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ABSTRACT

The invasion of freshwaters and coastal ecosystenisdmornia crassipes tropical and subtropical
countries causes serious economic and ecological problems. In the present work, the seasonal distribution of
Eichhornia crassipesand abiotic factors that control its distribution in rivers and lagoons from Céte d’lvoire
were reported. Our data show tE&thhornia crassipegroliferation in lagoons was more related to freshwater
discharges. By contrast, salinity inhibits its proliferation particularly during dry season when the influence of
oceanic waters is significant. In rivef&chhornia crassipegroliferation in rivers was completely different
from one river to another. Higher proliferation BEhhornia crassipesn Comoé and Bia rivers was found
during the wet season, while in Tanoé river the maximal proliferation was obtained in the dry season. Nutrient
concentrations in rivers and lagoons were generally low due to their uptake by these floating macrophytes. The
accumulation of phosphorus in leaves, roots and rhizomEshifornia crassipewas different depending on
aquatic systems. Higher phosphorus conditions (in rivEisjhornia crassipesccumulate more phosphorus
in the rhizomes than in the other parts. By contrast, in the lower phosphorus conditions (in lagoons),
Eichhornia crassipeaccumulates more phosphorus in the leaves than in the other parts.
© 2009 International Formulae Group. All rights reserved.
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INTRODUCTION amounts of biomass that cover the water

Water hyacinth,Eichhornia crassipes surface of a great variety of habitats often
(C.Mart.) Solms (1883) is an invasive plant, interfering with the use and management of
native of the Amazon basin (Barrett and water resources (Trinidad et al., 2008). In fact,
Forno, 1982). Most of the problems associated as in the majority of tropical and subtropical
with E. crassipesare due to its rapid growth zones, climatic conditions allow development
rate, its ability to successfully compete with  of this invasive plant in West African waters.
other aquatic plants, and its easy proliferation. According to Ghabbour et al. (2004) and
These characteristics give rise to enormous Center et al. (2005), this invasion of waters by

© 2009 International Formulae Group. All rights reserved.
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Eichhornia crassipes of tropical and
subtropical countries  involves  serious
economic and ecological consequences. The
main problems are related to its interference
with navigation, water flow, and recreational
use of aquatic systems, and also of mechanical
damage to hydroelectric systems. Moreover, it
is responsible of drastic changes in freshwater
plant and animal communities and it acts as an
agent for serious diseases spread in tropical
countries (Trinidad et al., 2008). Because of
this, water hyacinthEichhornia crassipésis
considered to be one of the most noxious
aquatic weeds. However, it is well established
that these plants have an important role in the
regulation of nutrients in aquatic systems and
can particularly remove nutrients from
wastewaters (Soltan and Rashed, 2003;
Jayaweera and Kasturiarachchi, 2004). They
also purified water by retaining particles and
absorbing substances, and can be used in
agriculture as compost (Polprasert et al., 1994;
Woomer et al., 2000) or in domestic as biogas
(Kumar, 2005; Jayaweera et al., 2007,
Almoustapha et al., 2008). In Cbte d’lvoire,
the area covers by these floating macrophytes
is significant (Figures 2a, 3b) and during the
rainy seasons, they are transported from
Rivers into the Lagoons. Thus, during the
rainy seasons, they constitute an additional
source of organic matter inputs in the Lagoons
and can contribute to decrease oxygen
concentration in these adjacent systems.
Depletion of oxygen in water column can
cause great phytoplankton and fish mortality.
The aim of this study was to measure some
physico-chemical components (temperature,
pH, conductivity, salinity, dissolved oxygen,
phosphate-phosphorus, ammonia-nitrogen,
nitrate-nitrogen, and nitrite-nitrogen) that
could control water hyacinth E{chhornia
crassipe} proliferation in freshwaters and
lagoons of Cote d'lvoire. Similarly, the
content of total phosphorus in water

phosphorus. Finally, data obtained could help
to know the reasons of the temporal and
spatial distribution of water hyacinth in
freshwaters and lagoons of Céte d’'lvoire.

