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ABSTRACT 
 

Eutrophication is one of the most widespread environmental problems of inland waters. The 

use of submerged macrophytes might be an alternative method of eutrophication control as it 

is environmentally safe and cost effective. A study was made between August 2016 and May 

2017 to assess the impact of Potamogeton schweinfurthii in structuring plankton community 

and to test whether extract of P. schweinfurthii can negatively affect the biomass of 

phytoplankton community in Lake Hawassa. The allelopathic effects of the submerged 

macrophyte P. schweinfurthii on natural phytoplankton and Microcystis spp were tested under 

controlled laboratory conditions and field incubation experiments. There was spatial variation 

in  species composition and abundance of zooplankton between open water and P. 

schweinfurthi stand (t-test, p < 0.05) which was significantly higher in the open water (133, 

525±15, 723 ind/m3). Mean phytoplankton biomass was also the highest in the open water 

(24.8±5.1 μg/l). Field incubation experiments showed that phytoplankton biomass increased at 

slow rate (by 46.8 %) when incubated with P. schweinfurthii exudate but by 189.8% in the 

control bottles (without P. schweinfurthii exudate). Furthermore, the laboratory experiments 

indicated that phytoplankton growth was inhibited when exposed to P. schweinfurthii extract. 

The methanol fraction of aqueous extract from P. schweinfurthii analyzed by gas 

chromatograph-mass spectrometry (GC-MS) indicated a total of 46 Active compounds exuded 

in the medium or present in plant tissue.  These results implied that there could be allelopathic 

interaction between P. schweinfurthii and the phytoplankton population in Lake Hawassa, but 

further research is required to identify the active principle in the extract.  
 

Key words: Allelochemicals, allelopathy,  extract, exudates, gas chromatograph-mass 

spectrometry, incubation, Microcystis spp, P. schweinfurthi
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1. INTRODUCTION 

 

Lakes are among finite freshwater resources used for municipal water supply, power generation, 

industrial water supply, agricultural irrigation, commercial and recreational fisheries, and other 

recreational uses. Lakes, which are considered to be large ecological complexes, form model 

systems for studying various ecological relationships. Shallow lakes provide important 

ecosystem services to human (Jeppesen et al., 2000). Many shallow lakes, however, are 

subjected to excessive anthropogenic nutrient enrichment (Smith et al., 1999), leading to 

deterioration of ecological structure and function (Jeppesen et al., 2000) with the most common 

symptom being the appearance of cyanobacterial blooms (Smith et al., 1999). Cyanobacterial 

blooms caused by anthropogenic nutrient inputs to aquatic ecosystems are expanding 

worldwide, which is a serious threat to drinking water supplies, integrity of food webs and 

ecological and economic sustainability of some freshwater ecosystems (Huisman et al., 2005). 
 

Eutrophication is one of the most widespread environmental problems of inland waters, and is 

their unnatural enrichment with two plant nutrients, phosphorus and nitrogen. Eutrophic lakes 

exhibit many undesirable traits, including excessive growth of algae and other aquatic plants. 

In response to over enrichment with nutrients, the phytoplankton community may shift to 

bloom-forming nuisance algae, which are harmful to other organisms (Sevilla et al., 2008).  

Decomposition of algal blooms can lead to oxygen depletion, which can in turn lead to fish 

kills. Other problems associated with eutrophication include the presence of toxins, 

unpalatability of drinking water, extirpation of native plants, and loss of biodiversity (Sevilla et 

al., 2008). Nutrient discharges may accelerate the eutrophication of lakes and reservoirs. The 

use of submerged macrophytes might be an alternative method of eutrophication control as it is 

environmentally safe and cost effective. Therefore, it is crucial to generate a sustainable 

approach taking into account a renewable resource-based eutrophication control agent leading 

to environmental protection and conservation of natural resources. Renewable resource-based 

removal and recovery of eutrophic ecosystems are a promising technique but require further 

study to be used in natural eutrophic ecosystems. 
 

Aquatic macrophytes play a crucial role in combatig eutrophication and stabilizing the clear 

water state in shallow mesotrophic and eutrophic lakes (Scheffer, 1998). There are several types 

of interactions between aquatic organisms with each other and their environment in shallow 

lakes. Competition for nutrients, space, and light and predator– prey relationships are among 

javascript:Popup('Glossary.html');
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the most common types of interactions (Wetzel, 2001). Macrophytes are involved in most of 

these interactions directly or indirectly and are an important structuring component in shallow 

lakes (Scheffer et al., 1993). The presence of macrophytes in shallow lakes facilitates water 

transparency, reduces sediment resuspension and nutrient levels and provides shelter for 

zooplankton, young fish and macro-invertebrates thereby increase biodiversity in lakes 

(Scheffer, 1998). Due to the presence of macrophytes, cladocerans such as Ceriodaphnia spp., 

Diaphanosoma spp and cyclopoid copepods are often more abundant in the littoral zone than 

in the open waters (Jeppesen et al., 1998).  

 

Submerged aquatic macrophytes are important for food web interactions and the environmental 

quality of shallow lakes. They play important roles in material cycling, and in both abiotic and 

biotic processes in shallow lakes, many of which are used as the pioneering species for lake 

restoration (Lampert and Sommer, 1997). On the other hand, macrophytes are known to excrete 

chemical substances which hinder the growth of other photosynthethic organisms, such as 

epiphytes and phytoplankton (Scheffer, 1998) and also zooplankton (Dorgelo and Koning, 

1980). Such interaction between photosynthethic organisms is termed as ‘allelopathy’ and is 

used to describe any direct or indirect, mainly deterring, impact of one plant on another through 

production of chemical compounds released into the environment (Lampert and Sommer, 

1997). This mainly occurs in organisms releasing or secreting their own chemical substances 

named allelochemicals into a surrounding medium and eliciting either positive or deleterious 

response in target organism (Rice, 1995). It has been confirmed that many submerged 

macrophytes, such as Myriophyllum spicatum (e.g., Gross et al., 2007), Ceratophyllum 

demersum (Mulderij et al., 2003), Chara (e.g., Mulderij et al., 2003), Najas marina (Gross et 

al., 2007), Stratiotes aloides (e.g., Mulderij et al, 2006) and Elodea (Gross et al., 2007) may 

secrete allelochemicals to inhibit algal growth especially in temperate lakes. The possible 

allelopatic impact of most other submerged macrophytes, such as P. schweinferthii in African 

lakes, particularly in Ethiopia is not much known except the works of Girum Tamire et al. 

(2016). The relative importance of the impact of allelopathy differs strongly between lakes and 

macrophyte species (Mulderij et al., 2007). 
 

Search for allelopathic effects of aquatic macrophytes on phytoplankton’s growth and 

development has received world-wide attention in order to develop biological tools which are 

environmentally friendly to mitigate such challenges (Al Sheri, 2010). This is due to the reason 

that inhibition of phytoplankton by allelochemicals released by submerged macrophytes is 
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supposed to be one of the mechanisms that contribute to the stabilisation of clear-water states 

in shallow lakes as it determines composition of communities in fresh water ecosystems and 

assist ecological rehabilitation of eutrophic lakes (Korner and Nicklisch, 2002). It is quite 

possible that allelochemicals may produce more than one effect on the cellular processes 

responsible to reduce phytoplankton growth. The existing evidences suggest that the 

mechanism of growth inhibition of allelochemicals from macrophytes dependent on the nature 

of the chemical elicited and diversity of macrophytes. Aquatic allelochemicals often target 

multiple physiological processes and have significant effect on cell division, cell differentiation, 

respiration, photosynthesis, enzyme function, signal transduction as well as gene expression 

(Inderjit, 2003; Belz and Hurle, 2004).  However, the details of the biochemical mechanism 

through which a particular allelochemical exerts a toxic effect on growth are not well known. 
 

Potamogeton schweinfurthii is submersed aquatic macrophyte and commonly found in standing 

water bodies (lakes, reservoirs etc.) in Africa. It is characterized by an unbranched or sparingly 

branched stem, sessile to shortly petiolate submerged leaves that have a narrowly lanceolate to 

narrowly elliptical lamina with mostly 7 longitudinal veins, and an acute to mucronate apex, 

and the rare occurrence of floating leaves (Kaplan, 2005).  Girume Tamire et al. (2016) assessed 

the allelopathic effects of the submerged macrophyte P. schweinfurthii on natural 

phytoplankton under controlled laboratory conditions and field incubation experiment in Lake 

Ziway. This result indicates that this macrophyte can be used to control algal growth. But the 

potential allelochemicals present in the plant have not been identified. Furthermore, the specific 

impacts of allelochemicals in aqueous extracts from P. schweinfurthii on Microcystis spp was 

not addressed in this and other similar works. Therefore, it is imperative to study the allelopathic 

effects of P. schweinfurthii on Microcystis spp towards identification of allelopathic substances.  
 

Microcystis spp are capable of producing large surface blooms through a combination of rapid 

division and buoyancy regulation by production of gas-filled vesicles. Their ability to regulate 

buoyancy is key to their dominance of eutrophic waters, by optimally positioning themselves 

within the photic zone in a stable water column (Belz and Hurle, 2004). Because they can form 

large surface blooms, they are capable of out-competing other phytoplankton by essentially 

monopolizing light in the photic zone. Microcystis spp are also capable of strong uptake of 

phosphate and nitrogen, so much so that they are believed to be able to strongly influence 

nitrogen to phosphorus ratios (Eva, 2011). In addition to and more serious than aesthetic 

problems, Microcystis spp blooms of some species produce toxic metabolites and now a day 

https://en.wikipedia.org/wiki/Eutrophic
https://en.wikipedia.org/wiki/Photic_zone
https://en.wikipedia.org/wiki/Phytoplankton
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their coverage is expanding in most of Ethiopian lakes (Eva, 2011). So in this study, particular 

attention was given to Microcystis spp.  
 

According to Van Donk and Van de Bund (2002) allelopathy can be a key factor to regulate the 

phytoplankton population. Currently, there has been an increasing interest on utilizing 

macrophytes as an alternative strategy for controlling eutrophication due to algal bloom as it is 

environment-friendly and cost-effective methods (Hu and Hong, 2008). It has been shown in 

laboratory experiments that the inhibition of phytoplankton growth by allelopathic substances 

from some species of macrophytes can reach up to 80% (e.g. Mulderij et al., 2003). 

Macrophytes do not only deter phytoplankton production by allelopathy, but also by reducing 

nutrient and light availability and by provision of refuge for zooplankton grazers against 

planktivorous fish predation which allows intensive zooplankton grazing on phytoplankton 

(Scheffer et al., 1993). 
 

Ethiopia is endowed with a large number of standing water bodies, whose sustainable use can 

contribute to the economy of the country. The lakes are critical to the survival of local 

communities as they are the actual and potential sources of food and income. Sustainable socio-

economic development of a country is unlikely without freshwaters of sufficient quantity and 

acceptable quality (Cederlöf, et al., 1998). Currently, freshwater is not only in short supply in 

this country, but its quality is also deteriorating. The rapid growth of human population and the 

consequent speedy expansion of activities related to industry, agriculture and urbanization have 

resulted in adverse impacts on water resources and in the emergence and rapid growth of water 

pollution problems (WHO, 1996). Agricultural development activities carried out as a response 

to food insecurity in Ethiopia have demanded the widespread use by farmers of fertilizers and 

pesticides on agricultural lands. The fertilizers applied on the agricultural lands with a view to 

boost crop yield eventually find their ways into nearby water bodies and pollute them. The most 

common consequence of enrichments of water bodies with algal nutrients is the excessive 

growth of algae in lakes and reservoirs (Vollenweider, 1991), one of the most sever water 

quality problems which is beginning to attract public attention in Ethiopia. Algal blooms, 

visible massive growths of algae, represent a very serious problem in lakes and reservoirs of 

commercial and recreational value. When they occur, they not only form floating scums and 

impart undesirable taste and odor to the water (Berglind et al., 1983), but are also associated 

with reduced water clarity and oxygen levels and the consequent loss of fisheries (de Bernardi 

and Guissani, 1990), fatal poisoning in wild and domestic animals (Fritz et al, 1992) and 

occurrence of dermatitis and toxicity (Bell and Codd, 1994) in humans. Amha Belay and Wood 
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(1982) reported the death of seventy-five zebras after drinking water at the shore of a highly 

productive Ethiopian Rift Valley lake, Chamo, during the time when the water was 

exceptionally discolored by a nearly monospecific phytoplankton community dominated by the 

blue-green alga Microcystis aeruginosa. The same alga was found to be responsible for the 

nuisance and/or toxic algal blooms that occurred in Koka Reservoir (Adane Sirage, 2006) and 

Legedadi Reservoir (Hadgembes Tesfay, 2007). Like any other African nation Ethiopia is also 

having nutrient enrichment of dams, ponds and lakes, which is a big challenge. Aba- Samuel 

Reservoir in Addis Ababa, for instance, is now completely eutrophied and lost recreational 

value due to the impacts of town wastes, poor agricultural activities around the reservoir and 

poor watershed level management (Eva, 2011).  
 

Due to fast growing industries in and around Hawassa city and intensification of agricultural 

activities, Lake Hawassa is one of the most exposed lakes to different sources of pollutant 

(Zerihun Desta, 1997 and Walker et al., 2006). Under some environmental conditions, those 

pollutants including metals could accumulate and get biomagnified through food chain to toxic 

levels and eventually results in ecological damage (Zinabu Gebre-Mariam, 1988). The major 

factors to increase concentration of pollutants in Lake Hawassa include the Hawassa Textile 

Factory, Tabor Ceramic Products Share Company, Hawassa Millennium Soft Drink, City 

Municipality Abattoir, Hawassa ETAB Soap Factory, Flour Factories, Hawassa Referral 

Hospital and Floriculture Farms. Some of them dispose their solid and liquid wastes directly in 

to the lake or to shallow swamp, which is directly connected to the lake through Tikur Wuha 

River. Despite of intensive and extensive works that have been done on Lake Hawassa with 

regard to phytoplankton, potential effect of Awassa Textile effluent on phytoplankton and fish, 

zooplankton, trophic analysis of the  lake using mass-balance Ecopath model, decadal changes 

in phyto- and zooplankton communities (Elizabeth Kebede and Amha Belay, 1994; Zinabu 

Gebre-Mariam and Zerihun Desta, 2002; Seyoum Mengistou, 1989; Tadesse Fetahi et al., 

2010), no information is documented about allelopathic effects of P. schweinfurthii  on natural 

phytoplankton and Microcystis spp and on the chemical composition of allelopathic compounds 

extracted from P. schweinfurthii. Hence, it poses scientifically interesting questions in this 

regard. Therefore, it is necessary to determine the role of P. schweinfurthii on the structure of 

plankton community and its effect on phytoplankton biomass. This is why, even if Lake 

Hawassa is of a small area and depth, it is crucial to carry out research in various microhabitats 

which vary in their spatial complexity. The present study was therefore undertaken within two 
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distinct types of habitats: one vegetated site (P. schweinfurthii stand) and another in the open 

water area. 
 

