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Abstract During low tide, the intertidal seagrass Enhalus acoroides is often exposed to high light and
desiccation, which can seriously threaten its survival, at least partly by inhibiting photosystem II (PSII)
activity. The response of leaves of E. acoroides to high light and desiccation was compared for seedlings
and mature plants. Results show that the resistance of seedling and mature leaves to high light was quite
similar, but to desiccation was very different. Seedling leaves were more sensitive to desiccation than the
mature plant leaves, but had better water retention. The damage of desiccation to seedling leaves was mainly
caused by dehydration, whereas that to mature plant leaves was caused by hypersaline toxicity. The recovery
rate of PSII of seedling leaves was significantly slower than that of the mature plants after the stresses
disappeared, which may at least partly contribute to seedling mortality in the wild. In addition, compared
to high light, desiccation seriously inhibited the recovery rate of PSII activities even if the leaves became
fully rehydrated to their normal relative water content (RWC) in the following re-immersion. Desiccation
inhibited the recovery rate of RC/CSy (reaction center per cross section (at #=ty, )) to decrease the production
of assimilatory power, which maybe the cause of the slower PSII recovery in desiccation treatments. This
study demonstrates that desiccation particularly coupling with high light have a very negative effect on the
PSII of E. acoroides during low tide and the sensitivity of seedlings and mature plants to desiccation is
significantly different, which have important reference significance to choose an appropriate transplanting
depth where seedlings and mature plants of E. acoroides not only receive sufficient light for growth, but also
that minimize desiccation stress during low tide.
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1 INTRODUCTION

Seagrasses are the only monocotyledonous
angiosperms that live completely submerged in
shallow seawater along coastal areas (Orth et al.,
2006a; Short et al., 2011). Tropical seagrass meadows,
dominated by Enhalus acoroides in Southeast Asia,
have declined rapidly in recent decades, which has
become a serious ecological problem (Yang and Yang,
2009; Yu et al., 2018) and has also become a global
concern. Natural stresses during low tide threaten the
survival of seagrasses. Stresses during low tide
decrease biomass accumulation and nutrient content

of seagrass meadows (Erftemeijer and Herman, 1994;
Stapel et al., 1997; Jiang et al., 2013). A combination
of stresses during low tide can also result in seagrass
meadow loss, for instance, loss of 13 000 hectares of
seagrass meadows in South Australia (Seddon et al.,
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2000). Tolerance to the stresses during low tide
determines the vertical distribution of seagrasses
(Tanaka and Nakaoka, 2004; Shafer et al., 2007). The
damage of low tide to seagrasses is complex, because
seagrasses suffer from several types of stresses during
low tide, such as high light, desiccation, and high
temperature (Erftemeijer and Lewis III, 2006; van
Katwijk et al., 2009; Unsworth et al., 2012). High
light and desiccation are the two major stresses during
low tide. Seagrasses suffer from desiccation stress
when exposed to the air during low tide. Seagrasses
will also suffer from high-light stress when low tide
occurs during the day, but it will not during the night.
Some seagrass leaves in deeper water float on the sea
surface without exposure to the air during daytime
low tide. At this time, the upper surface of the seagrass
leaves suffer from high-light stress but not from
desiccation stress. In addition, low tide is accompanied
by an increase in temperature during the daytime,
which accelerates the dehydration rate of seagrasses.
However, as the water evaporates from wet beaches,
cooling them or when seagrasses float on the sea
surface, the change in leaf temperature is less
dramatic. Moreover, the negative effects of the
increase in temperature on seagrasses are mainly due
to the accelerated desiccation process. Therefore, we
chose high light and desiccation as the variables to
study the effects of low-tide stresses on seagrasses.
Previous research has focused on the effect of low
tide on mature seagrasses (Tanaka and Nakaoka,
2004; Shafer et al., 2007; Jiang et al., 2014). However,
some seagrasses, such as E. acoroides, produce large
seeds for sexual reproduction (Kendrick et al., 2017),
but it is difficult to find seedlings developed from
seeds of E. acoroides in the wild. In addition to the
seedlings being eaten by animals, stresses during low
tide could impair survival of these seedlings. Studying
the effect of low tide across development stages of
seagrasses would improve the understanding of the
main causes for the decline of seagrass meadows,
help maintain an abundance of seagrass genomes, and
improve the success of transplantation to restore
seagrass meadows by seedlings or seeds.
Photosynthesis is one of the most important
primary metabolic pathways of plants, which provides
oxygen, energy, and substrates for plant growth and
development (Yan et al., 2007). Photosystem II (PSII),
as an important component of the light reaction, is
often a limiting factor of photosynthesis under stress.
Therefore, it is significant to study the effect of the
stresses during low tide on the PSII of seagrasses to
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explore the causes of the decline of seagrass meadows
and to develop strategies to restore them. Previous
research has indicated that the stresses during low tide
limit photosynthetic capacity and decreases biomass
of seagrasses (Erftemeijer and Herman, 1994; Bjork
etal., 1999; Shafer et al., 2007; Unsworth et al., 2012;
Jiang et al., 2013, 2014; Kaewsrikhaw et al., 2016).
However, the resistance of photosynthesis to the
stresses during low tide and the recovery of damaged
photosynthetic apparatus after low tide are equally
important for maintaining the normal photosynthetic
capacity of seagrasses, but the effects of low tide on
the recovery of photosynthesis of seagrasses are
rarely reported (Shafer et al., 2007).

