an average of three cm and did
not show any changes in number of leaves (p values <
0.001; Fig. 3).

Species-specific differences in foliar injury

The newly flooded individuals of A. pseudoplatanus
(p value < 0.001) and F. excelsior (p value = 0.011)
performed around one to one and a half injury classes
worse compared to the unflooded individuals after
short-term recovery. For C. monogyna they were
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Newly unflooded individuals
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T T T T
yes no yes no

Previous flooding

Fig. 2 Foliar injury summarised for all species depending on
the previous flooding (left) and its duration (right) after short-
term recovery of three weeks (top) and after medium-term
recovery of nine months (bottom); Injury classes from 1

classified around two classes worse after short-term
(p value < 0.001) and around half a class worse after
medium-term recovery (p value = 0.005). All newly
flooded C. sangiunea and S. nigra individuals showed
a 100 % leaf damage or were even dead, whilst no or
only less damage was visible for the unflooded
individuals (p values < 0.001). In contrast, there was
almost no leaf damage of the newly flooded individ-
uals of A. negundo (p value = 0.03), whilst most
individuals of the unflooded treatment showed a low
leave damage of under 50% after medium-term
recovery (Fig. 4).

When comparing short- and medium-term foliar
injury for the newly flooded individuals, the individ-
uals of A. pseudoplatanus (p value = 0.011) and F.
pennsylvanica (p value < 0.001) decreased of around
one class, A. negundo (p value < 0.001) and F.

@ Springer
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(without damage) to 5 (dead); w = weeks; Significant
differences between the main effects are indicated with capital
letters (PF*—previous flooding, FD*—previous flooding dura-
tion, NF*—new flooding treatment)

excelsior (p value < 0.001) of approx. one to two
classes and C. monogyna (p value < 0.001) of two
classes after nine months recovery (Fig. 4).

Overall, there were species-specific differences in
foliar injury. For example, in the new flooding
treatment, A. pseudoplatanus showed a higher foliar
injury of around one class compared to F. excelsior, A.
negundo and F. pennsylvanica (p value < 0.001), but
approx. a half class lower compared to S. nigra and C.
sanguinea, which showed the highest foliar injury of
all species (Fig. 4).

Species-specific differences in A growth
The previously flooded individuals of F. excelsior

showed no change in number of leaves, whilst the
previously unflooded ones showed an increase of
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Fig. 3 A growth (A plant height, A number of leaves, A stem
diameter) summarised for all species depending on the previous
flooding (left) and its duration (right) after short-term recovery
of three weeks; w = weeks; Significant differences between the

averaged 6 leaves (p value = 0.03). C. sanguinea
(p value = 0.037) had an approx. two mm lower A stem
diameter compared to the previously unflooded indi-
viduals (Figs. 6 and 7). There were no differences in A
growth parameter depending on the previous flooding
or its duration for the other species.

The newly flooded individuals of A. pseudopla-
tanus (p value < 0.001), C. monogyna (vvalue =0.001)
and C. sanguinea (p value < 0.001) showed a ten, five
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treatment)

and ten cm lower A plant height, respectively and a
lower A number of leaves of up to 60 leaves for C.
monogyna compared to the unflooded individuals
(Figs. 5 and 6). The newly flooded individuals of F.
pennsylvanica showed a slightly lower A number of
leaves (p value = 0.039) but a 2.5 mm higher A stem
diameter (p value < 0.001) compared to the unflooded
ones (Figs. 6 and 7). A higher A stem diameter of one
to two mm for the flooded compared to the unflooded
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Fig. 4 Foliar injury of each species depending on the previous
flooding duration after short-term (left) and medium-term
recovery of nine months (right); Injury classes from 1 (without
damage) to 5 (dead); w = weeks; Significant differences between

individuals was also visible for A. negundo (p value <
0.001), F. excelsior (p value < 0.001) and Q. robur
(p value = 0.003), whilst the reverse was true for C.
monogyna (p value = 0.004; Fig. 7).