Studies on decadal changes in phyto- and zooplankton communities (Tadesse Fetahi et al., 

2010) showed that a decreasing trained in phytoplankton biomass in the last few decades from 

43 μg L-1 (Elizabeth Kebede and Amha Belay, 1994) to 19 μg L-1 (Tadesse Fetahi et al., 2010). 

Previously, Taylor and Zinabu Gebre-mariam (1989) suggested that rotifers and ciliates are 

important grazers of smaller phytoplankton forms in Lake Awasa.  Bottom-up (resource) 

control and grazing by rotifers were given as probable reasons for the reduction of biomass of 

phytoplankton in Lake Hawassa in the last few decades. A recent study showed that smaller-

sized phytoplankton contributes much to the biomass of Lake Hawassa (Girma Tilahun, 2006) 

and hence controlling of biomass by rotifer is unlikely. However, the possible impact of other 

competitors such as macrophytes on phytoplankton biomass was not clearly assessed in the 

lake. 
 

In this study, an attempt was made to assess the impact of P. schweinferthii in structuring 

plankton community and to test whether extract of P. schweinfurthii can negatively affect the 

biomass of phytoplankton community and Microcystis spp in the lake. The study also aimed to 

forward few directions on remedial solutions for the present and emerging algal bloom 

problems by investigating environment-friendly and cost effective biomaterial. Understanding 

and identification of allelopathic effects of submerged macrophytes on phytoplankton result in 

a major contribution to the understanding and management of eutrophic, shallow lakes. The 

main hypothesis of the study is P. schweinfurthii structures the plankton community in Lake 

Hawassa and deter algal bloom caused by Microcystis spp. 
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1.2. Research questions 
 

 Do P. schweinfurthii cause structural variation of plankton community in Lake 

Hawassa? 

 Do P. schweinfurthii exudates cause allelopathic inhibition on natural phytoplankton in 

Lake Hawassa?  

 What is the impact of P. schweinfurthii exudates on the growth of Microcystis spp? 

 Which part of P. schweinfurthii has more deterring impact on Microcystis spp biomass 

 What are active allelopathic compounds extracted from P. schweinfurthii?  

1.1. Objectives of the study 

1.1.1. General objective 
 

 The general objective of this study is to investigate the relationship between P. 

schweinfurthii and plankton community and Microcystis spp in particular including its 

allelopathic effects  
 

1.1.2. Specific objectives 
      
 The specific objectives of this study are to: 

 determine the role of P. schweinfurthii in structuring the plankton community in Lake 

Hawasssa 

 test if P. schweinfurthii exudates cause allelopathic inhibition of natural phytoplankton 

in situ 

 determine any allelopathic effect of P. schweinfurthii exudates on the growth of natural 

phytoplankton (ex-situ) in the laboratory 

 determine any allelopathic effect of P. schweinfurthii exudates on the growth of 

Microcystis spp 

 identify which part of P. schweinfurthii has more deterring impact on Microcystis spp 

biomass 

 identify allelopathic compounds extracted from P. schweinfurthii in the lake  
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2. LITERATURE REVIEW 
 

2.1. Eutrophication — a worldwide water quality issue 
 

Eutrophication is a major management issue in shallow lakes worldwide, as it is the main cause 

of cyanobacterial mass occurrences in the form of water blooms in lakes and reservoirs around 

the world. Three potentially toxigenic and bloom forming cyanobacterial genera: Microcystis, 

Anabaena and Oscillatoria, are hazardous due to the production of secondary metabolites and 

endotoxins. Cyanobacterial toxins are released into the surrounding medium by senescence and 

lyses of blooms. Microcystins are toxins produced by cyanobacteria that entail serious health 

and environmental problems (Sevilla et al., 2008). The released toxins could come into contact 

with a wide range of aquatic organisms. Microcystis aeruginosa is a cyanobacterium species 

that can form harmful blooms in freshwater bodies worldwide (Straub et al., 2011). Microcystis 

blooms pose a threat to aquatic ecosystems at every level via direct or indirect impacts, 

including heterotrophic bacteria, phytoplankton, zooplankton, invertebrates, and fish (Jose et 

al., 2011). Direct impacts are a result of toxicity from exposure or ingestion and reduced food 

intake. Indirect impacts arise from Microcystis affecting the overall food quality for 

zooplankton, species interactions, and bio-accumulation. Zooplanktons are either killed by 

microcystins, or show reduced feeding, growth, and reproduction, combined with different 

physiological sensitivities to the toxin (El-Sheekh and El-Shendy, 2010). 

  

Today, relatively scarce good-quality algal food resources often limit zooplankton growth 

(Mueller-Solger et al., 2002). If available high quality food at the base of the food chain 

(phytoplankton) is declining, and Microcystis blooms are increasing apparently, this could be a 

profound threat for the food web (Lehman et al., 2010). The latter authors mentioned that, it is 

hypothesized that Microcystis contributed to a recent decline in pelagic organisms. 

Bioaccumulation of microcystins extends the toxin to higher trophic levels such as fish. 

Changes in community structure result from Microcystis altering the dominant herbivores. This 

can be a shift in zooplankton species, from large cladocerans to smaller zooplankton, or a shift 

from planktonic secondary production to benthic production. Overall, it has the ability to reduce 

the efficiency of pelagic food webs (Vanderploeg et al., 2001).  
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2.2. The integral role of climate change to eutrophication 
  

In addition to nutrient over-enrichment issues, climate change, in particular global warming is 

likely to favor Cyanobacterial harmful algal blooms (CyanoHABs). As a group, Cyanobacteria 

exhibit optimal growth rates at relatively high temperatures, usually in excess of 25 °C (Paerl 

and Huisman, 2008). At these elevated temperatures, CyanoHABs compete most effectively 

with eukaryotic algae. Intense light absorption by dense surface Cyanobacterial blooms can 

locally increase water temperatures (Gibbs et al., 2011), thereby creating a positive feedback 

that perpetuates further CyanoHAB dominance. Higher water temperatures will also extend the 

ice free growing season at higher latitudes and high elevations expanding the seasonal duration 

of CyanoHAB outbreaks (Gibbs et al., 2011). 
 

Warming of surface waters also intensifies vertical density stratification and lengthens the 

period of seasonal stratification, thus suppressing vertical mixing intensity and frequency. Some 

CyanoHABs form gas vesicles, which provide buoyancy (Spears et al., 2013). Under strong 

and persistently stratified conditions, buoyant Cyanobacteria can form dense surface blooms 

which shade deeper non-buoyant eukaryotic phytoplankton, enhancing the CyanoHABs' 

competitive advantage (Spears et al., 2013). Increased water temperature also decreases the 

viscosity of water. As viscosity decreases, the water's resistance to vertical migration also 

decreases; thus facilitating upward (optimizing photosynthetic production) and downward 

(optimizing nutrient acquisition) migration by highly motile CyanoHABs (Spears et al., 2013). 

Additionally, by enhancing heterotrophic bacterial activity and decreasing bottom water 

ventilation, warmer and more stratified waters can exacerbate the problem of bottom water 

hypoxia (Spears et al., 2013). Internal nutrient loading from the sediments, particularly from 

redox sensitive P pools, is often stimulated by hypoxia, further fueling CyanoHABs (Spears et 

al., 2013). 

2.3. Nature of allelopathic compounds 
 

Allelopathic compounds are secondary plant products released into environment through 

volatilization, leaching, root exudation and decomposition of plant residues. These metabolites, 

such as phenolics, flavonoids, alkaloids, terpenoids and cyanogenic glycosides have often 

attracted scientists to elucidate their structure and biological function (Cutler and Cutler, 1999). 

Most of the allelopathic compounds released are hydrophilic, such as phenolic acids, alkaloids, 

flavonoid glycosides, etc. 
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2.4. Prospects of allelopathic research 
 

Previous findings on allelopathy have often concentrated on the elucidation of allelopathic 

mechanism in natural and agricultural ecosystems. Further advanced techniques and 

instruments, such as HPLC, Mass spectrometry, NMR, are available, and the research becomes 

easier than before. In addition, different disciplinary scientists, such as biochemists, molecular 

biologists, natural product chemists and biotechnologists, are interested in the multidisciplinary 

or integrative research. Thus, resolutions for the complexity of allelopathy mechanism and 

action mode of allelopathy has become possible. 
 

Allelopathy has increasingly received attention by scientists and has played important roles in 

plant biodiversity and sustainable development (Chou, 1999). Much information of allelopathy 

has accumulated, yet, more difficult questions remained to be answered, such as (1) the action 

mode of allelopathic compounds, (2) allelopathic substances in water, (3) develop and enhance 

allelopathic properties of aquatic species, (4) use molecular biotechnology to transfer 

allelopathic gene from one plant to another, (5) establish proper methods to agriculture practice 

in the field, and (6) continuously work on potential naturally occurring allelopathic substances 

from plants, microorganisms to replace synthetic agrochemical to save our environment. 
 

2.5. Fractionation, isolation and identification of allelochemicals  
 

Typically, for discovery purposes, plants are extracted with a graded series of solvents in 

decreasing or increasing polarity in order to remove all soluble natural products. Extraction can 

be accelerated by heating and/or refluxing (e.g., Soxhlet), however, even when extracting at 

room temperature, chemical artifacts can be created. Critical fluid extraction with CO2 under 

pressure may give less artifactual extraction. Active fractions can be further fractionated with 

other chromatographic methods. Modern tandem instrumentation in which separation and 

analytical steps are coupled such as GC/MS, LC/MS and LC/MS/NMR, have streamlined 

bioassay-directed isolation and identification of natural products from plants. Using this 

technology, fractions can be analyzed for their constituents after bioassay. These techniques 

can often provide a putative identification of the likely bioactive constituent before it is purified 

and tested. If so, the process can be streamlined to purify this compound without having to 

generate sub fractions that must be tested and further fractionated. 
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2.6. Chemical composition of P. schweinfurthii crude extracts 
 

Strong polar organic compounds of aqueous extracts from plant were water-soluble substances 

that could be easily released into surroundings and contribute more to allelopathic activities 

(Wang et al., 2008). Allelopathic properties of long-chain fatty acids on algae were reported by 

Venkata et al. (2012) and confirmed by Xian et al.  (2005). Wu et al. (2007) reported that short-

chain fatty acids in decomposing wheat straw in water were able to inhibit the seedling growth 

of wheat. Xian et al.  (2005) reported several fatty acids (succinic acid, azelaic acid, aconitic 

acid, lactic acid, citric acid) with allelopathic activity on M. aeruginosa. In addition, the 

antialgal effects of phenolic acids were reported by Gale et al. (1995). For example, benzoic 

acid was reported to inhibit hydraulic conductivity and nutrient uptake by plant roots, thus 

resulting in growth inhibition (Gale et al., 1995). This auttor reported the 50% growth inhibitory 

concentration of 4-hydroxybenzoic acid and benzoic acid for M. aeruginosa strains (the toxic 

strain FACHB 942 and the nontoxic strain FACHB 469). In this study, several allelopathic 

compounds, were detected in the aqueous extracts of P. schweinfurthii. The results of antialgal 

bioassay showed that organic acids in the aqueous extracts of P. schweinfurthii had potential 

allelopathic activities on algal growth. 
 

Venkata et al. (2012) characterised antioxidant and antimicrobial properties of exo-

Norbornanol, dimethyl (trimethylsilylmethyl) silyl ether, Hexadecanoic acid which are the 

major compounds identified in this study that constitute more than 50% of the identified 

compounds. He found that these compounds are  useful candidates to serve as a genetic source. 

Also, the presence of these compound were made having anti-inflammatory activity, antiviral 

and antitumor activity (Venkata et al., 2012). 3-Chloro-N-methylpropylamine, N-methyl-. 

Alpha one of the major compounds identified in this study has antidiabetic activity and 

antitumour and Paradrine and Methyl stearate have antimicrobial and antitumor effects 

(Venkata et al., 2012). Thus in the future a next progressive spectroscopic studies are required 

for the structural illustration and recognition of bioactive principles present in the crude extracts 

of P. Schweinfurthii, that could be used in practical research in medicine, agriculture and 

industry. 
 

3,7,11,15-tetramethyl-, methyl ester is characterized by its fragrant nature with widespread 

presence in higher plants (Muanda et al., 2010) and has been also identified as component of 

some algae including the green algae Mougeotia viridis (Kamenarska et al., 2000), Cladophora 

(Kamenarska et al., 2000), Botryococcus braunii (Abdel-Aal, 2015) and the brown marine alga 
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Padina pavonia (Kamenarska et al., 2000). Paradrine was identified as strong bactericidal, 

antifungal, antipyretic, analgesic, antioxidant and vermifugic (Venkata et al., 2012), while, 3-

Chloro-N-methylpropylamine, N-methyl-. alpha used in the fragrance industry, cosmetics, 

shampoos, toilet soaps, household cleaners, and detergents showed antimicrobial, anticancer, 

antidiuretic activity and was found to be a precursor of vitamin E and vitamin K (McGinty et 

al., 2010) and was detected in some marine and freshwater algae (e.g. Spirogyra species) 

(Kamenarska et al., 2000) and these results are in agreement with the compounds detected in 

Spirogyra longata biomass. It has been reported that Dihydrotecomanine identified in this study 

has many important uses like its usage as a food additive, in which it could prevent lipid 

oxidation (Wanita and Lorenz, 1996). Also, it could decrease the risk of developing chronic 

diseases (Gale et al., 1995). Dihydrotecomanine was reported to have been incorporated in the 

industry of diverse products as cosmetics, pharmaceuticals, rubber, electrical transformer oil 

and embalming fluid (Gale et al., 1995). Hexadecanoic acid was reported to increase the plasma 

cholesteryl ester transfer protein (CETP) activity which lowers high-density lipoproteins (HDL) 

cholesterol (Wanita and Lorenz, 1996). Methyl stearate is chemical intermediates for 

surfactants and have a wide range of uses as ingredient in personal care and home care products, 

pharmaceutical formulations, agrochemicals and industrial uses (Wanita and Lorenz, 1996). 

