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                               Abstract 

Water hyacinth (Eichhornia crassipes) is a floating invasive macrophyte whose proliferation severely impacts aquatic 
ecosystems and socio-economic activities in Benin. This study aimed to evaluate the effect of different NaCl 
concentrations on growth parameters of the plant under controlled conditions. Experiments were conducted in 
aquariums with six salinity treatments ranging from freshwater (0 Mol.L⁻¹) to pure seawater (0.62 Mol.L⁻¹). Growth 
parameters (leaves, stems, roots, biomass) were measured weekly. Results showed that 0.248 Mol.L⁻¹ caused 
complete mortality within two weeks, while 0.124 Mol.L⁻¹ severely inhibited growth without immediate death. The 
plant tolerated low salinity up to 0.062 Mol.L⁻¹, beyond which physiological performance declined significantly. 
These findings suggest that seasonal or controlled saline intrusion could serve as a natural limitation method, 
provided that ecological impacts on associated aquatic fauna are further assessed. 
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Introduction 
 
Water hyacinth (Eichhornia crassipes) is a 
floating aquatic macrophyte of the Pontederiaceae 
family, native to the Amazon basin. Introduced 
into Africa, it is now listed among the 100 most 
harmful invasive species worldwide due to its 
exponential growth and ecological impacts [1]. In 
West Africa, particularly in Benin, its 
proliferation has become a major ecological and 
socio-economic crisis [2]. 
 
Dense mats of water hyacinth in lagoons and 
rivers (e.g., Sô River, Lake Nokoué) reduce light 
penetration, decrease photosynthesis of primary 
producers, and cause anoxia in underlying waters. 
Biomass decomposition accelerates 
eutrophication, altering water quality and 
threatening aquatic ecosystem balance [3]. Local 
populations dependent on fishing and river 
transport are directly affected through navigation 
obstruction, reduced fish stocks, and increased 
disease vectors such as mosquitoes and snails [4]. 
 
Traditional management methods include 
physical removal, chemical herbicides, and 
biological control using weevils. However, these 
approaches face limitations: high costs and 
temporary effectiveness for physical removal, 
environmental risks for chemical control, and 
long delays for biological control [5]. Exploring 
abiotic factors such as salinity offers a promising 
ecological alternative. Observations in estuarine 
and lagoon systems have shown that saline 
intrusion can cause water hyacinth mortality [6]. 
 
This study aimed to experimentally determine the 
tolerance thresholds of the local ecotype of 
Eichhornia crassipes to increasing NaCl 
concentrations, identifying critical levels of 
growth inhibition and mortality. These data 
provide insights into the feasibility of integrated 
management strategies using controlled saline 
intrusion. 
 
 
 
 
 
 

Materials and Methods 
 
2.1 Sampling site 
 
Plantlets of Eichhornia crassipes were collected 
from the Sô River, commune of Sô-Ava 
(Southern Benin), located between 6°25’ and 
6°39’ N. The climate is subtropical with two rainy 
seasons (March–July, September–November) and 
two dry seasons (July–September, November–
March). 
 
2.2 Plant material and acclimatization 
 
Two hundred healthy young plantlets were 
collected, cleaned, and acclimatized for one week 
(S0) in tap water to standardize physiological 
conditions before treatments. 
 
2.3 Experimental design 
 
The study followed a randomized complete block 
design (RCBD) with six salinity treatments (M1–
M6) and six replicates per treatment. 
Experimental units consisted of 36 plastic buckets 
(5 L each), containing five plantlets per bucket 
(180 total). The experiment lasted five weeks, 
including acclimatization and four weeks of 
monitoring. 
 
2.4 Salinity treatments 
 
Salinity stress was induced by diluting natural 
seawater (0.62 Mol.L⁻¹ NaCl) with tap water. 
Treatments were: 
 
 M1: 0 Mol.L⁻¹ (control) 
 M2: 0.062 Mol.L⁻¹ (10% seawater) 
 M3: 0.124 Mol.L⁻¹ (20%) 
 M4: 0.248 Mol.L⁻¹ (40%) 
 M5: 0.372 Mol.L⁻¹ (60%) 
 M6: 0.62 Mol.L⁻¹ (100%, positive control). 
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2.5 Growth conditions 
 
To avoid nutrient limitation, 40 g of poultry 
manure was added to each bucket three weeks 
after setup. Water levels were adjusted weekly to 
compensate for evapotranspiration, and solutions 
were renewed at mid-experiment (S2). 
 
2.6 Data collection and analysis 
 
Two marked plants per unit were monitored 
weekly (S0–S4). Parameters measured included 
leaf length (LonF), leaf number (NbF), root length 
(LonR), stem diameter (DT), petiole length 

(LonP), and number of dead leaves (NbFM). Data 
were analyzed using ANOVA followed by 
Student-Newman-Keuls (SNK) test at 5% 
significance, with R software (v4.2.1). 
 