To explore these questions, we used the intertidal
seagrass E. acoroides as experimental material and
addressed how high light and desiccation affected
both the immediate response of PSII and its capacity
for recovery after rehydration, to provide a theoretical
basis for the development of effective seagrass
protection strategies.

2 MATERIAL AND METHOD

2.1 Culture and treatment of plant materials

The distribution of E. acoroides was observed and
photographed during low tide in October 2019 from
the mid-intertidal zone in Li’an Bay, Hainan Province,
China (18°24'N, 110°03'E). Whole E. acoroides
plants and seeds were collected, then washed twice to
remove impurities, and cultured in the laboratory in
aerated seawater at 28 °C, 30 salinity and
100 pmol/(m?-s) light:dark (12 h:12 h). The mature
E. acoroides plants were planted in the laboratory for
5-d acclimatization, and then were used for subsequent
experiment. After cultured in the laboratory for 8 d,
the seeds became to seedlings with 4—6-cm leaves,
and then the seedlings were used for subsequent
experiment.

To eliminate the interference of the external
complex environment on the experiment and ensure a
single variable, we used 8-d seedlings and in vitro
leaves of mature plants indoor and simulated high-
light and desiccation stresses during low tide to study
their effects on PSII. Mature plant leaves of
E. acoroides were more than 20-cm long and 1.5-cm
wide. Middle portions were cut into leaf segments
(4-cm long and 1.5-cm wide). Leaf segments cut from
living plants were immediately placed in four
environments (i.e., four treatments). The experiment
was carried out with six replicate leaf segments in
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each treatment and all treatments were carried out at
the same time. The light-water (LW) treatment
simulates the situation of leaves floating on the sea
during low tide in the day (i.e., high light stress). In
LW treatment, leaf segments floated on the seawater
at high light (1 600 pmol/(m?-s)). The dark-water
(DW) treatment simulates the situation of leaves
floating on the sea during low tide in the night (i.e., no
stress). In DW treatment, leaf segments floated on the
seawater under darkness. The light-air (LA) treatment
simulate the situation of leaves exposed to air during
low tide in the day (i.e., high lightxdesiccation stress).
In LA treatment, leaf segments were exposed to the
air at high light (1 600 umol/(m?:s)). The dark-air
(DA) treatment simulate the situation of leaves
exposed to air during low tide in the night (i.e., only
desiccation stress). In DA treatment, leaf segments
were exposed to the air under darkness. The time of
four treatment was 3 h. The four treatments occurred
at constant air and water temperature (28 °C) and the
relative air humidity was maintained at 75%. The
high light was provided by a 1-mx1-m light emitting
diode (LED) lamp in LW and LA treatments. Light
intensity of LED lamp was measure by illuminance
meter (Hansatech, Norfolk, UK). The leaves of 8-d
seedlings were 4—6-cm long and 0.3-cm wide. The
seedling leaves were cut into leaf segments (4-cm
long and 0.3-cm wide) and given the same four
treatments (LW, DW, LA, and DA). In the LA and DA
treatments, in order to simulate the desiccation of
seedlings and mature plants on a wet beach during
low tide, we put a wet gauze under the seedling and
mature plant leaves during the time the leaves were
exposed to air. During the recovery, the seedling and
mature plant leaves from different treatments (LW,
LA, and DA) were maintained in aerated seawater at
28 °C and 30 salinity and dim light (20 pumol/(m?-s)).
Since the DW treatment experienced neither high
light nor desiccation, PSII activity was not impaired,
so there was no need to consider the PSII recovery for
the DW treatment. In addition, when the leaves were
dehydrated to different degrees, the initial
photosynthetic activity differed across treatments,
which would influence the recovery rate of
photosynthesis. Therefore, to control for the fact that
the initial photosynthetic activity differed across
treatments, when examining the recovery of PSII
activity, the PSII activity of all the different treatments
was reduced to the same level before measuring the
level of recovery. To determine which damage
(dehydrate damage or hypersaline toxicity) is the