2.7. Allelopathy and its effect on growth of phytoplankton 
[ 

Virtually various in situ and ex-situ experiments conducted to confirm allelopathy in aquatic 

macrophytes have shown its suppressing performance on phytoplankton growth. It is quite 

possible that allelochemicals may produce more than one effect on the cellular processes 

responsible to reduce phytoplankton growth. However, the details of the biochemical 

mechanism through which a particular allelochemical exerts a toxic effect on growth are not 

well known. The existing evidences suggest that the mechanism of growth inhibition of 

allelochemicals from macroalgae and macrophytes is dependent on the nature of the chemical 

elicited and diversity of macrophytes. For instance, the mechanism of growth inhibition of the 

green macro alga Ulva lactuca on harmful algal bloom species via allelopathy is achieved 

through cell lysing and decreasing cell density (Jin et al., 2005) . However, some macrophytes 

release allelochemicals which induce high rate of photosynthesis that might draw down CO2 

and in turn increases pH level. Subsequently, this would have influence on processes involved 

in growth and developments of phytoplankton and other aquatic macrophytes (Lundholm et al., 

2005). In this case, the presumption is that, high pH invoked allelopathic effects through 

interfering biochemical reactions and nutrient scavenging. Moreover, production of 
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allelochemicals such as polyunsaturated fatty acids in Ulva (Alamsjah et al., 2005) and 

dithiolane and trithiane compounds identified from Chara sp. cause allelopathic effects on 

growth of epiphytic diatoms and other phytoplanktons (Wium-Anderson et al., 1982). Such 

influence of allelochemicals on growth of phytoplanktons would have negative consequences 

on the biomass production (Qiming et al., 2006). 
 

2.7.1. Effects of allelopathy on physiological activities 
 

Aquatic allelochemicals often target multiple physiological processes and have significant 

effect on cell division, cell differentiation, respiration, photosynthesis, enzyme function, signal 

transduction as well as gene expression (Inderjit, 2003; Belz and Hurle, 2004) in both 

autotrophs of aquatic and terrestrial ecosystems. The effect and possible mechanisms of 

allelochemicals on phytoplankton physiological processes particularly photosynthesis and 

enzyme activities have been discussed. 

2.7.1.1. Inhibition of allelochemicals on photosynthesis  
 

Photosynthesis is greatly influenced by environmental factors such as light, temperature, CO2 

concentration, water condition and microbes. In addition to these factors, recent studies have 

shown that allelochemicals also significantly influenced photosynthesis. The inhibition of 

photosynthesis which is the central physiological process of competing primary producers is an 

effective defence strategy of many aquatic angiosperms, algae and cyanobacteria and seems to 

be a frequent mode of action (Wu et al., 2008).   
 

Several allelochemicals isolated from cyanobacteria and aquatic macrophytes specifically 

inhibit photosynthesis of phytoplankton (Smith and Doan, 1999). The decline in the rate of 

photosynthesis as a measure of oxygen evolution resulted in lower primary production and 

consequently, cause slower growth of competing plankton. Allelochemicals can potentially 

impair the processes of photosynthesis by impacting stomatal control of CO2 supply, the 

thylakoid electron transport, and carbon reduction cycle. Nevertheless, the detailed mechanism 

for the reduced assimilation induced by allelochemicals in most studies remains unclear. The 

probable cause for reduction in rate of photosynthesis is production of specific inhibitors of 

photosystem II (PSII) (Smith and Doan, 1999). However, the inhibitory potential of the 

chemicals is attributable to the complexation with and inactivation of extracellular enzymes 

involved in such biologically important phenomenon (Gross et al., 1996). Some allelochemicals 

inhibit/interrupt photosynthetic electron transport on the acceptor side of PSII and dismantling 
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membrane integrity (Srivastava et al., 1998). For instance, the most allelopathically active 

compound in Myriophyllum spicatum, tellimagrandin II, and lipohile extracts were found to 

inhibit the PSII by interfering with the electron transfer of Anabaena sp. (Leu et al., 2002). 

Tellimagrandin II and other polyphenols in M. spicatum are assumed to cause a higher redox 

midpoint potential for the non heme iron, located between the primary and the secondary 

quinine electron acceptors, QA and QB in the PSII. These allelochemicals act on a different site 

of action. The decline in rate of photosynthesis might be ascribed to decrease in amount of 

chlorophyll contents due to allelochemicals (Abdulrahman, 2010). For example, experiment 

conducted on the effect of allelochemicals from Myriophyllum aquaticum on photosynthetic 

pigments of Microcystis aeruginosa showed that relative content of chlorophyll a, phycocyanin 

and allophycocyanin decreased to 52.7, 15.3 and 7.6%, respectively (Wu et al., 2008) and the 

decline rate of assimilation is to that extent. The authors also reported that phycobiliprotein 

decreased more than Chlorophyll a. 
 

2.7.1.2. Inhibition of enzymes  
 

Many aquatic organisms produce extracellular enzymes that enable them to use complex 

substrates or are involved in the colonization of surfaces (Wetzel and Chrost, 1991). However, 

several enzymatic processes are inhibited by allelochemicals from aquatic macrophytes. 

Interference with these enzymes can alter competitive interactions among organisms, change 

settling of organisms, and interfere with biofilm formation and/or epiphyte growth. For 

example, polyphenolic extracts from freshwater submersed angiosperms, M. spicatum and 

Stratiote aloides inhibit the enzyme alkaline phosphatase (Gross et al., 1996; Abdulrahman, 

2010). But the inhibitory effect is genotype dependent. These findings suggested that inhibition 

of extracellular alkaline phosphatase could be one mode of action of allelopathically active 

compounds. This might have growth inhibition effect as alkaline phosphatase activities are 

concomitant with growth of phytoplankton’s (Hilt, 2006). Enzyme inhibition can harm the 

whole organisms such as decreased dehydrogenase activity (for example, M. aeruginosa) and 

increased the level of reactive oxygen species (ROS) (Hong et al., 2009). The favoured 

production of ROS is as consequence of much lipid peroxidation by allelochemicals in algal 

cells directs to reduce algal cell proliferation (Wu et al., 2007). More to the point, a study 

conducted to test the inhibitory effect of the allelochemical, gramine, on cyanobacterium (Hong 

et al., 2010) showed that gramine caused significant increase of ROS. These also lowered 

activities of antioxidant enzymes, such as superoxide dismutase and peroxidase, can lead to 

increased oxidative damage, metal ion leakage and changes in plasma integrity (Li and Hu, 
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2005). According to these authors also ethyl 2- methylacetoacetate from Phragmites communis 

showed changes in plasma membrane integrity and leakage of ions in the protoplast (Li and Hu, 

2005). Furthermore, other modes of action of allelochemicals among phytoplankton are for 

example cellular paralysis reported of Anabaena flos-aquae affecting motile green algae 

(Kearns and Hunter, 2001) as well as the inhibition of nucleic acid synthesis (Kearns and 

Hunter, 2001) or RNA polymerase by alkaloids (Doan et al., 2000). 
 

2.8. Factors influencing sensitivities of algae to allelochemicals 
 

For a meaningful evaluation of allelopathic effects in situ, it is essential to consider factors that 

influence the sensitivity of the target phytoplankton. Numerous studies (Gross et al., 1996; 

Mulderij et al., 2003; Hilt, 2006) revealed differences in the sensitivity of different algal species 

and genera to allelochemicals. Until now however, the reason(s) for different sensitivities of 

the phytoplankton to allelochemicals are not known. 

 

Müller et al. (2002) were the first to show that distinct bacterial groups isolated from the biofilm 

and the surrounding water column of the allelopathically active submerged macrophyte M. 

spicatum are able to degrade polyphenolic allelochemicals. This was surprising as polyphenols 

are known for their anti-bacterial properties (Walenciak et al., 2002), and polyphenol degrading 

bacteria were only known from anaerobic environments (Schink et al., 2000). Specialized 

bacteria in the vicinity of allelopathically active submerged macrophytes might be thus one 

reason for the rapid disappearance of allelochemicals from the water column. M. spicatum 

exudates lost their inhibitory capacity to xenic cyanobacteria and algal cultures over time, also 

suggesting bacterial degradation (Gross et al., 1996). 

 

Algal cells also serve as a bacterial habitat and may therefore harbor specific beneficial bacteria 

(Bell and Mitchell, 1972). Until now however, most studies on allelopathic effects of 

macrophytes on algae were carried out either with axenic or xenic algal cultures with an 

undefined bacterial community. Both treatments do not accommodate the possible effect of the 

bacterial community which may metabolize allelochemicals (Müller et al., 2002), transform 

them biochemically (Scalbert, 1991), build mechanical barriers such as extracellular 

polysaccharides (Decho, 1990) or otherwise interact with the phytoplankton species via 

symbiosis, commensalism or antagonism (Grossart, 1999). 
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Consequently, bacteria attached to the submerged macrophytes or the target algae as well as 

bacteria suspended in the surrounding water column may have an impact on allelopathic 

interactions by inactivation or modulation of allelopathically active substances. Bauer et al. 

(2010) pointed to a bacterial interference of algal sensitivities, as xenic and axenic cultures of 

the green alga Desmodesmus armatus and the diatom Stephanodicus minutulus showed 

significantly different sensitivity to the polyphenol tannic acid (TA) in laboratory experiments. 

Associations with bacteria that are able to degrade allelochemicals may thus be one explanation 

as to why certain algal species are less sensitive to allelochemicals. However, a prerequisite for 

a bacterial involvement in different sensitivities is a species-specific association. If 

environmental conditions would determine bacterial associations to the algae, the role of the 

bacteria on algal sensitivities would be negligible, because different algal species in the same 

habitat would share the same bacterial community.  

 

Even though sensitivity was mostly proven to be species-specific (Körner and Nicklisch, 2002), 

some general patterns of sensitivity of phytoplankton groups were found (Hilt and Gross, 2008). 

Green algae appeared to be less sensitive to allelochemicals than diatoms and cyanobacteria 

(Hilt and Gross, 2008). Most of the accomplished studies used single algal cultures and neglect 

the in situ conditions, where several phytoplankton groups and species co-exist, and where 

interactions between the targets of the macrophyte allelochemicals will consequently occur. 

However, also under in situ-like conditions, allelopathic effects of macrophytes on a natural 

phytoplankton community supported green algae, whereas cyanobacteria were inhibited 

(Jasser, 1995). These higher sensitivities of cyanobacteria promoted the idea of using 

allelopathic effects as an effective measure for the control of undesired cyanobacterial blooms, 

especially in highly eutrophic environments. However, it is still not known how sensitivities 

are affected by interactions between phytoplankton groups and/or species. In ecotoxicological 

studies, single-species algal cultures reacted differently compared to communities of different 

algal groups and species (Schmitt-Jansen and Altenburger, 2008). Thus, it is doubtful that 

single-species tests reflect the outcome of allelopathic interactions at ecosystem level. Before 

allelopathically active macrophytes are applied as intervention measures for toxic algal blooms, 

more realistic studies are needed in order to gain information if an application of 

allelochemicals is reasonable for controlling harmful cyanobacteria.  

 

Phytoplankton species comprise numerous different strains that exhibit partly differing 

physiologies (Lakeman et al., 2009). Therefore, considering different sensitivities of algal 
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groups and species, the question arises if different algal strains within a species also reveal 

differing sensitivities to macrophyte allelochemicals. Different phytoplankton strains of one 

species do exhibit deviating characteristics to specific traits (Murphy and Belastock, 1980), 

including sensitivity differences towards stressors with a magnitude of up to several orders 

(Behra et al., 1999). Low sensitivities were mostly correlated with a permanent or long-time 

exposure to the stressor, and accordingly reported as adaptations (Murphy and Bellastock, 

1980). In the case of aquatic allelopathy, epiphytic algal species were found to react less 

sensitively than planktonic species (Hilt, 2006; Hilt and Gross, 2008). At first glance this seems 

counter-intuitive, since epiphytic species live adjacent to the donor of the allelochemicals. 

Furthermore, one might expect them to contribute more to the reduction of light to the 

macrophyte than planktonic species which results in a higher pressure for the macrophyte. 

Epiphytic species, however, might have undergone co-evolution and built adaptations against 

allelochemicals from macrophytes originating from the same habitat (Reigosa et al., 1999). As 

argumentum e contrario this may explain the success of certain invasive, allelopathically active 

species because their targets do not exhibit any kind of adaptation against their allelochemicals. 

This theory was manifested with the “novel-weapon-hypothesis” (Bais et al., 2003). 

 

So far, only one study on allelopathy focused on algal strain sensitivities with respect to their 

origin. Al Sheri (2010) was able to show that a Scenedesmus obliquus strain isolated from a 

macrophyte-free pond revealed higher sensitivities to allelochemicals compared to a strain from 

a pond containing the allelopathic macrophyte Stratiotes aloides. In this study, however, only 

one strain from each origin was tested, which is not a sufficient number with respect to final 

conclusions on adaptation processes to allelochemicals in a broader context. Results of this 

study may have important implications for a generalistic classification of allelopathic 

interactions with invasive species and clarify if sensitivities are indeed a species-specific 

criterion. 
 

Besides biotic factors like interactions between acceptor species and/or strains and bacterial 

associations, abiotic factors were also shown to influence outcomes of sensitivity rankings of 

the phytoplankton to allelochemicals. Amongst others, light quantity and quality (Bauer et al., 

2012), applied parameter and method (Hilt et al., 2012), and the mode of allelochemical 

addition (Hilt et al., 2012) were shown to influence sensitivities of the phytoplankton. 

Evaluation of the specific contributions to the overall sensitivity of these factors have been 

therefore a further aim of researchers. 
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2.9. Allelopathically active organisms in freshwater ecosystems 
 
All photoautotrophs from aquatic environments have been included in allelopathy research, but 

the most frequently investigated organisms are algae/cyanobacteria and submersed 

macrophytes. The latter consist of angiosperms and mosses, but also macroalgae are included. 

Whilst in marine ecosystems macroalgae are widespread, freshwaters contain very few 

macroalgae. These are mainly charophytes within the genera Chara, Nitella and Nitellopsis. 

Some authors include large filamentous green algae, like Cladophora, in their definition of 

macrophytes, but in this article those are treated as ‘algae’, following the definition of 

freshwater macrophytes sensu Cook (1974). Wetland plants are also aquatic plants. Since they 

grow at the water-land interface, they compete also with terrestrial plants and thus represent a 

special case in aquatic systems. Considering wetland plants, it is not always easy to distinguish 

between aquatic and terrestrial allelopathic interactions. The most common investigated 

helophytes in allelopathy are emergent aquatic plants such as Typha, Phragmites or Juncus and 

their accompanying species. They are here regarded as aquatic plants, whereas grasses, shrubs 

and ferns, that occur in humid areas but are generally not found within the water are excluded 

(Cook, 1974). 

