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Abstract Saline wetlands may be well suited for
purifying contaminated water from saline agriculture
and aquaculture or from freshwater-based agriculture
in areas subject to increased salinity. However, case
studies on the nutrient removal efficiency of halophyte
species are scarce, especially for temperate regions.
Here we tested the nutrient removal efficiency and
ability to store nutrients in aboveground and below-
ground biomass of three halophyte species, Aster
tripolium, Bolboschoenus maritimus subsp. com-
pactus, and Spartina anglica, in a greenhouse micro-
cosm experiment at two salinity levels. Nutrient
removal from water differed among the species:
Spartina had the highest nitrogen removal, Bol-
boschoenus and Spartina had the highest phosphorus
removal. The species also differed in the allocation of
the nutrient uptake. Bolboschoenus had the highest
absolute uptake of nitrogen and phosphorus in shoots,
whereas Spartina had the highest uptake of nitrogen
and phosphorus in roots. The applicability of these
three species in constructed saline wetlands depends
on the local salinity and water regime.
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Introduction

Many constructed wetlands are designed to purify
contaminated freshwater (e.g. Verhoeven and Meule-
man 1999; Kadlec and Wallace 2009). Cases where
the inflowing water is (highly) saline often originate
from industrial sources and this water is typically also
characterized by high concentrations of heavy metals
or hydrocarbons (Kanagy et al. 2008; Calheiros et al.
2012; Carvalho et al. 2013; Gonzalez-Alcaraz et al.
2013; Tao and Yu 2013). Our understanding of the
ability of saline constructed wetlands to purify water
from agricultural sources is mostly from traditional
agricultural systems in arid regions (Lymbery et al.
2006), from aquaculture in (sub)tropical regions (Ye
et al. 2001; Shpigel et al. 2013; Jesus et al. 2014), and
the laboratory (Gregory et al. 2010, 2012). Larger
scale field applications are available from tropical
regions, and range from constructed recirculation
aquaculture systems (Lin et al. 2010; Tilley et al.
2002) to natural systems (Gautier et al. 2001; Gennaro
et al. 2006). Examples of full-scale constructed
wetlands in temperate regions purifying contaminated
saline water from aquaculture sources are only
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recently becoming available (e.g. Webb et al. 2012,
2013; Quinta et al. 2015a, b). Yet, saline wetlands
may be well suited for purifying contaminated water
from saline agriculture or from freshwater-based
agriculture in areas subject to increased salinity (e.g.
Buhmann and Papenbrock 2013; De Lange et al.
2013). Such saline constructed wetlands may help to
prevent unwanted loading of vulnerable estuaries or
coastal waters with nutrients, organic pollutants and/or
pathogens from both point and diffuse sources.
Salinity pressure is increasing in many low-lying
coastal areas worldwide due to climate change and sea
level rise (e.g. Rozema and Flowers 2008). In this
perspective, saline treatment wetlands can be consid-
ered a logical and sustainable adaptation measure,
with various additional advantages such as providing a
semi-natural transition zone between intensively used
agricultural areas and adjacent natural estuarine and
coastal areas (Roncken et al. 2011). At the same time,
the rehabilitation and/or enhancement of existing salt
marshes will provide other essential ecosystem ser-
vices, such as the stabilisation of fine sediments,
providing a protective buffer between land and sea,
and providing a habitat to a diversity of terrestrial and
marine fauna (Laegdsgaard 2006).

The development of full-scale saline constructed
wetlands is currently hampered, at least in the
European context, by knowledge gaps about purifica-
tion efficiencies of native salt-tolerant plants (e.g.
Buhmann and Papenbrock 2013; De Lange et al.
2013). As reviewed by Flowers and Colmer (2008),
halophytes are physiologically adapted to salinity
stress, with some halophyte species having optimal
growth rates under saline conditions and others under
freshwater conditions. The zonation of halophyte
species in a salt marsh reflects these differences in
salt tolerance combined with tolerance to flooding
(Rozema and Van Diggelen 1991). Higher tolerance to
salt may co-occur with a lower tolerance to changes in
nutrients, as shown for the halophyte Bolboschoenus
maritimus compared with three freshwater species of
Bolboschoenus, that may be attributed to evolutionary
adaptation to salinity stress (Hroudova et al. 2014).
For two other halophyte species, Salicornia europaea
and Aster tripolium, it was shown that they can take up
both organic and inorganic nitrogen (Quinta et al.
2015a, b), which is advantageous since salt marshes
are often nitrogen-limited. This finding is interesting
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from the point of view of potential (organic) nutrient
removal.

