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Summary
Malaria is a mosquito-borne disease, which is endemic in Asia,  
Africa and Latin America. Vector control is the current strategy used 
for the eradication and elimination of malaria in these countries, but 
this control method has not proven to be effective, as malaria con-
tinues its increasing trend. Although chemical larvicide can also be 
used to eradicate the malaria vector at the larval stage, preventing 
the growth of mosquitoes into hematophagous adults, the continu-
ous use of chemical insecticides leads to environmental pollution. It 
is therefore of paramount importance to identify effective, low-cost, 
biodegradable and environmentally friendly alternatives to chemical 
insecticides for the control of mosquito larvae.
This mini-review aims to assess the present and future of the use 
of macrophytes as a mosquito larvicide. We critically analyze the 
trend of malaria cases in sub-Saharan Africa and evaluate why  
botanical larvicides may contribute to the eradication of malaria in 
the region. The ecological role of macrophytes in the aquatic en- 
vironment and their potential as botanical larvicide are explained 
in detail. The study illustrates that the macrophytes Azolla pinnata, 
Pistia stratiotes, Eicchornia crassipes, Phragmites australis, Ne-
lumbo nucifera, Nymphaea lotus, Typha latifolia and Leucas mar-
tinicensis have been effectively used as larvicides against mosquito 
larvae. It is recommended that additional work be done to purify the 
biologically active components that are responsible for the larvicidal 
activity of these macrophytes, and future research should assess the 
potential of other macrophytes for effective utilization as larvicides.
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Introduction
The invasive nature of macrophytes is problematic because they tend 
to dominate aquatic ecosystems to the detriment of the environment, 
economy and human health (Lamb et al., 2016; Ugya, 2015). Macro-
phytes left uncontrolled can cover the entire surface of water bodies, 
hindering water flow and sunlight penetration, which is detrimental 
to flora and fauna in the habitat. Different control methods have been 
used against these plants in the past, but recent research has focused 
on how to utilize the benefits associated with them (Chen et al., 
2012; Hanks et al., 2015; Lareo, 1981). These macrophytes largely 
originate from malaria-endemic places and are regarded as invasive 
plants that impede economic and ecological improvement (Ugya  
et al., 2019b). A number of researches have shown how these macro- 
phytes can be utilized for wastewater treatment while others have 
shown how these macrophytes can be used as a botanical larvicide 
against malaria (Ugya et al., 2015a; Ugya et al., 2016; Ma et al., 
2019). 
Malaria is a mosquito-borne disease which is endemic in Asia, 
Africa and Latin America. This disease has killed approximately 

1.5-3 million people and infected 300-500 million (Scholte et al., 
2003). Many affected countries have developed malaria control pro-
grams aimed at reducing the transmission of malaria to a level that is 
no longer a public health problem (Deletre et al., 2019). 
Despite this effort, the progress made in malaria elimination and 
eradication has been minimal due to a lack of public health infra-
structure and poor socioeconomic conditions in many affected coun-
tries. In addition, the malaria parasite has developed resistance to 
some anti-malaria drugs making it very difficult to develop an effec-
tive vaccine (Mwaiswelo et al., 2019; Silva et al., 2019).
Vector control is the current strategy used for the eradication and 
elimination of malaria. These control measures include the use of 
insecticide-treated nets and indoor residual spraying. These methods 
of malaria vector control have not proven to be effective, as malaria 
continues its increasing trend in endemic countries (Baia-da-Silva 
et al., 2019; Deletre et al., 2019; Mastrantonio et al., 2019).
The use of larvicides is critical in malaria vector control, killing 
mosquitoes in the juvenile stage and preventing their growth into he-
matophagous adults. Larvicides provide an effective control measure 
because at the larval stage mosquitoes are bound to aquatic habitat, 
making control strategies and application easier and more efficient 
(Unlu et al., 2019). However, heavy use of chemical insecticides in 
the control of mosquito larvae has led to environmental pollution 
which is detrimental to human health. It is therefore paramount to 
identify effective, low-cost, biodegradable and environmentally 
friendly alternatives to chemical insecticide for the control of mos-
quito larvae (Pandiyan et al., 2019; Pavela et al., 2019; Weeks  
et al., 2019). 
Numerous studies have demonstrated the efficiency of different 
plants used as larvicides, repellants and ovideterrents with minimal 
environmental impact (Hari and Mathew, 2018). Macrophytes can 
be utilized for the production of botanical insecticide, such as larvi-
cides, repellants or ovideterrents, since the plants are abundant due 
to their fast growing rate (Turnipseed et al., 2018). This mini-review 
aims to assess the present and future use of macrophytes as larvicide 
against mosquitoes.

Malaria in Sub-Saharan Africa and the importance of botanical 
larvicide 
Malaria is a deadly mosquito-borne disease that is caused by a 
parasite belonging to the genus Plasmodium. There are five known 
species of Plasmodium that cause malaria in humans, namely falci-
parum, vivax, ovale, malariae and knowlesi (Walker et al., 2014). 
The disease is endemic in 87 countries and in 2017 ledto the death 
of 435.000 people, out of which 404.550 cases are reported to have 
come from sub-Saharan Africa (WHO, 2018). WHO and the govern-
ments of endemic countries have spent an estimated 4 billion USD 
for malaria control and eradication, but it is unlikely that the goals of 
the WHO Global Technical Strategy for Malaria 2016-2030 will be 
achieved based on the trend of death cases shown in Fig 1. Despite 
the large sum invested in the program, Tanzania has recorded no 
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decrease in deaths resulting from malaria, while Angola, Benin 
and Kenya recorded an increase in death cases from 2010 to 2017. 
The death cases reduction trend is insignificant in countries like 
Cameroon, Congo, DR Congo, Mali, Niger, Mozambique and Sierra 
Leone (Fig. 1). Countries such as Burkina Faso, Uganda, Central 
Africa Republic, Chad, Coted’Ivoir, Ethiopia, Equatorial Guinea, 
Ghana and Nigeria report a significant reduction in death cases ini-
tially, from 2010 to 2012, but from 2014 to 2017, the progress was 
minimal. 
Vector control has been shown to be the most effective strategy for 
reducing malaria transmission (Pimenta et al., 2015). The two forms 
of vector control employed in most sub-Saharan countries are the use 
of insecticide-treated mosquito nets and indoor spraying of insecti-
cide. These vector control methods may be effective in the reduc-
tion of malaria, but complete eradication will be virtually impossible 
because the malaria vector is developing resistance genes to insec-
ticide, and the continuous application of insecticides tends to have 
adverse environmental effects (Fullman et al., 2013; N’Guessan 
et al., 2007). 
The use of larvicides to eradicate mosquito at juvenile stage is signi- 
ficant because mosquito at this stage are confined to particular  
places of the environment. Several synthetic chemical agents have 
been shown to be effective in killing of mosquito larval but the ad-
verse effect associated with the fate of the pollutants associated with 
the use of synthetic chemical agent is worrisome. Recent studies have 
focus on how to replace the use of synthetic chemical agents with a 
more ecological friendly method of controlling mosquito at the lar-
val stage (Pandiyan et al., 2019; Pavela et al., 2019; Weeks et al., 
2019). The use of plant material as an alternative larvicide to syn-
thetic chemical agent is promising, effective, easily accessible and 
environmentally friendly. Past research (Pavela, 2015) has sum-
marized findings regarding the potential of plant phytochemicals, 
including steroids, alkaloids, terpenes and phenolic constituents, for 
use as larvicides. The action of botanical insecticides depends on 
the plant species, parts extracted, collection site and solvent used for 
extraction (Benelli et al., 2015; Stevenson et al., 2017).

