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Nutrient concentrations in macrophytes from lotic and lentic environments of the Middle Parana river, Argentina

Abstract

Resumen

Objectives: The purpose of this work was to
compare nutrient concentrations in water,
sediment, and in plant tissues of Eichhornia
crassipes and Panicum elephantipes from lotic
and lentic environments of the Middle Parana
River floodplain (Argentina). Materials and
Methods: The study was carried out over an
18-month period. Plants, water, and sediment
were collected in a lake (lentic environment)
and in a river (lotic environment) from the
Middle Parana River floodplain. Water and
sediment were sampled in sites where P.
elephantipes or E. crassipes were predominant
and in sites without vegetation. Results and
Discussion: The lentic and lotic environments
dominated by E. crassipes showed the highest
ammonium concentrations. The sediment
from the lotic environment showed total
phosphorus (TP) and total Kjeldahl nitrogen
(TKN) concentrations significantly lower than
those found in the sediment from the lentic
environment. In the lentic environment, the
sediment from the lake with the dominance of
E. crassipes showed the highest TKN
concentration, while the sediment from the
lake dominated by P. elephantipes showed the
highest TP concentration. For both plant
species and for both environments, TKN and
TP tissue concentrations were significantly
higher in leaves in comparison with roots.
Conclusions: Our results could be used to
optimize the efficiency of treatment wetlands.
Additionally, the use of locally available
macrophytes as contaminant bioaccumulators
in the Middle Parana River floodplain is
completely feasible.

Objetivos: el objetivo de este trabajo fue
comparar las concentraciones de nutrientes en
agua, sedimento y en tejidos vegetales de
Eichhornia crassipes y Panicum elephantipes
estudiadas en ambientes lóticos y lénticos de
la llanura aluvial del río Paraná Medio
(Argentina). Materiales y Métodos: el estudio
tuvo una duración de 18 meses. Plantas, agua
y sedimento fueron colectados en una laguna
(ambiente léntico) y en un río (ambiente
lótico) de la llanura aluvial del río Paraná
Medio. Agua y sedimento fueron colectados
en sitios dominados por P. elephantipes o E.
crassipes, y en sitios sin vegetación.
Resultados y Discusión: los ambientes lénticos
y lóticos dominados por E. crassipes
mostraron las concentraciones de amonio más
altas. El sedimento del ambiente lótico mostró
concentraciones de fósforo total (PT) y
nitrógeno
total
Kjeldahl
(NTK)
significativamente menores que las del
sedimento del ambiente léntico. En este
ambiente, el sedimento de la laguna dominada
por E. crassipes mostró la concentración más
alta de NTK, mientras que el sedimento de la
laguna dominada por P. elephantipes mostró
la concentración más alta de PT. Para ambas
especies
y
ambos
ambientes,
las
concentraciones de NTK y PT en tejidos
vegetales fueron significativamente mayores
en hojas que en raíces. Conclusiones: nuestros
resultados podrán ser utilizados para optimizar
la eficiencia de humedales de tratamiento.
Además, el uso de macrófitas localmente
disponibles como bioacumuladoras de
contaminantes en la llanura aluvial del río
Paraná Medio, es completamente factible.
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Introduction
Macrophytes are a key component in wetland ecosystems. As photosynthetic organisms, they
are the main primary producers fixing energy and supplying oxygen for the other ecosystem
components. Macrophytes have been studied locally and around the world in relation to
different aspects such as response to contaminants, phytoremediation, and biomonitoring
capacity [1]–[8]. Regarding biomonitoring, Bonanno and Vymazal [9] studied the
accumulation of various elements in six species of macrophytes differing in biomass size,
anatomy, life cycle, and ecology. These authors concluded that to know the capacity and
efficiency of different macrophyte species can help to reduce the risk of contamination in the
environment. Jenačkovic et al. [10] studied wetlands of the central Balkan Peninsula. These
authors found that the abundance of Phalaris arundinacea, Scirpus lacustris, Carex riparia,
and Eleocharis palustris increases when there is a decrease in the amount of nutrients in the
water. Mayora, Schneider and Rossi [11] reported that soluble reactive phosphorus was
positively correlated with dissolved organic matter, which increased during high waters in
the Middle Parana River system. Studies carried out in the Middle Parana River floodplain
have demonstrated that aquatic plants have shown fast growth, high productivity, and a wide
response to floods and pollutant exposition [3], [12], [13]. Besides, there are numerous local
studies focused on the plant responses and the efficiency of accumulation of nutrients and
metals in tissues, carried out both, in natural and constructed wetlands, and in greenhouses
[8], [13]–[23].
The monitoring of contaminant concentrations in different plant tissues, as well as the
determination of pollutant concentrations in the sediments and the surrounding water in
natural wetlands, is essential for the selection of locally available macrophytes to be used in
constructed wetlands. It is necessary to know the nutrient accumulation efficiencies of
macrophytes to be used in constructed wetlands to reach a suitable system efficiency.
Besides, given that macrophytes have demonstrated high efficiency in contaminant
accumulation in tissues and high tolerance, they could be efficient biomonitors of
contaminants in the Middle Parana River floodplain.
The Parana River is the second largest river in South America. This river has an irregular
hydrological regime. Floods may occur 1-3 times per year for periods of 3 weeks up to 4
months. Most of the Parana River main channel is surrounded by a wide floodplain. The
floodplain consists of a large number of wetlands (shallow lakes, marshes, and riverine
forests) where an abundant and varied aquatic vegetation develops. Eichhornia crassipes is
one of the most abundant free-floating macrophytes in terms of cover, biomass, and
productivity. Panicum elephantipes is also present in most water bodies, generally associated
with E. crassipes. P. elephantipes is rooted in the bottom sediment, presenting aerial parts
(stems and leaves) floating above the water surface. The aim of this work was to compare
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nutrient concentrations in water, sediment, and tissues of E. crassipes and P. elephantipes in
lotic and lentic environments over time.

