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 Aquatic plants in the freshwater artificial lagoons in Ciego de Avila, Cuba  
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Seven artificial freshwater lagoons (L1-L7) were studied in Ciego de Ávila, Cuba. They were characterized using 

different genetic, hydrologic, and morphologic criteria. All the environments were young and lagoons of 

anthropogenic origin; one is a temporary pond (L.1), and the others are permanent. A floristic list was made to 

identify the plants present in delineated parcels at the borders of the lagoons. The identified taxa were classified 

according to their origin and presence in Cuba, growth form, usefulness for humans, response to anthropic 

impacts, and conservation status. Forty-nine (49) species from 44 genera and 34 families were recorded. Most 

species (27 and 26, respectively) were identified at L.3 and L.6 (lagoons formed in old stone quarries used to 

construct the local airport). The least(seven) at L.1. Exotic and synanthropic plants prevailed, and invasive species 

were abundant, which indicates the transition through the early stages of ecological succession. 31 % of 

autochthonous plants and 2 % of endemic plants were recorded. 4 % is critically endangered. 39 % of these 

plants are medicinal, 29 % ornamental, 12 % are phytoremediators, and 4 % are frequently used in folklore-

related practices. Plants that live in the freshwater environments of Ciego de Avila municipality have diverse 

characteristics, values, and uses that increase the environmental services of these ecosystems. 
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Resumen 
 

Se estudiaron siete lagunas artificiales de agua dulce (L1 – L7) en el municipo de Ciego de Ávila (Cuba), los cuales 

se caracterizaron según criterios genéticos, hidrológicos y morfológicos. Todas son lagunas, de origen antrópico, 

relativamente recientes. Una de ellas es semipermanente (L.1) y las restantes son permanentes. A partir de la 

identificación de las plantas presentes en parcelas delineadas, desde los bordes de las lagunas, fue confeccionada 

una lista florística. Los taxones identificados fueron catalogados según su origen y presencia en Cuba, hábito de 

crecimiento, utilidad para el hombre, comportamiento ante el impacto antrópico y estado de conservación. Se 

registraron 49 especies pertenecientes a 44 géneros y 34 familias. En L.3 y L.6 (lagunas ubicadas en las Canteras 

del aereopuerto) se identificó el mayor número de especies (27 y 26 respectivamente) y en L.1, el menor (7). 

Predominaron plantas exóticas y sinantrópicas y abundaron las invasoras, lo cual indica el tránsito por etapas 

tempranas de la sucesión ecológica. No obstante, se detectó un 31 % de plantas autóctonas y un 2 % de 

endemismo. Un 4 %se encuentran amenazadas de extinción, clasificadas en Peligro Crítico. El 39 % tiene uso 

medicinal, el 29 % ornamental, el 12 % son fitorremediadoras y el 4 % aparecen frecuentemente incorporadas a 

prácticas folclóricas. Las plantas asociadas a estas lagunas artificiales del municipio de Ciego de Ávila presentan 

condiciones, valores y usos diversos, lo que incrementa los servicios ambientales de estos ecosistemas. 
 

Palabras clave: plantas invasoras; ecosistemas; Eichhornia; Utricularia, humedales 
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Introduction 

 

 

The aquatic flora of freshwater environments, whether lentic or 

lotic, permanent or temporary, is vital. It is the basis of the food 

chain, and its presence favors the reproduction of other species, 

for which it is also a feeding ground. The capacities of these 

plants to filter and purify water are indicators of habitat type and 

help understand the functionality of lagoons (Madriñán et al., 

2017). However, the aquatic flora may be problematic to the 

food chain due to the substances and compounds that it 

absorbs (Posada-García, 2016). 
 

Some species of aquatic plants have medicinal properties 

(Behera and Satapathy, 2020), and others are used as 

biofertilizers (Ramírez et al., 2021). However, some aquatic 

plants are also negatively related to human and animal health 

because they favor the growth and reproduction of some 

organisms as culicids and mollusks, intermediate hosts of 

parasites that cause dangerous diseases (Posada-García, 2016). 
 

Studies of aquatic plants in freshwater environments in Cuba are 

scarce (Plasencia-Fraga, 2008). These habitats have been 

considered among the most altered for decades (Vales et al., 

1998). One of the first studies on aquatic plants in Cuba was 

conducted in lagoons and saltmarshes of the western and 

central portions of the island (Uphof, 1924). Later, some studies 

on the vegetation of diverse freshwater environments of the 

entire country were made (Ponce de León, 1955; Plasencia-

Fraga, 1982; Plasencia-Fraga, 1992; Torranzo-Linares, 1993). In 

recent years, other authors compiled information on aquatic 

plants from two important botanic gardens (Maldonado-

González, 2010; Pérez-Hernández, 2016) and western Cuba 

(Pérez-Hernández, 2013; Vilamajó-Alberdi et al., 2010). 

However, although in the Ciego de Ávila province, La Leche and 

La Redonda lagoons have been the most studied freshwater 

lagoons, no studies have been published on the flora and 

vegetation of these water bodies. There is also no information 

on this region's freshwater artificial lagoons' aquatic flora. 
 

 

A complete inventory of the natural resources of any region is 

vital for their conservation and sustainable use, as well as for 

understanding them. For this reason, the main objective of this 

study is to make an inventory of plants associated with artificial 

freshwater lagoons of the municipality of Ciego de Ávila and 

suggest alternatives for the sound management and rational 

use of the most economically and ecologically important of 

these plants. 
 

 

Materials and methods  

 

 

 

 

The province of Ciego de Ávila is located in Central Cuba and 

borders to the west with Sancti Spíritus province, to the east with 

Camagüey province, to the north with Los Perros and Buenavista 

bays, and to the south with the Gulf of Ana María. 
 

The municipality of Ciego de Avila is located at the center of a 

calcareous plain that stretches from the town of Júcaro on the 

southern coast to the city of Morón near the northern coast. The 

region has an area of 444,36 km² with flat relief, and a height 

above mean sea level of 27 meters. Hydrologically, the region is 

regarded as poor; it has few rivers and streams, most temporary 

(Brown et al., 2017). 
 

 

The municipality of Ciego de Avila is located at the center of a 

calcareous plain that stretches from the town of Júcaro on the 

southern coast to the city of Morón near the northern coast. The 

region has an area of 444,36 km² with flat relief, and a height 

above mean sea level of 27 meters. Hydrologically, the region is 

regarded as poor; it has few rivers and streams, most temporary 

(Brown et al., 2017). 
 