Ecological role of macrophytes in the aquatic environment
Plants that are able to survive in or around water bodies are re-
ferred to as aquatic macrophytes (Osti et al., 2018). Macrophytes 
are classified into four major groups, namely emergent (e.g., Typha 
angustifolia), floating-leaved (e.g., Nymphaea lotus), submerged (e.g., 
Ceratophyllum submersum) and free-floating (e.g., Pistia stratiotes) 
(Pulzatto et al., 2018; Ugya et al., 2015b). These plants play a vital 
role in aquatic ecosystems due to their ability to utilize dissolved 
nutrients such as nitrogen and phosphorus for metabolic activities 
(Hill, 1979; Ugya et al., 2019a). Utilizing dissolved nutrients pre-
vents algal blooms and the subsequent death of fish and aquatic 
mammals that may result due to the toxicity of microcystin produced 
by toxic algae (Chia et al., 2019; Turner et al., 2018). 
Macrophytes also indirectly aid the efficiency of nutrient cycling in 
aquatic environments. They are able to retain solids in their roots 
and shoots, and their presence enhances suspended solid sedimenta-
tion by protecting against wind and waves, thereby reducing current 
velocity and the rate of erosion (Thomaz and Cunha, 2010; Zhu  
et al., 2015). Macrophytes indirectly enhance the cycling of nitrogen 
due to the presence of denitrifying bacteria inhabiting their roots and 
shoots. These denitrifying bacteria aid in the conversion of nitrate in 
the water into atmospheric nitrogen, thereby depleting the fertility of 
the water and limiting the growth of toxic algae (Hallin et al., 2015). 
(Horppila et al., 2013) demonstrate that macrophytes (Phragmites 
australis) are associated with spatial heterogeneity in aquatic ecosys-
tems. The uneven distribution of species within an aquatic ecosystem 
resulting from the presence of macrophytes increases the richness of 
aquatic organisms because spatial heterogeneity enables species to 
coexist with minimal competition (Wang et al., 2016). Macrophytes 
also provide shelter, breeding sites and sources of food for aquatic 
macro organisms (O’Hare et al., 2018).

The potential and efficacy of macrophytes as botanical larvicide
The use of macrophytes as a tool for the control of mosquito larvae  
in developing countries is promising. As summarized in Tab. 1 and 

Fig. 1: 	 Trend of Malaria Disease in sub-Saharan Africa
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Tab. 3, a number of studies have demonstrated the efficacy of macro-
phytes as mosquito larvicide. The potential of macrophytes has been 
linked to the presence of phytochemicals (Ma et al., 2019), which are 
bioactive compounds present in plant parts that have long been shown 
to possess insecticide potential (Ghosh et al., 2012). Phytochemicals 
extracted from different plants species have long been used in mos-
quito control (Isman, 1997). However, the discovery of DDT in 1939 
overshadowed the use of phytochemical extracts for mosquito control 
(Berenbaum, 1985). 
Macrophytes produce numerous phytochemicals that possess medi- 
cinal and pesticidal properties. A large number of macrophytes have 
been shown to produce phytochemicals, such as flavonoids, tannins, 
saponins, alkaloids, resin, glycosides, phenol and phlobatannin, that 
cause high mortality when used as larvicides against mosquito larvae 
(Ma et al., 2019). Flavonoids, also referred to as bioflavonoids, are 
secondary metabolites that have been shown by researchers such as 
(Huang et al., 2015) to be present in macrophytes. They are produced 
by the phenylpropanoid metabolic pathway whereby phenylalanine 
is converted into 4-coumaroyl-CoA, which combines with malonyl 
CoA to produce chalcones (a backbone of flavonoids containing two 
rings). The pathway is then subjected to series of enzymatic actions 
by anthocyanidin reductase, chalcone isomerase, dihydrokaempfe- 
rol-4-reductase, flavones synthase and others, leading to the produc-
tion of products such as flavonones, dihydroflavonol, anthocyanins, 

flavan-3-ols, and proanthocyanidins (Gutha et al., 2010; Ververidis 
et al., 2007). 
Anthocyanins, flavonones and dihydroflavonols are the major mem-
bers of the flavonoids family, and they play a crucial role in the 
larvicidal potential of macrophytes (Batra and Sharma, 2013). 
Anthocyanins have been shown (Kong et al., 2003) to be produce in 
response to biotic and abiotic stresses. The strong antioxidant poten-
tial of macrophytes’ anthocyanin is due to the presence of positively 
charged oxygen atoms (Sadilova et al., 2006). Flavonones are pro-
duced as a result of the action of chalcone isomerase on chalcone-like 
compounds (Falcone Ferreyra et al., 2012; Petrussa et al., 2013), 
while dihydroflavonols are produced as a result of the action of flavo-
none-3-dioxygenase, flavonol synthase and dihydroflavonol-4-reduc-
tase (Tian et al., 2015). The high mortality of mosquito larvae result-
ing from exposure to extracts of macrophyte leaves recorded by most 
research is attributed to the larvae feeding on high concentrations of 
anthocyanin, flavonones and dihydroflavonols (Wang et al., 2013).    
Tannins are another phytochemical that have been found in high con-
centration in macrophytes (Yakubu et al., 2017). They are produced 
in the tannose, which is a chloroplast-derived organelle (Brillouet 
et al., 2013; Hillis, 1958) located in the vacuole or surface wax of 
plants (Brillouet et al., 2013). These phytochemicals have a high 
level of astringency, which could be the reason most plant extracts 
containing high levels of tannin are highly effective as larvicides 