Material and Methods
Sampling and Plant Study
The study lasted 18 months, from July 2015 to December 2016. Plants, water, and sediment
were collected in the lentic environment Los Matadores Lake (31° 41′ 07″ S, 60° 42′ 52″ W)
and in the lotic environment Correntoso River, which surrounds the studied lake. Both sites
are located in the Middle Parana River floodplain at SW of Santa Fe city, Argentina (figure
1). This region exhibits diverse geomorphological units characterized by streams and shallow
lakes [24].
The macrophyte species studied were P. elephantipes and E. crassipes. Water and sediment
samples were collected by triplicate at environments dominated by P. elephantipes and E.
crassipes and in sites without vegetation. The water samples were kept at 4 °C. Sediments
were sampled with an Eckman dredge considering the upper 10 cm. Sediment samples were
collected at 3-m intervals along three 15-m transects. Sediment samples were stored in plastic
bags at 4 °C. In each sampling, five replicates of plant samples were collected using a square
frame of 50 cm on each side. All plants found in squares were harvested following the
methodology proposed by Westlake [25] and APHA [26]. At the laboratory, plants were
sorted into leaves and roots. In order to measure dry weight, plant material was dried at 105
°C until a constant weight was reached [26].
To determine nutrients in plant tissue, each plant species was collected with a square frame
of 50 cm on each side by triplicate. Plants were split into roots and leaves.
Figure 1. Localization of the sampling sites in the Middle Parana River floodplain

Source: Own elaboration
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Chemical Analysis
Water temperature and conductivity were measured in situ using a YSI 33 portable
conductivity meter. Dissolved oxygen (DO) and pH were also measured in situ with a Horiba
OM-14 portable meter and an Orion pH-meter, respectively. Water samples were filtered
through Millipore membrane filters (0.45 µm). Chemical analysis was performed following
APHA [26].
Plant samples were washed with tap and distilled water and subsequently plant and sediment
samples were oven-dried at 60 °C for 48 h. Total phosphorus (TP) concentrations were
determined, after digestion with HCl:HNO3 [27], by the colorimetric method of molybdenum
blue [26], [28]. Total Kjeldahl nitrogen (TKN) in plant tissues and sediment were determined
by the Semi-micro Kjeldahl method according to APHA [26]. After digestion with
HCl:HNO3 [27], Na and K concentrations in plant tissues were measured by flame atomic
emission spectrometry, and Ca and Mg by flame atomic absorption spectrometry [26].