The studied freshwater lagoons were characterized according to 

the genetic, hydrologic, and morphologic criteria proposed by 

Jocou and Gandullo (2020). The genetic criterion was based on 

the natural and anthropogenic causes that originated these 

freshwater lagoons. The hydrologic criterion was based on the 

hydrologic regime (semi-permanent or permanent) and water 

stream movement (lentic or lotic). For the morphologic criterion, 

the water surface area of the lagoons (in km2) was considered. 

The area of each lagoon was calculated using remote sensing 

methods (A Sentinel image 2A was downloaded, and the area 

was measured using the Q-Gis software). Based on this 

information, all studied sites were classified as freshwater 

lagoons: Vista Alegre lagoon (L.1), La Turbina lagoon (L.2), and 

five old stone quarries near the local airport (L.3, L.4, L.5, L.6 and 

L.7) (figure 1). 
 

L.1 lagoon is in the western part of the city of Ciego de Ávila; L.2 

is in a semi-natural park in the city's center; the rest of the 

lagoons are on the eastern part of the city, far from the most 

populated areas (table 1).
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Figure 1. Study area in the Ciego de Ávila municipality, Cuba. Localization of studied artificial freshwater lagoons. L1: Vis ta Alegre. L2: La Turbina. 

L3-L7: Canteras del Aeropuerto lagoons.
 

Table 1. Some data of studied artificial freshwater lagoons. 
 

Lagoons Coordinates Height above sea level (m) Water area (km2) 

Vista Alegre (L.1) 21°51'9″N-78°46’39”W 56 0,0129 

La Turbina  (L.2) 21°50'51’’N-78°45’43”W 46 0,0865 

Cantera del Aeropuerto L.3 (L.3) 21°50'45’’N-78°72’65”W 53 0,059 

Cantera del Aeropuerto L.4 (L.4) 21°50'46’’N-78°72’54”W 26 0,008 

Cantera del Aeropuerto L.5 (L.5) 21°50'35’’N-78°73’20”W 24 0,019 

Cantera del Aeropuerto L.6 (L.6) 21°50'35’’N-78°43’26”W 45 0,0118 

Cantera del Aeropuerto L.7 (L.7) 21°50'75’’N-78°72’53”W 32 0,0456 

The inventory of plants associated with the lagoons was made 

(observing environmental conditions and plants) using transects 

one meter wide and twenty meters long established at the 

borders of the lagoons (Pérez-Hernández, 2016). The plants 

inside each lagoon were collected with hooks designed for this 

purpose and, in some cases, directly by the researchers. 

Fieldwork was done between 2020 and 2021, during the wet 

season (May to October) and during the dry season (November 

to April). During fieldwork, visual identification was used to 

identify taxa in the study area preliminarily. Some samples were 

herborized, and many pictures of the plants were taken for final 

taxonomic identification. Samples were compared with 

preserved plant specimens of the "Julián Acuña Galé" (HIPC) 

herbarium of the University of Camagüey, using identification 

keys from the literature and consulting other plant researchers. 

The taxonomy and nomenclature proposed by Greuter and 

Rankin (2017) were used for identification. All taxa were 

classified following various criteria. For the classification of plant 

origin and presence in Cuba, two criteria were used: 

autochthonous (specifying whether they were endemic or not) 

and non-autochthonous (detailing whether they are cultural or 

have naturalized) (Acevedo-Rodríguez & Strong, 2012; Ricardo 

et al., 1995). Plants were classified as trees, shrubs, and herbs 

using the growth form criterion. The potential value of aquatic 

plants for humans was evaluated using the criteria proposed by 

Acuña (1970), Méndez-Santos et al. (2000). and Roig (1965; IN
TR
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1974). This assessment considered various criteria: forest value, 

medicinal use, animal food, craft use, agricultural use, folklore 

practices, ornamental use, and fiber sourcing. For a broader 

evaluation of medicinal uses, other references were revised 

(Abdul-Manap et al., 2019; Arshad et al., 2020; Behera & 

Satapathy, 2020; Dyera-Forestryana, 2020; Hazarika et al., 2021; 

Heredia-Díaz et al., 2018; Liau et al., 2021; Nayaka et al., 2020; 

Pratyusha et al., 2012; Salatino et al., 2007; Teixeira et al., 2017). 

The use of these plants as phytoremediators was evaluated 

according to the criteria of Eid et al. (2020), Liu et al. (2021), 

Muthusaravanan et al. (2020), and Nash et al. (2019). Plant 

response to anthropogenic impacts and synanthropism were 

evaluated following the criteria of Ricardo et al. (1995); invasive 

potential (of exotic species) as proposed by Oviedo Prieto & 

González-Oliva (2015) and conservation status according to 

González-Torres et al. (2016). 
 

 

 

Results 
 

L.1 lagoon is considered anthropic and semi-permanent. The 

other six studied lagoons L.2 – L.7) are anthropic and 

permanent. L.2 lagoon (shallow and permanent) originated from 

an old ballast quarry dating back to the 19th century, which was 

closed in 1935 due to the appearance of a spring and a 

significant amount of precipitation related to the 1932 hurricane 

(Cabrera-Sánchez, 2010). According to Cabrera-Sánchez 

(pers.comm), the origin of L.1 lagoon is unknown; the other 

lagoons (L.3 – L.7) formed from stone extraction to construct the 

local airport during the first two decades of the 20th century. 

There is no objective evidence of present morphology and 

status. Groundwater could be the principal water source of these 

lagoons (L.3 – L.7). Rainfall is another water source, which, 

combined with the closed morphology, creates ideal conditions 

for permanent water accumulation.  

 

The small area and variety of the environmental conditions of 

the freshwater lagoons studied cause their limited diversity of 

habitats with scarce but interesting flora. All taxa found in the 

surveyed lagoons were identified to the species level, with a 

high degree of certainty (except Sabal palmetto (Walter) Lodd. 

ex Schult. & Schult.f). There was uncertainty regarding the 

characters of this plant, which could be similar to those 

described for Sabal maritima (Kunth) Burret. 

 

This study registered 49 plant species of 44 genera and 34 

families. Only three families were present in all the lagoons 

(Onagraceae, Poaceae, and Salviniaceae) (figure 2). The highest 

number of plant species were identified at L.3 and L.6 lagoons, 

while the lowest number of plant species (seven) was recorded 

at L.1. The number of plant species identified at the borders of 

the lagoons was higher than inside the lagoons (figure 3). 
 

In L.1, Pistia stratiotes L. was predominant (it covered most water 

area). At L.2 lagoon, Eichhornia crassipes (Mart.) Solms covers 

most of the lagoon water area all year long. L.3 lagoon is divided 

into four parts. The predominance of species at this lagoon 

varied according to its parts. In one portion, Nymphoides indica 

(L.) Kuntze was dominant in the dry and wet seasons, while E. 

crassipes was dominant elsewhere. During the dry season, 

Hydrocotyle umbellata L. and Potamogeton illinoensis Morong 

were dominant in the fourth and third parts, respectively.

