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Abstract: Water pollution by excessive amounts of nitrate (NO3 ~) has become a global issue. Tech-
nologies to clean up nitrate-contaminated water bodies include phytoremediation. In this context,
this research aimed to evaluate four tree species (Salix alba L., Populus alba L., Corylus avellana L. and
Sambucus nigra L.) to remediate nitrate-contaminated waters (100 and 300 mg L~!). Some physiolog-
ical parameters showed that S. alba L. and P. alba L. increased particularly photosynthetic activity,
chlorophyll content, dry weight, and transpired water, following the treatments with the above
NO;~ concentrations. Furthermore, these species were more efficient than the others studied in the
phytodepuration of water contaminated by the two NO3 ™ levels. In particular, within 15 days of
treatment, S. alba L. and P. alba L. removed nitrate quantities ranging from 39 to 78%. Differently,
C. avellana L. and S. nigra L. did not show particular responses regarding the physiological traits
studied. Nonetheless, these species removed up to 30% of nitrate from water. In conclusion, these
data provide exciting indications on the chance of using S. alba L. and P. alba L. to populate buffer
strips to avoid NO3 ™ environmental dispersion in agricultural areas.

Keywords: phytoremediation; tree species; nitrate pollution; buffer strips; Salix alba L.; Populus alba L.;
Corylus avellana L.; Sambucus nigra L.

1. Introduction

Nowadays, many anthropogenic activities release large quantities of organic and inor-
ganic substances into the environment, posing severe dangers to aquatic habitats, animal
and human health [1,2]. In particular, industries introduce vast quantities of compounds
into the environment [2]; additionally, wastewater disposal has a considerable negative
influence on the environment [2]. Concerning agriculture, this activity substantially im-
pacts the environment [3]. Indeed, intensive agriculture, aimed at achieving high yields
and crop productivity, can create several environmental dangers and, in particular, nega-
tively alter the status of water resources [4]. Finally, the world growing population will
require ever-increasing quantities of food in the coming years, thus raising the pressure on
cropping systems and, in turn, on the environment [5].

Nitrogen is among the substances routinely employed in agriculture, causing more
than one concerns. In particular, it is applied in massive amounts as fertilizers in farming
systems [6,7], and for its chemical and physical properties can, through run-off, reach
freshwaters [8]. High concentrations of nitrogen dispersed into the environment can lead
to freshwaters” eutrophication, with very adverse effects on aquatic ecosystems [9].

The most common form of nitrogen of anthropogenic provenience in water is ni-
trate (NO3™). NO3™ can be found in the natural background at levels ranging from 0 to
2.0 mg L~! [4]. However, in areas with intensive agriculture or densely populated, espe-
cially in developing countries, its concentration can be in the water more than 100 times
higher [10]. Particularly worrying are the data recorded in some regions of the planet where
nitrate concentrations can easily exceed 100 mg L~! or even reach up to 500 mg L1 [11-13].
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Contamination of freshwater by nitrate represents an immediate risk to human health,
especially when it reaches drinking water. For this purpose, the World Health Organisation
(WHO) stated that the nitrate concentration admitted to drinking water should not exceed
50 mg L~! [11]. Indeed, human consumption of drinking water with higher concentrations
of NO3 ™~ can cause illness, such as blue disease in babies (methemoglobinemia) [14].

Some different technologies allow us to remediate polluted environments. Among
these, phytodepuration has become particularly popular in recent years [15]. This technol-
ogy uses plant species showing appropriate physiological and biochemical characteristics
to remove toxic substances or excessive amounts of nutrients from contaminated water
and soil [2]. The plant’s ability to remediate contaminated water is due to its capacity to
cope with the potential toxicity that the substance to be removed from polluted sites could
exert and on its potential to accumulate and metabolize it [15].

As for the phytodepuration of water from nitrate, several species have been consid-
ered in recent studies for their ability to act as filters, thus absorbing and trapping, among
other things, nitrogen compounds, which are mainly present in the form of nitrate. In these
studies, crops, grasses, ornamental and aquatic species have been investigated. In partic-
ular, Chrysopogon zizanioides, Utricularia aurea, Vetiveria zizanioides, Oryza sativa, Epipren-
num aureum, Syngonium podophyllum, Eichhornia crassipes, Panicum hemitomon, Echinodorus
cordifolius, Myriophyllum aquaticum, Typha latifolia, Saururus cernuus, Lolium multiflorum,
Ranunculus nipponicus, and Pistia stratioes showed great results when applied to remediate
contaminated aquatic samples [9,14,16-22].

In this context, tree species in phytoremediation programs are attracting increasing
attention during the last years. These plants can show some characteristics which make
them suitable and intriguing for this technology, especially in synergy with herbaceous
plants due to different root system depths. The fast growth of some woody species, the
particular and deep root system, and the dense branches have been considered good traits
to remediate polluted environments [23]. Despite this, trees have been mainly studied for
the decontamination of environments polluted by heavy metals. They have been found to
efficiently remove harmful species such as ionic Cd, Cu, Hg, Pb, Cr, Fe, and Zn [23-26].

As for the nitrate, transgenic poplar trees have been employed to clean water polluted
from amounts of this substance up to twenty times higher than that admitted by the
European Union [27]. Additionally, Warsaw et al. [28] investigated Salix alba and Sambucus
nigra to remove two herbicides (metalaxyl and trifluralin) and nitrate in aquatic zones. All
these authors found satisfying remediating capacities for the trees studied. Despite this, it
is evident that little research has been carried out to assess whether tree species can remedy
water contaminated by excessive amounts of nitrate. For this reason, this topic remains an
open and interesting field of study, considering its possible applications and implications.

For the reasons mentioned above, the present work aims to evaluate the phytodepura-
tion potential of four tree species common along rivers in Italy Salix alba L., Populus alba L.,
Corylus avellana L. and Sambucus nigra L. and detect any differences between these species
to decontaminate the water from nitrate. To this end, the experiments were carried out in
hydroponic, as this system is useful for this type of study, and, even though it is different
from the open field, it allows comparing different species in uniform conditions, avoiding
the interferences due to the soil types and microbiota. Finally, the data acquired helps
understand the potential of the tree species to accumulate toxic compound. Therefore, the
results obtained can, in turn, provide useful information on the choice of the species most
suitable for vegetating buffer strips.