In order to compare nitrogen (N) and phosphorus
(P) removal efficiencies of three plant species originat-
ing from a tidal brackish marsh in the Netherlands, we
conducted a pilot greenhouse experiment using two
salinity levels, representative of the tidal brackish marsh,
and one nutrient level. The species tested were A.
tripolium, B. maritimus subsp. compactus, and
Spartina anglica. Choice for these species was based
on general presence in saline areas in Western Europe,
differences in salt tolerance (Rozema and Van Diggelen
1991; Buhmann and Papenbrock 2013), and differences
in hydrodynamic tolerance. The focus of our study was
on the nutrient uptake in above- and belowground plant
material at the end of the experiment, relevant for
situations where biomass can be harvested, and on the
nutrient removal from the inflowing water during the
experiment, relevant for water purification. The ultimate
aim of the experiment was to make a contribution to the
full-scale applicability of saline constructed wetlands.

Materials and methods
The plant species

Aster tripolium is a biennial herbaceous plant, while B.
maritimus subsp. compactus is a perennial graminoid
herbaceous plant, and Spartina anglica is a perennial
grass species. Spartina is commonly found in the
transition zone from mud flat to salt marsh that is under
tidal influence on a daily basis. It is relatively tolerant
to prolonged inundation, e.g. at high tide. Compared to
Spartina, Aster and Bolboschoenus are more typical of
hydraulically less dynamic sites. They are common on
Dutch salt marshes as well as in saline or brackish
areas on the landward side of the dike.

Collection of plants

We collected A. tripolium, B. maritimus subsp. com-
pactus and Spartina anglica on 26 April 2013 in ‘Het
Verdronken Land van Saeftinghe’ (51°34'-N, 4°18'-
E), a saltmarsh reserve in the Scheldt estuary in the
south-western Netherlands. In three sub-locations,
each dominated by one of the three studied species,
soil cores (diameter app. 20 cm, depth app. 20 cm)
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with living aboveground plant material were dug out
using spades. For each species 24 cores were sampled,
which was double the number needed in the experi-
ment. The timing of the sampling was chosen to collect
fresh sprouting plants, to study their performance
during growth in the greenhouse. All sub-locations had
brackish conditions and were situated in shallow
depressions on the high inland end of the saltmarsh,
with an average inundation frequency of approxi-
mately once or twice per month. Inundation is most
frequent in the winter half-year. The sites where plant
material was collected are grazed by cattle during the
summer half-year (PepijnCalle, personal communica-
tion). The salinity of the Scheldt water varied between
10 and 20 PSU, and nutrient concentrations varied
between 2 and 5 mg N/L, and 0.1-0.2 mg P/L.

The cores were put in 4 L plastic pots (diameter
18 cm, height 15 cm) and transported back to the
greenhouse on the same day. Before putting the cores
in the pots, the perforated bottoms of the pots were
covered with a double layer of thinly perforated plastic
foil to allow passage of effluent from the pots but
minimise loss of soil material and roots growing out of
the pots. To keep the soil cores moist during the
acclimatization period, brackish surface water (salin-
ity 10.8 PSU, 16.4 mS m_l) was collected from two
creeks near the sampling sites.

On 29 April 2013, standing dead litter from the
previous growing season as well as other plant species
present (notably Puccinellia sp.) were carefully
removed from the soil cores. Each plastic pot was
then placed in an individual metal pot lined with
40 x 60 cm plastic bags to collect effluent from the
soil cores. 300 ml of the collected brackish ditch water
was poured onto the soil cores of each pot. From 2
May 2013 onwards, a synthetic brackish solution
(Coralsea, purchased from AquaHolland, Dordrecht,
the Netherlands) was used for watering the pots during
the remainder of the acclimatisation period (1/3x sea
water strength, corresponding to ditch water salinity in
the sites where the plant material was collected).