Discussion

Contrary to our expectations, both hypotheses must be
rejected. The flooding tolerance in terms of foliar
injury or growth of our investigated saplings did not
improve due to a previous flooding or increasing
flooding duration. Although it is widely accepted that
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the main effects were marked with capital letters (PF*—
previous flooding, FD*—previous flooding duration, NF*—
new flooding treatment)

plants have the capacity for what can be described as
memory, in many instances, such memories cannot be
observed. Ding et al. (2012) reported that multiple
exposures to drought stress enable plants to respond to
the same stress by more rapid adaptation compared to
plants not previously exposed to drought stress.
However, there is also evidence that such stress
memories can have negative effects by hindering the
recovery and therefore preventing the plant from
maximizing growth as soon as favourable conditions
occur (Crisp et al. 2016). Those negative effects were
observed in particular in response to severe stress
(Davies et al. 1992). For example in the study of
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Fig. 4 continued

Walter et al. (2011), severe drought stress in grasses
resulted in biomass loss and reduction in photosyn-
thesis when plants were challenged by a second
drought, whilst Backhaus et al. (2014) found out that
mild drought stress seems to improve drought resis-
tance of grassland species. Therefore, the stress level
seems to be a decisive factor in whether a stress
memory is formed or not.

On the one hand, the flooding stress of nine weeks
alone could have been too severe for some species
such as C. sanguinea, which showed a high injury and
reduced growth after the new flooding treatment only.
C. sanguinea also point out a high mortality and
increased foliar injury with increasing flooding dura-
tion, after the first flooding (Schindler et al. 2020),

T T T T T

T T
Ow 3w 6w 9w Ow 3w 6w 9w
Previous flooding duration

probably because this species is only capable of
forming adventitious roots (Polomski and Kuhn 1998;
Glenz et al. 2006). Therefore, the flooding of nine
weeks alone, irrespective of previous flooding seems
to damage the individuals of C. sanguinea to the extent
that they are unable to recover. This fits to the study of
Siebel and Bouwma (1998), who found that young
shrubs of C. sanguinea only occur on high areas of the
hardwood floodplain forests, which are flooded only a
few days a year.

On the other hand, the nine weeks of flooding could
have been too low for the highly flooding tolerant
species such as A. negundo and F. pennsylvanica.
They have the ability to form lenticels and adventi-
tious roots very quickly after flooding (Hook and
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Fig.5 A Plant height of each species depending on the previous
flooding duration after a short-term recovery of three weeks; w =
weeks; Significant differences between the main effects were

Brown 1973; Tang and Kozlowski 1984) and are able
to survive flooding periods of up to 50% of their
growing season without any damage (Zacharias and
Breucker 2008). This fast stress response would
probably make a stress memory superfluous. Further-
more, we only repeated the flooding stress twice and
not like Ding et al. (2012) several times. Possibly a
memory is formed after several stress repetition.
Another possibility would be that the probability to
form a stress memory in long-lived trees increases in
the course of life, just like flooding tolerance increases
with age. Zweifel et al. (2020) for example found a
delayed drought stress response in terms of restricted
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marked with capital letters (PF*—previous flooding, FD*—
previous flooding duration, NF*—new flooding treatment)

growth in mature pine trees after two to four year after
drought. We only focused on the first two years of the
establishment phase, which might be too short for final
conclusions.

Furthermore, there appear to be two main strategies
after stress events, where plants seem to balance
between investing resources in stress memory or
recovery from stress damage (Crisp et al. 2016).
Flooding duration and —frequency are often unpre-
dictable under natural conditions (Zhou et al. 2020).
Hence, the predominant strategy for our species
appear to recover after flooding, which seems to be
the more successful option under
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Fig. 6 A Number of leaves of each species depending on the
previous flooding duration after a short-term recovery of three
weeks; w = weeks; Significant differences between the main

unpredictable environmental conditions (Bruce et al.
2007) and would explain the lower foliar injury after
medium-term recovery period for most of the inves-
tigated species. Especially F. excelsior and C. monog-
yna recovered very well after a recovery period of nine
months. Nevertheless, the previously flooded individ-
uals of F. excelsior showed a higher leaf loss
compared to the previously unflooded individuals,
which is in accordance with the flooding experiment of
Frye and Grosse (1992), where flooded F. excelsior
saplings showed a reduced aboveground biomass
compared to unflooded individuals the following year.
This reaction might be an adaptive strategy by
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effects were marked with capital letters (PF*—previous
flooding, FD*—previous flooding duration, NF¥*—new flooding
treatment)

reducing energy consumption (Pires et al. 2018).
New leaves only sprout when environmental condi-
tions become better (Mommer and Visser 2005; Pires
et al. 2018). The fast recovery of F. excelsior and C.
monogyna was also observed after the first flooding in
the previous year and confirms that poor performance
during flooding does not necessarily indicate a
reduced flooding tolerance, as some species can save
energy for later recovery (Schindler et al. 2020; Striker
2012).