2. Results
2.1. Leaf Net Photosynthesis (Pn) and Chlorophyll Content

During the experimental period, significant increases in photosynthetic rates were
found for Populus and Salix in nitrate-treated plants at 15 days after treatment (DAT), while
in Corylus and Sambucus increases in photosynthetic rate were found only at the highest
dosage of nitrate (Table 1). SPAD (Soil Plant Analysis Development) values showed in both
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Populus and Salix an increase in chlorophyll content in plants grown in nitrate contaminated
water, starting at 7 DAT, compared with control plants, with a greater effect of treatment
at the 300 mg L~! of NO3~ compared with 100 mg L~ of NO3;~ (Table 2). In Corylus and
Salix increases in SPAD values were observed only at 15 DAT and at 300 mg L~ dosage.

Table 1. Leaf net photosynthesis (Pn) of the leaves of Corylus, Salix, Sambucus, and Populus treated
with the three NO3; ™ concentrations in hydroponic nutrient solution at 1, 7, and 15 days after the
treatment (DAT).

1 DAT 7 DAT 15 DAT

umol CO, m—2s-1 umol CO, m—2s~1 umol CO, m—2s—1
Corylus-0 1.84 +£023a 3.12+041a 2.64+0.34a
Corylus-100 212+0.19a 232 +0.27a 223+045a
Corylus-300 2.05+0.25a 295+ 0.34a 392 £0.56b
Salix-0 261 £0.37a 2.12+0.38a 2.63+0.37 a
Salix-100 272 +0.29 a 336+ 054a 4.60+£0.43Db
Salix-300 236 +£042a 2.34 +0.59 a 467 +£0.39b
Sambucus-0 243+ 041a 2.09 £0.37 a 190+ 042a
Sambucus-100 195+ 034 a 248 +0.24 a 225+ 0.51a
Sambucus-300 2.05+045a 1.82+0.21a 4.104+0.63b
Populus-0 245+023a 279+ 038 a 263+031a
Populus-100 239+ 031a 428 +£0.57a 518+ 0.89b
Populus-300 330+0.29 a 350+0.34a 533 £092b

Means in each column =+ SE for each species followed by the different letter are significantly different at p < 0.05.

Table 2. Chlorophyll content (expressed as SPAD measurements) of the leaves of Corylus, Salix,
Sambucus, and Populus grown treated with the three NO3 ™~ concentrations in hydroponic nutrient
solution at 1, 7, and 15 days after the treatment (DAT).

1 DAT 7 DAT 15 DAT
Corylus-0 25.63 +=3.74 a 2726 +324a 2578 =201 a
Corylus-100 2714 +4.15a 26.54 +221a 2413+ 1.87a
Corylus-300 2514 +395a 25.64 +3.16a 2936 +1.41b
Salix-0 28.84 + 2.75a 3112+ 277 a 3072 +1.47a
Salix-100 2756 +432a 3854 +3.24Db 3447 +2.13b
Salix-300 2925+3.12a 3747 £3.12b 36.07 =3.42b
Sambucus-0 2632 +3.13a 2478 +4.13 a 2547 +432a
Sambucus-100 2712+ 484 a 25.63 +=3.45a 26.34 +3.15a
Sambucus-300 26.83 =298 a 2754 +223a 30.27 =2.76 b
Populus-0 2774 +523a 26.15+2.13a 28.86 =2.57 a
Populus-100 28.10 =321 a 31.234+221b 34.00+194Db
Populus-300 26.65 +2.72a 3211 +£2.05b 36.07 =2.34Db

Means in each column = SE for each species followed by the different letter are significantly different at p < 0.05.

2.2. Plant Growth and Evapotranspirated Water

Table 3 shows the dry weight recorded for the four plants investigated and subjected
to the treatment with 100 and 300 mg L.~ compared to controls samples. Salix and Populus
showed that the nitrate treatments generally increased plant dry weight (DW), and this
effect was more pronounced at 300 mg L. The increase in plant DW was mainly due to
an increase in stem-+shoots and leaves DW. On the contrary, the amount of nitrate did not
affect dry weight in Corylus and Sambucus. Generally, the aboveground /belowground DW
ratio increased in all species at 300 mg L.
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Table 3. Dry weight (DW) of different parts and total DW of plants of Corylus, Salix, Sambucus and
Populus treated with the three NO3 ™ concentrations in hydroponic nutrient solution at 21 days after

the treatment (DAT).

DW
DW Roots Stem + Lateral DW Leaves DW Total
Shoots
(g) (g) (g) (g)
Corylus-0 197 £ 043 a 1.99 £ 043 a 122 +0.17 a 518 =054 a
Corylus-100 1.84 £0.59 a 2.00 £ 0.51a 1.31£0.18a 515+ 0.61a
Corylus-300 1.09+031a 256 +0.32a 0.86 £0.12a 451 +£0.53a
Salix-0 0.37 £0.15a 2.60 +0.32a 0.57 £0.11a 3.54 +0.38 a
Salix-100 041 +0.18a 2.80 £ 0.27 a 0.79 £0.13 a 4.00 = 0.55 a
Salix-300 0.37 £0.13 a 446 +0.72b 1.05+024a 5.88 £0.43b
Sambucus-0 043 +£0.17 a 2124+ 043 a 053 +0.14 a 3.08+0.32a
Sambucus-100 0.31+0.12a 216 £ 037 a 053 +0.17 a 3.00£0.27 a
Sambucus-300 042 £0.17 a 143 +022a 044 +£0.12a 229 +0.32a
Populus-0 028 £0.14 a 3424+031a 0.54 +£0.10a 424+ 045a
Populus-100 047 £0.18 a 323+ 0.37a 1.72+£0.23b 542 4+ 0.33b
Populus-300 041 £0.15a 4.68 +0.43Db 1.67 £ 031b 6.76 £041b

Means in each column = SE for each species followed by the different letter are significantly different at p < 0.05.

The amount of evapotranspirated water (Table 4) cumulated after 21 DAT generally
increased at 100 and 300 mg L~! of NO; ~, although with varying intensities depending on
the species. In particular, a clear increase in transpired water in the plants grown in nitrate
contaminated water was observed in Salix and Populus. On the contrary, in Sambucus and
Corylus no differences were observed for the transpired water between control plants, and
samples treated with 100 and 300 mg L1 of NO; ™.

Table 4. Cumulated evapotranspirated water by Corylus, Salix, Sambucus and Populus treated with
the tree NO3 ™~ concentrations in hydroponic nutrient solution at 21 days after the treatment (DAT).