Statistical Analysis
Variance analysis (ANOVA) was carried out to evaluate significant differences in the
different parameters measured in water, sediment, and plants. Factors were macrophyte
species (3 levels: no vegetation-P. elephantipes-E. crassipes) and environments (2 levels:
lotic-lentic). The samplings over time were considered as a completely randomized block.
We made sure that plant samples were far enough in terms of space to be statistically
independent. Duncan’s Multiple Range Test was applied to differentiate means. A level of p
< 0.05 was used in all comparisons.

Results and Discussion
Table 1 shows the measured parameters in water during the study. Temperature, pH, DO,
and conductivity values were in agreement with those previously reported for the studied
wetlands [18]. There were no significant differences between the lentic and lotic
environments for these parameters. Regarding ammonium, lotic and lentic environments
dominated by E. crassipes showed the highest water concentrations. SRP and TP did not
show significant differences between lotic and lentic environments or between the
macrophyte dominance. The lentic environment dominated by E. crassipes showed the
highest concentrations of ammonium, Mg, and K.
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Table 1. Characterization of water from the lotic and lentic environments dominated by P. elephantipes
and E. crassipes (mean and minimal and maximal values)
Parameter
Temperature
(°C)
pH
Oxygen
(% saturation)

Conductivity
(µmhos cm-1)
NH4+
(mg/L-1)
NO2(mg/L-1)
NO3(mg/L-1)
SRP
(mg/L-1)
TP
(mg/L-1)
Ca
(mg/L-1)
Mg
(mg/L-1)
Na
(mg/L-1)
K
(mg/L-1)

Lentic environment
No vegetation
21.1
(14.3-28.0)
7.0
(6.5-7.5)
79.2
(58.0-95.0)
134.7
(58.0-199.0)
0.483
(0.092-1.327)
0.038
(0.004-0.206)
0.163
(0.014-0.568)
0.029
(0.002-0.105)
0.547
(0.038-1.072)
7.867
(3.0-14.0)
3.567
(0.200-10.70)
10.95
(1.290-25.30)
3.401
(1.560-7.410)

P. elephantipes
21.2
(14.3-28.0)
7.0
(6.5-7.5)
82.6
(69.0-99.0)
134.3
(58.0-203.0)
0.535
(0.005-1.602)
0.010
(0.001-0.041)
0.150
(0.013-0.659)
0.028
(0.004-0.051)
0.238
(0.059-0.703)
7.60
(3.10-13.9)
3.45
(0.20-10.60)
10.95
(2.290-26.45)
3.503
(1.56-7.41)

Lotic environment
E. crassipes
20.5
(14.4-28.0)
6.9
(6.5-7.5)
79.1
(42.0-101.0)
131.1
(58.0-197.0)
1.311
(0.117-4.393)
0.021
(0.000-0.122)
0.106
(0.008-0.429)
0.030
(0.006-0.078)
0.199
(0.067-0.453)
7.87
(3.20-2.9)
5.788
(1.90-17.80)
11.726
(4.100-26.91)
6.895
(3.180-14.48)

No vegetation
21.1
(11.1-27.0)
7.1
(6.5-7.5)
90.1
(75.0-99.0)
137.2
(60.0-283.0)
0.666
(0.039-2.889)
0.007
(0.001-0.015)
0.117
(0.019-0.331)
0.026
(0.004-0.045)
0.305
(0.060-0.763)
7.40
(2.90-12.5)
3.378
(0.20-9.70)
12.98
(1.290-37.72)
3.703
(1.950-7.930)

P. elephantipes
21.2
(14.1-26.5)
7.1
(6.5-7.5)
89.6
(73.0-101.0)
138.5
(60.0-289.0)
0.799
(0.029-2.279)
0.009
(0.001-0.024)
0.064
(0.009-0.264)
0.029
(0.006-0.064)
0.205
(0.047-0.545)
7.35
(2.90-12.1)
3.544
(0.200-10.0)
14.488
(1.290-38.64)
3.780
(1.950-8.190)

E. crassipes
21.3
(14.1-26.5)
7.1
(6.5-7.5)
84.0
(56.0-100.0)
140.6
(60.0-295.0)
0.863
(0.029-4.419)
0.007
(0.000-0.021)
0.084
(0.012-0.288)
0.022
(0.004-0.047)
0.298
(0.044-0.961)
7.47
(3.20-12.10)
3.344
(0.20-9.20)
14.116
(1.290-38.41)
3.831
(1.950-7.410)