Results  
 
3.1 Descriptive analysis 
 
Descriptive statistics (Table 1) revealed high 
variability in root length (CV = 53.85%) and leaf 
number (CV = 59.02%), indicating strong 
sensitivity to salinity stress. 

 

 
Moyenne Minimum Maximum CV (%) Ecart-type 

LonF (Cm) 3,10 0,77 4,53 25,26 0,783 
LonR (Cm) 11,12 3,33 26,67 53,85 5,988 
NbF 5,64 0,67 15,67 59,02 3,329 
DT (Cm) 1,58 0,37 2,63 26,33 0,416 
LonT (Cm) 4,33 2,01 7,82 25,38 1,099 
LonP (Cm) 1,09 0,36 2,48 35,69 0,389 
NbFM 1,93 0,00 11,33 53,47 1,032 
 
3.2 Early effects (S1–S2) 
 
By the first week (S1), salinity treatments (M2–
M6) significantly reduced root length, leaf 

number, and stem diameter compared to the 
control (M1). Aerial organs (LonF, LonP) showed 
initial resilience with no significant differences at 
S1. 

 
Table 1b: Analysis of variance of growth variables measured during weeks S1–S2. 
 
 Variables M1 M2 M3 M4 M5 M6 

S0 

LonF 3.45±0.345a 2.67±0.380a 3.20±0.603a 2.88±0.712a 2.93±0.598a 3.68±0.837a 
LonR 5.33±0.333a 5.78±2.694a 4.83±0.866a 4.78±1.711a 4.94±0.788a 4.77±0.509a 
NbF 4.78±0.770a 3.44±0.385a 3.56±0.509a 3.33±0.577a 4.44±0.385a 4.11±0.694a 
DT 1.84±0.108a 1.57±0.157a 1.75±0.314a 1.45±0.271a 1.61±0.20a 1.81±0.137a 
LonT 4.02±0.5591a 4.31±0.413a 4.35±0.667a 3.81±0.267a 4.68±0.632a 4.65±0.396a 
LonP 1.09±0.089a 1.13±0.254a 0.93±0.275a 1.39±0.944a 0.74±0.136a 0.84±0.148a 
NbFM 0 0 0 0 0 0 

S1 

LonF 3.69±0.500a 3.21±0.438a 3.47±0.493a 2.97±0.170a 3.08±0.121a 3.49±0.246a 

LonR 16.66±1.826a 9.14±4.001ab 12.21±5.236b 7.71±1.230b 8.99±0.864b 8.96±1.019b 

NbF 8.67±3.383a 5.44±0.385b 5±0.333b 4.67±0b 5.78±0.509b 5.22±0.192b 

DT 2.29±0.023a 1.69±0.112b 1.68±0.097b 1.69±0.239b 1.83±0.189b 1.87±0.081b 

LonT 4.47±0.724a 3.43±0.181ab 3.42±0.188b 3.45±0.152b 3.68±0.179b 4.09±0.134b 

LonP 1.67±0.287a 1.16±0.111a 1.18±0.078a 1.24±0.2216a 1.29±0.291a 1.29±0.301a 

NbFM 1.22±0.694a 0.67±0.577a 0.89±0.694a 0.44±0.192a 0.56±0.509a 0.22±0.192a 
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3.3 Later effects (S3–S4) 
 
From the second week (S2), complete mortality 
was observed in treatments M4, M5, and M6 (≥ 

0.248 Mol.L⁻¹). The sublethal treatments (M2 and 
M3) showed progressive growth inhibition, with a 
significant reduction in leaf number and an 
increase in the number of dead leaves (NbFM). 

 
Table 2b: Analysis of variance of growth variables measured during weeks S2–S4. 
 

Variables M1 M2 M3 

S2 

LonF 3.89±0.173a 3.20±0.157b 3.13±0.369b 
LonR 20.87±5.051a 17.56±2.949a 12.533±5.499a 
NbF 10.33±0.881a 6.56±2.795b 3.89±1.072b 
DT 1.52±0.111a 1.82±0.032a 1.492±0.335a 
LonT 5.12±0.230a 4.26±0.188a 2.98±0.928b 
LonP 1.39±0.178a 1.06±0.051a 1.06±0.479a 
NbFM 1.11±0.769b 3.33±1.202a 4±0.333a 

S3 

LonF 3.73±0.253a 2.36±0.306b 2.75±0.382b 
LonR 23.22±1.347a 10.33±1b 9.44±1.575b 
NbF 13.44±1.018a 4.67±2.027b 2.11±0.385b 
DT 1.32±0.543a 1.28±0.152a 1.29±0.069a 
LonT 6.01±1.095a 3.57±0.218b 3.69±0.906b 
LonP 1.26±0.131a 0.56±0.098b 0.52±0.078b 
NbFM 2.22±0.769b 3.56±0.509ab 4.22±0.839a 