Experimental set-up

After a 2 week acclimatisation period in the green-
house, the experiment started on 8 May 2013. From
the 24 available pots per species, we selected 12 pots
where the plants had similar above ground biomass,
similar total weight, similar number of sprouts, and

had a healthy appearance. For each plant species we
used two salinity levels and six replicate pots,
resulting in 36 pots in total (three plant species x two
salt concentrations x six replicates). The pots were
placed on a large table in the greenhouse. For practical
reasons, the experimental units were grouped accord-
ing to salt concentration of the treatment solution.
Within each of these salinity groups, the position of
experimental units on the table in the greenhouse was
randomised. To determine the plant conditions at the
start of the experiment, of each plant species 4
additional pots were harvested to determine dry
weight (DW) and nutrient concentration of shoots
and roots at t=0 (Supplemental Information,
Table S-1). Climate conditions (light, temperature
and relative humidity) in the greenhouse followed the
natural fluctuations in Wageningen, as the greenhouse
did not apply extra heating or light. Temperature and
relative humidity (RH) were recorded every 5 min
during the whole experiment inside the greenhouse.
Average daily temperature during the experiment
ranged from 8.4 to 25.4 °C with a median value of
15.7 °C. Average daily RH ranged from 48.5 to
90.4 % with a median value of 71.9 %.

All experimental units received the same nominal
nutrient concentration of 15 mg N/L and 2.5 mg P/L.
This concentration was chosen to be representative for
saline aquaculture effluents and agricultural runoff
(see De Lange et al. 2013) and not much higher than
the natural range of concentrations in the Scheldt
estuary. Treatment solutions were made of the
synthetic Coralsea water (AquaHolland) with Pokon
universal plant nutrient solution (PokonNaturado BV,
Veenendaal, the Netherlands) added to achieve the
required concentration. By using Pokon the presence
of trace elements was ensured (K, Fe, Mn, B, Cu, Zn,
and Mo) (cf. Keizer-Vlek et al. 2014). Final pH of the
used solution was >8, based on specifications of
AquaHolland. Half of the experimental units received
the nutrient solution at 1/10 x sea water strength, the
other half at 1/2x sea water strength, further referred
to as low and high salinity. This reflects the range of
salinities occurring at this part of the Scheldt Estuary.
Treatment solutions were applied twice per week at a
dose of 250 ml per pot. The average salinity of the
treatment solutions was 2.7 and 12.9 PSU for low and
high salinity respectively.

Three weeks after the start of the experiment it was
observed that some of the soil cores had become dry
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and hard with cracks in the clayey material mainly at
the edges. After the second sampling point we applied
extra rainwater to rewet the soil cores, including an
additional weekly gift of 250 ml rainwater. Visual
inspection during the experiment did not indicate a
significant or lasting impact of the soil drought on
plant health or survival. This was confirmed by the
data on effluent water, the fraction of water collected
as effluent remained relatively constant during the first
weeks, and plant height showed a gradual increase
during the experiment (see Supplemental Information,
Figs. S-1, S-2).

Measurements

Once per week, the volume of the effluent collected
was measured and the plastic bags were emptied and
clean bags re-installed beneath each experimental
unit. During the experiment, plant height was mea-
sured, photos of the plants were made, and water
samples from the effluent were taken four times at 2
week intervals. The water samples were filtered
(Whatman 595 1/2 filter paper) and stored at —20 °C
prior to analysis. Concentrations of total dissolved N
(NEN 6646 including internal extraction UV/persul-
fate) and total dissolved P (NEN6663 including
internal extraction UV/persulfate) were determined
using a Skalar SAN Plus continuous-flow analyser
(Skalar Analytical BV, Breda, the Netherlands). Our
focus in this pilot experiment was on the macro-
nutrients N and P, though we recognize the importance
of other elements in osmoregulation processes and
possible uptake competition between salt ions and
nutrient ions (e.g. Na* reducing K* uptake or CI~
reducing NO®uptake). Since we used two fixed
salinity levels, differences in nutrient uptake can be
considered as the net functioning of the three species,
including competition between salts and nutrients.
The experiment was ended after 9 weeks by
harvesting the aboveground biomass at the soil surface
of the pots containing plants. This is further referred to
as ‘shoots’, and included both stems and leaves.
Belowground biomass was harvested by rinsing away
the soil particles, this is further referred to as ‘roots’.
All harvested plant material was dried at 70 °C for at
least 72 h. After determining DW of the samples, the
plant material was ground using ball mills and
digested with H,SOy, salicylic acid, HO, and Se.
Subsequently, the N and P concentrations of the
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diluted supernatant were determined using a Skalar
SAN Plus continuous-flow analyser (Skalar Analytical
BV, Breda, the Netherlands).