main cause of the decrease of PSII activity of seedling
and mature plant leaves caused by desiccation, leaf
segments of seedling and mature plant were treated
with different concentrations of polyethylene glycol
(PEG) and different salinities. PEG was used to
dehydrate seagrasses to simulate dehydration damage
during desiccation. The leaf segments (seedling and
mature plant) were submerged in 30% and 40% PEG
seawater solution (25 salinity) in darkness for 3 h,
respectively. Hyposaline seawater is to balance the
hypersaline environment inside the cells due to
dehydration by PEG. For hypersaline treatments, the
leaf segments (seedling and mature plant) were
submerged at salinity of 50 and 60 seawater in
darkness for 3 h, respectively.

The usage of leaf segments in this study was due to
the experimental space and logistical constraints of
using whole plants. This methodology might not fully
reflect the behavior of intact plants growing rooted in
their sediment, but it is widely used and can be
considered valid for seagrass photosynthetic activity
measurements (Invers et al., 2001; Burnell et al.,
2014; Schubert et al., 2015).

2.2 Determination of relative water content (RWC)

Fresh weight changed during emersion treatments
and was measured at the same time as photosynthesis.
The water saturated weight was the initial leaf
weight before treatment. The dry weight was
weighted after the leaves were dried at 80 °C in an
oven for 72 h. RWC was calculated according to
RWC=(fresh weight—dry weight)/(initial weight—dry
weight).

2.3 Chlorophyll-a fluorescence measurement

The chlorophyll-a fluorescence transient was
measured using an m-PEA system (Hansatech,
Norfolk, UK), after leaves were acclimated to the
dark for 15 min in aerated seawater at 28 °C, and 30
salinity. Saturating red light at 5 000 pmol/(m?s) was
produced by an array of LED (peak 650 nm). The
chlorophyll-a fluorescence transients were obtained
by 1-s saturating red light and analyzed with the
OJIP-test (Strasser and Strasser, 1995): maximum
quantum yield of PSII (or PSII activity), F./F,=1—
(F/F,). F,, and F, were obtained automatically by the
m-PEA system. F/F,, (relative value)=(F,/F,).rcatcd
(FJ/F)miia; RC/CSy (reaction center per cross
section (at =t )) was also calculated automatically
by the m-PEA system.
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Fig.1 The mature E. acoroides exposed to the air (a) or floating on the sea surface (b) during low tide in its natural habitat; the
distibution of E. acoroides during low tide in intertidal zone (c); the morphological characteristics of the 8-d seedlings (d)

2.4 Statistical analysis

The IBM SPSS 17.0 software package was used
for statistical analyses. The variation of each
parameter was tested by the one-way analysis of
variance (ANOVA). The experiment was carried out
with six replicate leaves in each treatment and the
data presented are means+standard deviation (SD) for
n=6. Least significant difference was used to analyze
the differences Dbetween different treatments.
Differences were considered significant at a
probability level of P<0.05. All analyses and graphs
were generated using SigmaPlot 10.0 software.

3 RESULT

3.1 The adult E. acoroides in natural habitat
during low tide and its seedings cultivated indoors

Based on field observations, leaves of E. acoroides
growing in Li’an Bay were exposed to the air (Fig.1a)
or floated on the sea surface (Fig.1b) during low tide.
When low tide occurs during the night, E. acoroides
may suffer from desiccation stress. However, when
low tide occurs during the day, E. acoroides suffers
from both desiccation stress and high-light stress, or

suffers from high-light stress but not from desiccation
stress because the upper parts of leaves of E. acoroides
in deeper water floated on the sea surface without
exposure to the air during low tide in the day.
Depending on the degree of low tide, the duration of
stresses ranges from 30 min to 3 h. There are only
sporadic E. acoroides plants in the zone where they
suffer from both desiccation stress and high-light
stress; in contrast there are many plants in the zone
with only high-light stress (Fig.lc). This finding
indicates that the combined stresses of high light and
desiccation seriously affect the survival of
E. acoroides. Figure 1d shows the 8-d seedlings
cultured in the laboratory. However, we did not find
any seedlings of E. acoroides in Li’an Bay. Therefore,
we speculated that the seedlings of E. acoroides may
be more sensitive to the stresses during low tide than
mature plants, which resulted in their low survival
rate in the wild and thus it was difficult to found them.