MATERIALS AND METHODS
Description of study area

The area of this study is located in
West Africa between 2°9W - 5°W and
5°12 N -5°39 N. It is the coastal ecosystem
zone of Cote d'lvoire which corresponds to a
large fraction of the surface area of lagoons in
West Africa (Binet et al. 1995). There are
three lagoonal systems (Ebrié, Aby, and
Grand-Lahou) which gather rivers of the zone
along some 300 km of the coastline (Figure
1). Ebrié lagoon is connected to the Atlantic
Ocean through the Vridi canal and is fed by
the Comoé, the Agneby and the La Mé rivers.
The eastern regions are dominated by
continental water flows, the central region is
influenced by the Atlantic Ocean and by the
discharge of human wastes, while the western
regions are relatively isolated from these
sources (Dufour, 1982). The water salinity of
the Ebrié lagoon is controlled by its exchange
with the ocean, freshwater inputs and rainfall.
The Aby Lagoon has an area of 424 kmz2 of
which 30 km? falls within Ghana. It is fed by
the Bia and the Tanoé rivers. The Grand-
Lahou Lagoon is fed by the Bandama, the G6
and the Boubo rivers.

The study zone is characterized by a
climate dominated by abundant precipitations
and two main seasons: dry and wet seasons
(Durand and Chantraine, 1982). The dry
season (January to April) during which
continental water contributions to lagoons are
negligible, evaporation is maximal and
influence of marine water is dominant. The
wet season is characterized by high
precipitations (May to December), followed
by the provision of lagoons by coastal rivers.
This situation leads to a significant fall of the

hyacinth’s organs has been measured to assesssalinity of lagoon (September to December)

the part of this plant that concentrates more
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Figure 1: Localization of sampling stations

importance of the hydrographic network and campaign. The geographical coordinates of
the connections between several rivers in this these stations were registered using a
zone are factors which facilitate the transport GPS (MAGELLAN 320). During the dry

of these floating macrophytes into the lagoons season, the number of plant samples went

during the rainy season. down from 14 to 11 because water hyacinth
was not present at stations LE2 and LE3 in
Sampling and analyses Abidjan and LE4 in Jacqueville. Water

Sampling was carried out in two  samples for nutrient analyses were collected
lagoons (Aby and Ebrié) and four rivers (Bia, and saved in polyethylene bottles (1000 mL)
Tanoé, Comoé and Bandama) during the two cleaned with acid and rinsed with water. The
seasons in October 2006 for the wet season samples were collected by direct immersion of
and in March 2007 for the dry season. 14 the bottle into the river or lagoon. Samples
stations (Figure 1) were selected according to were kept cool in thermos with ice and
water hyacinth density during the wet season brought back to the laboratory for analysis
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imperatively within 48 hours according to
AFNOR  standards (AFNOR,  2001).
Temperature, pH, conductivity, salinity and
dissolved oxygen of water have been
measuredin situ using two multiple-sondes
(WTW 340i and Oxi 340).

For the sampling of Eichhornia
crassipesfive plants per station with healthy
organs (leaves, roots, rhizomes) were taken,
and then rinsed. Samples were taken to the
laboratory for their phosphorus content
determination.

Total phosphorus measurement was
performed according to AFNOR standards
(AFNOR, 2001) after a pretreatment of plant
samples. Samples of water hyacinth were
dried and divided in three parts (roots, leaves,
rhizomes). The stem, very short is mixed with
the root. Each organ is then crushed, and
100 mg are taken. This sample test is
mineralized with sulphuric acid and nitric acid
to transform all the phosphorus forms into
phosphate-phosphorus.

Statistical analysis

For statistical analysis, the normality
was first verified with a Kolmogorov-Smirnov
test and homogeneity of variance tested with
the Levene test. Then, ANOVA was
performed only to show if there was a
difference between means. If yes, Tukey’s test
was used to identify differences among
means. All tests were used with p < 0.05. The
correlation coefficient (r) of Spearman was
used for correlation evaluation between total
phosphorus content of water hyacinth and
water phosphorus concentration. All analyses
were performed with STATISTICA 7.1
software (Statsoft, 2005).

RESULTS
Distribution of water hyacinth in Ebrié
Lagoon and Tanoé River

Figures 2 and 3 show spatial and
temporal distribution of water hyacinth in
Tanoé River and Ebrié Lagoon. During the
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wet season, Eichhornia crassipes was
observed to be very widespread in Tanoé
River and in the Ebrié Lagoon. However, the
tufts were more important in Ebrié lagoon
(Figure 2a) than in Tanoé River (Figure 3a)
during this season. In contrast, during the dry
season, these plants were absent in Ebrié
Lagoon, but well developed in the Tanoé
River suggesting that processes that control
their dynamics in these two aquatic areas are
different.