Evapotranspirated H,O
(mL)

Corylus-0 2.550 +545 a
Corylus-100 2492 + 314 a
Corylus -300 2104 274 a
Salix-0 3.296 £ 412 a
Salix-100 4494 +£719b
Salix-300 4730 £516b
Sambucus-0 1.544 £ 187 a
Sambucus-100 1.930 £ 210 a
Sambucus-300 1.735 £ 197 a
Populus-0 24714214 a
Populus-100 3.758 £ 423 b
Populus-300 3.984 + 456 b

Means in each column = SE for each species followed by the different letter are significantly different at p < 0.05.

2.3. Nitrate Absorption

Populus and Salix plants were found very efficient to reduce nitrate in water over
the experimental period (Figure 1). In fact, after 21 DAT, the Populus removed about 78%
and 42% for the dosage 100 mg L~! at the 300 mg L~!, respectively. In Salix, the higher
absorption (61%) was observed at 100 mg L1, while, at 300 mg L1, the nitrate reduction
was equal to 39%. Corylus and Sambucus plants at 15 DAT were less effective in reducing
the nitrate concentration, which was found around 30% at the doses of 100 and 300 mg L !
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of NO;~. However, at 100 mg L~ all the species used, except Sambucus, restored a
good quality of the water with a nitrate concentration below 50 mg L~!. In contrast,
nitrogen consumption in control plants was relatively modest (around 15%) during the
period considered.

Corylus Salix
350 350
C
300 ¢ . 300
C
250 c 250
= 200 = 200
E E
3 150 o 150
o o
> b b b b -3 b b
100 !‘\‘___-——.—N 100 b b
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Days after treatement (DAT)

—e—control —®—100mg/L —&—300 mg/L

Figure 1. Nitrate concentration of nutrient solutions at 1, 2, 3, 7, and 15 days after treatment (DAT)
with NO3 ™ in Corylus, Salix, Sambucus and Populus. For each time point and each species, values
followed by the different letter are significantly different at p < 0.05.

2.4. Bioconcentration Factor (BCF)

Table 5 shows the bioconcentration factor (BCF) exhibited by the four species investi-
gated in this study concerning the amount of NO3;~ subministrated to the growth media.
BCF is indicative of the plant ability to accumulate nitrate from the surrounding environ-
ment. The table also shows the BCF values exhibited by the species grown in solutions
containing the proper amount of nitrate (control samples). In this specific case, Populus
and Salix showed the highest BCF values. However, when examining the BCF results,
the concentrations 100 and 300 mg L~ should be considered since they are representa-
tive of cases of nitrate contamination. Populus showed the highest BCF values, reaching
values of 0.72 and 2.43 for concentrations of NO3 ™~ of 100 and 300 mg L™, respectively.
The other species investigated in this research showed lower BCF values. In particular,
Salix had a BCF higher than the unity when treated with 100 mg L~! nitrate. In contrast,
Corylus and Sambucus exhibited similar BCF values at the two dosages investigated (100
and 300 mg L), which were 0.43.
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Table 5. Bioconcentration factor (BCF) in Corylus, Salix, Sambucus, and Populus calculated for the four
tree species based on the amount of nitrate absorbed from the solutions at 15 DAT.

BCF
Corylus-0 0.30 £ 0.13
Corylus-100 0.43 £0.11
Corylus-300 0.43 £0.12
Salix-0 2.61 +1.31
Salix-100 1.56 +0.18
Salix-300 0.64 +0.14
Sambucus-0 152 +0.57
Sambucus-100 0.43 £0.15
Sambucus-300 043 £ 0.16
Populus-0 6.30 £ 2.45
Populus-100 243 +0.31
Populus-300 0.72+£0.17

3. Discussion

The problem of environmental pollution due to the dispersion of nitrate in surface
water or groundwater is very topical. In this context, the study of plant species capable of
tolerating even high nitrate quantities for environmental remediation is essential. To date,
lesser attention has been paid to tree plants than to herbaceous species for phytoremedi-
ation studies. Furthermore, although many studies have been done on plant species to
understand NO3; ™~ removal [29-31], the mechanisms involved in this process remain little
known [32]. For the reasons mentioned above, the present study was planned to obtain
data and understand if Salix, Populus, Corylus, and Sambucus could be considered suitable
to remediate water contaminated by nitrate levels well above the admitted limits [15].
Furthermore, this study aimed to understand the plant responses during phytodepuration
by investigating different physiological and biometric parameters.

Salix and Populus’ photosynthesis and chlorophyll content (expressed as SPAD index)
increased at both the dosages of nitrate used (Tables 1 and 2). The increase in chlorophyll
content showed mainly by Populus and Salix treated with nitrate at 100 and 300 mg L ™!
can be reasonably explained based on the fact that the N is essential for chlorophyll
biosynthesis [9]. Thus, the increase for the two species in chlorophyll content indicates that
nitrogen at these concentrations does not lead to toxic effects and, on the contrary, represents
a plant-usable nitrate intake from the growth medium [33]. Moreover, chlorophyll content,
photosynthesis and respiration rates are closely linked to the N concentration, and, in
turn, increases in N content would up-regulate carbon metabolism [34]. Salix and Populus
showed significant increases in photosynthetic activity, particularly at 15 days after the
treatments, while Corylus and Sambucus showed an increase in photosynthetic activity only
at the highest dosage of nitrate applied to the growth media.

The study of plant dry matter and evapotranspirated water, which are related to the
photosynthetic activity, which in turn depends on the leaf chlorophyll content, provided
essential indications of a good response exhibited by Populus and Salix following the
nitrate treatments (Tables 3 and 4). In fact, it is well-known that nitrogen is an essential
nutrient for plants growth and development, being indispensable for protein synthesis and
plant metabolism [35]. Furthermore, nitrate is the nitrogen-preferred form by plants grown
without soil [34]. It has been shown that increases in dry weight can be observed, increasing
the nitrogen load in the growth medium [34]. However, this response is depending on
the species considered [9,36]. Despite this, our results agree with this species-dependent
behavior, showing that Populus and Salix exhibited significant dry weight increases. These
results align with the increases in photosynthesis and chlorophyll observed for Salix and
Populus (Table 3) since the biomass production is strictly related to the photosynthetic
activity. Nonetheless, the biomass increases resulted from a higher dry weight of stem and



Plants 2021, 10, 515

7 of 12

shoots for Salix and stem, shoots and leaves for Populus. In contrast, the other two species
studied were unaffected by the dosages used in this experimentation. Our findings can
seem apparently in contrast with other results. For instance, Bravo and Hill [37] found
that high nitrate concentration in the groundwater did not influence white cedar (Thuja
occidentalis) tree growth. However, as evidenced by the four species studied, the plant
capacity to uptake nitrate is strictly species-depending. Finally, it should be emphasized
that one of the preferred requirements of plants for phytoremediation is fast growth
and rapid accumulation of biomass [2]. Therefore, Salix and Populus provided positive
indications in this respect.