S4 

LonF 4.29±0.221a 1.68±0.719b 1.30±0.547b 
LonR 18.89±1.388a 13.14±1.098a 13.49±4.910a 
NbF 12.78±3.422a 3.33±1.453b 1.89±1.171b 
DT 1.83±0.837a 0.97±0.34a 0.69±0.347a 
LonT 7.55±0.236a 4.54±0.655b 4.86±1.032b 
LonP 1.35±0.311a 0.79±0.374a 0.84±0.443a 
NbFM 2.33±0.577b 7.89±3.501a 7.78±1.071a 

 
Stem diameter (DT) is a structural indicator of 
plant vigor. In control conditions (M1), DT 
remained stable throughout the experiment, 
reaching up to 1.83 cm at week 4 (S4). In 
sublethal treatments (M2 and M3), DT showed a 
progressive decline, with M3 dropping to 0.69 cm 

at S4. In lethal treatments (M4–M6), DT fell to 
zero by S2, confirming complete tissue collapse. 
This trend highlights the sensitivity of stem 
development to salinity stress and its utility as an 
early marker of physiological degradation. 
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Figure 3: Variation of stem diameter across treatments. 
 
Stem length (LonT) increased steadily in the 
control group (M1), reaching 7.55 cm at S4. In 
M2 and M3, growth was inhibited, with final 
values of 4.54 cm and 4.86 cm respectively. 
Interestingly, M3 showed a late elongation 
response despite overall stress, possibly reflecting 

a compensatory mechanism such as etiolation. 
Treatments M4–M6 showed complete growth 
arrest from S2 onward. These results suggest that 
stem elongation may persist briefly under 
moderate stress before collapsing under higher 
salinity. 

 

 
 
Figure 4: Evolution of stem length. 
 
Petiole length (LonP) remained relatively stable 
in M1, increasing from 1.09 cm (S0) to 1.35 cm 
(S4). In M2 and M3, LonP declined sharply after 
S2, reaching 0.79 cm and 0.84 cm respectively at 
S4. This reduction reflects impaired cell 

expansion and water transport under saline 
conditions. In M4–M6, LonP dropped to zero by 
S2, indicating complete organ failure. Petiole 
length thus serves as a reliable indicator of 
osmotic stress and tissue dehydration. 
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Figure 5: Variation of petiole length 
 
Root length (LonR) showed robust growth in M1, 
peaking at 23.22 cm in S3 before slightly 
declining. In M2 and M3, LonR initially increased 
but then dropped significantly, reflecting impaired 
water uptake and root senescence. Final values at 

S4 were 13.14 cm (M2) and 13.50 cm (M3). In 
M4–M6, root growth ceased entirely by S2. These 
findings confirm that roots are the first organs 
affected by salinity, making LonR a primary 
stress indicator. 

 

 
 
Figure 6. Evolution of root length. 
 
The number of dead leaves (NbFM) remained low 
in M1 throughout the experiment, with a 
maximum of 2.33 at S4. In M2 and M3, NbFM 
increased sharply, reaching 7.89 and 7.78 
respectively at S4. This rise reflects accelerated 

leaf senescence under salt stress. In M4–M6, leaf 
mortality was total by S2. NbFM is thus a direct 
and quantifiable marker of plant decline and stress 
severity. 
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Figure 7: Number of dead leaves across treatments. 
 
3.4 Global impact 
 
Synthetic analysis (Figure 8) showed progressive 
toxicity. At 0.062 Mol.L⁻¹, stem diameter was 

least affected (−16.8%), while dead leaves 
increased by 55%. At 0.124 Mol.L⁻¹, leaf number 
decreased by 67.7%, confirming a critical stress 
threshold. 

 

 
 
Figure 8: Impact of salt concentration on the growth of water hyacinth (Eichhornia crassipes) 

 
Discussion 
 

The findings confirm the glycophytic nature of 
Eichhornia crassipes, with marked sensitivity to 
salinity stress [3,4]. Moderate tolerance was 
observed at 0.062 Mol.L⁻¹, while 0.124 Mol.L⁻¹ 

caused severe inhibition and 0.248 Mol.L⁻¹ 
induced complete mortality. These thresholds 
align with previous studies showing that osmotic 
stress primarily affects water absorption by roots, 
reducing cell turgor and photosynthesis [5]. 
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The unusual stem elongation observed at 0.124 
Mol.L⁻¹ may represent an adaptive response 
similar to etiolation, requiring further 
physiological investigation. 
 
Ecologically, saline intrusion could serve as a 
natural control method. Similar observations in 
Côte d’Ivoire reported massive hyacinth mortality 
following seawater intrusion [6]. However, 
potential impacts on aquatic fauna and fisheries 
must be carefully assessed before application. 
 

Conclusion 
 
This study experimentally determined the salinity 
tolerance thresholds of Eichhornia crassipes in 
Southern Benin. The species tolerates low salinity 
(0.062 Mol.L⁻¹), but growth inhibition becomes 
severe at 0.124 Mol.L⁻¹, and complete mortality 
occurs at 0.248 Mol.L⁻¹. These results highlight 
salinity as a potential ecological factor for 
integrated management of water hyacinth, though 
its application requires careful evaluation to avoid 
adverse effects on aquatic ecosystems. 
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