Physicochemical characteristics of rivers
and lagoons

During both seasons, temperature and
pH values were lower in rivers than in lagoons
(Figures 4a, 4b, 5a and 5b) and means values
ranged from 26.6 to 30.0 °C in the rivers and
from 29.8 to 30.5 °C in the lagoons (Tables 1
and 2). pH values were slightly lower in the
rivers than in lagoons. And mean values
ranged from 6.5 to 7.9 and from 6.9 to 8.8 in
the rivers and lagoons, respectively.
Conductivity values were very lower in the
rivers (from 4.36 pS/cm to 14160 puS/cm) than
in the lagoons (from 5.02 pS/cm to 42400
pnS/cm) during the dry season.

Salinity in lagoons shows a seasonal
variability due to the changes of freshwater
and marine water inputs. The highest values
were obtained during the dry season while the
lowest were observed during the rainy season
due to dilution. Mean salinity values ranged
from 7.8 to 12.3 during the rainy and dry
seasons, respectively. Although nutrient
concentrations in the rivers and lagoons were
low, some of them showed a seasonal
variability. The patterns of P£P and NH-N
were opposite. The maximum values of ,F/;D
were obtained during the rainy season while
those of NH-N were observed during the dry
season. Mean P&P concentrations ranged
from 0.42 mg/L to 0.72 mg/L in the lagoons
and rivers, respectively. Those of NN
ranged from 0.59 mg/L to 0.69 mg/L in the
rivers and lagoons, respectively. During both
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(b)

Figure 2: Ebrié Lagoon in Abidjan City: (a) wet season (October 2006); (b) dry season (March
2007)
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Figure 3: Tanoé River: (a) wet season (October 2006); (b) dry season (March 2007).
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Table 1: Summary of physico-chemical parameters of water of the study sites (Cote d’lvoire
lagoonal system) in wet season.

Parameters Rivers Lagoons
max. min. Mean £ SD max. min. Mean + SD

T°C 29.60 27.40 28.64 £ 0.67 30.90 29.00 29.80+£0.70
pH 7.44 6.91 7.13+0.17 8.71 6.90 7.76 £ 0.57
Salinity 0.80 0.00 0.11+0.27 11.50 0.00 3.38+£3.90
Cond. (uS/cm) 830.00 2.27 184.62 + 250.81 207.00 2.26 40.38 + 75.99
PO,-P (mg/L) 0.97 0.55 0.75+0.16 0.49 0.32 0.42 £ 0.06
DO (mg/L) 6.54 4.83 5.79£0.57 8.06 4.40 6.61 + 1.36
NH4-N (mg/L) 0.70 0.12 0.47+0.21 0.82 0.26 0.57£0.179
NOs-N (mg/L) 1.75 0.25 0.88 +0.45 1.90 0.71 1.18+0.45
NO,-N (mg/L) 0.22 0.09 0.15+0.04 0.20 0.10 0.15+0.04

Tabulated values are Mean + SD of 40 determinations for Rivers and 30 determinations for Lagoons ; ANOVA test at
P <0.05.

T°C, temperature; Cond., conductivity; PR, phosphate-phosphorus; DO, dissolved oxygen:MNmmonia-nitrogen;
NOs-N, nitrate-nitrogen; N@N, nitrite-nitrogen; SD, standard deviation.

Table 2: Summary of physico-chemical parameters of water of the study sites (Cbte d’lvoire
lagoonal system) system in dry season

Parameters Rivers Lagoons

max. min. Mean + SD max. min. Mean + SD
T°C 30,60 29.20 30.04 +0.41 32.00 29.40 30.48 + 0.89
pH 7.89 6.47 7.14 £ 0.50 8.81 7.10 8.10+0.60
Salinity 7.30 0.00 1.70£2.44 27.50 2.70 12.30 £ 8.83
Cond. 14160. 4.36 1856.81 £ 4709.67 42400.00 5.02 17214.36 % 15946.8
(uS/cm) 00 0
PO:-P 0.76 0.32 0.60+0.14 0.40 0.18 0.30 +0.072
(mg/L)
DO (mg/L) 7.01 4,90 6.02+0.74 6.70 4.62 5.84+0.75
NH,-N 0.82 0.20 0.59+0.22 0.92 0.47 0.69+0.15
(mg/L)
NOs-N 1.91 0.18 0.87 £0.50 1.52 0.66 1.11£0.30
(mg/L)
NO,-N 0.25 0.06 0.14 +0.06 0.23 0.08 0.15+0.06
(mg/L)

Tabulated values are Mean + SD of 40 determinations for Rivers and 30 determinations for Lagoons ; ANOVA test at
P < 0.05.