Transpiration is a physiological trait very sensitive to stresses of various kinds and cor-
relates to proper stomatal activity [38,39]. If transpiration is combined with plant biomass
development, it provides useful information on its health status [40]. Furthermore, in some
cases, the transpiration increases have been positively correlated with crop production
following high nitrate levels in the growth medium [41]. In particular, nitrate increases can
improve transpiration without adverse effects on the species in question, leading, on the
contrary, to increases in biomass [41]. Our experiments are in line with these sherds of evi-
dence for Populus and Salix. In fact, these species showed increases in evapotranspiration
and biomass in response to both the nitrate dosages studied.

The primary mechanisms for nitrate removals in buffer strips are vegetation uptake
and microbial denitrification [42]. The role of the vegetation is still not fully understood, and
often the results are in conflict. Considerable errors in estimating the relative importance
of plant uptake and denitrification can occur [43]. In some researches, the vegetation
has no significant effect on nitrate uptake [44—48]. On the contrary, Clement et al. [49]
and Donth et al. [50] found that plant’s nitrate removal occurred mainly in high water
table periods. In contrast, plant nitrate uptake was not significant in the summer when
the water table declines, and denitrification plays the leading role. Borin and Bigon [51]
showed significant nitrate removal rates (around 90%) with a 5 m buffer strip composed
of herbaceous species and a row of deciduous tree species. The uptake data of about
70-80% observed in the present study for Populus agree with Donth et al. [50] that found
a nitrate depletion equal to 75%, but, in this last case, the removal was attributed to the
denitrification process.

In our study, Populus and Salix exhibited the highest remediating capacity for the nitrate
concentrations investigated (Figure 1). However, all the tested species showed attractive
abatement rates of the nitrate that, at the beginning of the experiment, was below the quality
standard of groundwater of 50 mg L1, which is the value specified in the European Union
Groundwater Directive (2006/118/EC). The initial nitrate uptake exhibited by the species
investigated is worth mentioning. In particular, as shown in Figure 1, plants absorbed nitrate
very slowly in the first days after the treatments. On the last days of the trial, a more rapid
uptake was observed. This dynamic is well documented in the literature. It depends on the
fact that nitrate influx in plants, as its concentration increases, is progressively regulated by
inducible transport systems. Glass et al. [52] reported in their studies that this activation
time could take around three days in certain species.

The bioconcentration factor (BCF) indicates the plant’s effectiveness in removing a pol-
lutant from a contaminated environment [53]. BCF is the ratio of the pollutant picked up by
the plant and that remained in the substrate. BCF is used to screen plants for their potential
use in phytoremediation. Plants showing a BCF close to the unity or higher may have a
significant potential for the phytoremediation of a given contaminant [9]. BCF decreases
with increasing contaminant concentrations can be due to toxicity effects or regulatory
mechanisms that control and decrease nitrate influx to protect the species [9]. Values closed
to the unity were found in Populus at the highest nitrate dose of 300 mg L~! and much
higher than unity at 100 mg L~! (Table 5). Salix showed a value well above unity at this
last dose of nitrate. The other plants studied did not show significant phytoremediating
potential based on the BCF values.
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These results of nitrate uptake from water and BCF indicate that Salix and Populus,
concerning the concentration of NO3 ~ in the growth medium, were the most suitable tree
species, among those investigated, to remediate contaminated waters. From an application
standpoint, this study suggests Salix and Populus suitable for vegetating buffer strips,
which are uncultivated zones left in agricultural areas’ boundaries to avoid contaminant
dispersion into the environment [15]. Populus has been already indicated suitable for such
an application since this species has a high transpiration rate and suitable capacity to
absorb, degrade and/or detoxify contaminants, showing a great affinity for nitrate [54].

4. Materials and Methods
4.1. Plant Material, Hydroponic System, and Nitrate Treatment

Rooted cuttings with 15 cm average height of Salix alba L. (#Salix), Populus alba L.
(#Populus), Corylus avellana L. (#Corylus) and Sambucus nigra L. (#Sambucus) were used.
They were removed from the perlite of the mist propagation system and, after root washing
with distilled water, placed in 800 mL pots containing expanded clay and put under
hydroponic conditions for an adaptation period of 30 days. The recirculating hydroponic
solution was composed of a half-strength Hoagland solution (pH 7.5). The hydroponic
system is composed of PVC containers. Each container includes five plastic hydroponic
pots, and it is connected to a tank (volume 3.5 I each) containing the nutrient solution.
An automated system ensured the nutrient solution’s flux from the tank to the PVC
containers three times per day. The hydroponic system was maintained in a growing
chamber, and plants were exposed to daylight with an active photosynthetic radiance by a
system equipped with lamps (PHILIPS SON-T AGRO 400 W, Amsterdam, Netherlands)
producing 200 umol m~2s~! photon flux density, under a photoperiod of 16 h d~!. The
temperature was set at 23 °C (+/—1 °C) and relative humidity at about 60%. The nutrient
solution was replaced every 30 days. At the end of the adaptation period, three tanks
for each species (15 plants for each species) were left as controls (NO3;~ concentration
7 + 3.4 mg L~! and referred as “0”). In three tanks for each species, KNO3z was added
to a NO;~ concentration of 100 mg L~!. Additionally, in three tanks for each species,
KNO3 was added to a concentration of 300 mg L~!. The nitrate concentrations used were
double and six-fold higher than the limit (50 mg L.~!) established in the European Union
Groundwater Directive (2006/118/EC). Furthermore, these NO3~ concentrations selected
in this study cover the amount of nitrate found in some rivers of the planet [11-13,55].

4.2. Leaf Net Photosynthesis (Pn) and Chlorophyll Content

Leaf net photosynthesis (Pn) was determined on six leaves for each treatment at 1,7,
and 15 DAT using a portable IRGA (ADC-LCA-3, Analytical Development, Hoddesdon,
UK) and a Parkinson-type assimilation chamber. Leaves were enclosed in the chamber
and exposed to the same light as in the hydroponic system. The flow rate of air passing
through the chamber was kept at 5 cm® s~!. During gas-exchange measurements, the
external CO, concentration was about 375 cm® m 3, and the air temperature inside the leaf
chamber was 1 °C higher than the hydroponic room temperature. Measurements were
taken under steady-state conditions (after about 30 s). Pn was expressed on a leaf area basis.
The chlorophyll content was measured on twelve leaves for each treatment at 1, 7 and 15
DAT by a SPAD-502 chlorophyll meter (Minolta Camera Co. Ltd., Sakai, Osaka Japan,).