Tab. 1: 	Macrophytes with larvidal potential

	 SN	 Name of macrophyte	 Mosquito larvae	 References

	 1	 Azolla pinnata	 Aedes aegypti	 (Husna Zulkrnin et al., 2018)
	 2	 Pistia stratiotes	 Anopheles spp.	 (Ma et al., 2019)
	 3	 Eicchornia crassipes	 Culex quinquefasciatus Say	 (Jayanthi et al., 2012)
	 4	 Phragmites australis	 Culex pipiens	 (Bream et al., 2009)
	 5	 Nelumbo nucifera	 Anopheles stephensi	 (Anushree et al., 2014)
	 6	 Nymphaea lotus	 Anopheles spp.	 (Yakubu et al., 2017)
	 7	 Typha latifolia	 Anopheles spp.	 (Imam and Tajuddeen, 2013)
	 8	 Leucas martinicensis	 Anopheles spp.	 (Imam and Tajuddeen, 2013)

Tab. 2: 	Characterization of phytochemicals present in different leaves extract of macrophytes

	 SN	 Macrophytes	 Acetone	 Ethanol	 Methanol	 N-Butyl	 References

	 1	 Eicchornia crassipes	 alkaloid, tannin and 	 phenol, terpenoids,	 flavonoids, phenol,	 flavonoids, phenol,	 (Haggag et al., 2017;
			   terpenoids	 sterols	 tannins, terpenoids	 tannins, terpenoids	 Tulika and Mala, 	
							       2017a)
	 2	 Pistia stratiotes	 alkaloids, flavonoids, 	 steroids, alkaloids, 	 tannins, sterols,	 -	 (Ma et al., 2019;
			   glycosides, 	 terpenoids, flavonoids	 terpenoids, alkaloids,		  Tulika and Mala,
			   photobatannins		  flavonoids		  2017b)
	 3	 Potamogeton Specie	 -	 phenol, flavonoids, 	 phenol, flavonoids,	 -	 (Paul et al., 2015;
				    tannins, terpenoids, 	 tannins		  Qais et al., 1998)
				    alkaloids			 
	 4	 Nymphaea species	 phenol, flavonoids, 	 flavonoids, tannins,	 phenol, flavonoids,	 phenols, flavonoids,	 (Afolayan et al., 2013;
			   tannins, saponins, 	 saponins, tarpenoids,	 tannins, saponins,	 tannins, glycosides,	 Parimala and Shoba,
			   alkaloids, steroids	 photobatannins, resin 	 alkaloids, steroids	 saponins, alkaloids, 	 2013; Yakubu et al.,
						      steroids	 2017)
	 5	 Typha latifolia	 tannins, steroids, 	 photobatannins, resin,	 alkaloids, tannins,		  (Imam and Tajuddeen,
			   saponins, alkaloids, 	 alkaloids, steroids, 	 steroids, phenols,		  2013; Ramesh et al.,
			   glycosides	 tannins	 saponins, flavonoids		  2013; Wangila, 2017)
	 6	 Leucas martinicensis		  flavonoids, tannins, 			   (Imam and Tajuddeen,
				    steroids, photobatannins, 			   2013)
				    resin			 
	 7	 Azolla pinnata	 phenol, steroids	 phenols, flavonoids, 	 phenol, flavonoids,	 -	 (Thiripurasundari 
				    saponins, steroids	 tannin, saponins		  and Padmini, 2018)
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(Soares et al., 2012). The efficacy of phytochemicals extracted 
from macrophytes against mosquito larvae is dependent on the part 
of macrophyte used, the growth stage of the macrophyte and the 
solvents used during the preparation of the macrophyte extract, as 
shown in Tab. 2 (Daboor and Haroon, 2012; Haroon and Abdel-
Aal, 2016). Saponin is a chemical compound that has been identified 
by (Yakubu et al., 2017) as present in macrophytes. The role of this 
phytochemical is to protect the macrophyte against predators and 
parasites due to it bitter taste and amphipathic nature. The amphipa-
thic nature of saponin also contributes to the larvicidal potential of 
macrophyte extracts (Lorent et al., 2014). 
Alkaloids are another bioactive compound found in the extract of 
macrophytes, as shown by (Ma et al., 2019). These bioactive com-
pounds contain mostly nitrogen, although other elements such as  
oxygen, sulphur, chlorine, bromine and phosphorus may sometimes 
be present in the crude extract of alkaloids (Franck, 1967). The ex-
tract of alkaloid is an important pharmacological tool used for its 
antimalarial, anticancer and antibacterial properties (Cushnie et al., 
2014). Alkaloid salts such as nicotine and anabasine have been wide- 
ly used as pesticides, although the high human toxicity associated 
with these salts discourages their use (Duke et al., 2010). The phar-
macological activities associated with alkaloids result from alkaloids’ 
tendency to attack pathogens and prevent them from infecting human 
hosts. This high toxicity to pathogens and insects could explain why 
most macrophyte extracts with high or low concentration of alkaloids 
tend to be associated with high mosquito larvae mortality. 
Resin is another bioactive compound shown by many researchers to 
be present in extracts of aquatic macrophytes. Resin also contributes 
to the larvicidal potential of extracts due to the presence of terpenes 
and resin acid, which protect plants against pathogens and insects 
(Klemens and Dieter, 2000). The protective role of resin is also 
part of the reason why macrophyte extracts are highly effective as 
mosquito larvicide.

Conclusion
Many control and prevention measures have been employed to man-
age the nuisance caused by mosquitoes. Inorganic pest control has  
remained the most effective tool, although it tends to have adverse 
side effects on humans and other living organisms in the environ-
ment. This mini-review demonstrates that extracts of macrophytes 
are active against mosquito larvae, and hence, these macrophytes 
could be an effective mosquito larvicide as they have also been 
found harmless to other aquatic organisms. Additional work should 

be done to further purify the biologically active components that are 
responsible for the larvicidal activity of these macrophytes, and more 
research should be done with respect to the potential of other macro-
phytes for effective utilization and eradication of the malaria vector.