 

 

 
Figure 2. Distribution of identified plant families at each studied freshwater artificial lagoon. L1: Vista Alegre. L2: La Turbina. L3-L7: Canteras del 

Aeropuerto lagoons. IN
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Figure 3. Number of identified plant species at borders and inside each studied artificial freshwater lagoon and total number  of identified plant 

species. L1: Vista Alegre. L2: La Turbina. L3-L7: Canteras del Aeropuerto lagoons. 

 

 

 

Salvinia auriculata Aubl. was dominant in L.4 lagoon all year 

long, coinciding with Utricularia gibba L. during the dry season. 

Both species were present in L.5 lagoon, too. In L.5 lagoon, two 

species (Koanophyllon villosum (Sw.) R. M. King & Rob, and 

Bletia purpurea (Lam.) were dominant all year long. In L.6 

lagoon, P. illinoensis was the dominant species, particularly 

during the dry season. Four specimens of S. palmetto (two 

adults and two young) were observed at this lagoon. At L.7 

lagoon, Nymphaea ampla (Salib.) DC. was dominant during the 

wet season. 
 

 
 

Of the identified species, no autochthonous plants (69 %) were 

dominant; among them, 97 % were naturalized, and 12 % were 

classified as invasive plants, particularly P. stratiotes and E. 

crassipes, regarded as exotic invasive plants. Both species are 

classified as more noxious and subject of concern in Cuba 

(Oviedo-Prieto & González-Oliva, 2015). 
 

Autochthonous plants represent only 31 % of all the species, 

with an endemism of 2 % (Koanophyllon villosum (Sw.). The 4 % 

(U. gibba and S. palmetto) are species included in the category 

of Critically Endangered (LC) (González-Torres et al., 2016). 
 

Of the recorded plants, 29 % had ornamental use, 39 % 

medicinal uses, 12 % were phytoremediators, 6 % had forestal 

value, 4 % are regarded as a source of fiber, and the same 

percentage is used in folklore practices (particularly religious 

rituals), craftmanship and agriculture; only 2 % of the plants are 

used as animal food (table 2). Plants with ornamental, medicinal, 

and phytoremediation uses were present in all the lagoons 

(figure 4). 
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Table 2. Plant species inventory in studied artificial freshwater lagoons of Ciego de Ávila, EN: endemic, NEN: non-endemic, EN: Endémica. NEN: No 

endémica. Growth form: H-Herbs, T: Tree, S-Shrub. Utility: F-Forest. M- Medicinal. Af-Animal feed. C-Craft use, Ag-Agriculture, Fu- Folkloric, Or- 

Ornamental, Fi- Fiber potential, Ph- Phytoremediation. Anthropic Impact: ES-Expansive synanthropic, IS- Invasive synanthropic, NS- No synanthropic. 

Conservation: CE-Critical Endangered and LC-Least Concern (IUCN, 2022). 

 

Plant species  Presence in Cuba  

Autochthonous Non   Autochthonous 

EN NEN Naturalized Cultural Growth 

form 

Utility Anthropic impact 

and conservation 

ALISMATACEAE        

Sagittaria intermedia Micheli    x H Or. NS 

AMARANTHACEAE        

Alternanthera sessilis (L.) R. Br. Ex DC    x  H M. ES 

ANTIRRHINACEAE                           

Stemodia maritima L.   x  H M. NS 

APIACEAE        

Hydrocotyle umbellata L.   x  H M. ES 

ARACEAE        

Pistia stratiotes L.  x   H Or., Ph., Ag., M. IS 

ARECACEAE        

Sabal palmetto (Walter) Lodd. ex 

Schult. & Schult.f. 

 x   T F., Or. NS, CE, LC 

Roystonea regia (Kunth) O. F. Cook   x  T Or. C. Fu. Ph ES 

ASTERACEAE        

Koanophyllon villosum (Sw.)  

R. M. King & H. Rob. subsp. villosum 

x    H Or., M. NS 

Eclipta prostrata (L.) L   x  H M. ES 

Spilanthes urens Jacq   x  H  ES 

Pluchea carolinensis (Jacq.) G. Donm.   x  S Or., M., Fu. ES 

BYTTNERIACEAE        

Melochia nodiflora Sw.  x   H F. ES 

CALLITRICHACEAE         

Callitriche peploides Nutt.  x   H Or. NS 

 CONVOLVULACEAE         

Ipomoea pes-caprae (L.) R. Br.  x   H  ES 

 COMMELINACEAE         

Commelina rufipes Seub  x   H  NS 

 CYPERACEAE         

Cyperus flexuosus Vahl   x  H  NS 

Cyperus imbricatus Retz   x  H  NS 

Fuirena simplex   x  H  NS 

Oxycaryum cubense (Poepp. & Kunth) 

Palla 

  x  H  NS 

Eleocharis interstincta (Vahl) Roem. & 

Schult  

 x   H  ES 

Eleocharis geniculata (L.) Roem. & 

Schult 

  x  H  NS 

 EUPHORBIACEAE         

Croton argenteus L.  x   S M. IS 

 FABACEAE         

Dichrostachys cinerea (L.) Wight & Arn   x  S F., M. IS 

Aeschynomene sensitiva Sw.  x   S  ES 

 HYDROPHYLLACEAE          

Hydrolea spinosa L.  x   H M. NS 
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Plant species        Presence in Cuba    

 Autochthonous Non   Autochthonous    

 EN NEN Naturalized Cultural Growth 

form 

Utility Anthropic impact 

and conservation 

        

 LEMNACEAE         

Lemna perpusilla Torr.   x  H Fr. IS 

 LENTIBULARIACEAE         

Utricularia gibba L.    x  H  NS, CE, LC 

 LOGANIACEAE         

Spigelia anthelmia L.   x  H Or., M. ES 

 LYTRACEAE         

Ammannia latifolia L.   x  H Or. ES 

 MALVACEAE          

Sida cordifolia L.  x   H M. ES 

Malachra capitata (L.) L.  x   H M. ES 

Malachra fasciata Jacq.  x   H M. ES 

 MENYANTHACEAE         

Nymphoides indica (L.) Kuntze  x   H Or.,M. NS 

 NAJADACEAE         

Najas marina L.   x  H Or. NS 

 NYMPHAEACEAE         

Nymphaea ampla (Salib.) DC.   x  H Or. NS 

 ONAGRACEAE         

Ludwigia peploides (H. B. K.) Raven   x  H  NS 

Ludwigia  peruviana (C. Wright ex 

Griseb.) M. Gómez 

  x  H Ph. NS 

 ORCHIDACEAE         

Bletia purpurea (Lam.)   x  H Or. ES 

 PLANTAGINACEAE         

Bacopa monnieri (L.) Pennell var. 