2.10. Ecological relevance of allelochemicals 
 
Many freshwater autotrophs exhibit a high allelopathic potential, indicating that allelopathy 

impacts the biocenoses in natural ecosystems. However, opinions diverge whether allelopathy 

is really that important in nature. One hypothesis is that allelopathy occurs only between plants 

that have not co-evolved and thus should be most likely in artificial assemblages (“Rabotnov’s 

Hypothesis”, Rabotnov, 1974; cited in Willis, 1985). This suggests that influence of allelopathic 

interactions may be limited to special situations e.g., when a neophyte invades an established 

plant community (Reigosa et al. 1999). On the other hand, allelopathy is considered to play a 

role in controlling the distribution of probably all plants (Rice, 1995,) and seems to be a fine-

tuning factor during algal blooms (Keating, 1977). With respect to aquatic systems it is often 

difficult to decide whether a given water body represents a natural or an artificial/disturbed 

system. Processes like eutrophication can lead to changes in lakes, accompanied by 

cyanobacterial blooms. Other systems are young and thus co-evolution might still take place. 

A third group of scientists, however, even doubt the phenomenon at all which might be due to 

methodological difficulties (Qasem and Hill, 1989). 
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To examine whether allelopathy might be operative, six points in research have to be 

considered: (1) a pattern of inhibition must be shown, (2) the putative aggressor plant must 

produce a toxin, (3) the toxin must be released to the environment, (4) this toxin has to be 

transported or must accumulate in the environment, (5) the target plant must take up the toxin, 

and (6) the pattern of inhibition cannot solely be explained by physical or other biotic factors 

(Willis, 1985). The same should be valid for stimulating allelopathic interactions. Willis (1995) 

doubted that any study had ever fully satisfied all of these criteria. The initial criteria in 

allelopathic research are points (1-3), but many studies in aquatic allelopathy research even 

failed to fulfil point (1), when they simply screened plants for allelochemicals or used terrestrial 

plants as target organisms. It is difficult to transfer the results from these artificial test systems 

onto naturally interacting organisms. Even if (1) is fulfilled, an observed negative effect is not 

inevitably a result of allelopathic interference but might result from nutrient competition or 

shading. An example for this is the water soldier Stratiotes aloides. Waters inhabited by this 

plant have low phytoplankton densities, but the phenomenon was suggested to be caused by 

competition for essential nutrients and changes in the ionic composition rather than allelopathy 

(Brammer, 1979). In fact, Stratiotes diminishes calcium and potassium contents in the water 

which leads to the decline in phytoplankton (Brammer and Wetzel, 1984). Another aspect 

concerning the ecological relevance of allelopathy is the question, whether allelochemicals are 

really present in the surrounding water to come in contact with the target organism. The least 

studies cover this important requirement. Since in most studies extracts were applied to target 

organisms, point (2) is the most fulfilled criterion, although not all allelochemicals have been 

identified. 
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3. MATERIALS AND METHODS 

3.1. The study site: Lake Hawassa 
 

Lake Hawasa is located at an altitude of 1680m in the central part of the Ethiopian Rift Valley 

(6033’–7033’_N and 38022’–38029’_E) (Fig. 1), 275 km south of the capital, Addis Ababa. 

According to Daniel Gamachu (1977) the Hawassa area has a dry, sub humid climate and 

receives a mean annual rainfall of 1154 mm in the long eight rainy months (March to October). 

The annual potential evapotranspiration for the area is between 1100 and 1250 mm (Elizabeth 

Kebede and Amha Belay, 1994). Some physical and chemical characteristics of Lake Hawassa 

are presented in Table 1. 

 
Lake Hawassa is topographically a closed basin, where there is no known outflow. The lake is 

primarily fed by a small river named Tikur Weha that stems from Shallo swamp and also from 

the rivers (streams) on the north and west caldera walls, which are ephemeral. 
 

Lake Hawassa is an oligosaline sodium bicarbonate dominated lake (type II) under the 

classification system of Talling and Talling (1965). The salinity of the lake increased between 

the late 1930s and the mid-1950s (Wood and Talling, 1988) but since 1960s it became more 

diluted (decreased in salinity) (Zinabu Gebre-Mariam et al., 2002). Despite being closed basin; 

it is striking that the lake water is relatively diluted. This may be due to the very low 

concentration of solutes in its inflows (Wood and Talling, 1988) and/or seepage out through the 

bed of the lake on the south-west and northern side as suggested by Makin et al. (1975). 

Recently Darling et al. (1996) presented isotopic evidence of ground water outflow to the north, 

which is the most plausible mechanism for maintaining low salinity in Lake Hawassa. 
 

The lake is classified as warm, discontinuous, polymictic under the scheme proposed by Lewis 

(1983). Stratification is strongest between February and May, followed by mixing in June and 

July. Short periods of stratification occur between August and January (Taylor and Zinabu 

Gebre-Mariam, 1989). 
 

Mixing was associated with high rainfall and lower air temperature (Elizabeth Kebede and 

Amha Belay, 1994). With a mean phytoplankton biomass of 19 μg/L, Lake Hawassa belongs 

to eutrophic category (Wetzel and Likens, 2001). 
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The phytoplankton in Lake Hawassa is probably light limited. Nutrient limitation is most likely 

at the end of the dry season, when light penetration is greatest and stratification has been stable 

for an extended period (Taylor and Zinabu Gebre-Mariam, 1989). Since the ratio of nitrate to 

phosphate in the lake water is generally low, nitrogen is the nutrient most likely to be limiting 

(Elizabeth Kebede and Amha Belay, 1994). 

 

Fig.1. Lake Hawassa (Ethiopia) with locations of sampling sites, Open water and P. 

schweinfurthii stand. 
 

The fish fauna of Lake Hawassa consists of about six species. These are Oreochromis niloticus, 

Labeobarbus intermedius, L. amphigrama, Aplochelichthys sp., Clarias gariepinus and Garra 

species (Demeke Admassu, 1996). According to Seyoum Mengistou and Fernando (1991) the 

dominant zooplankton species are Mesocyclops aequatorialis, Thermocyclops consimilis, 

Diaphanosoma excisum, Brachionus and Keratella. The dominant phytoplankton species 

include Lyngbya nyassae, Botryococcus braunii and Microcystis (Elizabeth Kebede and Amha 

Belay, 1994). The littoral is covered by an extensive belt of submergent and emergent rooted 

vegetation which extends about 150 m offshore (Tudorancea et al. 1988) and up to 4 m depth. 

The macrophytes vegetation includes Cyperus sp., Nymphea caerulea. Potomogeton species, 
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Typha angustifolia, Paspalidium geminatium and T. latifolia. The benthic fauna includes 

Ostracods (dominant), Chironomids, Cyclopoids and Cladocerans (Tilahun Kibret, 1985). 
 

Two sites (S1-S2) were selected purposely for sampling, one in the open water and onother in 

P. schweinfurthii stand. The sites are situated to the front of Piassa-Gebrel church Street road 

(Main gate). Since the area is used as a main gate to the lake, there is a lot of population pressure. 

Consequently, the shore was highly polluted by non degradable use-throw plastic wastes. The 

shore was covered by Cyperus exltatus, Scirpus brachycera, and isolated patches of Typha 

angustifolia to the center. The Water-lily Nymphaea caerulea and Potamogeton schweinfurthii 

are also floating and submerged macrophytes, respectively. 
 

Table 1. Some physical and chemical characteristics of Lake Hawassa 

Characteristics  Values  References  

Latitude  
Longitude 
Altitude  
Area  
Volume  
Maximum depth 
Mean depth 
Maximum length  
Maximum width   
Shore-line length 
Catchments area 
Na 
K 
Ca 
Mg 
Alkalinity 
Cl 
S04 
SiO2 
Po4-P 
Total P 
NO3/NO2-N 
NH3-N 
pH 
Conductivity  

6033’-7033’ N 
38022’-38029’ E 
1860 m 
90 km2 
1.3*109m3 
22 m 
11 m 
17 km 
11 km 
52 km 
1250 km2 
7.1 meq/L 
0.7 meq/L 
0.5 meq/L 
0.5 meq/L 
7.8 meq/L  
0.8 meq/L 
0.2 meq/L 
42.6 meq/L 
12.4 µg/L 
36.2 µg/L 
34.9 µg/L 
5.7 µg/L 
8.78 
846 µS/cm 

Welcome (1972) 
» 
» 
Makin et al. (1975) 
Welcome (1972) 
» 
» 
» 
» 
» 
» 
Zinabu Gebre-Mariam et al (2002) 
» 
» 
» 
» 
» 
» 
Elizabeth Kebede et al. (1994) 
» 
» 
» 
» 
» 
Demeke Kifle (1985) 
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3.2. Sampling, identification and enumeration of Plankton community 
 

Zooplankton and phytoplankton sampling was carried out six times on weekly to fortnightly 

intervals from the two sites, P schweinfurthii stand (7034’ N /38027’ E) and open water station 

(7054’N/38046’E) between December 2016 and February 2017. Open water station is located 1 

km offshore in the open water and had a mean depth of 5.8 m. P. schweinfurthii stand with a 

mean depth of 2.6 m, is located about 0.97 km offshore. Three replicates were taken at each 

station on each sampling date. Samples were collected with 55 and 30 μm mesh size plankton 

net for zooplankton and phytoplankton respectively.  
 

Maximum care was taken during zooplankton sampling to minimize contact with stems so as 

to sample only planktonic zooplankton as recommended by Basu et al. (2000).  To determine 

zooplankton numerical abundance, samples were vertically hauled from 2 m to the surface at 

both sites. The volume of water filtered (V) was calculated from V = π r2 h, where r = radius of 

net ring (0.15m) and h the distance towed (2 m). The samples were immediately preserved with 

formalin to a final concentration of approximately 4 %. The concentrated original sample of 

250 mL was mixed homogeneously and a 25 mL subsample was taken with a wide mouth 

pipette (Wetzel and Likens, 2001), then poured into a gridded glass chamber where three pre-

selected grids/strips were counted. The species were examined under a Wild Binocular 

Microscope (50x magnification). Number of individual per m3 (N) was calculated following 

Edmondson and Winberg (1971) as follows: 
 

 N =  
𝑛∗𝑆𝑆𝐹∗ 𝐺𝐹

𝑉
 

Where n is actual count, SSF is subsample factor, GF grid factor and V is volume of water 

that was filtered through the net. 
 

Cladocerans were identified using the identification keys of Fernando (2002). For copepods, 

the identification guide of Defaye (1988) and Fernando (2002) were used. Rotifers were 

identified using Koste (1978). 
 

Mixed samples (2 L) were collected (from the surface, 0.5 m, 1 m, 1.5 m and 2 m) depths at 

both sites using Kemerrer sampler for chlorophyll a (Chl-a) analysis. Another 250 mL sample 

was collected from each site and preserved with Lugol’s iodine for identification. Chlorophyll 

a was measured for the estimation of phytoplankton biomass following Talling and Driver 

(1963). Briefly, 250 mL of water was filtered onto Whatman GF/C glass-fiber filter and the 
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filter was deep-frozen overnight to facilitate extraction. Then the filter was homogenized and 

extracted in 90% acetone for 12 h. The filter paper was ground and centrifuged (3000 rpm for 

10 min). The filter was then decanted and the absorbance read at 665 and 750 nm in a 

spectrophotometer. 
 

        Chl a (µg/l) = 13.9 (𝐸665−𝐸750)𝑥𝑉𝑒

𝑉𝑠𝑓𝑥 𝑃𝐿
 

Where,     E665 and E750 are extinction at 665 and 750 respectively 

        Ve = Volume extract in ml 

 Vsf = Volume sample filtered in liters  

 PL = Path length of the cuvette (1cm)  

Phytoplankton species identification was conducted under a compound microscope with 1000× 

magnification following the taxonomic manuals of Whitford and Schumacher (1973), Gasse 

(1986), Hindak (2000), and Komarek and Cenberg (2001). 

3.3. Macrophyte collection and extraction 
 

P.  schweinfurthii was collected, manually, from the heavily infested location (Fig.2) of Lake 

Hawassa. The preparation of the P. schweinfurthii extract followed the description of Al-Shehri 

et al. (2010). The macrophyte was washed gently with tap water, to get rid of detritus and 

epiphytes, then, dried in an oven at 65 0C, overnight. Dried plant materials were cut in to 

uniform size (2cm), then the plant was chopped and homogenized in acetone (50%) with 

continuous stirring for 2 hr at 150 rpm on a shaker bath. The extract was filtered with GF/C to 

remove plant remains and dried for 24 h at 105 0C. The residue was then resuspended in 

methanol (50%) at a final concentration of 0.1, 0.5, 1, 5 10, 25, 50, 80 and  98 mg/ml and was 

kept at 4 0C until use. These final concentrations were chosen to observe the effect of very wide 

concentration change ranges of the extract on growth of phytoplankton. Other similar studies 

(e.g., Mulderij et al. 2007, Al-Sheri, 2010) have used less concentrated and less ranges (1, 10, 

20, and 40 mg/mL) of extract. Girume Tamire et al. (2016) also observed the effects on  narrow 

concentration range of  (2mg/ml and 4mg/ ml) extract.  
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  Fig.2.  P. schweinfurthii infested site of Lake Hawassa used as study site. 

3.4. Field Incubation experiment  
 

An in situ incubation experiment was done in the field to test whether exudates from P. 

schweinfurthii can cause allelopathic inhibition of natural phytoplankton community in Lake 

Hawassa, following Mulderji et al. (2006). 
 

 Spatial profiles of water temperature, conductivity, pH and dissolved oxygen were measured 

using a portable multiprobe (Model HQ 40d Hach). Water transparency was measured with 

black and white painted standard secchi disc of 0.30-meter diameter.  
 

Two types of lake water samples were prepared in duplicate from Lake Hawassa using a 

Kemmerer sampler: (1) within a P. schweinfurthii stand (treatment) and (2) ~30 m outside the 

stand (control water) as in Mulderji et al. (2006). Samples collected from 2 m, 1 m depth and 

the surface were combined and filtered using a 100 μm mesh size nylon sieve to remove the 

most efficient grazing zooplankton found in the lake  to avoid grazing impact during incubation. 

Samples were incubated in the field in 1 L bottles for 4 days in a block design (n = 4; Mulderij 

et al. 2006).  Changes in phytoplankton biomass in the treatment (sample from the P. 
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schweinfurthii stand) and control (samples from the open water) bottles were analyzed by 

comparing the Chl-a concentration at the beginning and end of the experiments for each 

incubation. This experiment was repeated six times between December 2016 and February  

2017. 
 