References
Afolayan, A., Sharaibi, O., Kazeem, M., 2013: Phytochemical analysis 

and in vitro antioxidant activity of Nymphaea lotus L. Int. J. Pharmacol. 
9, 297-304. DOI: 10.3923/ijp.2013.297.304

Anushree, S.R., Kuntal, B., Aniket, S., Goutam, C., 2014: Larvicidal  
activity of Nelumbo nucifera Gaertn. (Nymphaeaceae) against Anophe- 
les stephensi (Liston 1901) and its effect on non-target organisms. J. 
Mosq. Res. DOI: 10.5376/jmr.2014.04.0010

Baia-da-Silva, D.C., Brito-Sousa, J.D., Rodovalho, S.R., Peterka, C., 
Moresco, G., Lapouble, O.M.M., Melo, G.C.d., Sampaio, V.d.S., 
Alecrim, M.d.G.C., Pimenta, P., Lima, J.B.P., Lacerda, M.V.G.d., 
Monteiro, W.M., 2019: Current vector control challenges in the fight 
against malaria in Brazil.  Rev. Soc. Bras. Med. Trop. 52, e20180542-
e20180542. DOI: 10.1590/0037-8682-0542-2018

Batra, P., Sharma, A.K., 2013: Anti-cancer potential of flavonoids: recent 
trends and future perspectives. Biotech. 3, 439-459. 

	 DOI: 10.1007/s13205-013-0117-5
Benelli, G., Murugan, K., Panneerselvam, C., Madhiyazhagan, P., 

Conti, B., Nicoletti, M., 2015: Old ingredients for a new recipe? Neem 
cake, a low-cost botanical by-product in the fight against mosquito-borne 
diseases. Parasitol. Res. 114, 391-397. DOI: 10.1007/s00436-014-4286-x

Berenbaum, M., 1985: Brementown revisited: Interactions among allelo-
chemicals in plants. In: Cooper-Driver, G.A., Swain, T., Conn, E.E. 
(eds.), Chemically mediated interactions between plants and other or-
ganisms, 139-169. Springer US, Boston, MA. 

Bream, A., Hassan, M., Fouda, M.A., Sheikh, M., 2009: Toxicity and re-
pellent activity of Phragmites australis extracts against the mosquito 
vector Culex pipiens. Tunis. J. Plant Prot. 4, 154-172.

Brillouet, J.-M., Romieu, C., Schoefs, B., Solymosi, K., Cheynier, V., 
Fulcrand, H., Verdeil, J.-L., Conéjéro, G., 2013: The tannosome is 
an organelle forming condensed tannins in the chlorophyllous organs of 
Tracheophyta. Ann. Botany 112, 1003-1014. DOI: 10.1093/aob/mct168

Chen, H.-G., Peng, F., Zhang, Z.-Y., Zhang, L., Zhou, X.-D., Liu, H.-Q., 
Wang, W., Liu, G.-F., Xue, W.-D., Yan, S.-H., Xu, X.-F., 2012: Effects 
of engineered use of water hyacinths (Eicchornia crassipes) on the zoo-
plankton community in Lake Taihu, China. Ecol. Eng. 38, 125-129. 

	 DOI: 10.1016/j.ecoleng.2011.10.002
Chia, M.A., Kramer, B.J., Jankowiak, J.G., Bittencourt-Oliveira, 

Tab. 3: 	Larvicidal efficacies of aquatic macrophytes leaves extracts

	 SN	 Macrophytes	 Extract	 LC50 (ppm)	 References

	 1	 Pistia stratiotes	 ethanol	 63.3 	 (Imam and Tajuddeen, 2013)
	 2	 Typha latifolia	 ethanol	 68.1 	 (Imam and Tajuddeen, 2013)
	 3	 Pistia stratiotes	 ethyl acetate	 14.80	 (Ma et al., 2019)
	 4	 Azolla pinnata	 acetone	 1072 	 (Ravi et al., 2018)
	 5	 Eicchornia crassipes	 petroleum ether	 71.43	 (Jayanthi et al., 2012)
	 6	 Azolla pinnata	 -	 1267 	 (Husna Zulkrnin et al., 2018)
	 7	 Phragmites australis	 petroleum ether	 60.06	 (Bream et al., 2009)
	 8	 Phragmites australis	 ethanol	 98.72	 (Bream et al., 2009)
	 9	 Nymphaea lotus	 ethanol	 62.8 	 (Yakubu et al., 2017)
	 10	 Azolla pinnata	 methanol	 867 	 (Ravi et al., 2018)
	 11	 Eicchornia crassipes	 ethyl acetate	 94.68	 (Jayanthi et al., 2012)
	 12	 Eicchornia crassipes	 ethanol	 152.15	 (Jayanthi et al., 2012)
	 13	 Eicchornia crassipes	 methanol	 173.35	 (Jayanthi et al., 2012)

http://dx.doi.org/10.3923/ijp.2013.297.304
http://dx.doi.org/10.5376/jmr.2014.04.0010
http://dx.doi.org/10.1590/0037-8682-0542-2018
http://dx.doi.org/10.1007/s13205-013-0117-5
http://dx.doi.org/10.1007/s00436-014-4286-x
http://dx.doi.org/10.1093/aob/mct168
http://dx.doi.org/10.1016/j.ecoleng.2011.10.002


324	 A.Y. Ugya, T.S. Imam, J. Ma

M.d.C., Gobler, C.J., 2019: The individual and combined effects of 
the cyanotoxins, anatoxin-a and microcystin-LR, on the growth, toxin 
production, and nitrogen fixation of prokaryotic and eukaryotic algae. 
Toxins 11, 43. DOI: 10.3390/toxins11010043

Cushnie, T.P., Cushnie, B., Lamb, A.J., 2014: Alkaloids: an overview of 
their antibacterial, antibiotic-enhancing and antivirulence activities. Int. 
J. Antimicrob. Agents. 44, 377-386. 

	 DOI: 10.1016/j.ijantimicag.2014.06.001
Daboor, S.M., Haroon, A.M., 2012: In vitro: Antimicrobial potential and 

phytochemical screening of some egyptian aquatic plants. Egypt. J. 
Aquat. Res. 38, 233-239. DOI: 10.1016/j.ejar.2013.01.005

Deletre, E., Martin, T., Dumenil, C., Chandre, F., 2019: Insecticide 
resistance modifies mosquito response to DEET and natural repel-
lents.  Parasit Vectors. 12, 89-89. DOI: 10.1186/s13071-019-3343-9

Duke, S.O., Cantrell, C.L., Meepagala, K.M., Wedge, D.E., Tabanca, 
N., Schrader, K.K., 2010: Natural toxins for use in pest management. 
Toxins 2, 1943-1962. DOI: 10.3390/toxins2081943

Falcone Ferreyra, M.L., Rius, S.P., Casati, P., 2012: Flavonoids: bio-
synthesis, biological functions, and biotechnological applications. 
Front. Plant Sci. 3, 222-222. DOI: 10.3389/fpls.2012.00222

Franck, B., 1967: The alkaloids, chemistry and physiology. In: Manske, 
R.H.F. The indole alkaloids, Bd. VIII. Academic Press Inc., New York, 
London, 1965. 1. Aufl., 861 S., geb. $ 32,000. Angewandte Chemie 79, 
159-159. DOI: 10.1002/ange.19670790329

Fullman, N., Burstein, R., Lim, S.S., Medlin, C., Gakidou, E., 2013: Nets, 
spray or both? The effectiveness of insecticide-treated nets and indoor 
residual spraying in reducing malaria morbidity and child mortality in 
sub-Saharan Africa. Malaria J. 12, 62-62. DOI: 10.1186/1475-2875-12-62

Ghosh, A., Chowdhury, N., Chandra, G., 2012: Plant extracts as potential 
mosquito larvicides. Indian J. Med. Res. 135, 581-598.