3.2 The effect of high light and desiccation on
relative water content (RWC) and PSII activity in
seedling and mature plant leaves of E. acoroides

When leaves were exposed to the air, whether in
the high light or in the dark, the RWC decline rate of
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Fig.2 The change in RWC and F,/F,, of seedling (a, ¢, ¢) and mature plant (b, d, f) leaves with light-water (LW), light-air
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Different letters indicate significant differences between leaves with different treatments (P<0.05). Values are the mean + SE (n=6).

seedling leaves was significantly slower than that of
mature plant leaves (Fig.2a & b). The result indicated
that seedling leaves have better water retention than
mature plant leaves. For both seedling leaves and
mature plant leaves, the decline rate of RWC in high
light was faster than that in the dark (Fig.2a & b),
which indicates that high light accelerates the
dehydration rate of leaves in the air.

Regardless of seedling leaves or mature plant

leaves, the PSII activity of the LA treatment decreased
fastest, followed by that of the LW treatment, and
finally that of the DA treatment (Fig.2c & d).

The PSII activity of seedling leaves was lower than
that of mature plant leaves at the same RWC (Fig.2e
& f). This indicates that the PSII of mature plant
leaves is more resistant to desiccation than that of
seedling leaves. However, there is no significant
difference in the high-light resistance of PSII of
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Fig.3 The change in RWC and F,/F,, of seedling (a, ¢) and mature plant (b, d) leaves with PEG or hypersaline treatment

Different letters indicate significant differences between leaves with different treatments (P<0.05). Values are the mean+SE (n=6).

seedling and mature plant leaves without desiccation
(Fig.2c & d). In addition, slight desiccation (RWC
>80%) in the dark did not result in the decline of PSII
activity of mature plant leaves (Fig.2b, d, & f).

3.3 The effect of dehydrated and hypersaline
treatment on RWC and PSII activity in seedling
and mature plant leaves of E. acoroides

The desiccation damage to leaves includes not only
dehydration damage but also hypersaline toxicity due
to water loss. To determine which damage is the main
cause of the decrease of PSII activity of seedling and
mature plant leaves caused by desiccation, seedling
and mature plant leaves were treated with different
salinities and different concentrations of PEG.

In seedling leaves, the PSII activity and RWC of
the hypersaline treatment did not change, but the PSII
activity of PEG treatment markedly decreased with
the RWC decreasing (Fig.3a & c¢). The result indicates
the damage of desiccation to young leaves is mainly
dehydration damage. In contrast, in mature plant
leaves, the PSII activity of the hypersaline treatment
markedly decreased with the RWC not changing, but
the PSII activity of the PEG treatment did not change
with the RWC markedly decreasing (Fig.3b & d).

This result indicates that the desiccation damage of to
mature plant leaves is mainly hypersaline toxicity.

3.4 The effect of high light and desiccation on the
recovery of PSII activity in seedling and mature
plant leaves of E. acoroides

During the recovery process, the RWC of the
different treatments rapidly returned to the normal
level and the recovery rate of RWC of the different
treatments were similar (Fig.4a & b), but the recovery
rate of PSII activity in treatments with desiccation
was slower than that in treatments without desiccation
(Fig.4c & d). Moreover, the greater the dehydration at
desiccation, the slower the recovery rate of PSII
activity. When the dehydration was severe (17%
RWC), PSII was unable to recover. These results
indicate that the dehydration at desiccation inhibits
the recovery of PSII activity even after full hydration
is restored.