The initial nutrient concentration of both samples were determined following standard methods 

(APHA, 1999). Water samples were filtered through Whatman GF/C filter paper. Soluble 

reactive phosphorus (SRP) was determined spectrophotometrically using the Ascorbic Acid 

method, ammonium (NH4
+-N) was analyzed with the Indo-phenol Blue method and nitrate 

(NO3-N) was analyzed using the Sodiumsalicylate method (APHA, 1999). Nitrite (NO2-N) 

determination was carried out using the reaction between sulfanilamide and N-naphthyl-(1)-

ethylendiamin-dihydrochloride. The reactive silica (SiO2) was measured using Molybdosilicate 

method (APHA, 1999). To determine total phosphorus (TP), unfiltered water samples were 

digested using potassium-peroxodisulphate, autoclaved at 120 0C for 50 minutes and measured 

following the standard SRP procedure (APHA, 1999). 

3.5. Laboratory experiments 

3.5.1. Natural phytoplankton culture 
 

The presence of allelopathic effect from P. schweinfurthii on natural phytoplankton was assesed 

in the laboratory by homogenizing the extract of the dried P. schweinfurthii (100 gm FM) and 

adding to phytoplankton culture and determining change in biomass following Mulderij et al. 

(2007), Gross et al., (2007) and Al-Shehri (2010). Before the experiment, an attempt was done 

to culture phytoplankton in 250 ml Erlenmeyer flasks containing 100 ml of BG-11 medium 

(Fig. 3). BG-11 medium was  used because the target groups were blue greens (cyanobacteria). 

The culture was kept at room temperature and an illumination of 65μmol m-2 sec-1 for 12:12 

hour light: dark cycle and shaken during day time by hand at two hours interval. Four types of 

initial phytoplankton biomass (culture), 24, 52, 84   and 98 μg/L, were used for the experiment 

to see the impact of the extract at different biomass of the target group. Then, the flasks 

(cultures) were supplemented with extract of P. schweinfurthii, except in control flasks. Finally, 

growth of phytoplankton in the control and treatments was estimated by measuring the final 

biomass (chlorophyll ‘a’) and comparing it with initial biomass. 
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   Fig.3. Section of initial and final natural phytoplankton culture 
 

3.5.2. Isolation and culturing of Microcystis spp 
 

The presence of allelopathic effect from P. schweinfurthii on Microcystis spp was assesed in 

the laboratory by homogenizing the extract of the dried P. schweinfurthii and adding to 

Microcystis spp culture (Fig. 4) and determining change in biomass following Mulderij et al. 

(2007), Gross et al., (2007) and Al-Shehri (2010). Before the experiment, an attempt was done 

to isolate and culture Microcystis spp as follows: 
 

                                            
Fig. 4. Section of initial and final Microcystis spp culture 

 

The bloom-forming blue green microalgae, Microcystis spp (Fig.5) were isolated from Lake 

Hawassa by the serial dilution technique (Andersen and Kawachi 2005). An aliquot from a 

sample of the lake water was diluted with liquid B-12 medium as modified by Aiba and Ogawa 

(1977); in a small test tube from which drops were transferred to multi-well plate using Pasteur 
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micropipette (Fig. 7) and concentration of isolates was checked under an inverted microscope. 

After a series of similar dilutions and observations, some isolates were picked up with the 

micropipette and introduced in to 250 ml Erlenmeyer flasks containing 100 ml of B-12 medium. 

The culture was kept at room temperature (250C) and an illumination of 70 μmol m-2 sec-1  

(produced by seven fluorescent lamps, 36 W each) for 12:12 hour light: dark cycle and shaken 

during day time by hand (Fig. 6) at two hours interval.  
 

 

Fig. 5. Isolates of Microcystis spp from Lake Hawassa used for experimental culture.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Shaking of algal culture at 2 hrs interval during day time  
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The algae were cultured for 5 days to reach the exponential phase with the density of 105 

cells/mL, which were used for the experiment of growth inhibition. Exponential phase was 

assumed when the biomass of Microcystis spp was doubled compared with its initial biomass. 

Experiment of algal growth inhibition was performed as per the U.S. EPA (1989) method. 

Briefly, 100 mL algae in exponential phase were placed in sterile 250 mL Erlenmeyer flasks in 

triplicates and appropriate amount of P. schweinfurthii extract was added except in the control 

group, mixed well and cultured for 5 days, then the algal growth was monitored using a 

microscope and spectrophotometer to count cell numbers and calculate algal biomass, 

respectively.  
 

 

                     Fig. 7 .Isolation of Microcystis spp used for experiment  

 

Inhibitory effects of P. schweinfurthii extract was estimated by nine concentrations (0.1, 0.5, 1, 

5, 10, 25, 50, 80 and 95 mg/ml). The percent reduction in growth rate with each P. 

schweinfurthii extract concentration was compared to control value by measuring the final 

biomass (chlorophyll ‘a’) and comparing it with initial biomass and each experiment was 

repeated 6 times over 3 monthes.  Three types of initial Microcystis spp biomass (culture) 37, 
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72 and 98 µg/L were used for the experiment to see the impact of the extract at different biomass 

of the target group. On the other hand a separate extraction of leaf and stem parts of P. 

schweinfurthii were carried out and added to Microcystis spp culture to see the effects 

separately. The process of extraction and culturing was similar in the above procedure except 

the leafs and stems are extracted separately. All processes of isolation and maintenance were 

conducted in semi-sterilized conditions.  
 

3.6. Preparation of crude extracts for GC-MS analysis  
 

The sample of dried plant was removed from the refrigerator and kept at room temperature for 

30 minutes to gently release the water vapor from the samples. This was done to retain the 

quality and amount of oil content in its original condition. 
 

The dry powder samples were extracted with methanol (99.8%) solvent by using Soxhlet 

extractor for 12 hrs (Abdel-Aal et al, 2012). Briefly, 214 g of , the finely ground crude powder 

was placed in a porous bag or “thimble” made of strong filter paper, which was  placed in 

chamber of the Soxhlet apparatus (Fig. 8). 500 mL of solvent is poured into the round bottom 

extraction flask. After this, the thimble containing the sample was placed into the extraction 

chamber. Lastly, the condenser was placed on top of the extraction flask and all these parts were 

fixed vertically. The extracting solvent in flask was heated, and its vapors condensed in 

condenser. The condensed extractant drips into the thimble containing the crude powder, and 

extracts it by contact. When the level of liquid in chamber rises to the top of siphon tube, the 

liquid contents of chamber siphon drips into the flask. This process is continuous and is carried 

out until a drop of solvent from the siphon tube does not leave residue when evaporated. The 

process was repeated three times and an average extraction was taken. 
 

After the extraction process the extracted oil was stored in a refrigerator at the temperature of 

4 °C until analyzed by GC-MS after the soxhlet extraction process. 
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Fig. 5. Extraction of P. schweinfurthii powder with soxhlet methods 
 

3.7. Preparation of fatty acid methyl esters (FAMEs) of the extracted oil 
 

The popular and rapid methods for preparation of FAMEs are base catalyzed transesterification.  

This method proceeds at low temperature, rapid time, least risk of decomposition of PUFAs 

and lowest possibility of isomerization (AOCS, 2001).  This method was done according to 

American oil chemist society (AOCS) (2001) and Agilent 7696A sample preparation work 

bench  Juskelis and Cappozzo (2014). following ISO (1978) 

Into a 50 ml bottom flask, one gram of oil was weighted and dissolved in 10 ml of 2% 

methanolic sodium hydroxide solution (prepared by mixing KOH in methanol) and added a 

boiling aid.  The condenser was fitted to the mixture contained bottom flask. The content was 

heated at 60∘ C for 5 min. The mixture was placed in a water bath at 50˚C for 1hr under reflux, 

then boiling was stopped and the condenser was removed, then cooled  at room temperature. 

The reaction was stopped by adding small portion of saturated NaCl solution and the solution 

was swirled gently several times. 20 ml of n-hexane was added to the solution, then the mixture 
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was transferred to the separatory funnel and shaken for a few minutes, then the mixture was 

allowed to settle for some time till to form layer.  The distinct upper layer of methyl ester in n-

hexane was separated carefully in a volumetric flask and anhydrous Na2SO4 was added to 

remove any trace of water of the mixture. Then the mixture was filtered with standard Grade 4 

qualitative filter paper. Finally, the solvent (n-hexane) was removed from the FAMEs sample 

using Rota evaporator. The esterified  sample was prepared 10ppm in hp capped vial by serial 

dilution method from 200 ppm stock solution for GC-MS analysis or injection.  

3.8. Gas chromatography–mass spectrometry (GC–MS) analysis of 

phytochemical constituents 
 

All instruments used in this experimental analysis were internationally accepted. 

Crude extracts of P. schweinfurthii were analyzed by the GC–MS technique at Addis Ababa 

University Organic Chemistry Laboratory, which is Agilent technologies 7820A GC system 

with 5977E MSD, USA and a highly polar capillary column (30 m × 0.25 mm× 0.25 μm film 

thickness) of HP-88 coated with 100% poly (dimethylsiloxane) was used to separate the 

FAMEs.  The fatty acid methyl esters were run on GC – MS and their results were expressed 

as mean values ± standard deviation (M±STD).  

Table 2. Analytical conditions of GC – MS 

 

Analytical       Conditions  

Chromatographic instrument   Agilent 7820A GC system with 5977E MSD, USA 

Injection method     Split less 

Automatic sampler     Agilent 7820A 

Detector      Agilent 5973 MSD 

Column length     30 m × 0.25 mm 

Column phase thickness    0.25 μm film thickness 

Injection volume    1 μL 

Carrier gas      Helium  

Total run time     31.31minutes 

 

https://en.wiktionary.org/wiki/esterified
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3.9. Data analysis  
 

The allelopathic activity was calculated using the modified equation of Al-Shehri (2010): 

Allelopathic activity (%) = 
𝐁𝐢𝐨𝐦𝐚𝐬𝐬 𝐨𝐟 𝐂𝐨𝐧𝐭𝐫𝐨𝐥−𝐁𝐢𝐨𝐦𝐚𝐬𝐬 𝐨𝐟 𝐓𝐫𝐞𝐚𝐭𝐦𝐞𝐧𝐭

𝑩𝒊𝒐𝒎𝒂𝒔𝒔 𝒐𝒇 𝒄𝒐𝒏𝒕𝒓𝒐𝒍
   x 100 

 The difference in biomass between the treated and control culture were analyzed using an 

analysis of variance (ANOVA) and the data was compared using linear contrasts. A P-value of 

< 0.05 was considered significant. A one sample t-test (SPSS, version, 20) was also used to 

assess the variation in nutrient concentration between the P. schweinfurthii stand and control 

water during incubation experiment and phytoplankton biomass between the treatment (culture 

with extract) and control (without extract) in the laboratory experiments. 
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4. RESULTS 

4.1. Variation in zooplankton structure in the P.schweinfurthii stand and 

open water 
 

There was statistically significant variation in density of zooplankton among studied sites (t-

test, p<0.05). Mean zooplankton density was higher in the open water (133, 525±15, 723) 

ind/m3 and lower in P. schweinfurthii stand (69, 697±12, 342) ind/m3 (Fig. 9).  

P. schweinfurthii stand Open water
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Fig. 6. Mean zooplankton abundance in the open water and P. schweinfurthii stand (bars 

indicate standard error, N=6). 
 

There was spatial variation in species composition and abundance of zooplankton in study sites 

(Table 3 ). Thermocylops sp, Mesocyclops sp, Naupli, Diaphanosoma sp, Ceriodaphnia sp, 

Brachionus caudatus, B. quadridentatus, Filinia longiseta and Keratella valgawere were 

observed in all the sites even though they were more abundant in the open water. On the other 

hand, Lecane sp, Trichocerca elongata, F. terminalis,  B. calyciflora, Asplachina sp and Moina 

sp were observed only in the open water during this study. Some of the identified zooplankton 

are presented in Appendix 1. 
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Table 3. Variation in zooplankton species composition and abundance between P. 

schweinfurthii stand and open water 

Zooplankton 

spp. 

       Open water     P. schweinfurthii stand 

Composition Abundance Composition  Abundance 

Cladocera 
Diaphanosoma sp. 

Ceriodaphnia  

Moina sp. 

 
+ 

+ 

+ 

 
2843 

835 

1185 

 

+ 

+ 

_ 

 
1676 

786 

 

Copepoda 
Nauplii  

Mesocyclops sp. 

Thermocyclops sp 

 

+ 

+ 

+ 

 
57,395 

6202 

9027 

 

+ 

+ 

+ 

 
16,106 
 
9,600 
 
12,006 

Rotifera 
Asplachna sp. 

Brachionus caudatus 

B. calyciflorus 

B. quadridentatus 

Filinia longiseta 

F. terminalis 

Keratella valga 

Lecane sp. 

Trichocerca 

elongata 

 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

 
31,047 

38,265 

6012 

5634 

16751 

7090 

10,087 

7607 

11,032 

 

_ 

+ 
_ 

+  

+ 

_ 

+ 

_ 

- 

 
 
18,213 
 
 
10,066 
26,965 
 
 
 
14,453 

Legend: + = Presence, _ = Absence  

4.2. Variation in phytoplankton species composition and abundance in 

the open water and P. schweinfurthii stand 
 

The variation in phytoplankton biomass (Chl-a) between the P. schweinfurthii stand and the 

open water was statistically significant (t-test, p < 0.05); mean phytoplankton biomass was 

found to be higher in the open water (24.8 ± 5.1) and was  lower in the P. schweinfurthii stand 

(12.6 ±3.2) μg/L (Fig. 10). 
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Fig. 7. Mean phytoplankton biomass (N = 6) in the stations (the bars indicate standard error) 
 

 

There was spatial variatin in species composition and abundunce of phytoplankton in study 

sites (Table 4). Some of the identified phytoplankton are presented in Appendix 2. 
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Table 4. Variation in phytoplankton species composition and abundance between P. 

schweinfurthii stand and open water 

Phytoplankton spp.        Open water     P. schweinfurthii stand 
Composition Abundance Composition  Abundance 

Green algae 
Ankistrodesmus 
Coelastrum spp.  
Cosmarium spp.  
Crucigenia quadrata  
Golenkinia sp.  
Kirchneriella sp.  
Oocystis spp. 
Pediastrum boryanum  
Pediastrum duplex 
Pediastrum simplex 
Scenedesmus acuminatus 
S.acutus 
S.ecornis 
S.quadricauda 
Staurastrum spp. 
Straudesmus sellatus 
Tetrastrum sp. 