Gutha, L.R., Casassa, L.F., Harbertson, J.F., Naidu, R.A., 2010: Modula-
tion of flavonoid biosynthetic pathway genes and anthocyanins due to 
virus infection in grapevine (Vitis vinifera L.) leaves. BMC Plant Biol. 
10, 187-187. DOI: 10.1186/1471-2229-10-187

Haggag, M.W., Abou El Ella, S.M., Abouziena, H.F., 2017: Phytochemi-
cal analysis, antifungal, antimicrobial activities and application of Eich-
hornia crassipes against some plant pathogens. Planta Daninha 35. 
DOI: 10.1590/s0100-83582017350100026

Hallin, S., Hellman, M., Choudhury, M.I., Ecke, F., 2015: Relative im-
portance of plant uptake and plant associated denitrification for removal 
of nitrogen from mine drainage in sub-arctic wetlands. Water Res 85, 
377-383. DOI: 10.1016/j.watres.2015.08.060

Hanks, N.A., Caruso, J.A., Zhang, P., 2015: Assessing Pistia stratiotes for 
phytoremediation of silver nanoparticles and Ag(I) contaminated wa-
ters. J. Environ. Man. 164, 41-45. DOI: 10.1016/j.jenvman.2015.08.026

Hari, I., Mathew, N., 2018: Larvicidal activity of selected plant extracts and 
their combination against the mosquito vectors Culex quinquefasciatus 
and Aedes aegypti. Environ. Sci. Pollut. Res. 25, 9176-9185. 

	 DOI: 10.1007/s11356-018-1515-3
Haroon, A.M., Abdel-Aal, E.I., 2016: Chemical composition and in vitro 

anti-algal activity of Potamogeton crispus and Myriophyllum spicatum 
extracts. Egypt. J. Aquat. Res. 42, 393-404. 

	 DOI: 10.1016/j.ejar.2016.12.002
Hill, B.H., 1979: Uptake and release of nutrients by aquatic macrophytes. 

Aquat. Bot. 7, 87-93. DOI: 10.1016/0304-3770(79)90011-1
Hillis, W.E., 1958: Formation of condensed tannins in plants. Nature 182, 

1371-1371. DOI: 10.1038/1821371a0
Horppila, J., Kaitaranta, J., Joensuu, L., Nurminen, L., 2013: Influence 

of emergent macrophyte (Phragmites australis) density on water turbu-
lence and erosion of organic-rich sediment. J. Hydrodyn. Ser. B. 25, 288-
293. DOI: 10.1016/S1001-6058(13)60365-0

Huang, H., Xiao, X., Ghadouani, A., Wu, J., Nie, Z., Peng, C., Xu, X., Shi, 
J., 2015: effects of natural flavonoids on photosynthetic activity and cell 
integrity in Microcystis aeruginosa. Toxins 7, 66-80. 

	 DOI: 10.3390/toxins7010066

Husna Zulkrnin, N.S., Rozhan, N.N., Zulkfili, N.A., Nik Yusoff, N.R., 
Rasat, M.S.M., Abdullah, N.H., Ahmad, M.I., Ravi, R., Ishak, 
I.H., Mohd Amin, M.F., 2018: Larvicidal effectiveness of Azolla pin-
nata against Aedes aegypti (Diptera: Culicidae) with its effects on larval 
morphology and visualization of behavioural response. J. Parasitol. Res. 
2018, 5. DOI: 10.1155/2018/1383186

Imam, T., Tajuddeen, U., 2013: Qualitative phytochemical screening and 
larvicidal potencies of ethanolic extracts of five selected macrophyte 
species against Anopheles mosquitoes (diptera: culicidae). J. Res. Envi-
ron. Sci. Toxicol. 2, 121-125,

Isman, M.B., 1997: Neem and other Botanical insecticides: Barriers to com-
mercialization. Phytoparasitica 25, 339. DOI: 10.1007/BF02981099

Jayanthi, P., Lalitha, P., Aarthi, N., 2012: Larvicidal and pupicidal acti- 
vity of extracts and fractionates of Eichhornia crassipes (Mart.) Solms 
against the filarial vector Culex quinquefasciatus Say. Parasitol. Res. 
111, 2129-2135. DOI: 10.1007/s00436-012-3061-0

Klemens, F., Dieter, G., 2000: Resins, Natural. Ullmann’s Encyclopedia of 
Industrial Chemistry.

Kong, J.M., Chia, L.S., Goh, N.K., Chia, T.F., Brouillard, R., 2003: Analy- 
sis and biological activities of anthocyanins. Phytochem. 64, 923-933. 
DOI: 10.1016/S0031-9422(03)00438-2

Lamb, J.B., Wenger, A.S., Devlin, M.J., Ceccarelli, D.M., Williamson, 
D.H., Willis, B.L., 2016: Reserves as tools for alleviating impacts of 
marine disease. Philosophical transactions of the Royal Society of Lon-
don. Series B, Biol. Sci. 371. DOI: 10.1098/rstb.2015.0210

Lareo, L., 1981: Growth of the water hyacinth (Eichhornia crassipes (Mart) 
Solms Laubach) in the tropics. Archivos latinoamericanos de nutricion 
31, 758-765.

Lorent, J.H., Quetin-Leclercq, J., Mingeot-Leclercq, M.P., 2014: The 
amphiphilic nature of saponins and their effects on artificial and bio-
logical membranes and potential consequences for red blood and cancer 
cells. Org. Biomol. Chem. 12, 8803-8822. DOI: 10.1039/c4ob01652a

Ma, J., Ugya, Y.A., Isiyaku, A.u., Hua, X., Imam, T.S., 2019: Evaluation of 
Pistia stratiotes fractions as effective larvicide against Anopheles mos-
quitoes. Artif. Cells Nanomed Biotechnol. 47, 945-950. 