The development of plants after nine months
recovery can not only improve, but also deteriorate
for some species and lead to even greater damage

@ Springer



480 Plant Ecol (2021) 222:469-483

A negt{ndo A. pseudoplatanus

= NF

% © A = Newly flooded individuals © A = Newly flooded individuals

% 1 Newly unflooded individuals 1 Newly unflooded individuals

E VY ; ~

5 | —— 1B —am  ae=——

£ 9 g s

2 - 5 s

[

g 9 9

% T T T T T T T T T T T T T T T T

Q Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w 9w
C. monogyna C. sanguinea

T NF* PF*

.§. © - ©0 - =

. 1

2 ~ A . o~ o 2 —

M lbmmm = | TIE_ = —

gad " o -

8 a2 i

2]

g 9 @ 1

% T T T T T T T T T T T T T T T T

o Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w 9w
F. excelsior F. pennsylvanica

T NF* NF*

é © - © -

E - == - s

© e ==

2 o] = ~ == aE

5 = e e e ™ 4 4 - e = N

£ 9 R E

2 - 4

[2]

g <A iy

% T T T T T T T T T T T T T T T T

a Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w OSw

_ Q.A;,o:lzur S. nigra

£

E o+ ©

o - -

£~ = o] T

I | mm—— s . = — =

g Tz o — B =

% ol - =

8 9 @]

% T T T T T T T T T T T T T T T T

a Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w 9w Ow 3w 6w 9w

Previous flooding duration

Fig. 7 A Stem diameter of each species depending on the
previous flooding duration after a short-term recovery of three
weeks; w = weeks; Significant differences between the main

(Striker 2012). For example, S. nigra showed a low
short-term injury, but a high medium-term injury after
the first flooding (Schindler et al. 2020). After the new
flooding of nine weeks, there was a high short- and
medium-term foliar injury. Flood damage effects may
persist for up to three years and the time between
floods, may result in an additional weakening for some
species. This could also explain the lower A stem
diameter of the previously flooded individuals of C.
sanguinea compared to the previously unflooded ones.
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effects were marked with capital letters (PF*—previous
flooding, FD*—previous flooding duration, NF¥*—new flooding
treatment)

A second flooding without a sufficiently long recovery
period especially during the early sapling stages could
lead to even greater damage (Striker 2012). Therefore,
a longer recovery period before the second flooding
could have contributed positively especially to the less
flooding tolerant species.

Another example for the potential of stress mem-
ories in plants becomes apparent in the study of
(Ferreira et al. 2007), where they determined the
influence of flooding tolerance on seedlings from a
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floodplain versus upland population of the same
species (Himatanthus sucuuba). They found out that
the floodplain population was more tolerant to flood-
ing in terms of a higher germination rate, survival and
growth rate than the upland population. Therefore,
there is evidence that such memories can be passed
down to offspring to increase their success. We
collected most of the seeds in the former floodplain
where these effects may not have occurred but it would
be interesting to repeat the experiment with seeds from
the active versus the former floodplain.

Conclusion

Contrary to our expectations, a previous flooding,
regardless of its duration showed no increased flood-
ing tolerance of the saplings. Therefore, no stress
memory towards flooding stress could be observed for
our investigated species. The predominant strategy
here seems to be recovery after flooding. Therefore,
recurring floods without an adequately long recovery
period could pose problems for the establishment of
saplings in floodplains, especially under changing
climatic conditions with increasingly unpre-
dictable and extreme flooding events (Mosner et al.
2015). Due to the complexity of interacting processes,
the knowledge about flooding tolerance especially in
terms of stress memory and stress recovery needs
further investigation.
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