4.3. Evapotranspiration and Plant Growth

The water lost through evapotranspiration was recorded daily, measuring the amount
of water required to bring the nutrient solution volume to 3.5 L. At the end of the experi-
ment, 21 days after the NO3; ™~ addition (DAT), six plants for each treatment were selected,
and roots, shoots, stems and leaves of each plant were weighed fresh (FW) and then oven-
dried at 95 °C until a constant weight was reached, to determine the dry weight (DW).
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4.4. Nitrate Absorption

At 1,2, 3,7, and 15 days after treatment, a proper water volume (30 mL) was taken
from each tank and analyzed for nitrate concentration according to the methods described
in [9]. In particular, 1 mL of sodium salicylate was added to a sample of 10 mL of water and
evaporated in a glass capsule. Then, 1 mL of concentrated sulphuric acid was added to the
residue. 10 mL of Seignette salt and 10 mL of sodium hydroxide were added and mixed. The
absorbance was immediately recorded with a spectrophotometer at the wavelength of 450 nm.
A calibration curve was constructed by preparing a series of standards from the potassium
nitrate solution. The result is expressed in mg L~! of N (1 mg L™ of N = 4.4 mg NO3 ™).

4.5. Bioconcentration Factor (BCF)

Bioconcentration factor at 15 DAT was calculated according to Zhuang et al. [28]
as follows:

BCF = Charvested tissue / Csubstrate

where Cparvested tissue is the concentration of the target pollutant in the plant harvested
tissue. Cgybsrate is the concentration of the same compound in the hydroponic nutrient
solution. The difference between the initial amount of nitrate added to the water and the
residue found at the end of the experiments allowed us to estimate the NO3;~ absorbed by
plants [9]. This assumption was validated by monitoring NO3; ™~ concentrations over time
in some containers without the plant species. The amount of nitrate did not change over
time in the absence of plants.

4.6. Statistical Analysis

The trials were organized according to a randomised block design, with three treat-
ments and three replications per treatment (15 plants for each treatment). Statistical analysis
was performed by analysis of variance (ANOVA). Significant differences between the values
were determined at p < 0.05, according to the Tukey HSD method.

5. Conclusions

All the species used exhibited an interesting nitrate absorption, but, among them,
the S. alba L. and P. alba L. showed the highest capacities to remove nitrate from water,
reducing its concentration of values in the range 39-78%. More precisely, P. alba L. seems to
be the one with the best capacity to absorb nitrate and exhibits the highest BCF. Finally,
nitrate determined in S. alba L. and P. alba L. higher leaves chlorophyll contents and photo-
synthetic rates. Consequently, these effects increased plant dry weight and transpiration
rate. Therefore, this research indicated these two species as suitable plants for creating
bulffer strips, zones around cultivated areas, which prevent, among other things, nitrate’s
environmental dispersion.

Additionally, this study showed no toxic effects of nitrate on plants. This may result
from defensive mechanisms activated by the plants or, as generally considered in the case
of nitrate, from the species’ ability to regulate and control its acquisition, thus avoiding
excessive loads. However, another factor to be considered is the exposure time of these
experiments, which may have had a decisive effect in avoiding the onset of toxicity effects.

However, to better delineate the phytodepurative capacity of tree species, further
studies on the mechanisms of nitrogen transformation in plants are needed. The knowledge
of biochemical mechanisms and response to high amounts of nitrate will fully exploit plants’
potential to remediate nitrate.

Author Contributions: Conceptualization: L.R., D.D.B., and PP; methodology: L.R., M.L.B., E.P,
ET, D.D.B,, and PP; investigation: L.R., D.D.B., and P.P; data curation: L.R.,, M.L.B.,, E.P,, ET,, D.D.B.,
P.P; writing—original draft preparation: L.R., M.L.B., E.P, ET., D.D.B., P.P,; funding acquisition:
D.D.B. and PP. All authors have read and agreed to the published version of the manuscript.



Plants 2021, 10, 515 10 of 12

Funding: This study was funded by the project “Ricerca di Base 2017” of the Department of Agri-
cultural, Food and Environmental Sciences of the University of Perugia (Coordinator: Daniele
Del Buono).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable to this article.
Acknowledgments: We are very grateful to Massimo Pilli for his technical support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bartucca, M.L.; Celletti, S.; Mimmo, T.; Cesco, S.; Astolfi, S.; Del Buono, D. Terbuthylazine Interferes with Iron Nutrition in Maize
(Zea Mays) Plants. Acta Physiol. Plant. 2017, 39, 235. [CrossRef]

Del Buono, D.; Terzano, R.; Panfili, I.; Bartucca, M.L. Phytoremediation and Detoxification of Xenobiotics in Plants: Herbicide-
Safeners as a Tool to Improve Plant Efficiency in the Remediation of Polluted Environments. A Mini-Review. Int. |. Phytoremediat.
2020, 22, 789-803. [CrossRef] [PubMed]

Wu, M,; Tang, X; Li, Q.; Yang, W.; Jin, F.; Tang, M.; Scholz, M. Review of Ecological Engineering Solutions for Rural Non-Point
Source Water Pollution Control in Hubei Province, China. Water Air Soil Pollut. 2013, 224. [CrossRef]

Gomez Isaza, D.F,; Cramp, R.L.; Franklin, C.E. Living in Polluted Waters: A Meta-Analysis of the Effects of Nitrate and Interactions
with Other Environmental Stressors on Freshwater Taxa. Environ. Pollut. 2020, 261, 114091. [CrossRef] [PubMed]

Del Buono, D. Can Biostimulants Be Used to Mitigate the Effect of Anthropogenic Climate Change on Agriculture? It Is Time to
Respond. Sci. Total Environ. 2021, 751, 141763. [CrossRef]

Regni, L.; Proietti, P. Effects of Nitrogen Foliar Fertilization on the Vegetative and Productive Performance of the Olive Tree and
on Oil Quality. Agriculture 2019, 9, 252. [CrossRef]

Tei, F.; De Neve, S.; De Haan, J.; Kristensen, H.L. Nitrogen management of vegetable crops. Agric. Water Manag. 2020, 241, 106316.
[CrossRef]