	 DOI: 10.1080/21691401.2019.1582538
Mastrantonio, V., Ferrari, M., Negri, A., Sturmo, T., Favia, G.,  

Porretta, D., Epis, S., Urbanelli, S., 2019: Insecticide exposure trig-
gers a modulated expression of ABC transporter genes in larvae of 
Anopheles gambiae s.s. Insects 10. DOI: 10.3390/insects10030066

Mwaiswelo, R., Ngasala, B., Jovel, I., Xu, W., Larson, E., Malmberg, 
M., Gil, J.P., Premji, Z., Mmbando, B.P., Martensson, A., 2019: Pre- 
valence of and risk factors associated with polymerase chain reaction-
determined Plasmodium falciparum positivity on day 3 after initiation 
of artemether-lumefantrine treatment for uncomplicated malaria in 
Bagamoyo district, Tanzania. Am. J. Trop. Med. Hyg. 100. 

	 DOI: 10.4269/ajtmh.18-0729
N’Guessan, R., Corbel, V., Akogbéto, M., Rowland, M., 2007: Reduced 

efficacy of insecticide-treated nets and indoor residual spraying for ma-
laria control in pyrethroid resistance area, Benin. Emerg. Infect. Dis. 13, 
199-206. DOI: 10.3201/eid1302.060631

O’Hare, M.T., Baattrup-Pedersen, A., Baumgarte, I., Freeman, A., 
Gunn, I.D.M., Lázár, A.N., Sinclair, R., Wade, A.J., Bowes, M.J., 
2018: Responses of aquatic plants to eutrophication in rivers: A revised 
conceptual model. Front. Plant Sci. 9, 451-451. 

	 DOI: 10.3389/fpls.2018.00451
Osti, J.A.S., Henares, M.N.P., Camargo, A.F.M., 2018: The efficiency of 

free-floating and emergent aquatic macrophytes in constructed wetlands 
for the treatment of a fishpond effluent. Aqua Res. 49, 3468-3476. 

	 DOI: 10.1111/are.13813
Pandiyan, G.N., Mathew, N., Munusamy, S., 2019: Larvicidal activity of 

selected essential oil in synergized combinations against Aedes aegyp-
ti. Ecotoxicol Environ Saf. 174, 549-556. 

	 DOI: 10.1016/j.ecoenv.2019.03.019
Parimala, M., Shoba, F.G., 2013: Phytochemical analysis and in vitro anti-

http://dx.doi.org/10.3390/toxins11010043
http://dx.doi.org/10.1016/j.ijantimicag.2014.06.001
http://dx.doi.org/10.1016/j.ejar.2013.01.005
http://dx.doi.org/10.1186/s13071-019-3343-9
http://dx.doi.org/10.3390/toxins2081943
http://dx.doi.org/10.3389/fpls.2012.00222
http://dx.doi.org/10.1002/ange.19670790329
http://dx.doi.org/10.1186/1475-2875-12-62
http://dx.doi.org/10.1186/1471-2229-10-187
http://dx.doi.org/10.1590/s0100-83582017350100026
http://dx.doi.org/10.1016/j.watres.2015.08.060
http://dx.doi.org/10.1016/j.jenvman.2015.08.026
http://dx.doi.org/10.1007/s11356-018-1515-3
http://dx.doi.org/10.1016/j.ejar.2016.12.002
http://dx.doi.org/10.1016/0304-3770(79)90011-1
http://dx.doi.org/10.1038/1821371a0
http://dx.doi.org/10.1016/S1001-6058(13)60365-0
http://dx.doi.org/10.3390/toxins7010066
http://dx.doi.org/10.1155/2018/1383186
http://dx.doi.org/10.1007/BF02981099
http://dx.doi.org/10.1007/s00436-012-3061-0
https://doi.org/10.1016/S0031-9422(03)00438-2
http://dx.doi.org/10.1098/rstb.2015.0210
http://dx.doi.org/10.1039/c4ob01652a
http://dx.doi.org/10.1080/21691401.2019.1582538
http://dx.doi.org/10.3390/insects10030066
http://dx.doi.org/10.4269/ajtmh.18-0729
http://dx.doi.org/10.3201/eid1302.060631
http://dx.doi.org/10.3389/fpls.2018.00451
http://dx.doi.org/10.1111/are.13813
http://dx.doi.org/10.1016/j.ecoenv.2019.03.019


	 Larvicidal efficacy of aquatic macrophytes	 325

oxidant acitivity of hydroalcoholic seed extract of Nymphaea nouchali 
Burm. f. Asian Pac. J. Trop. Biomed. 3, 887-895. 

	 DOI: 10.1016/S2221-1691(13)60174-4
Paul, L., Victor, C., Daniela, B., Mariana, L., Gabriela, G., Rodica, 

M.D., 2015: Phytochemical screening: antioxidant and antibacterial 
properties of Potamogeton species in order to obtain valuable feed addi-
tives. J. Oleo. Sci. 64, 1111-1123. DOI: 10.1186/1472-6882-14-397

Pavela, R., 2015: Essential oils for the development of eco-friendly mos-
quito larvicides: A review. Ind. Crops Prod. 76, 174-187. 

	 DOI: 10.1016/j.indcrop.2015.06.050
Pavela, R., Maggi, F., Iannarelli, R., Benelli, G., 2019: Plant extracts 

for developing mosquito larvicides: from laboratory to the field, with 
insights on the modes of action. Acta tropica. 

	 DOI: 10.1016/j.actatropica.2019.01.019
Petrussa, E., Braidot, E., Zancani, M., Peresson, C., Bertolini, A., 

Patui, S., Vianello, A., 2013: Plant flavonoids-biosynthesis, transport 
and involvement in stress responses. Int. J. Mol. Sci. 14, 14950-14973. 

	 DOI: 10.3390/ijms140714950
Pimenta, P.F.P., Orfano, A.S., Bahia, A.C., Duarte, A.P.M., Ríos- 

Velásquez, C.M., Melo, F.F., Pessoa, F.A.C., Oliveira, G.A.,  
Campos, K.M.M., Villegas, L.M., Rodrigues, N.B., Nacif-Pimenta, 
R., Simões, R.C., Monteiro, W.M., Amino, R., Traub-Cseko, Y.M., 
Lima, J.B.P., Barbosa, M.G.V., Lacerda, M.V.G., 2015: An overview 
of malaria transmission from the perspective of Amazon Anopheles  
vectors. Mem. Inst. Oswaldo Cruz 110, 23-47. 