Monnieri 

  x  H M. ES 

 POACEAE         

Brachiaria mutica (Forssk.) Stapf.   x  H  IS 

 POLYGONACEAE         

Persicaria maculosa var. argentea Gray.   x  H  NS 

 PONTEDERIACEAE         

Eichhornia crassipes (Mart.) Solms   x  H Or.,Ph., C., M., 

Af., Fu., Ag. 

IS 

 POTAMOGETONACEAE         

Potamogeton illinoensis Morong   x  H  NS 

 SALVINIACEAE          

Salvinia auriculata Aubl   x  H Fr. NS 

 SOLANACEAE          

Physalis angulata L.   x  H M. NS 

 TYPHACEAE         

Typha domingensis Pers Kunth   x  H Fr. ES 

 VERBENACEAE         

Phyla stoechadifolia (L.) Small   x  H  NS 

Phyla nodiflora (L.) Greene   x  H M. ES 

Stachytarpheta angustifolia (Mill.) Vahl    x  H  NS 
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Figure 4. Number of identified plant species per use at each studied freshwater artificial lagoon. L1: Vista Alegre. L2: La Turbina. L3-L7: Canteras del 

Aeropuerto lagoons. 

 

Discussion 
 

Other important values have been described for some of the 

lagoons studied. For instance, Gutiérrez-Domenech et al. (2012) 

found a noteworthy paleontological site at L.4 lagoon, with 

abundant fossils that could be exploited for geotourism 

activities and other uses. The value (from the holistic point of 

view) of the studied freshwater lagoons could help to increase 

environmental awareness in the municipality, including the 

educational sector, due to the proximity of these water bodies 

to the most important economic and social site of this region. 
 

 

Although L.3 and L.6 are not the largest of the studied lagoons, 

they were characterized by presenting the most significant 

structural complexity, which may be one of the reasons why they 

have the largest number of species. Also, these lagoons are 

more distant (compared with L.1 and L.2) from the center of the 

city of Ciego de Ávila and consequently do not receive sewage 

discharges from the city system. These conditions could explain 

the number of plant species and the prevalence of certain 

species. However, in L.3 lagoon, plants that are common in 

oligotrophic conditions, such as P. illinoensis (Hardion et al., 

2021), were registered, which indicates an environment rich in 

heavy metals (as E. crassipes) (Mehmood et al., 2009; 

Muthusaravanan et al., 2020). At the same lagoon (L.3), H. 

umbellata was registered, which according to Liu et al. (2021), 

tolerates high levels of cadmium (Cd). At L.4 and L.5 lagoons, S. 

auriculata was recorded. According to some authors, this 

species is a bioaccumulative macrophyte (particularly with Zinc), 

and its presence indicates heavy metals in aquatic environments 

(Negrão et al., 2021). The presence of some of these plants at 

L.3, L.4, and L.5 could suggest certain levels of anthropic 

pollution. In L.6 and L.7 lagoons, these indicator species did not 

prevail. 
 
 

Among the identified invasive aquatic plants is P. stratiotes, 

native to tropical America but distributed worldwide (Henry-

Silva et al., 2008). In Cuba, this plant is classified as invasive, 

noxious, and a transformer species (Oviedo-Prieto and 

González-Oliva, 2015). It occupies most of the water area in L.1. 

Despite these negative effects on local ecology, this plant 

(before growing excessively) has environmental benefits such as 

water oxygenation, fixation of carbon dioxide, recycling, nutrient 

absorption, regulation of water temperature, light and sediment 

transport, and occasionally contributes to decreasing 

suspension of solid particles and pollution (Chang-Gutiérrez 

and Huamán-Taype, 2019; Trisilawati et al., 2020). In addition, 

this species can be used as a biofertilizer due to its capacity to 

store considerable contents of nitrogen (N) and phosphorus (P) 

(Abdo and Da Silva, 2000; Henry-Silva et al., 2008). P. stratiotes 

could be helping the ecological functioning at L.1 lagoon as a 

phytoremediating plant due to its ability to absorb heavy metals 

such as Cd and Zn (Muthusaravanan et al., 2020). In addition, P. 

stratiotes has some active organic compounds with antiseptic 

use (Tyagi and Agarwal, 2017). Cook (1990) considered this plant 

one of the most important in the world. 
 
 

Another identified invasive and transformer plant was E. 

crassipes (Oviedo-Prieto and González-Oliva, 2015). This plant is 

native to South America, specifically the Amazon River, but is 

present worldwide (Ito et al., 2020). The excessive growth of this 

plant has blocked rivers, lakes, and reservoirs, affecting fluvial 

navigation, swimming, and fishing. This plant causes a decrease 

in sunlight penetration into the water, affecting oxygenation IN
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and submerged plants. Furthermore, the excessive growth of E. 

crassipes (it can double its population in 12 days) has impacted 

biological diversity in the water bodies. This species is classified 

by some authors (Lowe et al., 2004) as one of the 100 most 

noxious plants in the world. However, E. crassipes is considered 

by Cook (1990) as one of the most important plants worldwide 

because it is bioabsorbent (Kalam et al., 2019), phytoremediator 

(Nash et al., 2019), an animal food source (de Vasconcelos et al., 

2016); apt for composting (Goswami et al., 2017), biogas 

production (Sarto et al., 2019) and as biofertilizer, due to its high 

contents of nitrogen, phosphorus, and potassium (Goswami et 

al., 2017). Some authors reported that this plant could be used 

in healthcare procedures (Sharma et al., 2020) because of its 

anticancer properties (Aboul-Enein et al., 2014; Tyagi and 

Agarwal, 2017). 
 

Both species (P. stratiotes and E. crassipes) are abundant in the 

studied lagoons L.1 and L.2. In L.2 lagoon (which receives 

sewage discharges), when E. crassipes grows excessively and 

begins to cover most of its water area, it is extracted manually 

and deposited on the margins of the lagoon or sent to final 

disposal. Both disposal methods are evironmentally 

questionable (disposed of plants could contaminate 

groundwaters) because this species may absorb high levels of 

heavy metals and nutrients (Mehmood et al., 2009; 

Muthusaravanan et al., 2020). More research could be done on 

the potential uses of these plants to know more about their 

agricultural uses (Ito et al., 2020; Behera and Satapathy, 2020). 

However, local authorities must work on management actions 

that improve the utilization of these plants and their appropriate 

and safe final disposal. 
 