Dodds, W.K.; Smith, V.H. Nitrogen, Phosphorus, and Eutrophication in Streams. Inland Waters 2016, 6, 155-164. [CrossRef]
Bartucca, M.L.; Mimmo, T.; Cesco, S.; Del Buono, D. Nitrate Removal from Polluted Water by Using a Vegetated Floating System.
Sci. Total Environ. 2016, 542, 803-808. [CrossRef]

Galloway, ].N.; Townsend, A.R; Erisman, ].W.; Bekunda, M.; Cai, Z.; Freney, ].R.; Martinelli, L.A.; Seitzinger, S.P.; Sutton, M. A.
Transformation of the Nitrogen Cycle: Recent Trends, Questions, and Potential Solutions. Science 2008, 320, 889. [CrossRef]
[PubMed]

Ward, M.; Jones, R.; Brender, J.; de Kok, T.; Weyer, P.; Nolan, B.; Villanueva, C.; van Breda, S. Drinking Water Nitrate and Human
Health: An Updated Review. Int. ]. Environ. Res. Public Health 2018, 15, 1557. [CrossRef]

Taneja, P.; Labhasetwar, P.; Nagarnaik, P.; Ensink, J.H.]. The Risk of Cancer as a Result of Elevated Levels of Nitrate in Drinking
Water and Vegetables in Central India. ]. Water Health 2017, 15, 602—-614. [CrossRef]

Weinthal, E.; Vengosh, A.; Marei, A.; Gutierrez, A.; Kloppmann, W. The Water Crisis in the Gaza Strip: Prospects for Resolution.
Groundwater 2005, 43, 653-660. [CrossRef]

Usharani, K.; Keerthi, K.V. Nitrate Bioremoval by Phytotechnology Using Utricularia Aurea Collected from Eutrophic Lake of
Theerthamkara, Kerala, India. Pollution 2020, 6. [CrossRef]

Pannacci, E.; Del Buono, D.; Bartucca, M.L.; Nasini, L.; Proietti, P.; Tei, F. Herbicide Uptake and Regrowth Ability of Tall Fescue
and Orchardgrass in S-Metolachlor-Contaminated Leachates from Sand Pot Experiment. Agriculture 2020, 10, 487. [CrossRef]
Gholipour, M.; Mehrabanjoubani, P.; Abdolzadeh, A.; Raghimi, M.; Seyedkhademi, S.; Karimi, E.; Sadeghipour, H.R. Facilitated
Decrease of Anions and Cations in Influent and Effluent of Sewage Treatment Plant by Vetiver Grass (Chrysopogon Zizanioides):
The Uptake of Nitrate, Nitrite, Ammonium, and Phosphate. Environ. Sci. Pollut. Res. 2020, 27, 21506-21516. [CrossRef]
Almeida, A.; Ribeiro, C.; Carvalho, F; Durao, A.; Bugajski, P; Kurek, K.; Pochwatka, P.; J6Zwiakowski, K. Phytoremediation
Potential of Vetiveria Zizanioides and Oryza Sativa to Nitrate and Organic Substance Removal in Vertical Flow Constructed Wetland
Systems. Ecol. Eng. 2019, 138, 19-27. [CrossRef]

Shyamala, S.; Arul Manikandan, N.; Pakshirajan, K.; Tang, V.T.; Rene, E.R.; Park, H.-S.; Behera, S.K. Phytoremediation of Nitrate
Contaminated Water Using Ornamental Plants. ]. Water Supply Res. Technol. AQUA 2019, 68, 731-743. [CrossRef]

Asrari, E.; Avatefinezhad, G. Study of Nitrate Removal from the Water by Using Eichhornia Crassipes. Asian |. Water Environ.
Pollut. 2017, 14, 69-74. [CrossRef]

Moore, M.T.; Locke, M.A.; Kroger, R. Using Aquatic Vegetation to Remediate Nitrate, Ammonium, and Soluble Reactive
Phosphorus in Simulated Runoff. Chemosphere 2016, 160, 149-154. [CrossRef]

Takayanagi, S.; Takagi, Y.; Hasegawa, H. The Shoot of Ranunculus Nipponicus Var. Submersus, a Submerged Vascular Plant, Can
Actively Take up Nitrate from Cool Water. Plant Biotechnol. 2015, 32, 97-102. [CrossRef]


http://doi.org/10.1007/s11738-017-2537-z
http://doi.org/10.1080/15226514.2019.1710817
http://www.ncbi.nlm.nih.gov/pubmed/31960714
http://doi.org/10.1007/s11270-013-1561-x
http://doi.org/10.1016/j.envpol.2020.114091
http://www.ncbi.nlm.nih.gov/pubmed/32062099
http://doi.org/10.1016/j.scitotenv.2020.141763
http://doi.org/10.3390/agriculture9120252
http://doi.org/10.1016/j.agwat.2020.106316
http://doi.org/10.5268/IW-6.2.909
http://doi.org/10.1016/j.scitotenv.2015.10.156
http://doi.org/10.1126/science.1136674
http://www.ncbi.nlm.nih.gov/pubmed/18487183
http://doi.org/10.3390/ijerph15071557
http://doi.org/10.2166/wh.2017.283
http://doi.org/10.1111/j.1745-6584.2005.00064.x
http://doi.org/10.22059/poll.2019.288505.676
http://doi.org/10.3390/agriculture10100487
http://doi.org/10.1007/s11356-020-08677-5
http://doi.org/10.1016/j.ecoleng.2019.06.020
http://doi.org/10.2166/aqua.2019.111
http://doi.org/10.3233/AJW-170008
http://doi.org/10.1016/j.chemosphere.2016.06.071
http://doi.org/10.5511/plantbiotechnology.14.1201a

Plants 2021, 10, 515 11 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Sundaralingam, T.; Gnanavelrajah, N. Phytoremediation Potential of Selected Plants for Nitrate and Phosphorus from Ground
Water. Int. |. Phytoremediat. 2014, 16, 275-284. [CrossRef] [PubMed]

Cristaldi, A.; Conti, G.O.; Jho, E.H.; Zuccarello, P; Grasso, A.; Copat, C.; Ferrante, M. Phytoremediation of Contaminated Soils by
Heavy Metals and PAHs. A Brief Review. Environ. Technol. Innov. 2017, 8, 309-326. [CrossRef]