	 DOI: 10.1590/0074-02760140266
Pulzatto, M.M., Lolis, L.A., Louback-Franco, N., Mormul, R.P., 2018: 

Herbivory on freshwater macrophytes from the perspective of biological 
invasions: a systematic review. Aquat Ecol. 52, 297-309. 

	 DOI: 10.1007/s10452-018-9664-5
Qais, N., Mandal, M.R., Rashid, M.A., Jabbar, A., Koshino, H., Naga-

sawa, K., Nakata, T., 1998: A furanoid labdane diterpene from Pota-
mogeton nodosus. J. Nat. Prod. 61, 156-157. DOI: 10.1021/np9702244

Ramesh, L.L., Umesh, M.K., Kirankumar, S., Jayashree, V.H., 2013: 
Phytochemical screening and in vitro antimicrobial activity of Typha 
angustifolia Linn leaves extract against pathogenic gram negative micro 
organisms. J. Pharm. Res. 6, 280-283. DOI: 10.1016/j.jopr.2013.02.010

Ravi, R., Husna Zulkrnin, N.S., Rozhan, N.N., Nik Yusoff, N.R., Mat 
Rasat, M.S., Ahmad, M.I., Hamzah, Z., Ishak, I.H., Mohd Amin, M.F., 
2018: Evaluation of two different solvents for Azolla pinnata extracts on 
chemical compositions and larvicidal activity against Aedes albopictus 
(Diptera: Culicidae).  J. Chem. 2018, 8. DOI: 10.1155/2018/7453816

Sadilova, E., Stintzing, F., Carle, R., 2006: Anthocyanins, colour and 
antioxidant properties of eggplant (Solanum melongena L.) and violet 
pepper (Capsicum annuum L.) peel extracts. Z. Naturforsch. C 61, 1865-
7125. DOI: 10.1515/znc-2006-7-810

Scholte, E.-J., Njiru, B.N., Smallegange, R.C., Takken, W., Knols, 
B.G.J., 2003: Infection of malaria (Anopheles gambiae s.s.) and filaria-
sis (Culex quinquefasciatus) vectors with the entomopathogenic fungus 
Metarhizium anisopliae. Malaria J. 2, 29-29. 

	 DOI: 10.1186/1475-2875-2-29
Silva, M., Ferreira, P.E., Otienoburu, S.D., Calcada, C., Ngasala, B., 

Bjorkman, A., Martensson, A., Gil, J.P., Veiga, M.I., 2019: Plasmo-
dium falciparum K13 expression associated with parasite clearance dur-
ing artemisinin-based combination therapy. J. Antimicrob. Chemother. 
74, 1890-1893. DOI: 10.1093/jac/dkz098

Soares, S., Sousa, A., Mateus, N., de Freitas, V., 2012: Effect of con-
densed tannins addition on the astringency of red wines. Chemical  
senses 37, 191-198. DOI: 10.1093/chemse/bjr092

Stevenson, P.C., Isman, M.B., Belmain, S.R., 2017: Pesticidal plants in  
Africa: A global vision of new biological control products from local 
uses. Indus. Crops and Prod. 110, 2-9. DOI: 10.1016/j.indcrop.2017.08.034

Thiripurasundari, B., Padmini, E., 2018: Preliminary phytochemical 
screening and evaluation of antimicrobial and antioxidant activity of 
Azolla pinnata. Int. J. Recent Sci. Res. 9, 26924-26930. 

	 DOI: 10.24327/ijrsr.2018.0905.2151
Thomaz, S.M., Cunha, E.R.d., 2010: The role of macrophytes in habitat 

structuring in aquatic ecosystems: methods of measurement, causes and 
consequences on animal assemblages’ composition and biodiversity. 
Acta Limnol. Bras. 22, 218-236. DOI: 10.4322/actalb.02202011 

Tian, J., Han, Z.-y., Zhang, J., Hu, Y., Song, T., Yao, Y., 2015: The balance 
of expression of dihydroflavonol 4-reductase and flavonol synthase re- 
gulates flavonoid biosynthesis and red foliage coloration in crabapples. 
Sci. Rep. 5, 12228. DOI: 10.1038/srep12228

Tulika, T., Mala, A., 2017a: Antioxidant properties and phenolic com-
pounds in methanolic extracts of Eichhornia crassipes. Res. J. Phyto-
chem. 11, 85-89. DOI: 10.3923/rjphyto.2017.85.89

Tulika, T., Mala, A., 2017b: Phytochemical screening and GC-MS analysis 
of bioactive constituents in the ethanolic extract of Pistia stratiotes L. 
and Eichhornia crassipes (Mart.) solms. J. Pharmacogn. Phytochem. 6, 
195-206. DOI: 10.1186/1472-6882-14-397

Turner, A.D., Dhanji-Rapkova, M., O’Neill, A., Coates, L., Lewis, A., 
Lewis, K., 2018: Analysis of microcystins in cyanobacterial blooms 
from freshwater bodies in England. Toxins 10, 39. 

	 DOI: 10.3390/toxins10010039
Turnipseed, R.K., Moran, P.J., Allan, S.A., 2018: Behavioral responses of 

gravid Culex quinquefasciatus, Aedes aegypti, and Anopheles quadri-
maculatus mosquitoes to aquatic macrophyte volatiles. J. Vector Ecol. 
43, 252-260. DOI: 10.1111/jvec.12309

Ugya, A.Y., 2015: The efficiency of Lemna minor L. in the phytoremediation 
of romi stream: A case study of haduna refinery and petrochemical com-
pany polluted stream. J. Appl. Biol. Biotechnol. 3, 11-14. 

	 DOI: 10.7324/JABB.2015.3102
Ugya, A.Y., Hua, X., Ma, J., 2019a: Phytoremediation as a tool for the re-

mediation of wastewater resulting from dyeing activities. Appl. Ecol. 
Env. Res. 17, 3723-3735. DOI: 10.15666/aeer/1702_37233735

Ugya, A.Y., Imam, T.S., Hassan, A.S., The use of Ecchornia crassipes to 
remove some heavy metals from romi stream: a case study of kaduna 
refinery and petrochemical company polluted stream. IOSR J. Pharm. 
Biol. Sci. 9, 48-51.

Ugya, A.Y., Imam, T.S., Tahir, S.M., 2015b: The use of Pistia stratiotes to 
remove some heavy metals from romi stream: A case study of kaduna 
refinery and petrochemical company polluted stream. IOSR J. Environ. 
Sci. Toxicol. Food Technol. 9, 48-51. DOI: 10.9790/2402-09124851

Ugya, A.Y., Imam, T.S., Tahir, S.M., 2016: The role of phytoremediation in 
the remediation of industrial wastewater. WJPR 5, 1403-1430. 