One of the most interesting plants registered in these freshwater 

lagoons was U. gibba (Critically Endangered (CE), as country 

categorization (González-Torres et al., 2016) and Least Concern 

(LC) IUCN, 2022). In Cuba, it covers an area of less than 10 km2. 

This limited area is decreasing, and consequently, its habitat. 

(González-Torres et al., 2016). However, according to Panfet-

Valdés (2008), U. gibba is distributed almost in the entire 

country. Our study recorded this species for the first time in 

Ciego de Ávila. During all the samplings, U. gibba was observed 

to be associated with S. auriculata. This association could be 

unique (a topic for future ecological studies) because U. gibba 

is a rare and uncommon species that lives mainly in polluted 

environments.  
 

Another Critically Endangered (CE) country categorization 

(González-Torres et al., 2016) and Least Concern (LC) (IUCN, 

2022) species (S. palmetto) was found in these lagoons. 

However, more in-depth studies are being conducted to 

corroborate its identity. In Cuba, their populations are restricted 

to areas of less than 10 km2 of fragmented habitats. The main 

conservation issues are habitat area and quality (González-

Torres et al., 2016). S. palmetto is a solitary palm species that 

forms groups in freshwater habitats and coastal zones. Its 

distribution range stretches from North Caroline to South 

Florida (USA), The Bahamas, and Cuba. It is a long-lived and 

slow-growing tree that reaches a height of 12 meters (some 

specimens can reach up to 24 meters). This species has a high 

tolerance to drought and strong winds and is widely adaptable 

to low-nutrient soils (Brown et al., 2011). In Cuba, only its fruit's 

potential as a source of oil has been studied (Rodríguez-Leyes 

et al., 2007). This species was only observed at L.6 lagoon. 
 

 

The plants associated with the artificial freshwater lagoons, 

already naturalized in Ciego de Ávila, have diverse conditions, 

values, and uses that could influence the environmental services 

of these aquatic ecosystems. The study of these plant species 

could be replicated in other of the country's aquatic ecosystems 

to increase knowledge of these species and their economic and 

social uses. We recommend implementing management actions 

regarding the final disposal of E. crassipes at L.2 lagoon and 

conservation actions to protect U. gibba and S. palmetto if 

identification of the latter is corroborated. 
 

 

Conflict of interest 
 

 

The authors have declared no conflicts of interest for this article. 
 
 
 

Contribution of the authors 
 

Leslie Hernández Fernández, Isidro E. Méndez, José Gerardo 

Vázquez, Roberto González de Zayas and José Carlos Lorenzo 

Feijoo: conceptualization, writing, editing, methodological 

design development, data collection and data analysis, and 

financing acquisition. 

 

 

Acknowledgments 
 
 
 

The authors are grateful to the NGO IdeaWild for its support 

with electronic equipment used in this research and Vicente 

Osmel Rodríguez for reviewing and revising the manuscript in 

English. 
 

IN
TR

O
P

IC
A

 

45 



Plants in artificial lagoons 

Enero  – junio  de 2023 

 

References 
 
 
 

Abdo, M.S.A. and Da Silva, C.J. (2000). Nutrient Stock in the 

Aquatic Macrophytes Eichhornia crassipes and Pistia stratiotes 

in the Pantanal-Brazil. In of the German-Brazilian Workshop on 

Neotropical Ecosystems. Hamburg, 3 (8), 875-880. 
 

Abdul-Manap, A. S. A., Vijayabalan, S., Madhavan, P., Chia,Y. Y., 

Arya, A., Wong, E. H., Rizwan, F., Bindal, U. and Koshy, S. (2019). 

Bacopa monnieri, a neuroprotective lead in Alzheimer disease: a 

review on its properties, mechanisms of action, and preclinical 

and clinical studies. Drug Target Insights, 13, 1-13. 

https://doi.org/10.1177/1177392819866412. 
 

Aboul-Enein, A. M., Shanab, S. M., Shalaby, E. A., Zahran, M. M., 

Lightfoot, D. A., and El-Shemy, H. A. (2014). Cytotoxic and 

antioxidant properties of active principals isolated from water 

hyacinth against four cancer cell lines. BMC complementary and 

alternative medicine, 14 (1): 1-11. https://doi.org/10.1186/1472-

6882-14-397. 
 

Acevedo-Rodríguez, P. and Strong, M. T. (2012). Catalogue of 

Seed Plants of the West Indies. Washington, D.C.: Smithsonian 

Institution. URL. https://doi.org/10.5479/si.0081024X.98.1.  
 

 

Acuña, J. (1970). Plantas melíferas de Cuba. Serie Agrícola. 

Academia de Ciencias de Cuba, 14, 67. 
 

 

Arshad, S., Hussain, I., Ibrahim, M., Imran, M., Assiri, A. M., Thind, 

S., Bilal, M., Irfan, A., Abdullah, G. and Al-Sehemi, G. A. (2020). 

Biochemical studies on protein, phenolic contents, and 

antioxidant activities of Sida cordifolia extracts. Bulletin of the 

Chemical Society of Ethiopia 34 (2), 427-434. 

https://doi.org/10.4314/bcse.v34i2.18. 
 

Behera, B. and Satapathy, K. B. (2020). Hydrophytic flora of our 

environment: Their ethnic uses and pharmacological evaluation. 

International Journal of Botany Studies, 5, 23-31. 
 

Brown, S. H., Cressman, D. and Gardener, M. (2011). Sabal 

palmetto Family: Arecacae. 

https://www.tripreads.com/hosted/sabal-palmetto-cabbage-

palm.pdf.    
 

Brown, O., Díaz-Ruiz, R., Gallardo-Ballat, Y. and Valero-Freyre J. 

(2017). Caracterización de precipitaciones diarias en el 

municipio de Ciego de Ávila, Cuba. Ingeniería Hidráulica y 

Ambiental, 2: 44-58. 
 

Cabrera Sánchez, Ángel E. (2010). La Turbina: un símbolo de 

Ciego de Ávila. Ciego de Ávila: Oficina del Historiador de la 

Ciudad, Archivo Histórico Provincial. URL. 

https://www.ecured.cu/Lago_artificial_La_Turbina. 
 

Chang-Gutiérrez, K. and Huamán-Taype, C. R. (2019). Eficiencia 

en el tratamiento de aguas residuales domesticas mediante las 

macrófitas Eichhornia Crassipes y Pistia Stratiotes, plantas 

típicas de la Selva Peruana. [Tesispregrado, Universidad peruana 

unión]. Repositorio Universidad Peruana Unión. URL. 

https://repositorio.upeu.edu.pe/handle/20.500.12840/3230.  
 