Source: Own elaboration
For the TP and TKN concentrations in sediments of the lotic environment, there were no
significant differences between the sites dominated by the two macrophytes and the site
without plants (figure 2). The sediment of the lotic environment showed TP and TKN
concentrations significantly lower than those of the lentic environment. In the lentic
environment, the sediment of the sites dominated by E. crassipes showed significantly higher
TKN and significantly lower TP concentrations than those of the site dominated by P.
elephantipes.
For both macrophytes and environments, significantly higher TP, TKN, and Mg
concentrations were observed in leaves than in roots (figures 3 and 4), in agreement with
previous studies carried out in the middle Parana River [13], [18]. E. crassipes showed TKN
tissue concentrations significantly higher than those of P. elephantipes, in coincidence with
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the ammonium concentrations in water measured in the sites dominated by each macrophyte.
TP tissue concentrations of both macrophytes were not significantly different between lotic
and lentic environments.
Although TP and TKN concentrations in plant tissues were significantly higher than those of
the sediment, considering the mass, the sediment is the main accumulator compartment [18].
The sediment plays an important role in the long-term cycling and storage of nutrients and
contaminants in wetlands [13].
Figure 2. TKN and TP concentrations (mg/g) measured in sediment during the study

Source: Own elaboration
In systems without macrophytes, sediment replaces plants in the role of P removal. In natural
water bodies, most of the P load is deposited in sediment where the adsorption to metallic
oxides was identified as one of the main reactions [29]. The adsorptive capacity of the
sediment for phosphate varies mainly due to changes in redox conditions related to the
temperature cycle and the course of organic deposition [30]. Reina, Espinar and Serrano [31]
found that the concentration of organic matter was significantly higher in the top sediment of
sites covered by emergent vegetation than in their adjacent open-water sites. In summer, plant
growth accumulates organic matter in bottom sediments, which decreases DO and redox
potential of the sediment releasing P to the water column. Increased nutrients can also
increase the growth of planktonic and benthic algae in wetlands, which, in turn, may compete
with and inhibit macrophyte growth [32].
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Figure 3. Na, K, Ca, Mg, TKN, and TP concentrations (mg/g) measured in leaves and roots of E. crassipes
during the study

Source: Own elaboration
Macrophyte abundance and distribution in the Middle Parana River is determined by a
complex process that involves hydrology, geomorphology, and changes in nutrient
concentrations [33]. The different morphology and vegetation propagation of the two studied
species influence the uptake and accumulation of nutrients in tissues [13]. Since the floating
plants are not rooted in the bottom sediment, they obtain nutrients directly from the water
column, enhancing nutrient accumulation into their biomass. Regarding P, it is taken from
the water as phosphate and it can be translocated from roots to aerial parts or vice versa, as
it has been demonstrated in laboratory studies [34], [35]. E. crassipes is a free-floating plant
with roots in direct contact with the water column. This species is propagated by extending
stolons on the surface of the water. E. crassipes presents a high growth rate, high nutrient
sorption capacity, and high concentrations of foliar nutrients [13]. E. crassipes root biomass
was significantly lower in the lentic environment in comparison than that of the lotic
environment (figure 5). This can be explained due to significantly lower nutrient
concentrations in the lotic environment. The studied emergent macrophyte P. elephantipes
develop dense stands on the coastal margins of streams with comparatively high-water depth
and flux and is rooted on sandy bottoms. P. elephantipes reproduces mainly by occupying
submersed and aerial spaces since it does not have aboveground rhizomes. The dry biomass
of stems was significantly higher than that of the leaves and roots indicating the propagation
mechanism of this macrophyte. The biomass of P. elephantipes did not show significant
differences between the two environments (figure 5). In the case of emergent macrophytes,
INGENIERÍA Y UNIVERSIDAD: ENGINEERING FOR DEVELOPMENT | COLOMBIA | V. 25| 2021 | ISSN: 0123-2126 /2011-2769 | Pág. 8