The recovery rate of PSII activity of seedling
leaves was significantly slower than that of mature
plant leaves after the stresses disappeared (Fig.4c &
d). We do not consider comparing the recovery rate of
PSII with DA treatment between seedling leaves and
mature plant leaves, because in order to reach the
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of E. acoroides were determined

Different letters indicate significant differences between leaves with different treatments (P<0.05). Values are the mean+SE (n=6).

same degree of photoinhibition as that of the LW or
LA treatment, the DA treatment took a long time
(about 5 h) and such a long time of desiccation does
not exist in nature. Therefore, DA treatment is only a
theoretical exploration of the effects of desiccation in
the night on PSII recovery.

3.5 The effect of high light and desiccation on the
recovery of RC/CS,, of PSII in seedling and mature
plant leaves of E. acoroides

RC/CS, represents the density of active reaction
centers. When the F./F, of different treatments
reached the same level (Fig.4c & d), the value of RC/
CSy for the different treatments in seedling and
mature plant leaves was almost the same (Fig.5a & b).
However, the recovery of RC/CSy, during the recovery
process in treatments with desiccation was slower
than that in treatments without desiccation (Fig.5a &
b). This result indicates that desiccation significantly
inhibits the recovery of RC/CS,,.

4 DISCUSSION

High light and desiccation seriously damaged PSII
of E. acoroides decreasing photosynthetic activity
during low tide. The resistance of seedling and mature
plant leaves to high light was similar but they differed
with regard to desiccation. Seedling and mature plant
leaves adopt different strategies to resist the damage
of desiccation to PSII. These different strategies to
protect PSII also match their living environment.
Tanaka and Nakaoka (2004) found that the large
leaves were exposed to the air longer. The leaves of
mature plants are significantly larger than those of
seedlings, which mean that the desiccation duration
of mature plant leaves is longer. Therefore, mature
plant leaves can not only better adapt to this condition
by increasing the resistance of PSII to desiccation, but
slight desiccation does not even result in the decline
of PSII activity (Fig.2b, d, & f). The short leaves of
seedlings are less exposed to the air during low tide
and thus the duration of their exposure to desiccation
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Fig.5 F /F, of LW, LA, and DA treatment reached the
same level (shadow) and then floated on the seawater
to recover under low light (20 pmol/(m?*:s)), during
which changes in RC/CS,, of seedling (a) and mature
plant (b) leaves of E. acoroides were determined

Different letters indicate significant differences between leaves with
different treatments (P<0.05). Values are the mean+SE (n=6).

is much shorter. Increasing the water-retention ability
in seedling leaves would be a favorable survival
option (Fig.2a, ¢, & ¢). Single stressors (desiccation
in the dark, or high light on the surface of water) had
less negative effect than the two combined. Tidal
exposure during the day poses the greatest threat to
E. acoroides, because the combined stresses of high
light and desiccation during tidal exposure in the day
significantly reduced PSII activity and inhibited the
recovery of PSII activity (Figs.2c, 2d, 4c, & 4d),
which severely decreased the overall photosynthetic
activity of E. acoroides. In addition, high light
accelerated the dehydration rate of leaves in the air
exacerbating the damage of desiccation to PSII
(Fig.2). Due to these combined effects, there are only
sporadic E. acoroides plants in the intertidal zone that
is most exposed to the air during low tide (Fig.1a).
Previous research found that the shallow-water
seagrass species, often suffering from the stresses
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during low tide, are more sensitive to desiccation than
deeper-water species (Bjork et al., 1999), but this
phenomenon defies common sense. Previous studies
on the damage of desiccation during low tide to
seagrasses focused on dehydration damage but
neglected hypersaline toxicity caused by dehydration
(Stapel et al., 1997; Bjork et al., 1999; Shafer et al.,
2007; Jiang et al., 2014). However, both dehydration
and hypersalinity occur during desiccation. Which
factor actually damages seedling and mature leaves?
This research found that the damage of desiccation
during low tide to seedling leaves is mainly caused by
dehydration but to mature plant leaves is mainly
caused by hypersaline toxicity. This is why slight
desiccation does not result in the decrease of PSII
activity of mature plant leaves (Fig.2e & f). Sandoval-
Gil (2014) found that hypersalinity has deleterious
effects on Cymodocea nodosa plants from the shallow
meadows but not on C. nodosa plants from the deeper
meadows. Therefore, we inferred that the stronger
resistance of deeper-water seagrass species to
desiccation, compared to shallow-water species,
might be related to the stronger resistance of deeper
seagrass species to hypersaline toxicity.