Muro-Gonzalez, D.A.; Mussali-Galante, P.; Valencia-Cuevas, L.; Flores-Trujillo, K.; Tovar-Sanchez, E. Morphological, Physiological,
and Genotoxic Effects of Heavy Metal Bioaccumulation in Prosopis Laevigata Reveal Its Potential for Phytoremediation. Environ.
Sci. Pollut. Res. 2020, 27,40187-40204. [CrossRef]

Covre, W.P,; Pereira, W.V.D.S.; Gongalves, D.A.M.; Teixeira, O.M.M.; Amarante, C.B.D.; Fernandes, A.R. Phytoremediation
Potential of Khaya Ivorensis and Cedrela Fissilis in Copper Contaminated Soil. J. Environ. Manag. 2020, 268. [CrossRef] [PubMed]
Zeng, P.; Guo, Z.; Xiao, X.; Peng, C.; Liu, L.; Yan, D.; He, Y. Physiological Stress Responses, Mineral Element Uptake and
Phytoremediation Potential of Morus Alba L. in Cadmium-Contaminated Soil. Ecofoxicol. Environ. Saf. 2020, 189. [CrossRef]
[PubMed]

Castro-Rodriguez, V.; Garcia-Gutiérrez, A.; Canales, J.; Cafias, R.A.; Kirby, E.G.; Avila, C.; Canovas, EM. Poplar Trees for
Phytoremediation of High Levels of Nitrate and Applications in Bioenergy. Plant Biotechnol. J. 2016, 14, 299-312. [CrossRef]
[PubMed]

Warsaw, A.L.; Thomas Fernandez, R.; Kort, D.R.; Cregg, B.M.; Rowe, B.; Vandervoort, C. Remediation of Metalaxyl, Trifluralin,
and Nitrate from Nursery Runoff Using Container-Grown Woody Ornamentals and Phytoremediation Areas. Ecol. Eng. 2012, 47,
254-263. [CrossRef]

Groffman, PM.; Gold, A J.; Addy, K. Nitrous Oxide Production in Riparian Zones and Its Importance to National Emission
Inventories. Chemosphere Glob. Chang. Sci. 2000, 2, 291-299. [CrossRef]

Van Den Heuvel, R.N.; Bakker, S.E.; Jetten, M.S.M.; Hefting, M.M. Decreased N20 Reduction by Low Soil PH Causes High N20
Emissions in a Riparian Ecosystem. Geobiology 2011, 9, 294-300. [CrossRef]

Audet, J.; Hoffmann, C.C.; Andersen, PM.; Baattrup-Pedersen, A.; Johansen, J.R; Larsen, S.E.; Kjaergaard, C.; Elsgaard, L. Nitrous
Oxide Fluxes in Undisturbed Riparian Wetlands Located in Agricultural Catchments: Emission, Uptake and Controlling Factors.
Soil Biol. Biochem. 2014, 68, 291-299. [CrossRef]

Wang, S.; Pi, Y.; Jiang, Y.; Pan, H.; Wang, X.; Wang, X.; Zhou, J.; Zhu, G. Nitrate Reduction in the Reed Rhizosphere of a Riparian
Zone: From Functional Genes to Activity and Contribution. Environ. Res. 2020, 180. [CrossRef] [PubMed]

Zhao, B.P; Ma, B.L.; Hu, Y.G.; Liu, ].H. Leaf Photosynthesis, Biomass Production and Water and Nitrogen Use Efficiencies of
Two Contrasting Naked vs. Hulled Oat Genotypes Subjected to Water and Nitrogen Stresses. . Plant Nutr. 2011, 34, 2139-2157.
[CrossRef]

Liu, G.; Du, Q.; Li, . Interactive Effects of Nitrate-Ammonium Ratios and Temperatures on Growth, Photosynthesis, and Nitrogen
Metabolism of Tomato Seedlings. Sci. Hortic. 2017, 214, 41-50. [CrossRef]

Piwpuan, N.; Zhai, X.; Brix, H. Nitrogen Nutrition of Cyperus Laevigatus and Phormium Tenax: Effects of Ammonium versus
Nitrate on Growth, Nitrate Reductase Activity and N Uptake Kinetics. Aquat. Bot. 2013, 106, 42-51. [CrossRef]

Chen, C.; Zhang, R.; Wang, L.; Wu, W.; Chen, Y. Removal of Nitrogen from Wastewater with Perennial Ryegrass/Artificial
Aquatic Mats Biofilm Combined System. J. Environ. Sci. 2013, 25, 670-676. [CrossRef]

Bravo, D.; Hill, A.R. The Effect of Chronic High Groundwater Nitrate Loading on Riparian Forest Growth and Plant-Soil Processes.
Water Air Soil Pollut. 2012, 223, 73-84. [CrossRef]

Cui, Y,; Ning, S.; Jin, J.; Jiang, S.; Zhou, Y.; Wu, C. Quantitative Lasting Effects of Drought Stress at a Growth Stage on Soybean
Evapotranspiration and Aboveground BIOMASS. Water 2020, 13, 18. [CrossRef]

Mousavi, S.; Regni, L.; Bocchini, M.; Mariotti, R.; Cultrera, N.G.M.; Mancuso, S.; Googlani, J.; Chakerolhosseini, M.R.; Guerrero, C.;
Albertini, E.; et al. Physiological, epigenetic and genetic regulation in some olive cultivars under salt stress. Sci. Rep. 2019, 9, 1-17.
[CrossRef]

Tsubo, M.; Walker, S. A Model of Radiation Interception and Use by a Maize-Bean Intercrop Canopy. Agric. For. Meteorol. 2002,
110, 203-215. [CrossRef]

Chen, R.; Kang, S.; Hao, X.; Li, F,; Du, T.; Qiu, R.; Chen, J. Variations in Tomato Yield and Quality in Relation to Soil Properties
and Evapotranspiration under Greenhouse Condition. Sci. Hortic. 2015, 197, 318-328. [CrossRef]

Hill, AR. Groundwater Nitrate Removal in Riparian Buffer Zones: A Review of Research Progress in the Past 20 Years.
Biogeochemistry 2019, 143, 347-369. [CrossRef]

Sevik, A.K.; Merkved, P.T. Use of Stable Nitrogen Isotope Fractionation to Estimate Denitrification in Small Constructed Wetlands
Treating Agricultural Runoff. Sci. Total Environ. 2008, 392, 157-165. [CrossRef]

Clément, J.-C.; Pinay, G.; Marmonier, P. Seasonal Dynamics of Denitrification along Topohydrosequences in Three Different
Riparian Wetlands. J. Environ. Qual. 2002, 31, 1025-1037. [CrossRef]