 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

 
* 
* 
* 
* 
* 
* 
* 
** 
** 
** 
*** 
** 
* 
** 
* 
* 
* 

 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
+ 
_ 
_ 
_ 

 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
_ 
* 
_ 
_ 
_ 

Blue green  
Anabena spp. 
Limnothrix planctonics 
Lyngya circumreta 
Merismopedia spp. 
Microcystis aeruginosa 
Microcystis spp. 
Planktolyngyba spp 
Pseudoanabena limnetic 
Spirulina sp. 

 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

 
*** 
* 
*** 
** 
*** 
*** 
* 
* 
* 

 
+ 
_ 
_ 
+ 
_ 
+ 
+ 
_ 
_ 

 
** 
_ 
_ 
* 
_ 
* 
* 
_ 
_ 

Diatoms 
Cymbella 
Fragilaria 
Melosira spp. 
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4.3. Field incubation experiment  
 

Increase in chlorophyll a concentration was observed in both the P. schweinfurthii bottle (water 

from P. schweinfurthii stand) and control bottle (outside the stand) during field incubation but 

the trend was statisticaly different (t-test, p < 0.05). The final chlorophyll a concentration 

increased by 46.8% in P. schweinfurthii bottle (Fig. 11) and by 189.8% in the controll bottle 

(Fig. 12). The variation in nutrient status (SRP, TP, nitrite, NH4, SiO2  and nitrate) between the 

control and P. schweinfurthii water was insignificant (p>0.05). 

 

The variation in lake’s transparency (vertical visibility) and total suspended solids between the 

P. schweinfurthii stand and the open water was statistically significant (t-test, p < 0.05); total 

suspended solids was found to be higher in the open water and was  lower in the P. 

schweinfurthii stand (Apendex 3). 

 

Initial Final

C
hl

or
op

hy
ll-

a 
(µ

g/
L)

0

5

10

15

20

25

 

Fig. 8. Initial and final mean chlorophyll a concentration in P. schweinfurthii bottle (bars are 

standard error, N=6) 
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Fig. 9. Initial and final mean chlorophyll a concentration in control bottle (bars are standard 

error, N = 6) 
 

4.4. Laboratory experiments  
 

The mean increase in Chl-a was statistically significant (t-test, p < 0.05) in the control flasks 

(without the extract) in all natural phytoplankton biomass (24, 52, 84 and 98 µg/L) (Fig. 22, 23, 

24, 25, 26, 27, 28, 29 and 30) and Microcystis spp biomass (37, 72 and 98 μg/L) (Fig. 13, 14, 

15, 16, 17, 18, 19, 20 and 21).  
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Fig. 10. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 0.1 mg/ml of extract 

 

 
 

Fig. 11. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 0.5 mg/ml of extract 

 

 
 
Fig. 12. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 1 mg/ml of extract 
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Fig. 13. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 5 mg/ml of extract 

 

 
 
Fig. 14. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 10 mg/ml of extract  
 

 
 

Fig. 15. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 25 mg/ml of extract 
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Fig. 16. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 50 mg/ml of extract 

 

 
 

Fig. 17. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 80 mg/ml of extract 

 
 

Fig. 18. Change in Microcystis spp biomass at 37, 72 and 98 µg/L Microcystis spp biomass 
and at 95 mg/ml of extract 

 

Conversely, a reduction in phytoplankton biomass was observed in treatments with the extract 

for all natural phytoplankton biomass (24, 52, 84 and 98 μg/L) (Fig. 23, 24, 25, 26, 27, 28, 29, 

30 and 31) and Microcystis spp biomass (37, 72 and 98 μg/L) (Fig. 14, 15, 16, 17, 18, 19, 20, 

21 and 22) compared to its initial biomass.  
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The inhibitory effect of the P. schweinfurthii extract was quite distinct compared with the 

control (Table 5). For all nine treatment concentrations of the P. schweinfurthii extract, the 

number of Microcystis spp cells was significantly reduced during the 5-day test period (P < 

0.05). The growth inhibition of Microcystis spp with 95 mg /ml of the P. schweinfurthii extract 

was higher than that with the other extract concentrations, resulting in an allelopathic activity 

of 84% on day 5. There was significant difference between the other treatment concentrations. 
 

Table 5. Initial and final number of Microcystis spp isolated from Lake Hawassa during 
experiment 

Concentration 

of extract 

                 Cell Number (No. cell/ml-1) 

Initial  Final with 

extract  

Final without 

extract  

Treated 

(final-initial 

Allelopathic 

activity(%) 

0.1mg/ml 104, 000 104, 224.66 207, 439.5 224.66 49.6 

0.5mg/ml 104, 000 103, 000.33 -999.67 50.3 

1mg/ml 104, 000 101, 835.5 -2164.5 50.9 

5mg/ml 104, 000 95, 126.5 -8873.5 54.1 

10mg/ml 104, 000 84, 518.66 -19481.34 59.3 

25mg/ml 104, 000 69,252 -34748 66.6 

50mg/ml 104, 000 54, 045.16 -49954.84 73.9 

80mg/ml 104, 000 48 975.66 -55024.34 76.4 

95mg/ml 104, 000 33, 191.83 -70808.17 84 
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Fig. 19. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 0.1 mg/ml of extract  

 
 

Fig. 20. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 0.5 mg/ml of extract 

 

 
 

Fig. 21. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 1 mg/ml of extract 
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Fig. 22. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 5 mg/ml of extract 

  
 

Fig. 23. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 10 mg/ml of extract 

 

 
 
Fig. 24. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 25 mg/ml of extract 
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Fig. 25. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 50 mg/ml of extract 

 
 
Fig. 26. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 80 mg/ml of extract 
 

 
 

Fig. 27. Change in natural phytoplankton biomass at 24, 52, 84 and 98 µg/L natural 
phytoplankton biomass and at 95 mg/ml of extract 

 

Statistically significant variation was observed in reduction of Microcystis spp biomass by P. 

schweinfurthii extracts between leafs and stems (t-test, P < 0.05).  The reduction was high in 

leaf extracts (57%) and low in stem extracts (28.3%) (Table 6). 
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Table 6. Effects of extracts from leaves and stems of P. schweinfurthii 

Extracts from                            Chlorophyll-a concentration (µg/L) 
Initial Final  Final-initial Allelopathic 

activity (%) 
Leaf  37 

72 
98 

32 
70 
96 

-5 
-2 
-2 

57 
51.7 
51.5 

Stem  37 
72 
98 

52 
101 
142 

15 
29 
44 

31.8 
30.3 
28.3 

Control 37 
72 
98 

74.8 
145 
198 

 

4.5. Chemical composition of P. schweinfurthii crude extracts  
 

The GC–MS chromatogram of the methanol extract of P. schweinfurthii revealed the presence 

of various compounds with corresponding peaks at different retention times (Fig. 32).  

 

 
Fig. 28. GC–MS chromatogram of methanol extract of P. schweinfurthii 

 

A total of 46 different compounds were identified in P. schweinfurthii extracts. The major 

constituents of the extract were: exo-Norbornanol, dimethyl (trimethylsilylmethyl) silyl ether 

(38.84%), Hexadecanoic acid, methyl ester (18.12%), 9-Octadecenoic acid (Z)-, methyl ester 

(16.05%), Hexadecanoic acid, 3,7,11,15-tetramethyl-, methyl ester (3.54%), Paradrine (3.42%), 
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Methyl stearate (2.66%), 3-Chloro-N-methylpropylamine (2.49), N-methyl-. alpha. methyl-3,4-

methylenedioxyphenethylamine (1.94%), Methyl Tetradecanoate (1.86%), 1,2-

Hydrazinedicarboxamide (1.14%). The compounds identified in the extract are shown in Table 

7. The remaining identified compounds constituent 9.64% of the extract. 
 

Table 7. GC–MS analysis of methanol extract of P. schweinfurthii 

PN RT Area 
(%) 

Compound Relative percentage 
composition (%) 

Quality 

1 5.7 0.29 Dihydrotecomanine 
Propanamide 
N-desmethyltapentadol 

0.29 50 
49 
47 

2 6.07 0.31 P-Cymene 
O-Cymene 
Benzene, 1-methyl-3-(1-methylethyl)- 

0.31 78 
78 
70 

3 6.46 0.20 Acetamide, 2-chloro- 
Acetamide, N-(aminocarbonyl)-2-chloro- 
Propanamide, 3-(3,4-dimethylphenylsulfonyl)- 

0.20 53 
53 
50 

4 6.875 0.28 Acetic acid hydroxyl((1-oxo-2-prppenyl) amino)- 
Glycine, N-(N-L-alanylglycyl)- 
Benzeneethanamine, N-methyl- 

0.28 53 
47 
46 

5 6.952 0.43 Acetamide, N-(aminocarbonyl) -2-chloro- 
Amphetamine-3-methyl 
Imidazol-5-carboxilic acid, 2-amino- 

0.43 59 
 
53 
53 

6 7.566 0.21 dl-phenylephrine 
(-)-Norephedrine 
Amphetamine 

0.21 58 
53 
53 
 

7 7.951 0.23 Acetamide, 2-chloro- 
Acetamamide, N- (aminocarbonyl) -2-chloro- 
2-pentamine, 4-methyl- 

0.23 64 
64 
 
58 

8 8.899 0.12 Phenethylamine, p, .alpha. –dimethyl 
dl-phenylephrine 
Amphetamine 

0.12 53 
 
53 
53 

9 9.007 0.40 Phenol, 2-methyl-5-(1-methylethyl) 
5-Isopropyl-2-methylphenyl carbanilate 
Thymol 

0.40 78 
 
60 
 
60 

10 10.198 0.10 1-Propanamine, N, 2-dimethyl- 
1-Propanamine, N, 2-dimethyl 
1-Octanamine, N-methyl 

0.10 72 
64 
64 

11 10.444 0.14 Dimethyl phthalate 
Dimethyl phthalate  
Phthalic acid, 3,5-dimethylphenyl methyl ester 

0.14 93 
86 
64 
 

12 10.943 0.09 1-Propanamine, N, 2-dimethyl- 
1-Propanamine, N, 2-dimethyl- 
Octodrine 

0.09 53 
53 
49 

13 11.55 0.10 Methylpent-4-enylamine 
3-Hydroxy-N-methylphenethylamine 
Pheneylephrine 

0.10 72 
53 
 
53 

14 11.666 0.27 Cathine 
N- Desmethyltapentadol 
(-)-Noriphedrine 

0.27 53 
53 
53 

15 11.74 0.08 2,5-Dimethoxy-4-(methylsulfonyl) amphetamine 
N-Methyl-2-phenyl-1-propylamine 
Phenethylamine, p, .alpha. -dimethyl 

0.08 59 
 
59 
 
59 
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16 12.106 0.14 Benzenemethanol, .alpha. – 9(methylamino) methyl)- 
Octodrine 
12- Methylaminododecanoic acid, t-buthyl ester  

0.14 58 
 
53 
53 

17 12.376 0.15 Imidazole-5-carboxylic acid, 2-amino- 
Benzenemethanol, .alpha. –((methylamino) methyl)- 
Glycine, N-(N-L-alamylglycyl)- 

0.15 59 
 
58 
 
53 

18 12.424 0.27 Imidazole-5-carboxylic acid, 2-amino- 
Phenethylamine, p, .alpha. –dimethyl 
Amphetamine 

0.27 53 
 
50 
 
50 

19 12.672 1.86 Methyl tetradecanoate 
Methyl tetradecanoate 
Methyl tetradecanoate 

1.86 99 
96 
95 

20 13.312 0.13 Benzeneethanamine, 2-flooro- .betha. , 5-dihydroxy-N-methyl- 
2,3-Dimethoxyamphetamine 
D1-phenylephrine 

0.13 64 
 
59 
59 

21 13.412 0.29 1-Pentanol, 4-amino- 
1-Propanamine, N, 2-dimethyl- 
Benzeneethanamine, 2-fluoro- beta . , 5-dihydroxy-N-methyl- 

0.29 59 
59 
58 

22 13.709 0.35 1,3-Propanediamine, N- (2-aminoethyl)- 
Amphetamine 
2,5-Dimethoxy-4- (methylsulfonyl) amphetamine 

0.35 53 
 
43 
43 
 

23 14.335 0.25 Amphetamine 
2-Aminononadecane 
Actinobolin 

0.25 52 
52 
50 

24 14.693 0.89 Cyanoacetylurea 
Methylpent-4-enylamine 
3,5-Dimethoxy-4-iodoamphetamine 

0.89 47 
43 
43 
 

25 14.936 18.12 Hexadecanoic acid methyl ester 
Hecadecanoic acid methyl ester 
Hecadecanoic acid methyl ester 

18.12 98 
98 
97 

26 15.558 0.21 Dibutyl phthalate 
Didodecyl phthalate 
Amphetamine 

0.21 87 
64 
46 

27 15.663 0.35 2,3-Dimethoxyamphetamine 
Amphetamine 
3-Methoxyamphetamine 

0.35 52 
50 
50 

28 15.784 0.22 2-Ethoxyamphetamine 
3-Ethoxyamphetamine 
Benzeneethanamine, 4-methoxy- .alpha. –methyl- 

0.22 72 
64 
64 

29 16.358 0.12 1-Propanamine, N,2-dimethyl- 
1-Butanamine, N-methyl- 
Phenethylamine, P, .alpha. –dimethyl- 

0.12 64 
64 
59 

30 16.63 0.43 Amphetamine 
Benzeneethanamine, 4-methoxy- .alpha. –methyl- 
Tocainide 

0.43 53 
50 
 
50 

31 17.482 3.54 Hexadecanoic acid 3,7,11,15-tetramethyl-, methyl ester 
Hexadecanoic acid 3,7,11,15-tetramethyl-, methyl ester 
Siccinic acid , dodec-2-en-1-yl cyclopentyl ester 

3.54 87 
 
66 
 
38 

32 17.583 16.05 9-Octadecenoic acid (Z)-, methyl ester  
6- Octadecenoic acid, methyl ester, (Z)- 
7- Octadecenoic acid, methyl ester 

16.05 99 
 
99 
 
99 

33 17.79 1.14 1,2-Hydrazinedicarboxamide 
Benzeneethanamine, 4-methoxy- . alpha. -methyl- 
dl-phenylephrine 

1.14 43 
43 
 
43 

34 17.996 2.66 Methyl stearate 
Methyl stearate 
Methyl stearate 

2.66 99 
98 
98 

35 19.272 1.94 N-methyl- .alpha. methyl-3,4-methlendioxyphenethylamine 
2,6-dimethoxyamphetamine 
2-n-propoxyamphetamine 