Cook, C. D. K. (1990). Origin, autecology, and spread of some of 

the world’s most troublesome aquatic weeds. I: Pieterse, A. H. 

and K. J. Murphy. (Eds), Aquatic Weeds. (pp 31-38) Oxford 

University Press.  
 

De Vasconcelos, G. A., Véras, R. M. L., de Lima Silva, J., Cardoso, 

D. B., de Castro Soares, P., de Morais, N. N. G. and Souza, A. C. 

(2016). Effect of water hyacinth (Eichhornia crassipes) hay 

inclusion in the diets of sheep. Tropical Animal Health and 

Production, 48 (3), 539-544. https://doi.org/10.1007/s11250-

015-0988-z.  
 

Dyera-Forestryana, A. (2020). Phytochemical screenings and thin 

layer chromatography analysis of ethanol extract jeruju leaf 

(Hydrolea spinosa L.). Journal Ilmiah Farmako Bahari, 11, 113-

124. https://doi.org/10.52434/jfb.v11i2.859. 
 
 

Eid, M. E., Galal, M. T., Shaltout, H. K., El-Sheikh, A. M., Asaeda, 

T., Alatar, A. A., Alfarhan, H. A., Alharthi, A., Alshehri, M. A. A., 

Picó, Y. and Barcelo, D. (2020).   Biomonitoring potential of the 

native aquatic plant Typha domingensis by predicting trace 

metals accumulation in the Egyptian Lake Burullus.  Science               

of the Total Environment, 714, 136603. 

https://doi.org/10.1016/j.scitotenv.2020.136603.  
 

González-Torres, L.R., Palmarola, A., González Oliva, L., Bécquer, 

E.R., Testé, E. and Barrios, D. (Eds.) (2016). Lista roja de la flora 

de Cuba. Bissea, 10 (1): 1-352. 
 

Goswami, L., Nath, A., Sutradhar, S., Bhattacharya, S. S., 

Kalamdhad, A., Vellingiri, K. and Kim, K. H. (2017). Application of 

drum compost and vermicompost to improve soil health, 

growth, and yield parameters for tomato and cabbage plants. 

Journal of Environmental Management, 200, 243-252. 

https://doi.org/10.1016/j.jenvman.2017.05.073.  
 

Greuter, W. and Rankin Rodríguez, R. (2017). Plantas Vasculares 

de Cuba inventario preliminar. Segunda edición, actualizada, de 

Espermatófitos de Cuba con inclusión de los Pteridófitos. 

Königin-Luise-Str. 6-8, D-14195 Berlin, Germany.  
 

Gutiérrez-Domenech, R. M., Bernal-Rodríguez, R. L., Pantaleón-

IN
TR

O
P

IC
A

 

46 

https://doi.org/10.1177/1177392819866412
https://doi.org/10.1186/1472-6882-14-397
https://doi.org/10.1186/1472-6882-14-397
https://doi.org/10.5479/si.0081024X.98.1
https://doi.org/10.4314/bcse.v34i2.18
https://www.tripreads.com/hosted/sabal-palmetto-cabbage-palm.pdf
https://www.tripreads.com/hosted/sabal-palmetto-cabbage-palm.pdf
https://www.ecured.cu/Lago_artificial_La_Turbina
https://doi.org/10.1007/s11250-015-0988-z
https://doi.org/10.1007/s11250-015-0988-z
https://doi.org/10.52434/jfb.v11i2.859
https://doi.org/10.1016/j.scitotenv.2020.136603
https://doi.org/10.1016/j.jenvman.2017.05.073


Leslie Hernández Fernández, Isidro E. Méndez, José Gerardo Vázquez, Roberto González de Zayas and José Carlos Lorenzo 

Feijoo 

Enero - junio de 2023 

Vento, G., Barrientos-Duarte, A., Delgado-Carballo, I., Gozález, 

C., Candelaria, L., Díaz-González, J. L. and Córdova-Tejedo, C. A. 

(2012). Geositios de interés patrimonial de la provincia Ciego de 

Ávila protección y conservación del patrimonio geológico.  

 

Informe Final del Proyecto 613130. Instituto de Geología y 

Paleontología. 34 pp. 
 

Hardion, L., Chanez, E., Staentzel, C., Combroux, I., Beisel, N. J., 

Espininosa-Prieto, A., Béral, H., Trémolieres, M. and Grac, C. 

(2021). An infraspecific dimension of bioindication? Comparison 

between genotypes and ecological distribution of Potamogeton 

coloratus. Aquatic Botany, 171, 103373. 

https://doi.org/10.1016/j.aquabot.2021.103373. 
 

Hazarika, I., Mukundan, G. K., Sundari, P. S. and Laloo, D. (2021). 

Journey of Hydrocotyle sibthorpioides Lam.: From traditional 

utilization to modern therapeutics—A review. Phytotherapy 

Research, 35 (4) 1847-1871. https://doi.org/10.1002/ptr.6924.  
 

Henry-Silva, G. G., Camargo, F. M. A. and Pezzato, M. M. (2008). 

Growth of free-floating aquatic macrophytes in different 

concentrations of nutrients. Hydrobiologia, 610, 153-160. 

https://doi.org/10.1007/s10750-008-9430-0. 
 

Heredia-Díaz Y., García-Díaz J., López-González T., Chil-Nuñez I., 

Arias-Ramos D., Escalona-Arranz J. C., González-Fernández R., 

Costa-Acosta J., Suarez-Cruz D., Sánchez-Torres M. and 

Martínez-Figueredo, Y. (2018). An ethnobotanical survey of 

medicinal plants used by inhabitants of Holguín, Eastern Region, 

Cuba. Boletín Latinoamericano y del Caribe de Plantas 

Medicinales y Aromáticas, 17 (2), 160-196. 
 

Ito, Y., Tanaka, N., Keener, B. R. and Lehtonen, S. (2020). 

Phylogeny and biogeography of Sagittaria (Alismataceae) 

revisited: evidence for cryptic diversity and colonization out of 

South America. Journal of Plant Research, 133 (6), 827-839. 

https://doi.org/10.1007/s10265-020-01229-5. 
 

IUCN. (2022). The IUCN Red List of Threatened Species. Version 

2022-2. https://www.iucnredlist.org. Accessed on 15-12-2022. 
 

Jocou, I. A. and Gandullo, R. (2020). Diversidad de plantas 

vasculares de los humedales de la Norpatagonia (Argentina).  

Revista del Museo Argentino de Ciencias Naturales n.s, 22, 131-

154. https://doi.org/10.22179/REVMACN.22.688. 
 

 

Kalam, A., Rahman, L. and Ahmed, N. (2019). Removal of toxic 

Congo red dye using water hyacinth petiole, an efficient and 

selective  adsorbent.  Journal of the Chemical Society of 

Pakistan, 41 (5) 825-833. 

https://doi.org/10.52568/000802/JCSP/41.05.2019.  
 