	 DOI: 10.20959/wjpr201612-7544
Ugya, A.Y., Imam, T.S., Hua, X., Ma, J., 2019b: Efficacy of Eicchornia 

crassipes, Pistia stratiotes and Nymphaea lotus in the biosorption of 
nickel from refinery wastewater. Appl. Ecol. Env. Res. 

	 DOI: 10.15666/aeer/1706_1307513087
Unlu, I., Faraji, A., Williams, G.M., Marcombe, S., Fonseca, D.M., 

Gaugler, R., 2019: Truck-mounted area-wide applications of larvicides 
and adulticides for extended suppression of adult Aedes albopictus. Pest 
Manag. Sci. 75, 1115-1122. DOI: 10.1002/ps.5227

Ververidis, F., Trantas, E., Douglas, C., Vollmer, G., Kretzschmar, 
G., Panopoulos, N., 2007: Biotechnology of flavonoids and other phe- 
nylpropanoid-derived natural products. Part II: Reconstruction of multi- 
enzyme pathways in plants and microbes. Biotechnol. J. 2, 1235-1249. 

	 DOI: 10.1002/biot.200700184
Walker, N.F., Nadjm, B., Whitty, C.J.M., 2014: Malaria. Medicine 42, 100-

106. DOI: 10.1016/j.mpmed.2013.11.011
Wang, C.Y., Teng, H.J., Lee, S.J., Lin, C., Wu, J.W., Wu, H.S., 2013: Efficacy 

of various larvicides against Aedes aegypti immatures in the laboratory. 
J. Infect. Dis. 66, 341-344. DOI: 10.7883/yoken.66.341

Wang, J.-F., Zhang, T.-L., Fu, B.-J., 2016: A measure of spatial stratified he- 
terogeneity. Ecol Indic. 67, 250-256. DOI: 10.1016/j.ecolind.2016.02.052

Wangila, T.P., 2017: Phytochemical analysis and antimicrobial activities of 
Cyperus rotundus and Typha latifolia reeds plants from Lugari region of 
Western Kenya. Pharmaceutical Analytical Chemistry 3, 1-4. 

http://dx.doi.org/10.1016/S2221-1691(13)60174-4
http://dx.doi.org/10.1186/1472-6882-14-397
http://dx.doi.org/10.1016/j.indcrop.2015.06.050
http://dx.doi.org/10.1016/j.actatropica.2019.01.019
http://dx.doi.org/10.3390/ijms140714950
http://dx.doi.org/10.1590/0074-02760140266
http://dx.doi.org/10.1007/s10452-018-9664-5
http://dx.doi.org/10.1021/np9702244
https://doi.org/10.1016/j.jopr.2013.02.010
http://dx.doi.org/10.1155/2018/7453816
https://doi.org/10.1515/znc-2006-7-810
http://dx.doi.org/10.1186/1475-2875-2-29
http://dx.doi.org/10.1093/jac/dkz098
http://dx.doi.org/10.1093/chemse/bjr092
http://dx.doi.org/10.1016/j.indcrop.2017.08.034
http://dx.doi.org/10.24327/ijrsr.2018.0905.2151
http://dx.doi.org/10.4322/actalb.02202011
http://dx.doi.org/10.1038/srep12228
http://dx.doi.org/10.3923/rjphyto.2017.85.89
http://dx.doi.org/10.1186/1472-6882-14-397
http://dx.doi.org/10.3390/toxins10010039
http://dx.doi.org/10.1111/jvec.12309
http://dx.doi.org/10.7324/JABB.2015.3102
http://dx.doi.org/10.15666/aeer/1702_37233735
http://dx.doi.org/10.9790/2402-09124851
http://dx.doi.org/10.20959/wjpr201612-7544
http://dx.doi.org/10.15666/aeer/1706_1307513087
http://dx.doi.org/10.1002/ps.5227
http://dx.doi.org/10.1002/biot.200700184
http://dx.doi.org/10.1016/j.mpmed.2013.11.011
https://www.ncbi.nlm.nih.gov/nlmcatalog?db=journals&term=J.+Infect.+Dis.%5BTitle+Abbreviation%5D
https://doi.org/10.7883/yoken.66.341
http://dx.doi.org/10.1016/j.ecolind.2016.02.052


326	 A.Y. Ugya, T.S. Imam, J. Ma

	 DOI: 10.1186/1472-6882-14-397
Weeks, E.N.I., Baniszewski, J., Gezan, S.A., Allan, S.A., Cuda, J.P.,  

Stevens, B.R., 2019: Methionine as a safe and effective novel bio- 
rational mosquito larvicide. Pest Manag. Sci. 75, 346-355. 

	 DOI: 10.1002/ps.5118
WHO, 2018: World malaria report 2018.  978 92 4 156565 3, 210.
Yakubu, AA.., Salisu, A.A., Hassan, D.B., Imam, T.S., 2017: Compara-

tive larvicidal efficacies of Nymphae lotus fractions against Anopheles  
mosquito larvae. Bayero Journal of Pure and Applied Sciences 10, 477-
480. DOI: 10.4314/bajopas.v10i1.91S

Zhu, M., Zhu, G., Nurminen, L., Wu, T., Deng, J., Zhang, Y., Qin, B.,  
Ventelä, A.-M., 2015: The influence of macrophytes on sediment re- 
suspension and the effect of associated nutrients in a shallow and large 
lake (Lake Taihu, China). PloS one 10, e0127915-e0127915. 

	 DOI: 10.1371/journal.pone.0127915

ORCID
Adamu Yunusa Ugya  https://orcid.org/0000-0002-1490-4479
Tijjani Sabiu Imam  https://orcid.org/0000-0002-1926-3076
Ma Jincai  https://orcid.org/0000-0002-0792-0251

Address of the corresponding author:
Jincai Ma, College of New Energy and Environment, Jilin University 
Changchun, 130012, China
E-mail: jincaima@jlu.edu.cn

© The Author(s) 2019.
	 This is an Open Access article distributed under the terms of  
the Creative Commons Attribution 4.0 International License (https://creative-
commons.org/licenses/by/4.0/deed.en).

http://dx.doi.org/10.1186/1472-6882-14-397
http://dx.doi.org/10.1002/ps.5118
http://dx.doi.org/10.4314/bajopas.v10i1.91S
http://dx.doi.org/10.1371/journal.pone.0127915
https://orcid.org/0000-0002-1490-4479
https://orcid.org/0000-0002-1926-3076
https://orcid.org/0000-0002-0792-0251