Statistical analysis

The experiment was designed to use a two-factor
ANOVA to test for differences between treatments,
with plant species and salt concentration as factors.
Prior to analysis, the data were checked for normal
distribution and homogeneity of variances. If neces-
sary log(x 4+ 1)—transformation was applied to meet
the ANOVA requirements. All statistical tests were
done using Genstat 16th edition.

The ability of the plant-soil system to remove
nutrients from inflowing water was calculated as
concentration in the pouring solution minus the
concentration in the effluent water, and referred to as
delta N and delta P. Since this was measured four
times during the experiment, the results were tested
with a repeated measurements two-factor ANOVA.
We expected this delta concentration to be positive
due to plant uptake.

Dry weight (grams) and total N and P concentration
(% of DW) of the roots and shoots att = 0 (n = 4 per
species) and t = end (n = 6 per salt concentration per
species) were combined to calculate the absolute
uptake in grams of N and P in shoots and roots during
the experiment. Relative growth rate (RGR, d™') of
the plants was calculated as (In(final DW)—In(initial
DW))/(time in days), using the shoot DW (cf. Brown
et al. 1999).

Data on N and P content in shoots and roots did not
meet the conditions of homogeneity of variances and
normal distribution of error terms, not even after log-
transformation. Therefore we tested differences
between treatments using the non-parametric Krus-
kal-Wallis test, followed by pair-wise comparisons
using Mann—Whitney U tests.

Results and discussion

Net nutrient removal: comparing concentrations
in effluent water and in pouring solution

Delta N concentration differed between species
(p = 0.003) with Spartina having significantly higher
delta N than Aster (Fig. 1). There also was a
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significant time effect (p = 0.041), with the third
sampling timepoint having significantly higher delta N
than the first sampling timepoint. Finally, the high
salinity pots had more variety in delta N at the
different sampling points than the low salinity pots,
resulting in significant time x salt interaction effect
(p = 0.002) (Fig. 1). Delta P concentration also
differed between species (p = <0.001) with Spartina
and Bolboschoenus having significantly higher delta P
than Aster. Again, there was a significant time effect
(p < 0.001), with significantly increasing delta P for
the first three sampling timepoints (Fig. 1). There was
no significant effect of salt concentration on delta P.
For some samples, mostly in the low salinity
treatment, the concentration of total N in the effluent
water was higher than in the pouring water, resulting
in a negative delta (see also Supplemental Informa-
tion, fig. S-3). This might be caused by a complex of

. AL
3 AH

CBH
N SsL
24 @3 sH

delta N (mg/L)

delta P (mg/L)

0.25 1 i l
0.00 g : , ,
23/5/13 5/6/13 20/6/13 10/7/13
Fig. 1 Delta total dissolved N concentration (upper panel) and
delta total dissolved P concentration (lower panel) at the four
sampling points in time, calculated as concentration in inflow
minus percolated water, average = 1 SE (n = 6). Treatments
are abbreviated as follows: AL Aster low salinity, AH Aster high
salinity, BL Bolboschoenus low salinity, BH Bolboschoenus
high salinity, SL Spartina low salinity, SH Spartina high
salinity. Positive values indicate net uptake in the pots

processes in the soil core causing net N release. This
happened mostly during the first weeks of the exper-
iment, during the second half of the experiment the
plant-soil system retained more nitrogen. For total P,
the delta concentration was positive for most replicate
pots, indicating that the P is mostly retained in the
plant and soil system (Fig. 1). Also, delta P is more
stable than delta N during the experiment. The
important difference between N and P behaviour in
the plant-soil system is that N is more mobile and is
subject to various microbial processes which makes it
more prone to variation, whereas the behaviour of P is
more governed by physico-chemical processes such as
absorption to clay particles (Kadlec and Wallace
2009). The significant time effect for both delta N and
delta P indicates that the plant-soil system needed to
adapt to a new nutrient uptake equilibrium, which is in
agreement with results of Lymbery et al. (2013). It also
reflects that during the exponential growth phase,
uptake of nutrients increased (see Supplemental
Information Fig. S-4 for increase in plant height
during the experiment). Based on these results, we
expect that given a longer time period, delta N would
become more stable as well, but with more fluctua-
tions than delta P because of the microbial processes of
N. However, given the pilot nature of our experimental
setup, this should be further tested in more detailed
experiments.