Liau, M., Cheong, B. E. and Teoh, P. L. (2021). Antioxidant and 

anticancer properties of solvent partitioned extracts of Phyla 

nodiflora L. Journal of Microbiology, Biotechnology and Food 

Sciences 7 (1), 42-46. 

https://doi.org/10.15414/jmbfs.2017.7.1.42-46. 

 

Liu, K., Liang, X., Li, Ch., Wang, L. He, X., Qin, R., Li, Y., Yu, F. (2021). 

Hydrocotyle vulgaris L.: a new cadmium-tolerant landscape 

species and its physiological responses to cadmium exposure. 

Environmental Science and Pollution Research, 28, 26045-

26054. https://doi.org/10.1007/s11356-021-12511-x. 

 

Lowe, S., Browne, M., Boudjelas, S. and De Poorter, M. (2004). 

100 de las especies exóticas invasoras más dañinas del mundo. 

Una selección del global invasive species database. Unión 

Mundial para la Naturaleza (UICN). 

https://portals.iucn.org/library/sites/library/files/documents/20

00-126-Es.pdf.  
 

Madriñán, S., Rial A., Bedoya, A. M. and Fernández-Lucero, M. 

(2017). Plantas acuáticas de la Orinoquia colombiana. Ediciones 

Uniandes. 
 

Maldonado-González, S. G. (2010). La colección de plantas 

acuáticas del Jardín Botánico Nacional de Cuba.  Revista del 

Jardín Botánico Nacional 30/31,15-20. 
 

Mehmood, T., Malik, S. A. and Hussain, S. T. (2009). Role of 

microbes in nitrogen and metal hyperaccumulation by taxilaion 

Eichhornia crassipes. African Journal of Microbiology Research, 

312, 914-924. 
 

Méndez-Santos, I. E., Villalobos, R. R., Varona, L. D., Valdespino, 

N. G. and Calderín, M. G. (2000). Flora apícola de la provincia de 

Camagüey. Revista del Jardín Botánico Nacional, 1, 235-252. 
 

Muthusaravanan, S., Sivarajasekar, N., Vivek, J. S., Vasudha 

Priyadharshini, S., Paramasivan, T., Dhakal, N. and Naushad, M. 

(2020). Research updates on heavy metal phytoremediation: 

enhancements, efficient post-harvesting strategies, and 

economic opportunities. Green Materials for Wastewater 

Treatment, 191-222. https://doi.org/10.1007/978-3-030-17724-

9_9. 
 

Nash, D. A. H., Abdullah, S. R. S., Hasan, H. A., Idris, M., 

Muhammad, N. F., Al-Baldawi, I. A. and Ismail, N. I. (2019). 

Phytoremediation of Nutrients and Organic Carbon from Sago 

Mill Effluent using Water Hyacinth (Eichhornia crassipes). 

Journal of Engineering & Technological Sciences, 51 (4) 573- IN
TR

O
P

IC
A

 

47 

https://doi.org/10.1016/j.aquabot.2021.103373
https://doi.org/10.1002/ptr.6924
https://doi.org/10.1007/s10750-008-9430-0
https://doi.org/10.1007/s10265-020-01229-5
https://doi.org/10.22179/REVMACN.22.688
https://doi.org/10.52568/000802/JCSP/41.05.2019
https://doi.org/10.15414/jmbfs.2017.7.1.42-46
https://doi.org/10.1007/s11356-021-12511-x
https://portals.iucn.org/library/sites/library/files/documents/2000-126-Es.pdf
https://portals.iucn.org/library/sites/library/files/documents/2000-126-Es.pdf
https://doi.org/10.1007/978-3-030-17724-9_9
https://doi.org/10.1007/978-3-030-17724-9_9


Plants in artificial lagoons 

Enero  – junio  de 2023 

 

584. https://doi.org/10.5614/j.eng.technol.sci.2019.51.4.8. 
 

Nayaka, S., Hiremath, H., Chakraborty, B., Swamy, P. S., 

Basavarajappa, D.S., Nagaraja, S. K., Rudrappa, M, Bhat, M. P., 

Airodagi, D. and Murigennavar, M. S. (2020). Efficacy of 

antibiotic sensitivity and antimicrobial activity of Streptomyces 

cinereoruber RSA-14 isolated from rhizosphere soil of 

Alternanthera sessilis (L.) R. Br. ex DC. Journal of Applied Biology 

and Biotechnology 8 (4),1-6. 
 

Negrão, G. N., Souza, N. U. and Butik, M. (2021). Avaliação do 

Potencial Fitorremediador da Macrófita Aquática Salvinia 

auriculata na Absorção e Acúmulo de Zinc. Geografia (Londrina), 

30 (1), 367-385. https://doi.org/10.5433/2447-

1747.2021v30n1p367 .  
 

 Oviedo-Prieto, R. and González-Olivera, L. (2015). Lista nacional 

de plantas invasoras y potencialmente invasoras enb la 

república de Cuba. Bissea, 9 (2), 1-88. 

Panfet-Valdés, C. M. (2008). El género Utricularia 

(Lentibulariaceae) en las Antillas Mayores. Revista del Jardín 

Botánico Nacional, 29, 11-19. 
 

Pérez- Hernández, V. (2013). Seasonal Dynamic of the 

Vegetation at “Los Carneros” Lagoon: Handled Floral Reserve 

Sabanalamar-San Ubaldo, Pinar del Río, Cuba. In: Farfán 

González, H., Corvea Porras, J. L., de Bustamente Gutiérrez, I. and 

LaMoreaux, J. W. Editores. Management of Water Resources in 

Protected Areas. (pp 309-316). Springer. 
 

Pérez-Hernández, V. (2016). La colección de especies acuáticas 

y palustres en el Jardín Botánico de Pinar del Río, Cuba. 

ECOVIDA, 6, 210-224.  
 

Plasencia-Fraga, J. M. (1982). Ciclo de vida de Typha 

domingensis (Pers.) Kunth reproducida vegetativamente en el 

embalse de Sierra del Rosario, Cuba. Revista de 

Investestigaciones del Instituto de Botánica, 2, 1-13. 
 

Plasencia-Fraga, J. M. (1992). La vegetación acuática y su 

influencia sobre el estado trófico de algunos embalses cubanos. 

Revista de Investigaciones del Instituto de Ecología y 

Sistemática (La Habana), 12. 
 

Plasencia-Fraga, J. M. (2008). Flora Acuática de la provincia de 

Camagüey, Cuba. Polibotánica, 25, 17-28.  
 