The photosynthetic consequences of many stresses
depend not only on the resistance of photosynthetic
apparatus to stresses, but also on the recovery rate of
a damaged photosynthetic apparatus after these
stresses disappear. Although many studies reported
the effect of the stresses during low tide on
photosynthesis of seagrasses, the recovery of
photosynthesis of seagrasses was rarely studied.
Shafer et al. (2007) studied the effect of different
levels of dehydration on the recovery of photosynthesis
of seagrasses. However, when the leaves were
dehydrated to different degrees, the initial
photosynthetic activity differed across treatments,
which would influence the recovery rate of
photosynthesis. Therefore, in our research, the PSII
activity of the different treatments was reduced to the
same level and then allowed to recover (Fig.4). The
result showed that the recovery rate of seedling leaves
was significantly slower than that of mature plant
leaves after the stresses of low tide were removed
(Fig.4), which may be the one of reasons why
seedlings are rare in the field. In addition, the recovery
rate of PSII in leaves undergoing a desiccation
treatment was significantly slower than that of only
high-light treatment, although the RWC of both
treatments rapidly returned to the normal level (Fig.4).
This result indicates that desiccation will inhibit the
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recovery rate of PSII even after the desiccation has
been reversed, which is one of the reasons why only
sporadic E. acoroides plants in the intertidal zone that
is most exposed to the air during low tide. Desiccation
inhibited the recovery rate of RC/CS,,, which will
decrease the number of electrons going into the
electron transport chain and thus decrease the
production of assimilatory power. The decrease of
assimilatory power will inhibit the recovery rate of
PSII, because the repair of damaged PSII requires
assimilation power (Nishiyama et al., 2011), which
may be the cause of the slower recovery after
desiccation disappears.

The global seagrass meadows are rapidly declining
(Short et al., 2011). Seagrass transplantation is
currently one of the important methods for seagrass
meadow restoration (Orth et al., 2006b; van Katwijk
et al., 2009; Irawan, 2018). Seagrass cannot grow
normally when the light intensity of the seafloor is
less than 11% of the light intensity incident on the sea
surface (Duarte, 1991; Ralph et al., 2007). Therefore,
in the process of transplanting E. acoroides to restore
seagrass meadows, the plants should be placed as
close to the upper intertidal zone as possible for a
better light environment. However, the research
showed that excessive low tide exposure time in the
intertidal zone will significantly reduce the survival
rate of transplanted seagrasses and the length of their
leaves and roots (Tanaka and Nakaoka, 2004). We
inferred that the significant decrease in photosynthetic
activity and the slower recovery of PSII activity
caused by desiccation during low tide are important
causes for the decline in the survival rate and biomass
of seagrasses in the intertidal zone, rather than high
light. Therefore, E. acoroides transplanting should
choose an appropriate transplanting depth where
E. acoroides may be exposed to high light but not to
the air during low tide. In addition, we established a
new method for obtaining large numbers of the
healthy E. acoroides seedling in the laboratory (Li et
al.,2021). In the subsequent transplanting of seedlings
to rebuild the seagrass meadows, considering that
seedling leaves are more sensitive to desiccation than
mature plant leaves, the transplanting depth of
seedlings may be different from that of mature plants.

5 CONCLUSION

In summary, the study showed that the resistance
of seedling and mature plant leaves to high light was
quite similar, but to desiccation was very different.
Seedling leaves were more sensitive to desiccation

than mature plant leaves, but had better water
retention. The damage of desiccation to seedling
leaves was mainly caused by dehydration, whereas
that to mature plant leaves was caused by hypersaline
toxicity. The recovery rate of PSII of seedling leaves
was significantly slower than that of the mature plants
after the stresses during low tide disappeared, which
may at least partly contribute to seedling mortality in
the wild. In addition, compared to high light,
desiccation seriously inhibited the recovery rate of
PSII activities even if the leaves become fully
rehydrated to their normal relative water content
(RWCQC) in the following re-immersion. Desiccation
inhibited the recovery rate of RC/CS,, to decrease the
production of assimilatory power, which may be the
cause of the slower PSII recovery in desiccation
treatments. Clearly, high light and particularly
desiccation have a very negative effect on the PSII of
E. acoroides during low tide and the sensitivity of
seedlings and mature plants to desiccation was
significantly different, which have important reference
significance to choose an appropriate transplanting
depth where seedlings and mature plant of E. acoroides
not only receive sufficient light for growth, but also
that minimize desiccation stress during low tide.
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