1.94 43 
 
38 
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38 

36 20.607 0.26 N-(3,5Dinitropyridin-2-yl) –L-aspartic acid 
5-(2-Aminopropyl) –methylphenol 
Phenethylamine, P, .alpha. -dimethyl 

0.26 59 
 
59 
 
59 

37 20.867 0.30 dl-Phenylephrine 
Octodrine 
2-Formylhistamine 

0.30 64 
59 
59 

38 21.324 0.60 N-Desmethyltapentadol 
3-Memethoxyamphetamine 
dl-Phenylepherine 

0.60 72 
59 
59 

39 21.384 0.35 N-Desmethyltapentadol 
1-Methyl-2-phenoxyethylamine 
Cathine 

0.35 58 
58 
53 

40 22.343 0.54 1-Octanamine, N-methyl- 
Acetamine, 2,2,2-trichloro- 
3-Hydroxy-N-methylphenethylamine 

0.54 64 
64 
64 

41 23.199 2.49 3-Chloro-N-methylpropylamine 
(15)-Propanol, (25)-((tert .butayloxycarbonyl) amino) -1-phenyl- 
Benzyl alcohol, P-hydroxy- .alpha. –((methylamino)methyl)- 

2.49 43 
43 
 
 
40 
 

42 26.069 0.56 1-Propanamine, N, 2-dimethyl- 
Benzenemethanol, .alpha. – ((methylamino) methyl)- 
dl-Phenylepherine 

0.56 47 
46 
 
46 

43 26.58 38.84 Exo-Norbornanol, dimethyl (trimethylsilylmethyl) silyl ether 
Succinic acid, cyclohex-2-enylmethyl tetradecyl ester  
Ethanone, 1-(3,4,5-trimethylphenyl)- 

38.84 27 
 
22 
 
22 

44 27.007 0.11 Amphetamine 
dl-3-Aminoisobutyric acid, N-methyl-, methyl ester 
3-Methoxyamphetamine 

0.11 58 
58 
 
53 

45 28.042 3.42 Paradrine 
p-Hydroxynorphedrine 
2-(Dimethylaminomethyl)-3-nitrophenol 

3.42 38 
38 
38 

46 30.475 0.16 Octodrine 
1-Octadecanamine, N-methyl- 
Benzeneethanamine, 4-fluoro- .beta. , 3-dihydroxy-N-methyl- 

0.16 47 
47 
47 
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5. DISCUSSION 
 

5.1. Zooplankton species composition and abundance variation among 

the study sites 
 

There was spatial variation in species composition and abundance of zooplankton in Lake 

Hawassa between the littoral (in P. Schweinfurthii stand) and limnetic zone (open water) during 

this study. Some of the species found in the littoral were also present in the open water, although 

they were varied in abundance. However, most of the species that were present in the open 

water were absent in the littoral zone. The higher zooplankton composition and abundance in 

the open water station observed in this study can be attributed to the natural behavior of most 

zooplankton to circumvent littoral zones so as to escape juvenile fish predation (Geraldes and 

Boavida, 2004). Fernando (1983) stated that the littoral zone is the area of nursery and feeding 

ground of juvenile and unexploited fishes, which may consume zooplankton at some stages of 

their developmental time. Mavuti (1983) observed that fish fauna of Lake Naivasha including 

juveniles was almost restricted exclusively in the littoral and as a result the predation was severe 

on zooplankton in the zone while it was low on the limnetic population. Tadese Fetahi et al. 

(2010) were able to observe that the abundance of zooplankton in the littoral were significantly 

lower than in the limentic areas in Lake Hawassa. They attributed this to the presence of high 

predation by zooplanktivorous fish in the littoral zone. Similarly, Girum Tamrie et al. (2016) 

found low zooplankton density in the littoral zone of Lake Ziway.  
 

In addition to this nature of the species whether the species are planktonic or benthic in Lake 

Hawassa may play an important role for their being more abundant in the open water. 

Planktonic zooplankton dominated in the open water and benthic in the macrophyte stand. The 

result of this study revaled that most of the zooplankton species found in this study may be 

planktonic in nature, but, the maximum care was taken during sampling to sample planktonic 

zooplankton. Zooplankton communities within the particular vegetation zones consist of the 

epiphytic, benthic as well as numerously pelagic species, which may periodically live in the 

water vegetation (Jeppesen et al. 1998). Such a macrophyte bed is not able to provide 

zooplankton with the spatial complexity, which may result in the low number of niches created 

by a simply-built plant species and therefore low zooplankton community structure. Mavuti 

(1983) observed that the numbers of zooplanktons inhabiting a macrophyte bed depend on the 

density of the particular plant species. However, Jeppesen et al. (1998) revealed that the thicker 

and more complicated morphologically the macrophyte bed, the more diverse and more 
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numerous are the zooplankton communities. The above authors also suggested that not all the 

groups of animals have the same preferences for the same kind of plant and that larger plants 

with wider leaves, contrary to thick fine-leafed plants like e.g. Myriophyllum spp., might be 

more suitable for heavier and crawling invertebrates. Another important aspects are the food 

base, consisting of planktonic algae, periphyton, detritus and bacteria (Mavuti, 1983). 
 

 High zooplankton composition and abundance in the open water may also be attributed to   

abundance of diatoms and green algae. The generally low composition and abundance of 

zooplankton in P. schweinfurthii stand may be associated with decrease in the density of such 

edible phytoplankton as green algae and diatoms (Table 4). Despite disparity in opinions on the 

nutritive value of diatoms, there are many field observations supporting that diatoms are 

excellent food for the growth of herbivorous zooplankton (Jeppesen, 200). The zooplankton 

community of a water body is shaped by the relative importance of resource and predator 

control (Wetzel and Likens, 2001). Although changes in available food sources and predation 

pressure are known to induce responses by zooplankton reflecting their ‘sandwiched role’ in 

aquatic food webs (Scheffer, 1998), the two forces operate on different time scales with the 

effect of predation being immediate. In addition,  macrophytes may repel zooplankton (Dorgelo 

and Koning, 1980). Jeppesen (2000) observed differences in relative abundance of some species 

of Rotifera (Euchlanis dilatata, Lecane lunaris, Lecane closterocerca) in response to different 

macrophytes. 
 

Jeppesen (2000) observed that aquatic macrophytes are known to be used by zooplankton as 

refuge in case of fish presence in the environment. The strength of the refuge effect is a function 

of fish density and macrophyte species. Results from different studies in different shallow lakes 

were not univocal (Hindak, 2000). High fish predation pushes the pelagic fauna towards and 

inside macrophytes beds, but there exists a dichotomy between the refuge effect and repulsion 

of macrophytes over species of zooplankton (Dorgelo and Koning, 1980). Hindak (2000) 

investigated in a laboratory assay the repulsive effect exerted by a set of macrophytes, including 

Elodea nuttallii and Myriophyllum spicatum, on species of zooplankton. Besides the real plants, 

plastic replicas were conjointly tested. The experiment confirmed zooplankton avoidance of the 

real plants, whereas fake plants were less, but still somewhat, avoided, suggesting other 

mechanisms such as the deterrent effect of a more intricate pattern (Hindak, 2000).  
 

A clear negative correlation exists between the abundance of phytoplankton and submerged 

macrophytes (Mulderij et al., 2006). Therefore, it is clear that, with regard to phytoplankton 
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abundance, there is a cost to zooplankton inhabiting the littoral versus the pelagic zone 

(Jeppesen, et al., 2004). 
 

The higher abundance of cladocerans and copepods in open water observed in this study was 

contrary to the observation of Jeppesen et al. (1998) and Basu et al. (2000). According to 

Jeppesen et al. (1998), cladocerans such as Ceriodaphnia spp., Diaphanosoma spp and 

cyclopoid copepods are often more abundant in the littoral zone than in the open waters when 

macrophytes exist in a lake because macrophyte beds provide zooplankton a refuge against the 

predatory effects of planktivorous fish. Basu et al. (2000) observed a nine-fold higher biomass 

of zooplankton within dense aquatic macrophyte beds than in open water or sparsely vegetated 

areas. Such difference in zooplankton abundance spatially may be related to the difference in 

the fish and macrophyte species composition in the lakes as the feeding behavior and spawning 

site of fishes affect predation on zooplankton in littoral or limnetic zone. In addition, all 

macrophytes do not serve as refuge; rather some may repel zooplankton (Dorgelo and Koning, 

1980). 
 

Nauplii were dominant indiscriminately in both sites (P. Schweinfurthii stand and open water) 

which agrees with the observation of Tadese Fetahi et al. (2010) for the same lake and Adamneh 

Dagne et al. (2008) in Lake Ziway. This could be an indication for the presence of high 

mortality in the copepodite and adult stages perhaps due to fish predation or scarcity of food 

quantity and quality.  
 

Rotifers were in general more abundant and diverse than other adult zooplankton in both sites. 

But, the diversity varied significantly between the two sites. This result indicated that the 

presence of P. Schweinfurthii may be important in bringing structural variation regarding rotifer 

distribution in Lake Hawassa.  
 

Cladocerans had the lowest abundance in all the sites. Relatively Diaphanosoma sp. was more 

abundant than Ceriodaphnia sp. and Moina species were not encountered in P. schweinfurthii 

stand. The low abundance of large-sized cladocerans was also observed by Tadesse Fetahi et 

al. (2010) in Lake Hawassa and that might be caused either by the dominance of cyanobacteria 

or intensive fish predation (Jeppesen, et al., 2004). Adamneh Dagne et al. (2008) observed 

similar results in Lake Ziway and it is confirmed by Girum Tamire et al (2016) in the same 

lake. 
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Generally, the result of this study indicated the relative importance of P. schweinfurthii, as 

repulsion for zooplankton and there was significant structural variation of zooplankton 

community in the lake spatially. The interaction between macrophytes and zooplankton may be 

more complex than simply involving refugia. Several researches have found that some of these 

plants release chemicals that repel or strongly inhibit the growth and development of various 

zooplankton (Dorgelo and Koning, 1980). Whether P. schweinfurthii has similar impact on 

zooplankton in Lake Hawassa should be investigated further. 
 

5.2. Phytoplankton species composition and abundance in the P. 

schweinfurthii stand and the open water 
 

Relatively more diversified phytoplankton species were observed in the open water than in the 

P. schweinfurthii stand. Anabaena spp. dominated the open water and P. schweinfurthii stand. 

Elizabeth Kebede and Amha Belay (1994) reported that the dominant species were Lyngbya 

nyassae, Botryococcus braunii and Microcystis sp. in Lake Hawassa. It seems that the 

dominance of Botryococcus braunii is shifting to Anabena spp. and other similar filamentous 

cyanobacteria in the lake. Anabena spp seems not to be affected by the interaction with the P. 

schweinfurthii in the lake as it was found in both the study sites. The rare occurrence of other 

phytoplankton in the P. schweinfurthii stand indicated the probability of presence of allelopatic 

interactions between the macrophyte and the phytoplankton, beside other factors such as 

shading, nutrient competition, etc, as corroborated by the laboratory experiment in this study. 

Girum Tamire et al. (2016) reported that the crude extract from P. schweinfurthii has 

allelopathic nature and can inhibit natural phytoplankton in Lake Ziway. Similarly, most of the 

phytoplankton species seems to be inhibited by P. schweinfurthii in Lake Hawassa as their 

occurrence was negligible in this macrophyte stand. 
 

The dominance of Anabena spp. in both sites and its sole presence in the P. schweinfurthii stand 

suggests not only the ability of the species to resist allelopatic effect of the macrophyte, but also 

that the species can out-compete other phytoplankton in the lake. Mulderij et al. (2007) stated 

that the species are known for nitrogen-fixing abilities, and they form symbiotic relationships 

with certain plants, such as the mosquito fern. They are one of four genera of cyanobacteria that 

produce neurotoxins, which are harmful to local wildlife, as well as farm animals and pets. 

Production of these neurotoxins is assumed to be an input into its symbiotic relationships, 

protecting the plant from grazing pressure (Al-Sheri, 2010). Korner & Nicklisch (2002) showed 

similar results, but Mulderij et al. (2006) observed the sensitivity of Anabena spp. to 

https://en.wikipedia.org/wiki/Nitrogen-fixing
https://en.wikipedia.org/wiki/Symbiosis
https://en.wikipedia.org/wiki/Mosquito_fern
https://en.wikipedia.org/wiki/Neurotoxin
https://en.wikipedia.org/wiki/Grazing


55 
 

allelopathic exudates from Stratiotes in phosphorus-limited environments. Gross et al. (2007) 

reported that under nitrogen-limiting conditions, vegetative cells of Anabena spp. differentiate 

into heterocysts at semiregular intervals along the filaments. Heterocyst cells are terminally 

specialized for nitrogen fixation. Which enables the species to dominate in nitrogen-limited 

environments.  
 

Tadesse Fetahi  et al. (2010) observed that relatively higher phytoplankton biomass value in the 

open water than in the littoral zone from November to June in Lake Hawassa. Previously, 

Taylor and Zinabu Gebre-mariam (1989) suggested that rotifers and ciliates are important 

grazers of smaller phytoplankton forms in Lake Hawassa. Additionally, a recent study showed 

that smaller-sized phytoplankton contributes much to the biomass of Lake Hawassa (Tilahun 

Kibret, 2007), because small-sized organisms are more productive (Wetzel, 2001). However, 

high filtering efficiencey is ascribed to cladocerans particularly to large sized ones (Scheffer, 

1998; Lampert and Sommer, 1997) and hence controlling of biomass by rotifer is unlikely. An 

experiment made by Zinabu Gebre-mariam and Zerihun Desta (2002) on the effluent from 

textile factory showed that phytoplankton growth was either boosted or inhibited when exposed 

to the undiluted effluent. In this study all the factors are corroborated by laboratory experiments 

and the nutrient status was insignificant between sites in field incubation experiment, as a result 

the reduction of phytoplankton biomass in Lake Hawassa may be due to inhibitory effects of P. 

schweinfurthii exudates.  

5.3. Field incubation and laboratory study  
 

The field incubation experiments in this study showed that net increase in mean phytoplankton 

biomass was higher in the absence of P. schweinfurthii exudates than in its presence. This result 

suggested the presence of antagonistic effect (inhibition) of P. schweinfurthii exudates on 

phytoplankton biomass. It is also possible that other interacting processes such as light, nutrient 

and grazing could cause variation in the phytoplankton biomass in the field. However, the 

variation observed in the experimental study couldn’t be due to grazers as they were excluded 

in the experiment. Interestingly zooplankton abundance was higher in the open water than in P. 