Ponce de León, P. (1955). La vegetación de la Laguna de 

Ariguanabo. Revista de la Sociedad Cubana de Botánica, 12, 48-

52.  
 

Posada-García, A. J. (2016). Plantas acuáticas invasivas y su 

relación con la salud en Colombia. In: Campo-Morales K., 

Caselles-Osorio. Editores. Especies Invasoras Acuáticas y Salud. 

Memorias del II Seminario sobre Especies Invasoras en 

Humedales, Calidad del Agua y Desarrollo de Vectores de 

Enfermedades. Universidad del Atlántico, Octubre, 2016 

Barranquilla-Colombia. 110-122. 
 

Pratyusha, S., Jayasri, P. and Elumalai, A. (2012). Study on 

phytochemical profile and anti-ulcerogenic effect of Malachra 

capitata (L.) in albino Wistar rats. International Journal of 

Preclinical and Pharmaceutical Research 3, 2, 97-103. 
 

Ramirez, A., Péreza, S., Flóreza, E. and Acelasa, N. (2021). 

Utilization of water hyacinth (Eichhornia crassipes) rejects as 

phosphate-rich fertilizer. Journal of Environmental Chemical 

Engineering, 9 (1), 104776. 

https://doi.org/10.1016/j.jece.2020.104776. 
 

 

Ricardo, N., Pouyú, E. and Herrera, P. (1995). The synanthropic 

flora of Cuba. Fontqueria, 42, 367-429. 
 

Rodríguez-Leyes, A. E., González-Canavaciolo, L. V., Marrero-

Delange, D., Sgambelluri, R. A. and Adames-Fajardo, Y. (2007). 

Fatty acid composition and oil yield in fruits of five arecaceae 

species grown in Cuba.  Journal of the American Oil Chemists 

Society, 84, 765-767. https://doi.org/10.1007/s11746-007-

1103-z.   
 

Roig, J. T. (1965). Diccionario botánico de nombres vulgares 

cubanos. La Habana. Editorial Nacional de Cuba. 
 

Roig, J. T. (1974). Plantas medicinales, aromáticas o venenosas 

de Cuba. La Habana.  Editorial Científico –Técnica. 
 

Sarto, S., Hildayati, R. and Syaichurrozi, I. (2019). Effect of 

chemical pretreatment using sulfuric acid on biogas production 

from water hyacinth and kinetics. Renew. Energy, 132, 335-350. 

https://doi.org/10.1016/j.renene.2018.07.121.  
 

Salatino, A., Salatino, M. L. F. and  Negri, G. (2007). Traditional 

uses, chemistry, and pharmacology of Croton species 

(Euphorbiaceae). Journal of the Brazilian chemical society 18, 1, 

11-33. https://doi.org/10.1590/S0103-50532007000100002. 
 

Sharma, A. K., Sharma, V., Sharma, V., Sharma, J. K., and Singh, R. 

(2020). Multifaceted potential of Eichhornia crassipes (Water 

Hyacinth) ladened with numerous value aided and therapeutic 

properties. Plant Archives, 20, 2, 2059-2065. 
 

Teixeira, A. H., Freire, J. Md., De Sousa, L. H. T., Parente, A. T., De 

Sousa, N. A., Arriaga, A. M. C., Lopes da Silva, F. R., Melo, I. M., 

Castro da Silva, II., Pereira, K. M. A., Goes, P., Costa, J. JdN., 

Cristino-Filho, G., Pinto, V. dPT., Chaves, H. V. and Bezerra, M. M. IN
TR

O
P

IC
A

 

48 

https://doi.org/10.5614/j.eng.technol.sci.2019.51.4.8
https://doi.org/10.5433/2447-1747.2021v30n1p367
https://doi.org/10.5433/2447-1747.2021v30n1p367
https://doi.org/10.1016/j.jece.2020.104776
https://doi.org/10.1007/s11746-007-1103-z
https://doi.org/10.1007/s11746-007-1103-z
https://doi.org/10.1016/j.renene.2018.07.121
https://doi.org/10.1590/S0103-50532007000100002


Leslie Hernández Fernández, Isidro E. Méndez, José Gerardo Vázquez, Roberto González de Zayas and José Carlos Lorenzo 

Feijoo 

Enero - junio de 2023 

(2017). Stemodia maritima L. extract decreases inflammation, 

oxidative stress, and alveolar bone loss in an experimental 

periodontitis rat model. Frontiers in physiology, 8, 988. 

https://doi.org/10.3389/fphys.2017.00988.   
 

Trisilawati, O., Rizal, M. and Pribadi, E. (2020). Organic cultivation 

of medicinal crops in the efforts to support the sustainable 

availability of Jamu raw materials. IOP Conference Series: Earth 

and Environmental Science, 418, 1, 012077. 

https://doi.org/10.1088/1755-1315/418/1/012077. 
 

Torranzo-Linares, A. (1993). Estudio de caso sobre la vegetación 

acuática en el embalse Casas II, Isla de la Juventud, Cuba. 

Relación con las condiciones ecológicas imperantes. Congreso 

Forestal Español – Lourizán. Ponencias y comunicaciones, 1, 

447-451. 
 

Tyagi, T. and Agarwal, M. (2017). Phytochemical screening and 

GC-MS analysis of bioactive constituents in the ethanolic extract 

of Pistia stratiotes L. and Eichhornia crassipes (Mart.) solms. 

Journal of Pharmacognosy and Phytochemistry, 6, 195-206. 

https://doi.org/10.22159/ijcpr.2017.v9i3.19970. 
 

Uphof, J. C. Th. (1924). Ecological Observations on Plants of the 

Marshes and Swamps of Central Cuba. Ecology, 5, 363-371. 

https://doi.org/10.2307/1929298. 
 

Vales, M., Álvarez, A., Montes, L. and Ávila, A. (1998). Estudio 

Nacional sobre la diversidad biológica en la República de Cuba. 

CITMA, PNUMA, IES, CeNBio. 

https://repositorio.geotech.cu/xmlui/handle/1234/2736. 

 

Vilamajó-Alberdi, D., Ricardo-Napoles, N. E., Capote-López, R. 

P., González- González, A. and Cabrera-Herrera, L. (2010). La 

Vegetación de la Provincia Matanzas, Cuba. Acta Botánica 

Cubana, 209, 33-50.

 

 

 

 

 

IN
TR

O
P

IC
A

 

49 

https://doi.org/10.3389/fphys.2017.00988
https://doi.org/10.1088/1755-1315/418/1/012077
https://doi.org/10.22159/ijcpr.2017.v9i3.19970
https://doi.org/10.2307/1929298
https://repositorio.geotech.cu/xmlui/handle/1234/2736