Nutrient concentrations in macrophytes from lotic and lentic environments of the Middle Parana river, Argentina

pollutant uptake by plants can be influenced by numerous sediment properties such as pH,
cation exchange capacity, clay content, organic matter content, and presence of other ions
[41].
Figure 4. Na, K, Ca, Mg, TKN and TP concentrations (mg/g) measured in leaves and roots of P.
elephantipes during the study

Source: Own elaboration
Plants growing in environments with high nutrient concentrations show shorter and coarser
roots than those growing in water bodies with low nutrient concentrations. In the later, roots
are larger and thinner, showing lower root biomass [36], [37]. High concentrations of
nutrients in wetlands produce an increase in CSA of roots, stele, and total metaxylem vessels
of macrophytes [16], [38], [39]. Therefore, exposure to an important nutrient supply allows
a higher transport capacity. Wahl, Ryser and Edwards [38] demonstrated that a higher
metaxylem vessel CSA represents a higher efficiency in the uptake and accumulation of
contaminants in roots. Regarding ammonium, Piwpuan, Jampeetong and Brix [40] studied
growth, morphological, and physiological responses of Actinoscirpus grossus to ammonium
concentrations of 0.5, 2.5, 5, 10 and 15 mM under hydroponic growth conditions. The relative
growth rates of the plants were the highest at 2.5 mM ammonium but significantly reduced
at the ammonium treatments of 10 and 15 mM. The plant roots were stunted and produced
subepidermal lignified-cell layers at ammonium exposure of 10 and 15 mM.
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Figure 5. Dry biomass (g/m2) measured in E. crassipes and P. elephantipes during the study

Source: Own elaboration
Although sediment accumulates contaminants and nutrients to a great extent, the advantage
of using macrophytes in treatment wetlands is the possibility of being harvested, which leads
to important removal rates of P in short times [42], [43]. The species that present high
biomass, are the main P-bioaccumulators. Maine et al. [20] reported that in a constructed
wetland E. crassipes carried out the highest P-removal in the studied period, due to its high
productivity. Greenway [44] reported that emergent species of a constructed wetland in
Australia had lower nutrient concentration but greater biomass and were able to store more
nutrients per unit area of wetland. In order to achieve P removal from a natural wetland, the
harvest of the floating species is proposed. Their population would recover quickly due to
their high relative growth rate. However, in the case of treatment wetlands, emergent
macrophytes are used because contaminant accumulation in the plant biomass could allow
for phytoextraction from the system by harvesting, and phytostabilization by accumulation
in the belowground tissues [45].
The emergent macrophytes in Middle Parana River floodplain typically show a seasonal
variation, attaining the maximum biomass at the end of the growing period in late March. At
a constructed wetland for wastewater treatment, where P is one of the contaminants to
eliminate (sewage, municipal, agroindustry wastewaters, etc.), in order to maintain the
efficiency of the system throughout the year, the use of floating as well as rooted species may
be recommended. During the winter months, the rooted species could remove P, whereas in
summer the floating species would be the ones responsible for P removal. In order to achieve
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a complete P removal from the system, the harvest of the floating species during the summer
months is proposed. Their population would recover quickly due to their high relative growth
rate. Biomass harvested from CW can be used as a renewable energy source [46].
Studying the plant responses and contaminant accumulation in tissues may reveal specific
response patterns. This has important implications for pollution control, biomonitoring, and
for implementing ecological engineering projects such as constructed wetlands.

Conclusions
Both, the lentic and lotic environments dominated by E. crassipes showed the highest
ammonium concentrations in water. TP and TKN concentrations in the sediment of the lotic
environment were significantly lower than those of the lentic environment. The sediments of
the lake dominated by E. crassipes showed a significantly higher TKN concentration, while
the lake dominated by P. elephantipes showed a higher TP concentration. Nutrient
concentrations were significantly higher in leaves in comparison with roots. Biological
differences between the studied macrophytes affect the nutrient accumulation in tissues,
determining if biomass harvest is an efficient method to remove nutrients from a wetland.
The obtained results could be used to optimize the efficiency of treatment wetlands. On the
other hand, regarding the nutrient accumulation in plant tissues, the use of locally available
macrophytes as contaminant bioindicators and bioaccumulators in the Middle Parana River
floodplain is completely feasible.
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