Delta N ranged from —1 to 2 mg N/L (Fig. 1),
which corresponds to a maximal removal efficiency of
11 %. This is low compared with results from other
greenhouse or microcosm studies testing different salt-
tolerant species. These studies report removal effi-
ciencies of around 70 % for NH;3-N (Klomjek and
Nitisoravut 2005) or >95 % for total N (Brown et al.
1999). At pilot-scale constructed wetland cells,
removal efficiencies for total nitrogen are reported to
be 98 % (Webb et al. 2012) and around 70 %
(Lymbery et al. 2013).

Delta P ranged from 0.1 to 1.3 mg P/L (Fig. 1),
which corresponds to a maximal removal efficiency of
35 %. This is in the same range as reported by
Klomjek and Nitisoravut (2005) and Webb et al.
(2012), but lower than reported by Brown et al. (1999),
Lymbery et al. (2006) and Lymbery et al. (2013) who
report removal efficiencies of >95 %, around 50 %,
and around 80 % respectively.

Both Brown et al. (1999), Klomjek and Nitisoravut
(2005) and Lymbery et al. (2013) report similar high
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removal efficiencies in the soil of control pots or in the
unplanted wetland cells for both total N and total P,
indicating that most of the removal action takes places
in the soil core, and not by the plant. To better
understand the processes responsible for nutrient
removal and/or storage and their respective share in
removal, microbial processes in the soil deserve
further attention in follow-up experiments. Our pilot
experiment only gives a first indication on the net
outcome of these plant-soil processes.

Nutrient uptake in plant shoots and roots

Above-and belowground biomass was harvested at the
end of the experiment. The average shoot DW was not
significantly different between species or salinity
level, and was 20.0 & 6.2, 18.5 & 4.0 and 19.0 &+
6.2 g (average £ 1 SD) for Aster, Bolboschoenus and
Spartina respectively. This absence of salinity effect
on shoots was also found by Lymbery et al. (2013).
However, in our experiment the RGR differed signif-
icantly between species (p < 0.001), but not between
salt levels nor was there a significant interaction effect.
RGR based on shoot DW was on average
0.026 + 0.005, 0.042 £ 0.003, and 0.034 £ 0.005
dfl(average + 1 SD) for Aster, Bolboschoenus and
Spartina respectively. This range of values was similar
as reported by Brown et al. (1999), and higher than the
values reported by Klomjek and Nitisoravut (2005).
This supports that the conditions in our experiment
were sufficient for healthy plant growth.

Root DW differed significantly between species
(p < 0.001), but not between salt levels nor was there
a significant interaction. Average root DW of Aster
was significantly lower (58 & 24 g) than of Bol-
boschoenus and Spartina (104 £+ 45 and 119 £+ 48 g,
respectively, average £ 1 SD) (ANOVA p < 0.001).

At the end of the experiment, N concentration in
shoots was highest in Aster and Bolboschoenus, while
N concentration in roots was highest in Aster and
Spartina (Kruskal-Wallis followed by Mann—Whit-
ney U tests p < 0.05; Fig. 2). The N concentration in
Aster shoots was slightly lower, and the concentration
in Aster roots was much lower than reported values by
Quinta et al. (2015b). This difference may be because
our plants were larger and presumably in a different
growth phase: 20 g DW in our experiment compared
with 0.5-1.0 g DW reported by Quinta et al. (2015b),
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who grew their plants from seeds. P concentration in
shoots was highest in Aster and lowest in Spartina,
while P concentration in roots was highest in Bol-
boschoenus and lowest in Spartina (Kruskal-Wallis
followed by Mann—Whitney U tests p < 0.05; Fig. 2).
The nutrient concentration ratio between shoots and
roots shows that N was more stored in the shoots, most
strongly for Bolboschoenus (ratio > 1) whereas P was
more stored in the roots, most strongly for Bol-
boschoenus and Spartina (ratio < 1) (Kruskal-Wallis
followed by Mann—Whitney U tests p < 0.05; Fig. 2).
Salinity level had no significant effect on the nutrient
concentration in roots and shoots (Kruskal-Wallis,
p > 0.05).