T°C, temperature; Cond., conductivity; PR, phosphate-phosphorus; DO, dissolved oxygen:NHmmonia-nitrogen;
NOs-N, nitrate-nitrogen; N@N, nitrite-nitrogen; SD, standard deviation.
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seasons, NON and NQ-N concentrations
did not show a seasonal variability and values
were constant.

The comparison of physico-chemical
parameters of the study area shows that
temperature, pH, salinity, conductivity and
phosphate-phosphorus values were higher
during the dry season than in wet season in
Lagoons (Figure 6). While, dissolved oxygen
values were lower in dry season than in wet
season in the same zone. Figure 7 shows that
only temperature, salinity and phosphorus
were higher in dry season than in wet season
in rivers.

Phosphorus content of water hyacinth

Table 3 shows phosphorus contents of
water hyacinth collected from the rivers and
lagoons during the two seasons. The
concentration of phosphorus in water hyacinth
varied slightly from the wet season to the dry
season. Average values ranged from 3.7 mg/g
to 4.3 mg/g with the highest observed during
the dry season in rivers. The same pattern was
observed in the lagoons and average values
ranged from 3.6 mg/g to 4.6 mg/g with the
lowest values obtained during the wet season.
The concentrations of phosphorus in the
different organs of water hyacinth showed that
rhizomes accumulate more phosphorus (5.0
mg/g) during the wet season than leaves and
roots in the rivers. In contrast, during the same
season, rhizomes accumulate less phosphorus
(3.01 mg/g) water hyacinth organs depended
on the seasons. ANOVA test showed that
differences  between concentrations  of
phosphorus in water hyacinth bodies were
significant, although there was no correlation
between total-phosphorus content of water
hyacinth and rivers and lagoons phosphorus
concentration.

DISCUSSION
Higher pH values inhibitEichhornia
crassipesgrowth (Trinidad et al., 2008) and
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can contribute to the disappearance of these
floating macrophytes in the lagoons during the
dry season when oceanic water influence is
maximal. However, its role in the distribution
of these floating macrophytes in lagoons of
Cote d'lvoire seems to be minor in
comparison to other factors such as salinity
and river water discharges. Thus, the
disappearance dEichhornia crassipesn the
eastern part of Ebrié was due to the low water
discharge from Comoé and La Mé rivers and
to the increase of salinity related to the strong
inputs of sea water. In the case of Aby lagoon,
the absence of floating macrophytes in this
system was related to the fact that maximal
proliferation of Eichhornia crassipesis
coupled with low freshwater discharge
particularly in Tanoé River. Moreover, water
current dynamics and a relatively constant
salinity in Aby lagoon system probably
preclude the establishment of floating
macrophytes. Whatever the season, pH values
in the rivers were lower than those in the
lagoons due to the fact that these rivers are
currently oversaturated in GQvith respect to
the atmosphere (Koné et al., 2009). Indeed,
higher CQ concentrations in aquatics systems
decrease pH values. In contrast, the highest
pH values found in lagoons particularly in
Aby lagoon was related to primary production
that uptakes atmospheric €GCand thus,
increases pH values (Koné et al., 2009).
Temperature is another factor that controls the
distribution of Eichhornia crassipes in
freshwater and lagoons. However, although
average temperature values found in rivers
and lagoons of Céte d’lvoire were higher (25
°C and 27 °C), they were below the mean
value (40 °C) that is expected to inhibit
Eichhornia crassipegrowth (Trinidad et al.,
2008). The significant difference between
temperature values found in rivers and
lagoons was related to the fact that the former
aquatic systems are bordered by trees which
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Table 3: Total-phosphorus content Bifchhornia crassipeémg/g of dry matter)

Plants organs Wet season Dry season
Rivers Lagoons Rivers Lagoons
Maximum 8.10 10.05 8.66 8.97
Leaves Minimum 0.20 1.58 2.45 2.94
Mean+SD 3.66 +0.24 4.14 +0.37 4.36 +£0.23 5.31+0.45
Maximum 6.36 7.13 6.85 7.07
Roots Minimum 0.96 1.23 2.79 3.55
Mean+SD 3.16 £0.17 3.56 +0.24 4.56 +0.16 5.03+0.30
Maximum 7.79 6.34 9.68 6.06
Rhizomes  Minimum 0.66 1.00 1.88 1.82
Mean+SD 4.97 +£0.30 3.01+0.24 3.90+0.28 3.40+0.33

Tabulated values are Mean + SD of 70 determinations for wet season and 55 determinations for dry season; ANOVA test at

P <0.05.
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canopy decreases temperature values in water anonymous persons who helped us to prepare
column. the present manuscript.
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