Sabater, S.; Butturini, A.; Clement, J.-C.; Burt, T.; Dowrick, D.; Hefting, M.; Maitre, V.; Pinay, G.; Postolache, C.; Rzepecki, M.; et al.
Nitrogen Removal by Riparian Buffers along a European Climatic Gradient: Patterns and Factors of Variation. Ecosystems 2003, 6,
20-30. [CrossRef]

Mayer, PM.; Reynolds, S.K., Jr.; McCutchen, M.D.; Canfield, T.]. Meta-Analysis of Nitrogen Removal in Riparian Buffers. ]. Environ.
Qual. 2007, 36, 1172-1180. [CrossRef]


http://doi.org/10.1080/15226514.2013.773279
http://www.ncbi.nlm.nih.gov/pubmed/24912224
http://doi.org/10.1016/j.eti.2017.08.002
http://doi.org/10.1007/s11356-020-10026-5
http://doi.org/10.1016/j.jenvman.2020.110733
http://www.ncbi.nlm.nih.gov/pubmed/32510453
http://doi.org/10.1016/j.ecoenv.2019.109973
http://www.ncbi.nlm.nih.gov/pubmed/31761549
http://doi.org/10.1111/pbi.12384
http://www.ncbi.nlm.nih.gov/pubmed/25923308
http://doi.org/10.1016/j.ecoleng.2012.06.036
http://doi.org/10.1016/S1465-9972(00)00018-0
http://doi.org/10.1111/j.1472-4669.2011.00276.x
http://doi.org/10.1016/j.soilbio.2013.10.011
http://doi.org/10.1016/j.envres.2019.108867
http://www.ncbi.nlm.nih.gov/pubmed/31708170
http://doi.org/10.1080/01904167.2011.618574
http://doi.org/10.1016/j.scienta.2016.09.006
http://doi.org/10.1016/j.aquabot.2013.01.002
http://doi.org/10.1016/S1001-0742(12)60099-0
http://doi.org/10.1007/s11270-011-0840-7
http://doi.org/10.3390/w13010018
http://doi.org/10.1038/s41598-018-37496-5
http://doi.org/10.1016/S0168-1923(01)00287-8
http://doi.org/10.1016/j.scienta.2015.09.047
http://doi.org/10.1007/s10533-019-00566-5
http://doi.org/10.1016/j.scitotenv.2007.11.014
http://doi.org/10.2134/jeq2002.1025
http://doi.org/10.1007/s10021-002-0183-8
http://doi.org/10.2134/jeq2006.0462

Plants 2021, 10, 515 12 of 12

47.

48.

49.

50.

51.

52.

53.

54.

55.

King, S.E.; Osmond, D.L.; Smith, J.; Burchell, M.R.; Dukes, M.; Evans, R.O.; Knies, S.; Kunickis, S. Effects of Riparian Buffer
Vegetation and Width: A 12-Year Longitudinal Study. |. Environ. Qual. 2016, 45, 1243-1251. [CrossRef]

Valkama, E.; Usva, K,; Saarinen, M.; Uusi-Kampp4, ]. A Meta-Analysis on Nitrogen Retention by Buffer Zones. J. Environ. Qual.
2019, 48, 270-279. [CrossRef] [PubMed]

Clément, J.-C.; Holmes, R.M.; Peterson, B.J.; Pinay, G. Isotopic Investigation of Denitrification in a Riparian Ecosystem in Western
France. J. Appl. Ecol. 2003, 40, 1035-1048. [CrossRef]

Dhondt, K.; Boeckx, P; Van Cleemput, O.; Hofman, G. Quantifying Nitrate Retention Processes in a Riparian Buffer Zone Using
the Natural Abundance of 15N in NO3™. Rapid Commun. Mass Spectrom. 2003, 17, 2597-2604. [CrossRef]

Borin, M.; Bigon, E. Abatement of NO3-N Concentration in Agricultural Waters by Narrow Buffer Strips. Environ. Pollut. 2002,
117, 165-168. [CrossRef]

Glass, A.D.M.; Britto, D.T.; Kaiser, B.N.; Kinghorn, J.R.; Kronzucker, H.J.; Kumar, A.; Okamoto, M.; Rawat, S.; Siddiqi, M.Y;
Unkles, S.E.; et al. The Regulation of Nitrate and Ammonium Transport Systems in Plants. J. Exp. Bot. 2002, 53, 855-864.
[CrossRef] [PubMed]

Ali, H.; Khan, E.; Sajad, M. A. Phytoremediation of Heavy Metals—Concepts and Applications. Chemosphere 2013, 91, 869-881.
[CrossRef] [PubMed]

Dix, M.E.; Klopfenstein, N.B.; Zhang, J.W.; Workman, S.W.; Kim, M.S. Potential Use of Populus for Phytoremediation of
Environmental Pollution in Riparian Zones. In Micropropagation, Genetic Engineering, and Molecular Biology of Populus; RM-GTR-
297; U.S. Department of Agriculture, Forest Service: Washington, DC, USA, 1997.

Zhang, X.; Zhang, Y.; Shi, P; Bi, Z.; Shan, Z.; Ren, L. The Deep Challenge of Nitrate Pollution in River Water of China. Sci. Total
Environ. 2021, 770, 144674. [CrossRef]


http://doi.org/10.2134/jeq2015.06.0321
http://doi.org/10.2134/jeq2018.03.0120
http://www.ncbi.nlm.nih.gov/pubmed/30951137
http://doi.org/10.1111/j.1365-2664.2003.00854.x
http://doi.org/10.1002/rcm.1226
http://doi.org/10.1016/S0269-7491(01)00142-7
http://doi.org/10.1093/jexbot/53.370.855
http://www.ncbi.nlm.nih.gov/pubmed/11912228
http://doi.org/10.1016/j.chemosphere.2013.01.075
http://www.ncbi.nlm.nih.gov/pubmed/23466085
http://doi.org/10.1016/j.scitotenv.2020.144674

	Introduction 
	Results 
	Leaf Net Photosynthesis (Pn) and Chlorophyll Content 
	Plant Growth and Evapotranspirated Water 
	Nitrate Absorption 
	Bioconcentration Factor (BCF) 

	Discussion 
	Materials and Methods 
	Plant Material, Hydroponic System, and Nitrate Treatment 
	Leaf Net Photosynthesis (Pn) and Chlorophyll Content 
	Evapotranspiration and Plant Growth 
	Nitrate Absorption 
	Bioconcentration Factor (BCF) 
	Statistical Analysis 

	Conclusions 
	References