The absolute uptake of nutrients during the exper-
iment in plant shoots and roots was calculated using
DWs and N and P concentration at start and end of the
experiment (Fig. 3). Bolboschoenus had significantly
higher shoot N uptake than Aster, with Spartina
having intermediate values. There was no significant
overall effect of salinity level. Bolboschoenus had
significantly higher shoot P uptake than Spartina, with
Aster having intermediate values. Again there was no
significant overall effect of salinity level (Fig. 3),
although Bolboschoenus had higher nutrient uptake in
shoots at low salt concentrations (t test, p = 0.055 and
p = 0.002 for N and P respectively).

N and P uptake in roots differed significantly
between species, without a salinity effect, and was
highest in Spartina and lowest in Aster (Fig. 3). In
general, root DW was higher than shoot DW, and this
resulted in a higher total amount of nutrients in roots
compared with shoots. However, since in full-scale
saline treatment wetlands aboveground biomass can
be harvested more easily than belowground biomass,
uptake of nutrients in shoots is more relevant when
comparing performance of species for such cases.

Upscaling from pilot experiments

Although our experiment is on a pilot scale, the results
of our experiment can be used in choosing the optimal
plant species to test further for use in a saline
constructed wetland. This choice depends on purpose
and management options, salinity conditions and
hydraulic regime. Some first conclusions can be drawn
from our pilot experiments, but further upscaling
experiments are needed to support our results when
applied to field scale. If the focus is on nutrient
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Fig. 2 N concentration (upper panels) and P concentration
(middle panels) for shoots (left panels) and roots (right panels),
and shoot/root ratio of N and P (lower panels); average £+ 1 SE

removal from water, Spartina and Bolboschoenus
achieve higher removal rates than Aster. If above-
ground biomass can be harvested, Bolboschoenus has
the advantage of the highest uptake rates for both N
and P in aboveground biomass. This biomass could be
used for other purposes, e.g. generating energy from
biomass. However, the economic gain of this is still
difficult to achieve (Meerburg et al. 2010). There was a
limited effect of salinity. This might indicate that the
two tested salinity levels are in the natural range of the
three species. It was not our purpose to investigate the
optimal salinity for each species, but for this pilot
experiment we simply chose two salinities represen-
tative for the Western Scheldt estuary. Within this
salinity range tested, Aster performed better under the

AL  AH BL BH SL SH

b
b |—Y_‘ b
’_Y_‘ b T
AH BL BH SL SH

treatment

AL

(n = 6). Letters indicate homogeneous groups (Kruskal-Wallis
followed by Mann-Whitney U tests p < 0.05). Treatment
abbreviations as in Fig. 1

high salinity conditions, so if the location or the
effluent to be treated is more saline, Aster can be a
good choice. Bolboschoenus and Spartina are compa-
rable in removing nutrients from the water, and
nutrient storage in the shoots. Spartina tolerates
fluctuations in water level better than Bolboschoenus,
so Spartina may be a good choice for lower-lying
locations with large water level fluctuations.

The initial choice for these three species was made
based on natural common occurrence in western
Europe. The performance in the pilot experiment is
promising enough to conduct further experiments with
these three species, to investigate how the species will
perform in terms of nutrient uptake and retention, and
efficiency per unit area. Depending on the ecoregion,
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Fig. 3 Uptake of N (upper panels) and P (lower panels) in
aboveground plant biomass (left side panels) and belowground
biomass (right side panels), average =+ 1 SE (n = 6). Letters

the search for better-performing could be extended to
other species as well.

Conclusions

The main aim of this experiment was to compare
different halophyte species of common occurrence in
temperate Europe on nutrient removal in treatment
water and nutrient uptake in plant biomass. Although
our experiment treated the soil processes as a black
box, the results show several outcomes that can be
used in the future. The observed RGR of the three
species showed that the experimental conditions were
sufficiently good to support our conclusions. Nutrient
removal from water differed between species: Spar-
tina had the highest N removal, Bolboschoenus and
Spartina had the highest P removal. Bolboschoenus
had the highest absolute uptake of N and P in shoots,
whereas Spartina had the highest uptake of N and P in
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AL AH BL BH SL SH
treatment

indicate homogeneous groups (ANOVA followed by post hoc
LSD test). Treatment abbreviations as in Fig. 1

roots. Salinity of the treatment water was not a
significant factor, except for nutrient uptake in
Bolboschoenus which was higher at low salinity.
These results can be used in choosing the optimal plant
species for use in a saline constructed wetland. This
choice depends on site-specific characteristics and
purpose of the constructed wetland, such as manage-
ment type, salinity conditions and hydraulic regime.
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