Schweinfurthii stand so grazing by zooplankton in macrophyte stand may not be the cause of 

reduction of phytoplankton in the P. schweinfurthii than open water station in this study.  The 

nutrient status variation was also insignificant and all the bottles were exposed in similar 

position to light. All these conditions signify the contribution of allelopathy in affecting the 

biomass of the phytoplankton during incubation. 

https://en.wikipedia.org/wiki/Heterocysts
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Previouslly Girum Tamire et al. (2016) reported similar results of P. schweinfurthii exudates 

on phytoplankton biomass in Lake Ziway. He found that the final mean Chl-a concentration 

increased by an average rate of 2.5 μg/L per day (from 38 ± 2 to 48 ± 10 μg/L) in P. 

schweinfurthii bottles during the incubation period and by 10 μg/L per day (from 38 ± 2 to78 ± 

12 μg/L) in the control bottle. Other results obtained so far on the studies of effect of different 

Potamogeton species on phytoplankton community in different lakes are variable. Reports on 

three Potamogeton spp. (P. maackianus, P. malaianus and P. pectinatus) showed a significant 

inhibition of the growth of M. aeruginosa by these macrophytes (Zhang et al., 2009). Hu and 

Hong (2008) reviewed the work of many researchers on the interaction of macrophyte with 

phytoplankton and reported that many Potamogeton species inhibited the growth of 

cyanobacteria specially Microcystis and Anabaena species. On the other hand, P. lucens, P. 

crispus and P. pectinatus were reported to have low or no allelopathic potential to inhibit 

phytoplankton growth (Hilt and Gross, 2008). The relative importance of the impact of 

allelopathy differs strongly between lakes and macrophyte species (Mulderij et al., 2007). 
 

Mulderij et al. (2003) stated that the absence of phytoplankton in the presence of macrophytes 

are caused by nutrient limitation rather than allelopathy. Recent measurements in situ, however, 

did not reveal differences in nutrient content between P. schweinfurthii stand and open water 

in Lake Hawassa. Both extract and exudates exhibited allelopathic activity in our experiment, 

since we observed inhibitory effects in a similar nutrient concentration environment in field 

incubation experiment and in controlled laboratory cultures. 
 

The Secchi depths (ZSD) of Lake Hawassa recorded in this study are higher in the P. 

schweinfurthii stand than in the open water probably indicating improved vertical visibility 

(transparency) of the lake by this macrophyte. 
 

The spatial variations seen in the transparency of Lake Hawassa seem to be related to variation 

in phytoplankton biomass as the biomass of phytoplankton is higher in the open water than in 

the P. schweinfurthii stand. The maximum and minimum values of Secchi depth were not 

directly related to the maximum and minimum value of phytoplankton biomass. The correlation 

between Secchi depth readings and phytoplankton biomass was negatively correlated probably 

indicating the greater importance of a biogenic turbidity to the underwater light climate of Lake 

Hawassa. Similarly, Zelalem Dessalegn (2007) reported that the correlation between Secchi 

depth readings and phytoplankton biomass was negatively correlated (r= -0.36) in Lake Kuriftu. 
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It was clearly demonstrated in the laboratory experiments that the P. schweinfurthii extract 

effectively inhibited the growth of natural phytoplankton and Microcystis spp in natural water. 

The number and biomass of Microcystis spp cells and biomass of natural phytoplankton 

significantly decreased with all treatments relative to the control. The results obtained were 

similar to those previously found when using P. schweinfurthii for various test microalgae 

(Girum Tamire et al., 2016). The results of the laboratory experiments support the field 

experiments in this study. Inhibition of phytoplankton growth was observed when they are 

exposed to macrophyte extract which suggests the presence of allelopathic effect of P. 

schweinfurthii.  
 

The growth of natural phytoplankton and Microcystis spp were decreased significantly between 

46% and 84% relative to the control with 0.1 and 95 mg/ml of the P. schweinfurthii extract, 

respectively (P < 0.05). Zhang et al. (2009) previously demonstrated that almost 40 phenolics 

effectively inhibited the growth of the green alga Chlorella vulgaris, due to the enhanced 

respiration of phenolics, including the uptake of oxygen. Meanwhile, Rice et al. (1984) 

demonstrated that five phenolic inhibitors (ferulic, p-hydroxybenzoic, p-coumaric, o-

hydroxyphenylacetic and vanillic acid) from the decomposition of macrophytes inhibited the 

growth and nitrogen fixation of Anabaena cylindrica. In particular, they reported that a 

combination of all five compounds was more effective in inhibiting the growth and nitrogen 

fixation, indicating a synergistic effect.  
 

This is especially important, as the five compounds always occur together in macrophytes 

decomposition (Rice, 1984). In addition, the result showed that a combination of three phenolics 

(p-coumaric, salicylic and benzoic acid) at a final concentration of 0.1 mg/L produced a higher 

growth inhibition (66%) than each individual phenolic at the same concentration, indicating 

that the presence of many allelochemicals at low concentrations in macrophytes probably 

promotes a high synergistic effect on growth inhibition. But, in this study only the inhibitory 

effects of allelochemicals from P. schweinfurthii crude extract wast tested. Although the 

synergistic action of organic acids was not found in this study, it is significant to investigate 

further whether a stronger synergistic effect is present between different kinds of identified 

allelochemical aquatic environments. 
 

The result obtained from this study showed that the inhibitory effect of P. schweinfurthii was 

high even at low concentration of extracts (0.1 mg/ml). Even though low concentration of P. 

schweinfurthii had high inhibitory effect the effect increases with the increase in P. 
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schweinfurthii extracts. But, the inhibitory effect decreased with increase in phytoplankton 

biomass. We suggest that the inhibitory effect of P. schweinfurthii mainly depends on 

concentration of macrophyte extract rather than phytoplankton biomass.   
 

Compared to other studies (Gross et al., 1996; Gross et al., 2007, Mulderij et al., 2006, Girum 

Tamire et al., 2016) and based on the biomass of macrophytes needed in both extract and 

exudate to achieve an inhibition, the allelopathic effects of P. schweinfurthii shown in this 

study, are relatively strong. Park and Cho (2003), on the contrary, observed inhibitory effects 

of Stratiotes exudates on phytoplankton growth ranging between 96 and 97%. The allelopathic 

activity of plant extracts does not reflect the potential allelopathic activity of the same 

substances once they are excreted. The allelopathic activity of macrophytes further depends on 

the chemical nature of allelopathic substance(s) and on the rate at which they are produced and 

excreted. As a consequence, experiments with exudates are ecologically more relevant 

(Mulderij et al., 2007).  
 

Even though both the field and laboratory observations and the presence of active allelopathic 

compounds in this study implied the probability of presence of allelopathic activity between P. 

schweinfurthii and phytoplankton community of Lake Hawassa, which compounds are 

allelopathicaly active and responssible for growth inhibition, its means of transportation 

towards target organisms, uptake by target organisms and other processes have to be researched 

to reach to conclusion with certainty. 
 

A separate study of extracts from leafs and stems of P. schweinfurthii in this study showed that 

leaf extracts reduce Microcystis spp biomass more than stem extracts. This may be due to 

allelopathic compounds responsible for Microcystis spp biomass reduction released more in the 

leaf of P. schweinfurthii than in its stem. Even though the leaf parts are more responsible for 

Microcystis spp biomass reduction the result indicated that inhibitory effects of these mixture 

groups were stronger than that of individual extracts on the growth of Microcystis spp. In a 

previous work it was reported that the joint effects of leaf and stem extract on the growth of M. 

aeruginosa (toxic FACHB 942) showed the obvious synergistic effects (Xian et al., 2005).  

Because some allelochemicals are simultaneously present in the aquatic environment, the 

synergistic effects of several allelochemicals are supposed to be an important subject that might 

reveal the mechanism of markedly reducing the algal population in a natural aquatic ecosystem 

in the presence of submerged marcrophytes. 
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5.4. Chemical composition of P. schweinfurthii crude extracts  
 

In the present study, the phytochemical constituents of P. schweinfurthii were successively 

extracted by methanol. Wu et al. (2007) reported that the allelopathic effects of weak polar 

compounds from P. maackianus on toxic cyanobacteria (M. aeruginosa) and Xian et al. (2005) 

reported the main components of organic compounds in Ceratophyllum demersum, Vallisneria 

spiralis and Hydrilla verticillata. In this study, strong polar organic compounds of aqueous 

extracts from P. schweinfurthii were identified. The results indicated that more than 46 

compounds were detected in the aqueous extracts of the plant. Compared to the results reported 

by Xian et al. (2005), the kinds of the detected organic compounds were mostly different. 

Furthermore, the highest content compound detected in this study were exo-Norbornanol, 

dimethyl (trimethylsilylmethyl) silyl ether, Hexadecanoic acid, methyl ester, 9-Octadecenoic 

acid (Z)-, methyl ester, Hexadecanoic acid, 3,7,11,15-tetramethyl-, methyl ester, Paradrine, 

Methyl stearate, 3-Chloro-N-methylpropylamine, N-methyl-. alpha, but not found in the 

previous study. There was a difference in the amount and components of organic componds 

which might be due to the differences of plant species studied. 

 

 The outcome of this study is similar to the past observations found by numerous plant biologist 

and taxonomists. The results of the GC-MS have confirmed the presence of effective 

constituents in the crude powder and methanolic extracts of P. schweinfurthii which are 

responsible for many biological activities. The phytotoxicity of exo-Norbornanol, dimethyl 

(trimethylsilylmethyl) silyl ether, Hexadecanoic acid, methyl ester, 9-Octadecenoic acid (Z)-, 

methyl ester, Hexadecanoic acid, 3,7,11,15-tetramethyl-, methyl ester, Paradrine, Methyl 

stearate, 3-Chloro-N-methylpropylamine, N-methyl-. alpha. methyl-3,4-

methylenedioxyphenethylamine, Methyl Tetradecanoate, 1,2-Hydrazinedicarboxamide were 

found to inhibits the germination or growth of phytoplanktons, although sometimes the growth 

can be stimulated (McGinty et al., 2010). The allelochemicals released from P. schweinfurthii 

(exo-Norbornanol, dimethyl (trimethylsilylmethyl) silyl ether, Hexadecanoic acid, methyl 

ester, 9-Octadecenoic acid (Z)-, methyl ester, Hexadecanoic acid, 3,7,11,15-tetramethyl-, 

methyl ester, Paradrine, Methyl stearate) limit the germination, growth, photosynthesis, 

respiration and metabolism of many microalgae (McGinty et al., 2010). Thus, the allelopathic 

compounds in P. schweinfurthii may inhibit the growth of phytoplankton, and hence they can 

control algal bloom problems.  
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Many kinds of chemical agent or synthetic compound, including copper, chlorine, aluminium, 

calcium and potassium permanganate, are currently used to control phytoplankton and aquatic 

weeds in lakes, reservoirs and ponds (Muanda et al., 2010). However, chemical algicides such 

as copper sulfate exhibited toxic effects on fish (Muanda et al., 2010). They also can induce 

secondary pollution, by releasing phytotoxins that increase potential health risks in drinking 

water supplies (Muanda et al., 2010). Yet, allelopathic substances from biomaterials can act as 

a biological control in the ecosystem (Inderjit et al., 1995), suggesting that biomaterials could 

be used as environment-friendly material to control algal blooms. Therefore, in the context of 

controlling algal blooms, the use of P. schweinfurthii may be an alternative way to minimize 

economic costs and use sustainable material from lakes, reservoirs and ponds. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions  
 

Zooplankton abundance in the P. schweinfurthii stand was considerably lower than in the open 

water probably due to higher fish predation, and other factors such as whether the species are 

planktonic or benthic. In adition, the zooplankton community showed structural variation (in 

terms of species composition) between the littoral and limnetic zone. It appears that P. 

schweinfurthii played minimal role as refuge for most zooplankton in Lake Hawassa, rather it 

may hinder its growth. Phytoplankton biomass was also considerably lower in the P. 

schweinfurthii stand. Beside nutrient and light competition between P. schweinfurthii and 

phytoplankton, there seems also to be an allelopathic interaction between P. schweinfurthii and 

natural phytoplankton and Microcystis spp. This interaction might also be responsible for the 

variation in phytoplankton species composition between P. schweinfurthii stand and open 

water. The overall result of both laboratory and field experiments suggested that all natural 

phytoplankton and Microcystis spp biomass can be inhibited by the submerged macrophyte P. 

schweinfurthii in Lake Hawassa. In this study, GC–MS analysis revealed the presence of many 

valuable compounds whose active principle could have potential to be used as antialgal agents. 
 

6.2. Recommendations  
 
Further studies are required to identify responsible compounds for growth inhibition of natural 

phytoplankton and Microcystis spp from the identified compounds in P. schweinfurthii crude 

extracts, the pattern of inhibition, means of transport or accumulation of such compounds in the 

environment, uptake by target organisms and other processes in order to strengthen the results 

found in this study. Studies are also required to explore the safety and economic value of this 

plant extract for application in algal blooming control. 
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APPENDICES 
 

Appendix 1. Some of zooplankton species identified in Lake Hawassa  a) Nauplii b) 

Diaphanosoma sp c) Ceriodaphnia d) Keratella valga e) Thermocyclops sp f) Mesocyclops sp 

g) Brachionus calyciflorus h) Filinia longiseta 
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Appendix 2. Some of the phytoplankton species identified during the study time a) 

Scenedesmus acuminatus b) Pediastrum simplex c) Pediastrum duplex d) Pediastrum borianum  

e) Microcystis aeruginosa f) Melosira sp.   g) Merismopodia spp.  
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Apendix 3. Mean environmental data from the sampling sites field incubation experiment 
undertaken  

Environmental data Open water P.schweinfurthii stand 
Temperature  

pH 

DO 

SD 

Turbidity  

SRP 

TP 

NO3-N 

NO2-N 

NH4-N 

SiO2 

TSS                                                              

21.8±2.140C 

8.7±0.4 

8.76±0.6 mg/L 

0.7±0.1 m 

12.32±1.24 ntu 

12.08±2.43 µgL-1 

34.85±2.07 µgL-1 

6.19±0.56 µgL-1 

6.12±0.49 µgL-1 

111.94±1.8 µgL-1 

35.8±1.32 mgL-1 

0.1328±0.0055 

22±1.99 0C 

8.6±0.14 

8.3±4mg/L 

1.32±0.014 m 

8.44±0.1 ntu 

12.57±2.47 µgL-1 

34.85±2.23 µgL-1 

6.18±0.57 µgL-1 

6.09±0.5 µgL-1 

112.04±2 µgL-1 

35.7±1.33 mgL-1 

0.1317±0.006 

 


